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Roads play a very important role in the transportation of 
goods and people for short, medium and long distances. 
A look back at history shows that the development of cities 
and their surroundings, growth of population and income 
go hand in hand with increasing demand for road networks. 
Proper development of the road network not only reduces 
transportation costs in terms of money and time, but also 
contributes to the integration of different regions within the 
country and a better understanding of neighbouring countries 
at the international level. According to World Bank reports 
and research by the FAYAT organization, the total length of 
road networks around the world reached around 38 million 
kilometres in 2019 (Fig.1). 21.7 million kilometres of the network 
are paved. With a total length of 6.5 million kilometres, 4,2 
million kilometres of paved and 2.3 million kilometres of 
unpaved roads, the US has the world`s longest and biggest 
road network.

In high-income areas such as Europe and North America, large, 
extensive and in many regions also very dense road networks 
have existed for many years, the length and extent of which 
have changed relatively little in the last 30 years. The situation 
in Asia is completely different. The road network lengths here 
have quadrupled within 30 years. With huge investments in 
infrastructure, China expanded its road network from around 
1.5 million kilometres in 1990 to 5 million kilometres in 2020. 
In India, the network length of classified roads has also grown 
significantly from around 1 million in 1990 to 4.5 million. 

While technical and economic development is driving 
globalization worldwide, the mobility of passenger and freight 
traffic is constantly increasing; this has an impact on the 
maintenance and repair of roads and the further expansion of 
the global road infrastructure, especially in Asia.

OECD (Organisation for Economic Co-operation and Develop-
ment) reports estimate that the growth in mobility by 2050 
will almost triple (Fig.2). While global passenger mobility, 
measured by the product of the number of passengers and ki-
lometres travelled, was around 40,000 billion in 2015, demand 
in 2050 will be 120,000 billion, with the largest contribution 
coming from developing countries (non-OECD). The main 
human mobility option will be the road (Fig.2 / “Urban” / Non 
urban road” bars) far ahead of rail (light green bars) and avia-
tion (blue bars). Most of the mobility growth will occur in Asia, 
which will represent around a third of all passenger transport 
demand in 2050.

Since the road network represents the largest public capital 
for each country and makes an important contribution to 
economic development and growth and bring social benefits, 
regular maintenance and road rehabilitation of the road 
infrastructure is of particular importance to all countries. 
Without maintaining the roads properly, they deteriorate very 
quickly. If nothing is done, roads with a design life of decades 
could be replaced or facing major repair work after just a few 
years.
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for sustainable road 
pavements and 
offer a full range of 
facilities, equipment 
and technologies 
for environmentally 
friendly and efficient 
road construction 
and maintenance 
solutions for highways, 
country or urban roads, 
new construction or 
maintenance and 
rehabilitation projects in 
high- and low in-come 
countries.
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In addition to economic considerations, environmental factors 
have made a major impact on road construction in recent 
years and have led to new challenges. Today the entire life 
cycle of a road is examined from the extraction of the material, 
through the design, the construction stage including process 
and equipment, the road use and maintenance and finally 
rehabilitation. Sustainable road pavement solutions are 
becoming more and more important, taking into account 
better and more efficient construction and maintenance 
techniques, less energy, less pollution and greenhouse gas 
emissions, less raw material and more recycling of existing 
road pavement material. 

For years, there have been two approaches that face these 
challenges: the reuse of asphalt from the old road pavements 
and the decrease of the mixing temperature during asphalt 
production. These are already being implemented in 
industrialized countries and well recognized by fast growing 
countries like China and India.

Warm Mix Asphalt (WMA) has a strong impact on the asphalt 
industry. By lowering the temperatures at which asphalt mixes 
are produced and placed on the road by just 20°C, to 40°C, 
WMA benefits the producer by cutting fuel consumption and 
costs. With the decreased production temperature, comes the 
additional benefit of reduced emissions from burning fuels, 
fumes and odours generated at the plant and the paving 
site. 

The global production of hot and warm mix asphalt was 
around 1,600 million tons in 2018 (Fig.3) and the availability of 
reclaimed asphalt pavement (RAP), which has been removed 
from old asphalt pavement, was 285 million tons (Fig.3). Most 
of the reclaimed asphalt (60 – 90%) in the US and in Europe 
is recycled in asphalt plants (Fig.3) and the other 10 – 40% is 
reused on site by special in place operating equipment. 

While the latest figures from the US’s National Asphalt Pave-
ment Association (NAPA) show, that in 2018, warm mix asphalt 
accounted for around 40% of total asphalt mix production, 
in Europe the picture is different. Figures of The European 
Asphalt Pavement Association’s (EAPA’s) for 2018 show that 
France and Norway are the biggest users, with warm mix 
accounting for around 12% of their total national asphalt 
consumption. 
The Fayat Group is following the demand for sustainable 
road pavements, offering a full range of facilities, equipment 
and technologies for environmentally friendly and efficient 
road construction and maintenance solutions for highways, 
country or urban roads, new construction or maintenance and 
rehabilitation projects, in high and low in-come countries.

1.INTRODUCTION

©
 F

AY
AT

Fig.1 - Length of road networks in millions of kilometres by region 
(Source: world bank, FAYAT organization, 2019)

 
Fig.2 - Estimated future demand for passenger transport by type and 
billion passenger km 
(Source: International Transportation Forum ITF / OECD 2015)

Fig.3 - Production of hot and warm mix asphalt and reuse of RAP, worldwide 
(Sources from EAPA - European Asphalt Association), NAPA (National Asphalt 
Association, US), FAYAT Road Equipment Division, 2018)
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ASPHALT 
ROADS

A road pavement is a structure consisting of several layers of 
processed materials above the natural soil sub-grade. The 
primary function is to distribute the applied vehicle loads 
to the sub-grade. The aim is to ensure that the transmitted 
stresses due to the wheel loads are sufficiently reduced so that 
they will not exceed bearing capacity of the subgrade (Fig.5). 

The pavement structure of an asphalt road is constructed 
of multiple layers in different thicknesses of processed and 
compacted materials. There are bitumen bound asphalt layers 
on top and unbound forms below. The number and thickness 
of the layers are mainly dependent on the expected traffic and 
the strength of the subgrade. 

2



FAYAT ROAD RECYCLING SOLUTIONS 2022 5 

2.1 Pavement requirements 

The main objective is to form a pavement structure 
over the subgrade that primarily supports vehicle 
loads without distresses and provides a smooth 
riding quality.

An ideal pavement should meet the following 
requirements:

-  Sufficient thickness to distribute the wheel 
load stresses below the bearing capacity of the 
subgrade soil.

-  Structurally strong to withstand all types of 
stresses imposed upon it.

-  Adequate efficiency of friction to prevent skidding 
of vehicles.

-  Smooth surface to provide comfort to road users 
even at high speed.

-  Produce least noise from moving vehicles.

-  Dust proof surface, so that traffic safety is not 
impaired by reducing visibility.

-  Impervious surface, so that subgrade soil is well 
protected. 

-  Long design life with low maintenance cost.

2.2  Asphalt and concrete 
road pavements 

There are two major types of pavements based on 
design considerations and structural performance: 
flexible pavement and rigid pavement. In flexible 
pavements, wheel loads are mainly transferred by 
grain-to-grain contact of the aggregate through 
the granular structure. Flexible pavements have low 
flexural strength; therefore, they are rather flexible at 
their structural action under the loads and react with 
deformation (bituminous roads). On the other hand, 
in rigid pavements, wheel loads are transferred to 
sub-grade soil by flexural strength of the pavement 
and the pavement acts like a rigid plate (cement 
concrete roads).

Asphalt pavement has become the preferred 
choice of road pavement material. Almost 90% 
of all paved roads are asphalt made, versus 10% 
concrete. Concrete pavements are mainly used 
for highways and expressways, they have generally 

longer service life than asphalt roads but are 
more costly. Different from concrete pavements, 
it takes less time to build an asphalt road, and 
maintenance and repair can be done much faster 
with minimum traffic disruption. Asphalt is a 
recycled material, it can be used over and over, and 
its life cycle almost never ends. Asphalt pavements 
can be easily removed, then re-used again in place 
or in plant. This makes asphalt a very good choice 
when choosing road pavement material. 

2.3  Asphalt road pavement structure 
and categories  

Asphalt road pavement structure 
A typical flexible pavement consists of a bituminous 
surface layer over asphalt base layer and subbase 
layer (Fig.6). The surface course may consist of one 
or more bituminous or Hot Mix Asphalt (HMA) layer. 
These pavements have negligible flexure strength 
and hence undergo deformation under the action of 
loads. The structural capacity of flexible pavements 
is attained by the combined action of the different 
layers of the pavement. The load from trucks is 
directly applied on the wearing course, and it gets 
dispersed with depth in the base, subbase, and 
subgrade courses, and then ultimately to the ground.

Flexible pavements are designed in such a way 
that the load that reaches the subgrade does not 
exceed the bearing capacity of the subgrade soil. 
Consequently, the thicknesses of the layers above 
the subgrade vary depending upon strength of soil, 
affecting the cost of a pavement to be constructed.

2. ASPHALT ROADS 
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Asphalt road categories  
In almost every country in the world, roads are 
divided into load classes. Therefore, pavement 
structural design requires a quantification of the 
expected loads over its design life, which is usually 
20-30 years. The road traffic load converts wheel 
loads of various magnitudes and repetitions to an 
equivalent number of “standard” or “equivalent” 
loads. The most commonly used equivalent load 
is the 80 kN equivalent single axle load, normally 
designated as ESAL (equivalent standard axle load).

Depending on the number of ESAL, the given 
subbase/subgrade strength, climatic conditions 
and material properties, road ministries and 
road agencies develop and publish standardized 
road pavement structure catalogues. These 
are guidelines for new road construction and 
rehabilitation, with the number and thickness of 
layers required for each road class. 

Fig.7 and Fig.8 show examples of German and 
Indian bituminous pavement structure categories, 
depending on the number of equivalent axle loads 
(Germany 10t, India 8t), subgrade and subbase 
condition and design period. 

2.4  Asphalt pavement including 
recycled material 

The use of reclaimed asphalt pavement (RAP) in 
asphalt mixtures, or in unbound layers, has been 
strongly promoted over the past decades due to 
the desirable environmental benefit, along with 
the cost reduction. Reclaimed asphalt pavement 
(RAP) is a useful alternative to virgin materials 
because it reduces the use of virgin aggregate and 
the amount of virgin asphalt binder required in 
the production of HMA or WMA. The use of RAP 
also conserves energy, lowers transportation costs 
required to obtain quality virgin aggregate, and 
preserves natural resources.

According to the American and European Asphalt 
Association, the availability of reclaimed asphalt 
(RAP) is 90 million tonnes in the US and 50 
million tonnes in Europe every year (Fig.9), with a 
large amount reused and recycled for Hot, Warm 
and Cold Asphalt Mixtures and for unbound 
layers. China is catching up very quickly. With the 
rapidly growing road network and the associated 
enormous increase in hot asphalt mix production, 
the availability of reclaimed asphalt (RAP) has 
increased significantly in recent years.

 In 2020, China had around 70 million tons of 
reclaimed asphalt (RAP), of which around 50 
million tons were processed and reused in hot 
mixing plants (Fig.9).

2. ASPHALT ROADS 

Fig.7 - German example for flexible road classes with asphalt base course on granular subbase; Equival. 10-t axle load, design period 25 -30 years, 
subbase condition: deformation modulus Ev2 ≥ 100 MN/m², subgrade condition: EV2 ≥ 45 MN/m² 
Source: RDO Asphalt 09, Germany (Richtlinien für die rechnerische Dimensionierung des Oberbaus von Verkehrsflächen mit Asphaltdeckschicht, 2009) and RSTO 
(Richtlinien für die Standardisierung des Oberbaus von Verkehrsflächen, 2012 Germany)

Fig.8 - Indian example for flexible road classes with granular base on cement treated subbase Equival. 8-t axle load, design 
period 20 years, subgrade condition: California Bearing Ratio (CBR) ≥ 10% 
(Source: Indian Roads Congress, New Delhi, 2018, Guidelines for the design of flexible pavements) 
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In many countries, it is already common practice 
to add RAP to conventional hot mix asphalt in 
proportions of around 10 – 20% by weight. At this 
relatively low level, the performance of the resulting 
hot mix asphalt is not significantly affected by the 
properties of the aggregates and binder in the RAP. 
In the US, where recycling of RAP is most practiced, 
almost all state highway agencies permit the use 
of RAP in asphalt base and binder at levels of 20 – 
50% over the last twenty years (Fig.10 a). 

The amount of RAP in asphalt mixtures can be 
increased to 70% (Fig.10 b) and even up to 100% by 
better processing, good additional quality control 
of the RAP, advanced mix design approaches using 
recycled agents such as rejuvenators and especially 
modern asphalt plant technology. In order to 
promote the widespread use of RAP at higher rates, 
the specifications for HMT (hot mix technology) 
and WMT (warm mix technology) must be further 
developed and implemented in practice.

Technically, the maximum amount of reclaimed 
asphalt is mainly limited by the available 
production technology. In a conventional recycling 
process, superheated virgin materials indirectly 
heat the RAP aggregates which limits the amount 
of RAP that can be added. Most drum plants can 
accommodate up to 50% RAP and the typical RAP 
rate of batch plants is 10–30%.

Today, there are multiple technologies readily 
available for production of up to 100% recycled hot 
mix asphalt. The FAYAT mix plant technologies for 
batch and continuous plant, stationary and mobile 
applications for various recycling rates up to 100%, 
are presented in chapters 6 and 7.

2. ASPHALT ROADS 

Fig.9 - HMA/
WMA production, 
availability of RAP 
and reuse of RAP in 
US, Europe and China 
(Source: NAPA, EAPA and 
FAYAT Road Equipment 
Division research)

Fig.10 a-b - Mix design 
examples a) for asphalt base 
course with 49% RAP and 
49% virgin material and 2% 
fresh bitumen, Germany; 
b)  for asphalt wearing course 
with70% RAP and 28,3% virgin 
aggregates and 1,7% fresh 
bitumen, France 
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ASPHALT / 
BITUMINOUS 
MIXTURE  
Asphalt (bituminous mixture), a mixture of sand, gravel, 
crushed aggregates, mineral filler and a bituminous binder, 
is used as a paving material that is typically produced as hot 
mix asphalt at temperatures in the range of 160 – 180C°. The 
bitumen is the liquid binder that holds asphalt together. Due to 
the growing importance of energy savings and environmental 
and health protection aspects, there are developments towards 
temperature-reduced asphalt production and processing. 

The so-called warm asphalt (Fig. 20 and Chap. 3.2 b) is mixed at 
temperature ranges between 110 - 140°C. Asphalt is a strong, 
versatile, weather and chemical-resistant binding material 
which adapts itself to a variety of uses such as roads, airport-
runways, walkways, parking areas and asphaltic sealing layers 
or cores for dam and water reservoirs. The mechanical strength 
of the asphalt mixture is mainly composed of the internal friction 
resistance of the aggregates and the adhesive force between 
the bitumen and the mineral material. The components of the 
bituminous mixtures are designed according to the function of 
asphalt layer in the road pavement and to the road loads and 
climate conditions. 

3
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3.1 Composition of asphalt

3.1.1 Aggregates 

Aggregates used for asphalt mixtures are hard 
minerals, selected and size classified for a specific 
asphalt mix design. They may be of natural origin, 
such as crushed rock, gravel and sand, or artificial, 
such as blast furnace slag. 

3.1.2 Bituminous binders 

Bitumen is produced by refining crude oil. It 
behaves as a thermoplastic material. When it 
is heated it softens gradually and returns to its 
initial hard state, when it cools down. Bitumen 
has water proofing and adhesive properties. There 
are different types of bituminous binders used for 
asphalt mixtures:

3.1.3 Hot bitumen

Hot bitumen, also called straight run or paving 
bitumen, refers to bitumen distilled to a definite 
viscosity, to use without further treatment 
like heating. It is achieved by controlling the 
temperature and the rate of flow during processing. 
One of the fundamental properties of bitumen is 
represented by the penetration. The penetration is 
the consistency of the bitumen expressed as the 
distance in tenths of a millimeter that a standard 
100gr needle penetrates vertically into a specimen 
of the material under specified conditions of 
temperature, load and duration of loading (Fig.3).

Higher values of penetration indicate softer 
consistency. The test is used worldwide for classifying 
the bitumen in different grades. Depending upon 
the climatic conditions and type and road load class 
of pavement, different penetration grades are used. 
In warmer regions, lower penetration grades are 
preferred and in colder regions bitumen with higher 
penetration values are used. 

3. ASPHALT / BITUMINOUS MIXTURE  

Recycling book 2022

Chap. 3 
Asphalt / 
bituminous mixture    
Fig 3.1
various asphalt 
composition 
(bituminous mixtures) 
depending on road class 
and type of 
pavement layer  

Fig.11 - Various 
asphalt composition 
(bituminous mixtures) 
depending on road 
class and type of 
pavement layer 

Fig.12 - Aggregates 
for asphalt mixes

Fig.13 - Penetration 
test for bitumen 
classification

Fig.14 - Typical types 
of hot bitumen used 
for asphalt roads

Important 
features Common bitumen for flexible pavements penetration grade

Min/Max 
Penetration at 
25°C, 0.1 mm

30/45 50/70 70/100 100/150 160/220

Thermoplastic 
property

Application

used for very 
heavyly tra�cked 

pavements and 
hot climate 
conditions

used for 
warm and hot climate areas and 

heavyly tra�cked roads 
very common in many countries

used under 
cold climate conditions and  

low to medium tra�cked roads
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3.1.4 Modified bitumen

The properties of the bitumen can be enhanced by 
the use of additives which result in improved road 
pavement performance over the entire in-service 
temperature range, providing a greater resistance 
to cracking at low temperatures and reducing the 
tendency for deformation at high temperatures. 
Adhesion, cohesive strength and fatigue life are also 
improved for bitumen modified mixtures. 

Some of these modifiers are:

•  Adhesion agents, which improve the adhesion or 
the bitumen to the stone surfaces. 

•  Polymers and rubbers, which improve mechanical 
properties of bitumen.

•  Chemical modifiers, which improve pavement 
performance.

3.1.5 Bitumen emulsion

Bitumen emulsion is a combination of around 40 
– 65% of bitumen and 60 – 35% of water (Fig.16). 
As the mixture of water and bitumen quickly 
separate, a third component is added, known as 
emulsifier, in order to make it more stable. Based 
upon the type of surface charge, bitumen emulsion 
are divided into two types: anionic and cationic 
bitumen emulsion. The right selection depends on 
the charging properties of the aggregates to be 
bound. 

The time that is needed for bitumen emulsion to 
lose water and behave like an ordinary bitumen, is 
called the reactivity rate or setting time. 

Type of bitumen
Emulsion

Tack/bond 
Coat Prime Coat Stabilization

Recycling

Bitumen Content,
% by mass
from - to

40 - 60 50 - 60 55 - 65

Settings
properties Rapid Medium Slow

Settings time,
minutes < 2 < 30 > 60

There are three varieties of bitumen emulsion, 
namely, slow setting (SS), medium setting (MS) and 
rapid setting (RS), depending upon the stability 
provided by the emulsifying agent. It can be 
applied at ambient temperature. 

3.1.6 Foam bitumen

Foam bitumen is produced by adding small 
amounts of water to hot bitumen (approximately 
2-3% by weight of bitumen). The binder used for this 
process is ordinary penetration-grade bitumen, type 
B70/100 to B100/150. Foam bitumen is also used for 
warm and cold asphalt production (Chapters 6 and 
7) and for cold in place recycling (Chapter 8). When 
injected into the hot bitumen, the water evaporates 
abruptly, causing foaming of the bitumen in the 
saturated steam, which expands the bitumen by 
10 to 20 times its original volume, within only a few 
seconds.

3.1.7 Green binders 

Because of the high energy consumption and 
environmental impact of bitumen in terms of 
CO2 emissions, the asphalt market is looking for 

Recycling book 2022

Chap. 3.1 h

Fig 9 
Bio based binders 
from wood or plants   

Crude oil
asphalt 
source

Partially
replaced 
with

Renewable,
sustainable
asphalt source

3. ASPHALT / BITUMINOUS MIXTURE  

Fig.16 - Setting properties and applications of bitumen 
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Fig.17 - Emulsion used for road construction, maintenance and rehabilitation 

Fig.18 - Foam bitumen nozzle for foam bitumen production by 
injection of hot bitumen, water and air

Fig.19 - Bio based binders from wood or plants 

Fig.15 - Polymer 
modified bitumen 
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alternative binders with higher sustainability in 
relation to the environment. These will help to save 
natural resources and reduce energy consumption, 
while maintaining pavement performance. 

Alternative binders are bio-based binders from 
wood, plants, trees and vegetable oils. 

Lignin (one of the bio-based binders) is the wood`s 
natural binder, a natural polymer from plants 
and trees that is released as a waste product 
from a number of industrial processes. Dutch 
demonstration projects use lignin from various 
sources, including different types of paper pulp 
production and a bio-refinery that produces 
cellulosic ethanol from straw. The benefits of 
using alternative binders are that they help 
to save natural resources and reduce energy 
consumption and environmental impact, while 
maintaining pavement performance. Until now, 
green binders are only used on various research and 
demonstration projects.

3.2  Hot-, warm-, semi-warm and 
cold asphalt mixtures

Hot mix asphalt is generally produced at 
160 degrees Celsius or higher. It is the most 
common type because the heating process helps 
weatherproof it. It cools down quite quickly.

Warm mix asphalt is heated at temperatures of 
around 140 to 110 degrees Celsius and semi warm 
asphalt is paved at temperatures of 90 to 60 
degrees Celsius. It costs less and utilizes less energy 
to produce than hot mixes. It is flexible, as it cools 
less quickly than hot mix asphalt, so it is ideal for 
night-time and winter construction, and it can be 
shipped over longer distances. Cold mix does not 
require any heat to produce. It is therefore the most 
economical and environmentally friendly mix since 
it utilizes no fossil fuels to manufacture.

While cold, semi warm and warm asphalt mixes 
have traditionally been mostly used on local roads, 
research and new technologies may make them an 
alternative on higher traffic volume roads. 

Energy saving and environmental aspects are 
among the greatest advantages. The lower 
construction temperatures reduce emissions and 
fumes, as well as heat and burn hazards for paver, 
paver screed and roller operators.

3.2.1 Hot mix asphalt (HMA)

Hot mix asphalt is the most popular paving material 
in the world. It requires heating before paving 
and consists of a combination of aggregates and 
mineral filler, uniformly mixed and properly coated 
with bitumen (also called asphalt cement). To dry 
the aggregates and to obtain sufficient fluidity of 
bitumen for proper mixing and workability, both 
the aggregate and bitumen must be heated prior 
to mixing—hence the term “hot mix.”

3.2.2 Warm- and semi-warm mix asphalt 
(WMA)

Warm Mix Asphalt (WMA) are mixes that are 
manufactured and paved at lower temperatures 
than Hot Mix Asphalt. The temperature reduction 
of warm mix is usually around 20–60°C and of semi 

warm mix 80 -120°C in comparison to Hot Mix Asphalt. 
The temperature reduction achieved by warm and 
semi warm mix comes from the use of various new 
technologies such as organic additives, chemical 
additives, and water-based or water-containing 
foaming processes. Their aim is mainly to reduce 
bitumen viscosity, which in turn improves mix 
workability, produces fewer emissions, and generally 
creates better working conditions. The benefits of 
reduced temperatures during mix production are:

1.  Decreasing the energy and fuel consumed to make 
hot mix asphalt (HMA) 

2. Lower emissions 

3.  Improving the working conditions at the plant and 
paving site.

3.2.3 Cold mix asphalt (CMA)

Cold mix asphalt is produced by mixing unheated 
mineral aggregates, gravel and sand with either 
emulsified bitumen or foamed bitumen. Unlike 
hot mix asphalt (HMA), cold asphalt mix does not 
require any heating of aggregate, which makes 
it economical and relatively pollution-free (no 
objectionable fumes or odours). It is also suitable 
for use in remote areas. Cold mix asphalt can be 
used for new pavement construction (100% virgin 
mixes) and for recycling of old damaged asphalt 
pavements. Cold mix asphalt is produced at fixed 
or mobile mix plants or can also be produced by 
rehabilitation works on existing roads, using special 
recycling equipment in place.

Fig.21 - Cold mix 
plant SAE Packliner 

Fig.22 - Cold mix 
in-place recycling 
equipment 
Bomag RS 650 

Fig.20 - Temperature 
classification of 
asphalt mixtures and 
the impact of energy 
and environmental 
aspects 
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3.3  Most common types of asphalt 
mixtures for flexible pavements

Many types of asphalt mixes are used for flexible 
pavements; depending on the type of road, the 
function of the asphalt mix within the pavement, 
the requirements regarding traffic load, climate 
and environmental conditions, different aggregate 
gradation concepts and different bituminous 
binders are used. The performance of each mix 
needs to be individually designed in the laboratory. 

Most common mix structures and well-known mix 
designs are:

3.3.1 Dense grades mixes

This hot mix asphalt (HMA) is the most common mix 
used in many countries. It is a continuously graded 
mixture of coarse and fine aggregates, mineral filler 
and bitumen, produced in a hot mix asphalt plant, 
that provides good impermeability. Dense-graded 
mixes are generally referred to by their nominal 
maximum aggregate size and can further be 
classified as either fine-graded or coarse-graded. 

Fig.23 - Dense graded mix  

3.3.2 Gap graded mixes 

Hot Mix Asphalt-Gap-graded mixtures have a 
high coarse aggregate content and a portion of 
intermediate aggregate sizes missing. These mixes 
have a stone-on-stone contact with higher friction 
angle and are more permeable than dense-graded 
mixes.

Fig.24 - Gap graded mix   

3.3.3 Open graded mixes

Open-graded asphalt mixes are generally 
characterized by a large percentage of one size 
of coarse aggregate, little or no fines and a high 
percentage of air voids in the mix (> 20%). The voids 
allow rapid drainage of surface water such as rain 
out to the shoulders. This prevents hydroplaning 

and provides maximum skid resistance under all 
weather conditions. Another significant benefit 
of open graded mixes is the reduction of traffic 
noise levels. In order to hold the coarse and open 
aggregate structure in place, the binder cohesion is 
improved using modified bitumen or fibres. 

Open-graded mixes are mainly used for surface 
layer, sometimes used as drainage layer below 
dense graded or gap graded HMA.

Fig.25 - Open graded mix  

3.3.4 Stone Mastix Asphalt (SMA) 

The Stone Mastic Asphalt (SMA) is a high 
deformation-resilient asphalt mix for surface 
layers of heavily trafficked roads, with high coarse 
aggregate content, gap-grading (providing more 
stone-to-stone contact), bitumen rich mortar 
(mastic) and stabilising additives as binder carriers. 
Stone Mastic Asphalt has been developed in the 
70s in Germany, and due to its potential for high 
resistance to fatigue and rutting, many other 
countries adopted SMA as a standard wearing 
course for heavy duty pavements. 

3.3.5 Superpave 

Superpave means Superior Performing Asphalt 
Pavement. Superpave is a performance-related 
asphalt binder and mixture specification that 
was developed and introduced by the US Federal 
Highway Administration in the 1990s. The asphalt 
mix is individually designed, based on the traffic 
and climate for the pavement to be built. A unique 
feature of the Superpave system is that its tests, 
different from traditional design methods, are 
performed at temperatures and aging conditions 
that more realistically represent those encountered 
by in-service pavements.

3.3.6  EME, Enrobé à module élevé / 
high modulus asphalt 

EME (Enrobés à Module Elevé) or simply high 
modulus asphalt was developed in France in the 
eighties. EME obtain better mechanical properties 
for asphalt base layers in terms of stiffness and 
fatigue in order to construct durable, rut resistant 
and thinner asphalt pavements. EME contains a 
very stiff binder that can be as hard as a 10/20 pen. 
EME mixtures combine high binder content, good 
aggregate quality, high mastic content and low 
void content; the high stiffness is achieved with the 
use of a hard grade of bitumen. EME is very popular 
in France in the construction of heavily trafficked 
major roads, highways and airport pavements.

Recycling book 2022

Chap. 3.3 
Most common types 
of asphalt mixtures
for flexible pavements

Fig. 17  Dense graded mix Fig. 18  Gap graded mix  
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3.3.7  Porous Asphalt (PA) / low noise 
asphalt

Porous asphalt concrete (PA) is an open-graded 
friction course, which was initially designed to 
improve road safety and traffic flow during rain. 
Over time, the focus has shifted to noise reduction 
and today, PA is used primarily as a measure to 
limit noise pollution. The range of air voids content 
in PA after compaction, generally, is required to be 
at least 15% to around 25% according to the local 
authority and conditions.  Porous asphalt is laid in 
one or two layers. 

3.3.8 Coloured Asphalt Mixers

For safety and aesthetic reasons, black asphalt can 
be turned to high visible brown, red, yellow or green 
coloured asphalt surfaces. Another advantage is 
that a thin layer of lighter coloured asphalt, applied 
to road surfaces, could significantly lower surface 
temperatures in hot urban areas. There are many 
methods to get coloured asphalt: using colourful 
aggregates, recycled glass, iron, slag, or colour 
pigments. Typical applications are bus lanes, bike 
lanes and walking paths.

3.4  Asphalt mixtures with 
recycled material 

Reclaimed Asphalt Pavement (RAP) materials 
are generated when asphalt layers of existing road 
pavements are removed for reconstruction or 
resurfacing. When properly milled and/or crushed 
and screened, RAP consists of high-quality, well-
graded aggregates, which are bitumen coated.

Recycling asphalt pavement creates a cycle of 
reusing materials that optimizes the use of natural 
resources. It reduces the need of virgin aggregates 
and also the amount of costly new asphalt binder 
required in the production of asphalt paving 
mixtures.

In Europe and the US, RAP materials are used 
as aggregates for Hot, Warm and Cold Asphalt 
Mixtures and for unbound layers. The common 
practices of many countries for in-plant hot and 
warm mixes, limit the RAP materials content to 
15 – 30% by weight. The amount of RAP in asphalt 
mixes can be significantly increased by applying 
modern asphalt plant and production technologies, 
possible pre-processing of the RAP and advanced 
mix design approaches. Properly milled asphalt 
layers and the use of the Ermont TRX and Marini 
Master Tower plant technologies, make it possible 
to reuse up to 100% of RAP materials for hot 
asphalt mixtures.

Fig.26 - Porous asphalt 

Fig.27 - Red asphalt 
with aesthetic and 
safety-relevant value   

Fig.28 - Properly 
and selective milled 
asphalt, ready to be 
reused in mix plant    

Schwarz  =  0 0 0 100

CMYK  =  0 12 80 0
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XXXXX

ROAD MAINTENANCE 
AND REHABILITATION 
SOLUTIONS 
Good roads are so important within our everyday lives that it 
is almost impossible to imagine what would happen without 
them. The combined effects of traffic loading and the 
environment, will cause every pavement, no matter how well-
designed/constructed, to deteriorate over time. 

Regardless of the quality of the pavement which is at first 
implemented, the road condition will inexorably decrease over 
the years. The more aggressive the weather conditions are, 
the heavier the traffic level and the more inadequately the 
pavement has been designed, the quicker the road condition 
will deteriorate. Without adequate and efficient maintenance, 
roads can quickly deteriorate. 

4
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4. ROAD MAINTENANCE AND REHABILITATION SOLUTIONS 

4.1  Pavement lifetime, 
maintenance scheme 

Defects or damage occurring on the road surface 
can pose a hazard to traffic and driver safety. 
Cracking, potholes, rutting, ravelling asphalt 
bleeding and depressions are examples of pavement 
distresses which, if left untreated, will eventually 
develop into more serious pavement failures.

The best approach to reach that goal is to define an 
appropriate maintenance scheme, where there is 
a time to maintain and a time to rehabilitate. This 
time depends on the nature of the road distresses 
that we can classify as follows:

-  Skid resistance loss: characterized by a wearing 
of the aggregates within the wearing course. This 
concerns the global pavement.

-  Cracks: characterized by a break of the wearing 
course, smaller than 5 mm, most of the time 
localized on the pavement.

-  Waterproofing defect: characterized by a break 
of the wearing course, bigger than 5 mm. This 
concerns the global pavement.

-  Tearing: characterized by a tear of material 
within the wearing course, most of the time 
localized on the pavement.

-  Deformation: characterized by shape deviation, 
most of the time localized on the pavement.

-  Structural defect: characterized by shape 
deviation, most of the time of the global 
pavement.

Maintenance processes have a preventative 
approach, having the capacity to prevent from 
severe damages using the minimum amount of 
new materials possible. Whereas the rehabilitation 
processes have a curative approach, eliminating all 
damages, while recycling existing materials.

This maintenance scheme is summarized in Fig.30.

Fig.30 - Pavement 
condition versus 
lifetime and 
importance of 
maintenance strategy  

Fig.29 - Various 
examples of 
pavement distresses   
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4. ROAD MAINTENANCE AND REHABILITATION SOLUTIONS 

4.2 Road maintenance 

4.2.1 Chip sealing 

Chip sealing is a surface treatment that consists of a 
layer(s) of bituminous binder with a layer(s) of chips. 
A chipseal seals small cracks (up to 5 mm) and 
provides a new skid resistant wearing course.

On some occasions, it can be used to implement a 
wearing course on a new pavement.

Depending on the type of roads, environment 
etc. multiple types of chipseal exist, combining 
potentially several layers of binder and/or chips. 
The bituminous binder can be fluxed bitumen 
and more often bitumen emulsion, both can be 
polymer modified or not, to increase the quality of 
the dressing, thanks to an enhanced cohesion and 
larger temperature range acceptancy.

Chips are, most of the time, made from crushed 
massive stones, having a discontinuous grading 
between 2 and 14 mm.

Application can be handled in 2 ways, depending 
mainly on the daily output to achieve:

> The traditional set up, consisting of a dedicated 
binder sprayer, associated with at least 2 
chipspreaders.

- Benefits: large material capacities – larger 
application width.

- Disadvantages: number of equipment – number of 
operatives.

> The innovative set up, consisting of a synchronous 
sprayer-spreader

- Benefits: forward application – one machine/one 
operator

- Disadvantages: limited material capacities

Quickly implemented, thanks to a high application 
speed of between 3 and 5 km/h, the road can be 
reopened to traffic, at a limited speed, within 1 to 
2 hours.

Fulfilling all criteria of the quality production 
control, a chipseal application can last for an 
average of 10 years.

Fig.32 - Synchronous 
chipsealer application  

Fig.31 - Traditional 
and modern 
technology of chip 
sealing process   
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4. ROAD MAINTENANCE AND REHABILITATION SOLUTIONS 

4.2.2 Slurry surfacing  

A slurry surfacing is a surface treatment that 
consists of a mix of aggregates with bitumen 
emulsion, water and additives, applied as a 
bituminous surface layer. Slurry Surfacing seals 
small cracks (up to 5 mm), provides a new skid 
resistant wearing course, levels up deformation and 
has a sealing effect. On some occasions, it can also 
be used to implement a wearing course on a new 
pavement.

Most of the time, slurry surfacing is applied in 2 
layers. The main objective of the first layer is to level 
the pavement and seal cracks, whereas the second 
layer will provide the skid resistance. The process 
can only be used with bitumen emulsion, polymer 
modified or not, at an “ambient” temperature of 
about 25-30°. 

Aggregates are obtained from crushed stones, 
blended with fines, offering a continuous grading of 
0/4, 0/6 or 0/10, prepared in the quarry. Some trials 
have been performed with 100% RAP in the mix, 
which provide interesting results.

Application is handled by one unique machine, 
in charge of producing the mix according to a 
certain design directly on site, while laying it on the 
pavement.

Implemented at a speed of 2 km/h, without 
requiring compaction as standard and having a 
short set time, the road can be reopened to traffic, 
at a limited speed, within 30 mins to 1 hour.

Fulfilling all criteria of the quality production 
control, a Slurry Surfacing can last for an average of 
8 years.

Fig.35 - Truck 
mounted slurry seal 
equipment for precise 
homogenous slurry 
paving

Fig.33 - Conventional 
chipseal 
application with 
bitumen emulsion 
sprayer right and 
chipspreader left  

Fig.34 - Slurry 
sealing process 
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4.2.3 Crack sealing 

Crack sealing is a surface treatment that consists of 
a hot applied bituminous sealant poured directly 
into cracks (with a width between 5 and 15 mm). 
The nature of the material allows the crack to be 
sealed, while providing the elasticity required as the 
pavement keeps moving due to changing weather 
conditions.

Prior to the sealant application, the cracks must be 
cleaned and dried with a thermal lance, to ensure 
a good bonding between the pavement and the 
sealant. 

After its application, it is highly recommended to 
cover it with fine grits, to avoid any slippery effect. 
This grit can be manually disposed or applied with 
a specific lance. As an alternative, the grit can be 
directly incorporated into the sealant, which thus 
eliminates one operation in the process.

The sealant application is handled by one machine; 
in charge of melting down the product to a liquid 
form, to be pumped.

Although this process relies on workers outside 
of the cab for each operation, a daily output of 
2,000 linear metres can be achieved. The traffic can 
pass onto the cracksealing directly after the grit has 
been laid.

This treatment should be used in combination with 
Chipseals or Slurrys, to extend the lifespan on a 
pavement which would be too severely cracked.

4.2.4 Spray Injection Patching 

Spray Injection Patching (SIP) is a surface treatment 
that consists of a mix of chippings with bitumen 
emulsion. SIP is mainly used to fix structural defects 
such as potholes, but it could also be used to fix 
localized deformation and waterproofing defects.

When filling potholes, prior to the mix application, 
the area must be cleaned by blowing air to remove 
any dust/debris from it. Next is the tack/bond coat 
application to waterproof the bottom of the defect. 
Once done, the mix is sprayed into the defect to 
complete the repair; the key to the finished product 
is the quality of the levelling. Depending on the 
bitumen content in the mix, a small quantity of 
chips can be applied to avoid any stickiness effect 
to the vehicle tyres.

All those operations are carried out by one unique 
operating arm, controlled from the cab, with a Chips Fig.38 - Pothole repair machine combined with synchronous emulsion sprayer and 

chip spreader

Fig.37 - Pothole 
repair with 
patching machine 

Fig.36 - Crack repair 
application: crack 
cleaning with hot air 
pressure and crack 
sealing
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are predominantly made from crushed stones, 
consisting of a split mix grading between 2 and 10 mm.

Application is handled by one unique machine, in 
charge of producing the mix according to certain 
design directly on site, while spraying it on the 
pavement.

Implemented stationary, under open traffic 
conditions, it is recommended to roll the repair, 
which can be trafficked just after application. 
Thanks to a 3 tonne hopper patching capacity, it 
can easily fix between 100 and 150 potholes per day.

Fulfilling all criteria of the quality production control, 
a SIP repair can last for an average of 3-4 years.

4.2.5  Summary of road maintenance 
methods and evaluation

Table 1 summarizes the different road maintenance 
methods. It gives information about which 
pavement distresses and on which road class the 
individual methods are recommended, as well as 

expected environmental savings and more.  

4.3 Road rehabilitation 
Rehabilitation of flexible roads includes methods to 
improve, strengthen or save excessively damaged 
roads, which suffer from cracking, deep rutting and 
other serious distresses.

Rehabilitation options depend upon type of road, 
local conditions and pavement distress types. 
Typical solutions are overlays, or removal of surface 
layer or most part of the asphalt pavement or all, 
by milling and filling. If the problems are mainly 
caused by inadequate subbase or subgrade 
support, the road base needs to be stabilized after 
the asphalt pavement has been milled off. When it 
comes to the rehabilitation of roads, the recycling 

of asphalt plays an increasingly important role 
in both the plant mixing process and the in-situ 
process worldwide. This results in a number of 
environmental benefits and cost advantages.

4.3.1 Overlay 

Most common methods for rehabilitating a typical 
asphalt pavement structure is an asphalt overlay 
or milling of the existing asphalt and paving a new 
asphalt layer. The choice of the method depends on 
the severity of the pavement damage. 

A hot mix overlay paving to an existing paved road, 
that has deteriorated over years of wear caused 
by traffic and environmental effects, is the easiest 
method of renewing the road surface.

Tab.1 - Various road 
maintenance methods 
and evaluation

 Chip seal Slurry Surfacing Crack sealing Spray Injection 
Patching

Type of road 

Low to medium 
tra�cked roads, local, 
country and national 

roads; all type of roads 
in developing countries 

Low to medium 
tra�cked roads, local, 
country and national 

roads; all type of 
roads in developing 

countries 

Highways national 
and federal roads 

city roads 

National and federal 
roads city roads
Low to medium 
tra�cked roads

Pavement 
distress types 

Skid resistance loss
Cracks

Waterproofing defect

Cracks
Waterproofing defect 

Tearing
Deformation 

(up to 20 mm)

Waterproofing 
defect

Waterproofing 
defect

Deformation
Localized structural 

defect

Application 
Bitumen emulsion or 

hot bitumen
Chips from 2 to 14 mm

Bitumen emulsion
Chips from 

0/4 to 0/10 mm

Hot applied 
bituminous sealant

Grit of 2 mm

Bitumen emulsion
Chips from 
2 to 10 mm

Quality High to very high High to very high Moderate to high Moderate to high

E�ciency Very high High to very high Moderate moderate

CO2 emission 
reduction 

Very high Very high High Very high

 FAYAT 
solution 

EdenSprayer and Arena
or

Chispealer A320/T440/
CT440

Breining P8/P12
Breining NS8/NS12 Cracksealer Greenswift

4. ROAD MAINTENANCE AND REHABILITATION SOLUTIONS 

Fig.39 - Road 
rehabilitation 
method by paving 
and compaction of 
an overlaying asphalt 
course on top of 
the damaged road 
surface
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A very important role of the overlay method is 
the bonding between the new layer and the old 
pavement, which is finally realised by a tack/bond 
coat. The objective of a tack/bond coat is to bond 
two layers together, to create a more solid structure 
as distortions and stresses are distributed on two 
layers rather than one. As a result, the bonding 
contributes to extend the pavement life. Fast 
breaking bitumen emulsions are generally used for 
tack/bond coating the existing asphalt pavement. 
Usually, tack/bond coat is sprayed by a dedicated 
binder sprayer, in front of the asphalt pavers (Fig.39).

Application can be handled in 2 ways:

>  The traditional way consisting of a dedicated 
binder sprayer 

-  Benefits: large binder capacity – multipurpose for 
spraying or additional services

-  Disadvantages: requires specific materials to 
avoid tyre stickiness (fast breaking emulsion, 
additive, lime milk-slurry etc.)

> The innovative set up consisting of an integrated 
spray bar on the paver

-  Benefits: synchronous job site progress, avoiding 
tyre stickiness

- Disadvantages: limited binder capacity.

4.3.2 Milling and paving 

Not all existing surfaces are suitable for asphalt 
overlay. If an asphalt surface shows extensive 
structural damage, it will need to be removed. 
Milling eliminates the need for complicated

leveling courses in case of very uneven existing 
road surfaces. Milling provides reclaimed asphalt 
pavement (RAP). It can be reused, either for 
subbase material, or in a new hot asphalt

mixture, depending on local specifications. 
Recycling asphalt reduces the consumption of 
resources such as aggregates, fuel, transportation 
and labour, when compared with producing 
virgin asphalt materials.

The first step of the milling process is to remove the 
upper part of the pavement, thanks to a milling 
machine. Secondly, a new asphalt wearing course 
is paved and compacted, providing structure, 
waterproofness and skid resistance (Fig.41). 

Fig.41 - Very common 
road rehabilitation 
process by milling 
and paving

Fig.43 - Modern milling machines providing RAP material to 
be reused in hot mix plant for new asphalt base mixture

Fig.42 - Paving and compaction of new asphalt layer 
with 30% RAP content 

Fig.40 - 
Traditional bitumen 
emulsion sprayer  
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4.3.3  Full depth reclamation (FDR) or Cold 
in place recycling (CIR)

FDR or CIR is a process used when the pavement 
suffers from too many severe defects, potentially on 
upper and lower layers. 

The old pavement and road base materials are 
processed on-site. During this process, the old 
materials are pulverized, mixed and treated with a 
stabilizing agent (Fig.44). Depending on the road 
class, a surface consisting of a thin bituminous chip 
seal, or one or even two hot-mix asphalt layers, 
completes the road.

More detailed information can be found in chapters 
5 and 8.

4.4 Emulsion plant and storage

4.4.1 – Emulsion plant 

The production of bitumen emulsions takes place 
in an emulsion plant which can be a stationary type 
or transferable type.

Different components are required for the 
production of emulsions. The most common are 
bitumen, hydrochloric acid, emulsifiers and water. 
They must be stored in the plant.

Emulsion production is based on the dispersion 
of fine droplets of bitumen in an aqueous phase, 
generally made possible thanks to a colloid mill.

The aqueous phase, also called soap, is made 
beforehand by mixing hot water, acid and 
emulsifier.

The production of hot water is generally carried 
out using a heat exchanger by lowering the 
temperature of the emulsion.

The amounts and types of constituents are defined 
according to the type of emulsion and to its 
formulation.

The emulsion produced is stored in a tank, and/or 
loaded directly into a tanker trailer using a loading 
arm.

4.4.2 – Emulsion storage  

Generally, emulsions are stored initially on the site 
where they are produced. In addition, autonomous 
emulsion storage can be used as close as possible 
to application sites, in order to optimize site costs 
and reduce all supply logistics.

A stand-alone emulsion storage can empty 
the carrier that supplies it and load any road 
maintenance machine using emulsions.

A transferable storage will preferably be equipped 
with its own integrated retention, in order to avoid 
civil engineering costs at the time of each transfer.

Fig.44  - Full depth 
reclamation and 
in place recycling 
process

Fig.45  - Emulsion 
production process

Fig.46  - Autonomous 
emulsion storage
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XXXXX

RECYCLING 
OF ASPHALT

Recycled asphalt pavement, which is also called reclaimed 
asphalt pavement (RAP) is defined as milled, pulverized, broken 
or crushed asphalt pavement. It is removed or reprocessed 
from pavements that are being resurfaced or reconstructed. 
Historically, old pavement material was removed and disposed 
in landfills. Today, in many countries, RAP material is generated 
when old, damaged pavement layers are milled and crushed in 
order to add it as a component to new mixtures in the pavement 
structure.

The reuse of asphalt material is increasing as ministries for 
transportation and road and highway agencies make more 
efficient use of their resources, especially in industrial 
countries. Also, in emerging and developing countries there is 
a growing interest in recycling technologies in order to increase 
sustainability by utilizing less environmentally damaging 
material sources.

5
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5.1 Use of recycled asphalt 
Recycled asphalt pavement (RAP) is considered 
as a particularly valuable material to the asphalt 
production industry and its value continues 
to increase as the cost of virgin aggregate and 
bitumen rises. At the same time, there are positive 
effects on the environment by significantly reducing 
CO2 emissions and saving energy. Milled RAP can 
be used in a number of highway / road construction 
applications. These include its use as an aggregate 
substitute and asphalt cement supplement in 
recycled asphalt paving, hot mix, warm mix or cold 
mix, as a granular base or subbase, or as a stabilized 
base.

There are four different methods of asphalt 
recycling: recycling in hot mix plant, recycling in 
cold mix plant, hot in place recycling (HIR) and cold 
in place recycling (CIR) (Tab.4). 

The majority of old asphalt pavements are recycled 
after milling of the old asphalt pavement at 
central hot or cold mix plants. A comparatively 
small part is processed and reused on site as 

hot-in-place recycling (HIR) with preheating 
devices and modified milling machines; this has 
steadily declined in recent years, due to negative 
environmental influences of the asphalt pavement. 
A growing proportion of old asphalt pavements 
worldwide, are processed as cold-in-place recycling 
(CIP) technology with special recycling equipment. 

5.2 Recycling in plant process 
Recycling asphalt plant is the process in which 
reclaimed asphalt pavement (RAP) materials are 
combined with new materials, sometimes along 
with a recycling agent (for example rejuvenators), 
in order to restore the rheological properties of 
aged RAP bitumen. Recycling asphalt plant ensures 
a high level of process control of the recycled 
materials.

While hot or warm in plant recycling produces hot 
or warm mix asphalt (HMA / WMA) for asphalt base 
or surface layers for all categories of roads, cold mix 
in plant recycling is done without heat and mainly 
used for cold base mixtures and low to medium 
trafficked roads. 

Fig.47 - Fayat in plant 
recycling solutions 
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Fig.48 - Potential of environmental benefits when using RAP (Source Life-Cycle Inventory 
for bitumen version 2.0, process with infrastructure, Eurobitume 2012 and Union Nationale des 
Producteurs de Granulats 2017)

Fig.49 - Potential of environmental benefits when reducing the mix temperature 
(Source Fayat)

Recycling book 2022

Fig. 5.2 Potential 
of environmental benefits 
when using RAP (Source ?) 
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Fig. 5.3 Potental of environmental 
benefits when reducing 
the mix temperature (Source?) 
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Fig.50 - Demolation 
and removal of 
asphalt pavement 
with excavator 
or bulldozer

With conventional batch and continuous plant 
recycling, rates from 10 – 30% are possible 
depending on the quality of old milled asphalt 
pavement, the control process and the type of 
asphalt mix to be manufactured. Because of the 
increasing demand for reusing RAP material at 
higher rates, modern plant technology has been 
developed which provides high quality hot / warm 
recycling mixes under optimum environmental 
conditions. 

Fig.48 shows the potential emission-reduction 
effects of the application of recycling asphalt plant. 
Fig.49 shows the energy-savings, when the mix 
temperature can be reduced by adding additives or 
using foam bitumen technology.

As the RAP rate increases, the carbon emission 
decreases, due to the fact that less new aggregate 
and less bitumen need to be produced (Fig.48). 
A rate of 40% reclaimed asphalt in hot mix 
means around 35% of carbon savings in materials 
production alone; further savings from transportation 
of virgin aggregates and bitumen from extraction 
sites to mix plants are possible. 

By reducing the mixing temperature from hot mix 
(e.g. 160°C) to warm mix (e.g. 110°C), the CO2 saving is 
around 3 kg per tonne of asphalt mix (Fig.49). From 
an energetic and emission-reducing point of view, 
a cold mix bound with bitumen emulsion offers the 
greatest potential for savings (Fig.49). 

5.2.1 Demolition of asphalt pavement

The traditional way of asphalt removal, that is still 
used in developing countries, is to rip and break the 
pavement into slabs using a bulldozer or grader. 
The material is loaded into trucks and transported 
to a reprocessing site. The old asphalt pieces are 
crushed and eventually screened to be reused as fill 
or subgrade material and/or to be ready for reuse in 
the mix plant. 
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Fig.51 - BM 2000/75, 
350 mm milling of 
asphalt pavement 
with optimal 
piece size and 
gradation result  

5.2.2 Milling

The most common and more efficient and precise 
method of asphalt removal, which is very popular 
in industrial countries, is through pavement milling 
operations. Milling is the controlled removal of an 
existing pavement to a desired depth, longitudinal 
profile, and cross-slope, using specially designed 
milling equipment. These machines are able to 
mill asphalt pavement up to 350 mm thick. The 
advantage of the milling process is that even small 
pieces of the asphalt pavement can be handled and 
the maximum piece size can be influenced, which 
means that later on, significantly less processing of 
the material is necessary. 

Another great advantage of milling is that all 
asphalt layers can be removed selectively and 
precisely, so that asphalt material with defined 
and homogeneous aggregate and binding agent 
properties is available for reuse in mixing plants. 

The resulting textured surface can be immediately 
used as a driving surface, can be further treated with 
one of the other asphalt recycling methods, or, once 
cleaned and tack/bond coated, can be overlaid with 
HMA/WMA or recycled mix. 

Milling machines are heavy, self-propelled and 
of sufficient size to provide the traction and 
stability required to remove the pavement surface. 
Depending on the size of the construction site, 
they are available in weight classes from around 
6 to almost 40 tonnes. The smaller ones can mill 
asphalt pavements up to 200 mm deep, the large 
ones up to 350 mm deep. When milling machines 
are equipped with automatic slope control systems 
and different drum speeds, surfaces can be milled to 
specific elevations, profiles and cross slopes.

The milling drum is the most important tool of the 
milling machine. The drum is equipped with rotating 
cutting teeth, set in tool holders attached to the 
drum.  

 

Fig.52 - BM 1200 used 
for precise selective 
asphalt layer milling 
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Milling drum
Pic and milling 

line spacing 
(mm)

Max. milling 
depth

Typical 
application

Power Milling 
Depth: 0-350 mm

0 - 350 mm 
0 - 13.78 inch

 Complete road removal

 Milling of particularly 
hard materials 
(concrete)

 Milling of road surfaces 
under increased time 
and cost pressure

standard 
Milling 

Depth: 0-350 mm
0 - 350 mm
0 - 13.78 inch

 Removal of road courses 
of di�erent thickness

 Very wide range of 
applications

 Bomag all-rounder

Fine Milling 
Depth: 0-50 mm

0 - 100 mm
0 - 3.94 inch

 Removal of surface 
courses including 
improved evenness

 Corrective milling work 
on road profiles

 Preparation for thin-
layer coverings

micro Milling 
Depth: 0-30 mm

0 - 30 mm
0 - 1.18 inch

 Increase of surface grip

 Increase of road 
evenness

 Preparation for surface 
treatment

 Removal of coatings 
from road surfaces or 
interior floors

 LA 3 mm

 LA 5 mm

 LA 6 mm

 LA 12 mm

 LA 15 mm

 LA 18 mm

 LA 8 mm

 LA 10 mm

 LA 20 mm

LA 25 mm

Tab.2 - Different 
milling drums and 
their application  

5. RECYCLING OF ASPHALT

A very important influence on the texture of the 
milled surface, the size of milled RAP and the 
milling performance comes from the cutting pic line 
spacing, which is the cutting width between one 
cutting pic to the next. Bomag offers different drums 
with different milling line spacing (Table 2).
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5.2.3.  Crushing, screening and storage 
(processing) 

Quite often, the RAP comes from different locations 
with different compositions and properties, and 
is finally stockpiled together. It is a conglomerate 
of an undefined and inhomogeneous mixture of 
aggregates and binders. This type of RAP cannot 
be used for high quality asphalt. Pre-processing by 
screening and additional crushing is necessary.

The use of milling machines and the separate 
storage of the RAP, depending on the source of 
origin, is much better, more efficient and more 
economical. Modern milling technology usually 
avoids the further crushing process of the RAP. 
Specially, partial layer milling and RAP material from 
large projects, should have a constant gradation and 
binder content, which is the best prerequisite for 
high RAP quality.

Fig.53 - 
Inhomogeneous 
reclaimed 
material from 
different locations                          

Fig.54 - Crushing and 
Screening of RAP 
before stockpiling                          

Tab.3 - Evaluation of various pre-treatment 
methods of RAP  

Process Advantages Disadvantages

Use of milled RAP 
without further 

processing

>  avoids further crushing of 
RAP aggregates particles 
resulting in higher fines

>  owest cost of RAP processing 
options

>  milling from large projects 
are likely to have a consistent 
gradation and bitumen 
content

>  Require multiple stockpiles at 
the plant

>  millings from individual 
projects are di�erent and 
need to be stockpiled 
separately

>  for each type of RAP a new 
mix design is necessary

Screening RAP 
before crushing

>  limits crushing of RAP 
aggregate particles, which 
reduces dust generation

>  crushing and screening units 
are set up to pre-screen RAP

Crushing 
all RAP to a single 

size

>  allows the processed RAP 
to be used in many di�erent 
types of asphalt mixes

>  generally provides good 
uniformity from RAP 
materials obtained form 
multiple sources

>  large RAP stockpiled can 
be generated for annual 
production

>  tends to increase the dust 
content of RAP stockpiles, 
which may limit how much 
RAP can be  used in mix 
designs
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Fig.55 - Fayat hot 
and cold in place 
recycling solutions 

Hot mix in place recycling

Cold mix in place recycling

5. RECYCLING OF ASPHALT

5.3 Recycling in Place Process
Different from the recycling process in plant, the 
in-place recycling methods involve road pavement 
maintenance and rehabilitation techniques using 
mobile specialized equipment; there is almost no 
need for material transport or storage. The in-place 
methods generally use 100% of the existing asphalt 
pavement material with a new binder. In-place 
recycling ensure time and cost efficiency while 
reducing the environmental impact as much as 
possible. 

5.3.1 Hot in-place Recycling (HIR)

Hot mix in-place recycling (HIR) uses heat to 
soften the existing asphalt wearing course, it 
scarifies the pavement, adds recycling agent and 
additives and relays and compacts the pavement 
in one continuous process. It is used to correct 
surface defects in a HMA pavement surface, such 
as cracking, ravelling and shoving problems of 
the wearing course. The HIR method is suitable 
for depths up to 50 mm. It is not the right 
treatment for pavements with a base course or 
a subgrade failure and due to the relatively high 
energy consumption and associated air pollution 
and emissions, the HIR process has become 
less popular. Many road and highway agencies 
no longer allow this technology because of 
environmental reasons. 

The former Marini Voyager Hot in-place Recycling 
train collected the pre-milled asphalt with the 
asphalt collecting machine. It used the Voyager 120, 
with a drum mixer, to apply heat and to mix the 
recycled asphalt including bitumen and additives 
with a twin-shaft pugmill.

5.3.2  Cold In place Recycling (CIR) / Full 
Depth Reclamation (FDR)

The Cold In place Recycling (CIR) / Full depth 
Reclamation (FDR) method involves a rehabilitation 
technique using mobile recycling machines, which 
pulverize the existing asphalt pavement and a 
portion of the unbound pavement (subbase/base) 
layers. This is a very efficient and material saving 
method for developing countries on the secondary 
road network. After pulverisation, grading and 
compaction, the recycled layer is reused as an 
unbound base course and is covered with a new 
asphalt layer (Fig. 55) or chip and seal treatment, 
depending on the road traffic situation. 

In case of heavier trafficked roads and / or poor 
sub-grade strength, the pulverized layer is stabilized 
with the same recycling equipment, using cement, 
bituminous binders or their combinations. The 
recycled road pavement is finally completed with 
one or two additional asphalt layers, depending on 
road traffic and road service life. 

The CIR / FDR method is very suitable for national 
or secondary roads with low to medium traffic and 
an asphalt pavement thickness less than 150 mm. 
The method is particularly attractive for sparsely 
populated countries and areas with long distance 
roads and little infrastructure for road building 
material and plant.  

Compared to other traditional methods of 
pavement rehabilitation such as milling and 
paving of surface courses, CIR / FDR causes fewer 
greenhouse gas emissions, uses less energy, less 
virgin aggregate and less asphalt binder. Using 
recycled asphalt reduces waste and reduces the 
environmental impact of road construction.

Fig.56 - Former Marini 
Voyager for asphalt 
surface recycling 
with milled asphalt 
collecting - and drum 
heating and mixing unit  

©
 F

AY
AT

©
 F

AY
AT



FAYAT ROAD RECYCLING SOLUTIONS 2022 29 

5. RECYCLING OF ASPHALT

5.4  Summary of recycling methods and evaluation
Tab.4 - Different 
asphalt recycling 
methods and  
it´s evaluation

Fig.57 - Recycling of low trafficed province road in Central Asia

Fig.58 - Cold in place recycling with bitumen emulsion of national roads in North and South Africa

RECYCLING IN PLANT RECYCLING IN PLACE

Hot recycling 
in plant

Cold recycling 
in plant

 Hot recycling 
in place

Cold recycling 
in place

Type of road
Highways

national and federal 
roads,

city roads 

  Base course of 
heavy 

Highways and 
national roads

Low to medium 
tra�cked roads, local, 
country and national 

roads, all type of roads 
in developing countries

Pavement distress 
types 

Asphalt pavement 
surface, defects,

deformation,
cracks, pothole

Asphalt pavement 
or concrete 
pavement 

structural defects

Asphalt pavement 
surface defects, 
rutting, shoving, 

bleeding, raveling

Asphalt structural 
defects, alligator 

cracking, heavy rutting,
potholes

Application All type 
of asphalt layers

 Base course 
material, concrete 

pavement

Only asphalt 
surface layer

All asphalt pavement 
structure plus part of 
unbound layer below

Use of rap 
for / as

Asphalt base and 
unbound layers

Only asphalt 
surface layer

Mainly bound 
base course

Quality  Very high
High to very high

 depending on RAP
pre-processing

Moderate to high 
depending on 

equipment 
and experience 

of team

Moderate to high
depending on 

equipment and 
experience of team

E�ciency Moderate to high Moderate to high High High

Energy savings 
compared to 

traditional method
Moderate to high High to very high Very high

Very high,
no transportation of 

virgin material

CO2 emission 
reduction

Moderate to high High to very high High to very high Very high

FAYAT 
solution

Various 
Marini - Ermont 

plant

Various 
SAE plant

This technology 
is no longer 
pursued for 

environmental 
reasons

Bomag RS 
equipment
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RECYCLING 
IN HOT / WARM MIX 
ASPHALT PLANTS

Recycling reclaimed asphalt pavement in hot (or warm) mix 
asphalt is the recycling solution that enables the best reuse 
of RAP. Depending on the technologies used, this solution 
enables total binder remobilisation and production of new hot 
mix asphalt, with equivalent specifications to non-recycled 
hot mix asphalt, at a reduced cost, as well as protecting our 
planet’s resources and reducing CO2e emissions.

6
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6. RECYCLING IN HOT / WARM MIX ASPHALT PLANTS

6.1  Benefits of recycling in hot / 
warm mix asphalt plants

  

 
6.1.1 High-value-added recycling

Reclaimed asphalt pavement is not road waste 
but quite simply a mixture of aggregates and 
bituminous binder at the end of their asphalt 
lifecycle. By recycling it in hot mix asphalt, it is 
reused with the highest value, by enabling the 
production of fresh hot mix asphalt. 

6.1.2 High-performance asphalts 

Just like conventional hot mix asphalt, recycled 
hot mix asphalt enables the highest technical 
specifications of all bituminous asphalt to 
be guaranteed. Hot mix techniques enable 
remobilisation of the binder in the reclaimed asphalt 
pavement, its mixing with suitable imported binder 
and, where necessary, a rejuvenator to guarantee the 
quality of the resulting binder as fresh binder. 

6.1.3 Recycling from 0 to 100%

Hot mix recycling techniques enable recycling of 
0 to 100% of reclaimed asphalt pavement in fresh 
asphalt. The higher the recycling rate, the tighter 
the RAP quality and uniformity tolerances must 
be. A “100%” recycling rate is possible but requires 
complex and expensive RAP preparation logistics. 
In practice, the highest recycling rates are around 70 
to 80%, which enables easy correction of both the 
grading curve and the binder characteristics with 20 
to 30% imported components. 

6.1.4 Reduced asphalt costs

Reducing asphalt costs is linked to the use of 
high-quality resources reclaimed from worksites, 
combined with transport savings linked to the 
procurement of raw materials. Well-planned 
worksite logistics would organise transport of asphalt 
on the outward leg of a journey and reclaimed 
asphalt pavement on the return leg. The final raw 
material saving comes from the reclaimed binder 
and part of the reclaimed aggregate; the other part 
of the reclaimed aggregate enables financing of RAP 
preparation logistics.

Fig.59 - Continuous 
hot/warm mix 
asphalt plant 

Fig.60 - Batch 
hot/warm mix 
asphalt plant 
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6.1.5 Reduced CO2e emissions

Recycling in hot mix asphalt plants makes it possible 
to reuse up to 100% RAP, thus reducing the input 
of raw materials (bitumen and aggregates) and the 
CO2e emissions linked to their production.

In addition, the use of a Super-mobile or Super-
transferable asphalt plant, that can be set up as close 
as possible to the site, makes it possible to reduce 
CO2e emissions generated by transport logistics; 
reducing the transport distances of RAP and hot mix 
asphalt associated with the site.

Finally, the use of 100% renewable biofuel with a 
neutral carbon impact, makes it possible to limit 
CO2e emissions linked to the drying process to the 
only CO2e emissions of biofuel transport.

The example below illustrates the trends in CO2e 
emission reductions, impacted by these three 
vectors on three different jobsites A, B and C, whose 
main characteristics are specified below (on the 
basis of data and conditions at one time, subject to 
change).

6.2 RAP heating process   
Reclaimed asphalt pavement can be recycled in 
both continuous and batch mix plants. A continuous 
process mainly differs from a batch process in terms 
of the mixing methods, which are respectively 
continuous and discontinuous.

The RAP drying and heating process determines 
the maximum possible recycling rate and can also 
influence the quality of the asphalt produced. To 
guarantee the quality of the asphalt produced, this 
process must preserve RAP binder quality.

Different processes are used.

6.2.1 Heat exchange with overheated 
aggregates

Reclaimed asphalt pavement is heated and dried 
in contact with overheated aggregates. The energy 
required to dry and heat the RAP is accumulated 
in the aggregates beforehand. This technology 
enables production of asphalt with a maximum 50% 
recycling rate. 

Bitumen Aggregates Fuel & combustion Electricity Transport

JOBSITE A

JOBSITE B

JOBSITE C

-38%

-80%

JOBSITE A JOBSITE B JOBSITE C

RAP rate 0% 50% 70%

RAP transport 
associated to HMA 

transport
- Yes Yes

Direct RAP use (without 
preparation) - Yes Yes

Distance: Asphalt plant 
/ Application site 40 km 10 km 10 km

Distance: Quarry / 
Asphalt plant 30 km 30 km 30 km

Distance: Refinery / 
Asphalt plant 250 km 250 km 250 km

Fuel Heavy fuel oil LPG 100% Renewable BIOFUEL

Warm mix asphalt 
(-30°C) No Yes No

Electricity source Network (FR) Generating set Generating set

Aggregates and RAP 
moisture 3% 3% 3%

Tab.5 - Trends in CO2e 
emission reductions 
in different jobsites 
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Recycling book 2022

Chap. 6 
Fig 6-3-a   
Binder remobilisation

RAP binder Imported binder

Aggregates

RAP

Full binder remobilization

Uncompleted binder remobilization

6.2.2 Heat exchange with hot gases

Reclaimed asphalt pavement is heated and dried 
in a dedicated dryer drum, via heat exchange with 
hot gases, generated by a burner, located at one 
end of the same drum. In practice, this technology 
enables recycling of up to 60% of reclaimed asphalt 
pavement.

6.2.3 Heat exchange with moderate-
temperature gases

The reclaimed asphalt pavement is heated and 
dried in a dedicated dryer drum, via heat exchange 
with moderate-temperature gases, produced by 
an independent hot air generator. This technology 
enables recycling of up to 100% of reclaimed 
asphalt pavement.

6.2.4 Combined heat exchange 

The reclaimed asphalt pavement is heated and dried 
in a dedicated dryer drum, via heat exchange with 
slightly overheated aggregates and warm gases 
produced by a hot air generator. This technology 
enables recycling of up to 100% of reclaimed asphalt 
pavement.

6.3 Binders
    

One of the main advantages of recycling in a hot 
mix asphalt plant is reclaiming binder found in 
the reclaimed asphalt pavement for reuse, by 
remobilising it in the formula. 

6.3.1 Binder remobilisation

Binder remobilisation consists of reclaiming RAP 
binder and mixing it into imported binder to create 
fresh binder, with uniform characteristics meeting 
the formulation need. 

Total binder remobilisation makes it possible 
to guarantee the durability of the fresh asphalt 
produced and provide a lifespan similar to 
equivalent mix without RAP.

It is based on three essential factors of the 
production process:

-  Preserving the RAP bitumen during the drying and 
heating process, preventing any contact of RAP 
with radiation from a flame, very-high-temperature 
gases, or very-high-temperature materials.

-  Very long mixing of RAP with aggregate to transfer 
binder from RAP to aggregate and create a 
uniform mixture. 

-  Protecting the imported binder injected into a 
mixture at a uniform temperature (i.e., the same as 
the asphalt) and long mixing for the final binder 
remobilisation phase. 

The level of binder remobilisation can be measured 
by testing the sequential stripping of an asphalt 
sample and comparing the characteristics of 
each of the reclaimed bitumen samples. These 
characteristics include COI index (carbonyl oxidation 
index), which is one of the key parameters to assess 
the level of binder remobilisation. 

Binder remobilisation will be considered total, if 
the indices measured on each sample are similar. 
On the contrary, it will be considered partial if the 
indices for the different samples vary.

Fig.61 - Binder 
remobilisation during 
recycling process 
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6.3.2 Imported binder and rejuvenator

The imported binder must be chosen based on the 
characteristics of the RAP binder (that has aged 
and hardened during its first lifecycle), RAP binder 
content, recycling rate and the binder content 
and characteristics required by the formulation. If 
necessary, and in case of a high recycling rate, an 
additive, known as a rejuvenator, can be added 
into the production process to adjust the binder’s 
characteristics. 

6.3.3 Foam bitumen

The addition of imported binder in foam form 
has the advantage of increasing bitumen volume 
during the mixing phase, temporarily increasing 
the binder’s specific surface in contact with the 
aggregate mix and speeding up the coating 
process. It also makes it possible to improve asphalt 
workability, which can fall depending on the type of 
binder and recycling rate. 

Recycling book 2022

Chap. 6 
Fig 6-3-c
Foam bitumen

High pressure water

Bitumen Foam
bitumen

Fig.62 – Foam 
bitumen production 
in hot mix plant 

Fig.63 – Rotary mixer 
technology principle 

6.4  Recycling technologies in 
continuous asphalt plants 

 
  

The Fayat Group’s Mixing Plant Division provides five 
continuous technologies to meet different recycling 
requirements.

6.4.1  Rotary mixer technology

Based on a drying process including a counterflow 
dryer drum combined with a rotary mixer, rotary 
mixer technology enables recycling of 0 to 25% 
of reclaimed asphalt pavement. RAP is heated 
and dried via heat exchange with overheated 
aggregates. Binder is mixed with the mixture of 
aggregates and RAP in the final section of the 
rotary mixer.
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Fig.64 – TSM 
technology principle 

Fig.65 – RETROFLUX 
technology principle 
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6.4.2 TSM technology 

Based on a drying process including a counterflow 
dryer drum mixer, developed in 1980, TSM 
technology has been upgraded several times and 
enables recycling of 0 to 35% of reclaimed asphalt 
pavement. Reclaimed asphalt pavement is heated 
and dried via heat exchange with slightly overheated 
aggregates and moderate-temperature gases. 
Binder is mixed with the mixture of aggregates and 
reclaimed asphalt pavement in the final section of 
the drum.

6.4.3 Retroflux technology

Based on a drying process including a counterflow 
dryer drum mixer, developed in 1990, Retroflux 
technology enables recycling of 0 to 50% of 
reclaimed asphalt pavement, as well as protecting 
the environment and guaranteeing total binder 
remobilisation. Reclaimed asphalt pavement is 
heated and dried via heat exchange with overheated 
aggregates. Binder is mixed with the mixture of 
aggregates and RAP in the final section of the drum.
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Fig.66 – TSX 
technology principle 

Fig.67 – TRX 
technolgy principle 
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6.4.4 TSX technology

Based on a drying process including a single 
counterflow drum linked to a continuous twin 
shaft mixer, TSX technology is the only continuous 
single-drum, single-burner technology in the 
world, enabling recycling of reclaimed asphalt 
pavement from 0 to 70%, as well as protecting 
the environment and guaranteeing total binder 
remobilisation. Reclaimed asphalt pavement is 
heated and dried via heat exchange with overheated 
aggregates and moderate-temperature gases in 
a dedicated zone of the drum. Binder is mixed 
with the mixture of aggregates and RAP in the 
continuous mixer.

6.4.5 TRX technology

Based on a drying process including twin serial 
drums, combined with a continuous twin shaft 
mixer, TRX technology is the only continuous 
technology in the world enabling recycling of 0 to 
100% of reclaimed asphalt pavement with a single 
burner, as well as protecting the environment 
and guaranteeing total binder remobilisation. 
Reclaimed asphalt pavement is heated and dried 
via heat exchange with overheated aggregates 
and moderate-temperature gases in a second 
dedicated drum. Binder is mixed with the mixture 
of aggregates and RAP in the continuous mixer.
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Fig.68 – RAP Mixer 
feeding technology 

Fig.69 – EvoDRYER 
technology 

Aggregates
drying / heating 

Hot air
generator

RAP
drying / heating

+
Binder mixing

T
em

p
er

at
ur

es

Aggregates

Fumes

RAP

Hot Mix Asphalt

Aggregates
drying / heating 

Hot air
generator

RAP
drying / heating

Binder mixing

T
em

p
er

at
ur

es

Aggregates

Fumes
RAP

Hot Mix Asphalt

6.5  Recycling technologies in batch-
type asphalt plants 

  
 The Fayat Group’s Mixing Plant Division 
provides five batch-type technologies to meet 
different recycling requirements.

6.5.1 Mixer feeding technology

Based on feeding reclaimed asphalt pavement 
directly into the mixer, this technology enables 
recycling of up to 40% of Reclaimed Asphalt 
Pavement (RAP) as well as screening aggregate. 
RAP is heated and dried via heat exchange 
with overheated aggregates in the mixer. Water 
vapour generated in the mixer, depending on 
RAP humidity, is extracted via a configurable 
water vapour extraction system, combined with 
a variable-speed RAP feeder. Aggregates can be 
screened.

6.5.2  Recycling ring feeding technology – 
EvoDRYER

Based on feeding reclaimed asphalt pavement 
into the dryer drum behind the burner flame, 
this technology enables recycling of up to 40% of 
reclaimed asphalt pavement (RAP) by heating and 
drying RAP via heat exchange with overheated 
aggregates. This technology, by-passing the 
screen, makes it possible to maintain high tower 
production rates and guarantee very low VOC 
emission levels. 
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Fig.70 – Combined 
dryer + mixer 
feeding technology 

Fig.71 – Parallel 
drum technology 
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6.5.3  Combined dryer + mixer feeding 
technology

Based on combining EvoDRYER and recycling 
technologies in the mixer, this technology enables 
recycling of up to 60% of RAP without using a 
second drum by by-passing aggregates screening.

6.5.4 Parallel drum technology

Based on adding a parallel flow dryer drum 
dedicated to RAP drying, this technology enables 
recycling of up to 60% of RAP, as well as still 
providing aggregate screening.©
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Fig.72 – Master 
Tower technology 
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6.5.5 Master Tower technology

This new technology is based on use of separate 
aggregate and RAP dryer drums. RAP is dried and 
heated only via heat exchange with moderate-
temperature gases, generated by a single burner 
powering both drums in appropriate proportions, 
depending on the different constituents’ 
humidity and recycling rates. This technology 
enables recycling of up to 100% of RAP as well as 
guaranteeing reduced energy consumption and 
very low VOC emissions.
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RECYCLING 
IN COLD MIX 
PLANTS

Recycling RAP in cold mix plants is the ideal solution for 
environmentally friendly road construction with very low energy 
consumption and CO2 emissions. Cold mix asphalt  is produced 
by mixing unheated aggregates and RAP with either emulsified 
bitumen or foamed bitumen with high mixing and dosing quality, 
while having at the same time very low energy consumption 
and CO2 emissions. Cold asphalt mixtures are generally used 
for asphalt base layers on all road categories, and for asphalt 
wearing layers on low to medium trafficked roads.

Cold mix plants can also produce wet mix or cement bound 
material with RAP content up to 100% for base and subbase 
layers.

7
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7.1  Benefits of recycling 
in cold mix plants 

   
7.1.1 High-quality cold mix asphalt

The cold mix plant recycling technique requires 
a good understanding of the type of RAP, which 
must be uniform in terms of aggregate type and 
grade, and binder characteristics. It also requires 
excellent understanding of bitumen emulsion 
techniques, which remains one of the key factors 
in cold coating techniques. Recycling of RAP in 
cold mix plants enables precise correction of 
the grading curve with imported aggregates, 
depending on formula requirements, guarantees 
precise metering and effective and uniform mixing 
of all the constituents. The quality of the cold mix 
asphalt produced in the mixing plant enables use 
of asphalt in a base, binder, or surface course on 
roads with low or average traffic. 

7.1.2 Recycling from 0 to 100% 

There is no limit to recycling of RAP in cold mix 
plants designed for recycling. 0 to 100% of RAP 
can be recycled without any specific equipment 
requirements. The quality of cold mix asphalt 
produced with a very high recycling rate will 
however be directly linked to the type and 
uniformity of the RAP and formulation. So, the 
higher the recycling rate, the more the quality of 
the RAP must be controlled. 

7.1.3 Low energy consumption

Cold recycling techniques have the advantage 
of not requiring drying and heating of materials 
before coating, unlike hot or warm recycling 
techniques. So, the energy consumption linked to 
cold mix asphalt production is limited to the energy 
consumption of the constituent metering, routing 
and mixing functions. 

Fig.73 – Cold mix 
asphalt plant 
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Emulsion Aggregates
Electricity

Transport

JOBSITE A

JOBSITE B

JOBSITE C

-41%

-70%

JOBSITE A JOBSITE B JOBSITE C

RAP rate 0% 50% 70%

RAP transport 
associated to HMA 

transport
- Yes Yes

Direct RAP use (without 
preparation) - Yes Yes

Distance: Cold mix 
asphalt plant / 
Application site

50 km 50 km 10 km

Distance: Quarry / Cold 
mix asphalt plant 30 km 30 km 30 km

Distance: Emulsion 
plant / Cold mix asphalt 

plant
200 km 200 km 200 km

Electricity source Network (FR) Network (FR) Generating set

7.1.4 Low CO2e emissions

Due to a very low level of energy consumption, cold 
mix techniques are among the solutions with the 
lowest CO2e emissions.

Recycling in cold mix asphalt plants makes it 
possible to reuse up to 100% RAP and thus reduce 
the input of raw materials (bitumen and aggregates) 
and the CO2e emissions linked to their production.

In addition, the use of a Super-mobile or Super-
transferable cold mix plant that can be set up as 

close as possible to the site, makes it possible to 
reduce CO2e emissions generated by transport 
logistics by reducing the transport distances of RAP 
and cold mix asphalt associated with the site.

The example below illustrates the trends in CO2e 
emission reductions impacted by these two vectors 
on three different sites A, B and C, whose main 
characteristics are specified below (on the basis 
of data and conditions at one time, subject to 
change).

7.1.5 Low costs

Recycling RAP in cold mix plants enables 
production of asphalt at a low cost, by using 
high-quality resources reclaimed from worksites, 
combined with transport savings linked to 
procurement of raw materials and to reduced 
investment in equipment, compared to recycling 
in hot mix asphalt plants. The low levels of 
production-related energy consumption also 
contribute to reducing costs.

7.2 Binders 
The binder is selected to restore the old binder’s 
flexibility and adhesiveness. It is generally added 
into the production process in the form of bitumen 
emulsion, or more rarely in the form of foam 
bitumen. 

7.2.1 Bitumen emulsion

Bitumen emulsion cold recycling techniques 
remain the most widely used and effective 
solutions. The bitumen emulsion is formulated 
beforehand in emulsion plants, based on the 
grading of the type and state of the surface of the 
material fine particles to be treated. It is then stored 
in a tank in the cold mix plant. The use of bitumen 
emulsions enables, based on chemistry, adjustment 
of the product’s lifespan to worksite requirements. 

The mixture’s target specifications depend on the 
recycled asphalt’s expected strain (traffic, climate, 
support, position in the structure).

7.2.2 Foam bitumen

Foam bitumen cold recycling techniques, commonly 
used for in-situ recycling, can be used in a plant when 
it is located in immediate vicinity to the application 
site. However, they are still less effective and are 
generally used only for base layer applications. 

Tab.6 – trends in CO2e 
emission reductions 
in different jobsites  
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7.3  Recycling technologies 
in cold mix plants

Different cold coating plant recycling technologies 
are available to meet technical departments’ 
different formulation needs.

7.3.1 Continuous single coating

Continuous single coating technology enables low 
to high production outputs depending on the size 
of the plant. All the different aggregate grades are 
added and pre-mixed continuously when fed into 
the mixer. The binder injection (also continuous) 
is delayed to allow pre-mixing of the different 
aggregate grades. 

7.3.2 Continuous double coating

Continuous twin coating technology enables low 
or high production outputs depending on the size 
of the plant. Part of the different aggregate grades 
(d/D) «Bigger aggregates” is fed continuously into 
the mixer and initially mixed with part or all of the 
binder. The rest of the different aggregate grades 
(0/d) “smaller aggregates” is fed into the second 
section of the mixer, in which it is continuously 
mixed with the first mixture. The second part of the 
binder (if applicable) can then be added to the full 
mixture of different aggregate grades. 

7.3.3 Discontinuous sequential coating

Discontinuous sequential coating technology 
uses batch production. It enables varying of the 
sequencing in which the components are fed into 
the production cycle. This type of technology, which 
is less effective in terms of output, is available only on 
low output plants but remains the ideal solution for 
low-level production requirements or when testing 
new cold coating processes on an industrial scale. 
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Recycling book 2022

Chap. 7 
Fig. 7-3-a   
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Recycling book 2022

Chap. 7 
Fig. 7-3-b   
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Chap. 7 
Fig. 7-3-c   
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Fig.74 – Continuous 
single coating 
technology 

Fig.76 – Discontinuous 
sequential coating 
technology 

Fig.75 – Continuous 
double coating 
technology 
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COLD IN PLACE 
RECYCLING 

Cold In place Recycling (CIR), also known as Full Depth 
Reclamation (FDR), is a recycling method for reconstruction 
of an existing flexible road pavement, reusing 100% of 
the existing pavement materials as a new base for a new 
road surface. Full  depth reclamation has been done very 
successfully all over the world, e.g., in the US, South Africa, 
Australia and Eastern Europe. 

This method is a very appealing option for developing 
countries, as the need to rehabilitate or increase the 
structural capacity of the existing road pavements is growing. 
When used correctly, this recycling solution can save 30-40% 
in costs compared to conventional reconstruction method. 
From an environmental point of view, the FDR / CIR method 
is very attractive, as it decreases the construction schedule, 
reduces impact on the public due to construction and reduces 
the carbon footprint.

8
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8.1  Cold In Place (CIR) / Full depth 
reclamation (FDR) Recycling 
Technique   

 
Cold In place recycling / Full-depth reclamation is 
a rehabilitation method where the existing road 
pavement is recycled by combining pulverization 
and stabilization technologies. CIR / FDR does not 
require the existing pavement to be removed from 
the site. The old asphalt pavement and part of the 
underlaying base materials are processed with a 
road reclaimer and reused 100% on-site. 

During this process, the old materials are 
pulverized, usually to a depth of 200 – 250 mm, 
mixed and treated with a stabilizing agent, such 
as cement, fly ash, foam bitumen or bitumen 
emulsion. A new road surface, consisting of a thin 
bituminous chip seal, or one or even two hot-mix 
asphalt layers, depending on the road category and 
expected traffic, completes the road. The recycled 
base will be stronger, more uniform and more 
moisture resistant than the original base, resulting 
in a long, low-maintenance life. 

8.2 Recycling equipment train 
The basic equipment for CIR / FDR rehabilitation 
projects includes recycler for pulverization and 
mixing, motor grader, water truck, compaction 
equipment and, depending on the type of binder, 
cement spreader and/or a bitumen tanker. In 
addition, depending on the application and road 
class, additional devices such as tack/bond-or prime 
coat sprayers, road sweepers, pavers or surface 
treatment machines are used. With the exception 
of grader and bitumen tanker, the Fayat Group 
offers all equipment required for the in-place 
recycling process. 

The recycler, also known as the reclaimer, is the 
most important device for successful CIR / FDR. 
Bomag offers a complete range of recycling and 
stabilisation equipment in weight classes between 
18 and 28 t, with 4x4 all-wheel drive and anti-slip 
control. The hydrostatic driven milling and mixing 
rotor, with adjustable rotor speed and overload 
protection, provides maximum traction and best 
crushing and mixing quality for all applications. 
Depending on the model, the drum width varies 
from 2 – 2.6 m and maximum mixing depth from 
300 – 600 mm. 

Fig.78 - CIR / FDR 
recycling process 

Fig.77 - Low-energy 
and low-carbon 
road rehabilitation 
in New Zealand 
using FDR method 
with Bomag RS 500 
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Recycling 
equipment

Engine 
power
[PS]

Operating
weight

[kg]

Operating 
width
[mm]

Maximum
mixing 
depth
[mm]

Cutting and
mixing drum Main Application

Option 
for FDR/CIR:

injection

RS 360 350 17.700 2005 305

Soil stabilisation 
Pulverisation
low tra�cked 

roads, 
parking lots

Water injection

RS 460 450 24.200 2440 500

Soil stabilisation
Pulverisation 
and recycling 

of low to medium 
tra�cked roads

Water injection
Bitumen emulsion 

injection

RS 500 530 24.900 2250 500

Soil stabilisation
Pulverisation 
and recycling 

of low to medium 
tra�cked roads

Water injection
Bitumen emulsion 

injection

RS 600 590 27.900 2400/2600 600

Soil stabilisation
Pulverisation 
and recycling 

of country and 
national roads

Water injection
Bitumen emulsion 

injection
Foam bitumen 

injection

RS 650 650 27.900 2400/2600 600

Soil stabilisation
Pulverisation 
and recycling 

of country and 
national roads

Water injection
Bitumen emulsion 

injection
Foam bitumen 

injection

The binder spreader is another important piece of 
equipment inside the recycling train. Binding agent 
spreaders are designed and used for spreading 
cement or other powder material precisely and 
efficiently in accordance with the specifications 
for cold in place recycling. Binding agents can 
be loaded either through the special inlet with a 
pressure hose from the silo tanker, or through the 
manhole with bagged binders.

The Bomag Flexmix technology offers additional 
mixing and crushing bars, as part of the rotor 
hood, in order to optimise the crushing and mixing 
effect of the asphalt pavement to be reclaimed. 
The bitumen and water injection systems, with 20 
nozzles each, are equipped with a precise dosing 
control system, which works independent from 
operating speed. Bitumen and water dosing is set 
and monitored with the help of the operating and 
control facility panel unit. The fully electronic dosing 
control ensures that the flow rates are continuously 
adjusted to the nominal specifications, depending 
on the operating speed and mixing depth.

Tab.7 - Recycling 
equipment for full 
depth reclamation  

 RS 360 RS 460 RS 500 RS 600 RS 650 
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Tab.8 - Towed and 
truck mounted 
cement spreaders   

Fig.79 - Bomag recycler with water and bitumen dosing system and Flexmix technology to optimize crushing and mixing process   

Fig.80 - Bomag RS 600 / 650 with water injection system, quick change tooth holder system and 11 rotor speed settings

Binding 
agent 

spreader

Volume
[m3]

Spreading 
width
[m]

Output
[kg/m2]

Spreading 
measurement,

standard

Speed 
measurement

Spreading 
measuremnt,

Option 

Operating 
speed
[km/h]

BS 10
Tractor-
towed

10 1 – 2,40 5 – 50
Volumetric

and
speed related 

Radar sensor
electronic
weighing 
system

 > 2 – 6 
depending on 
binder mass/

m2

BS 16
Tractor-
towed

16 1 – 2,40 5 – 50
Volumetric

and
speed related 

Radar sensor
electronic
weighing 
system

 > 2 – 6 
depending on 
binder mass/

m2

BS 10
Truck-

mounted 
10 1 – 2,40 5 – 50

Volumetric
and

speed related 
Radar sensor

electronic
weighing 
system

 > 2 – 6 
depending on 
binder mass/

m2

BS 16
Truck-

mounted 
16 1 – 2,40 5 – 50

Volumetric
and

speed related 
Radar sensor

electronic
weighing 
system

 > 2 – 6 
depending on 
binder mass/

m2

 BS 10 BS 16  BS 10   BS 16

©
 F

AY
AT

©
 F

AY
AT



FAYAT ROAD RECYCLING SOLUTIONS 202248 

8.3 Binders used for CIR / FDR 
Pulverization of a failing pavement is the most basic 
CIR / FDR application. If the final use of the recycled 
pavement is a low-volume road or car parking 
without defects of the subbase or subgrade, simple 
pulverization, compaction and a new surface 
treatment is sufficient. 

For a stronger pavement, higher traffic volume 
or weaker subbase conditions, chemical or 
bituminous stabilization is necessary. Binding 
agents such as cement, bitumen emulsions 
or foamed bitumen improve the mechanical 
properties of the pulverized recycled material. The 
selection of a stabilizing binder depends on the 
reclaimed material properties, traffic load, level of 
strengthening required, the availability of binder 
and economic considerations.

Bomag RS recyclers 

• Powerful mixer with hydrostatic rotor drive 

•  FLEXMIX technology for better cutting and mix 
quality 

• Wide range of rotor speeds

• Unique, easy to change tooth holder system 

•  High availability thanks to the wear resistant 
overload protection system

A combination of 1 – 2% of cement and 2 – 3% 
bitumen is a very good compromise for improving 
both strength and strain performance of the new 
base. 

8.4 Job report 
While full depth reclamation is used in Europe 
and North America on low to medium trafficked 
local and secondary roads, this method is a very 
attractive option for secondary and primary roads 
in developing countries, as the need to rehabilitate 
or increase the structural capacity of the existing 
road network is growing. There are numerous 
advantages, such as preservation of limited 
natural resources, cost effectiveness, shortened 
construction schedule and reduced carbon 
footprint.

The old pavement, heavily damaged and failed 
by cracks and deformations, consisted of 80 mm 
asphalt layer structure with 150 mm thick crushed 
aggregates course underneath. Main reason for 
pavement failure was the strong increase of heavy 
truck traffic over the past 20 years and lack of road 
maintenance.

Most commonly used 
binders and its 

typical properties/
requirements

Cement Bitumen emulsion Foam bitumen

Important properties Portland Cement 
 CEM 32,5 MPa

 Cationic emulsion  Setting 
time > 60 min 5 – 50

Strength characteristics compressive strength Cohesive strength, flexural strength

high initial strength
 improved structural capacity
 works with a wide range of

 existing materials

Flexible 
very good fatigue resistance

Not prone to cracking 

Typical strength 
requirement 

Unconfined compressive 
strength (UCS)
  1,5 – 4 ,0 MPa

after 7 days

 Indirect tensile strength 
(ITS)

  0,2 – 0,4 MPa
after 7 days 

Indirect tensile strength 
(ITS) 

 0,2 – 0,4 MPa
  after 7 days

Typical binder content 2,0 – 5,0% 2,5- 4,0% 2,5- 4,0%

Type of road low to medium tra�c medium to high tra�c medium to high tra�c

Binder temperature  ≥ 5° C depending on type of 
 emulsion 20 – 60° C 160 – 180° C

Tab.9 - Binders and 
its suitability and 
properties for for 
CIR / FDR recycling  

8. COLD IN PLACE RECYCLING 
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Following process steps were carried out: 

>  First process phase: pulverisation, levelling and 
compaction:

1.  Pulverization of existing pavement with Bomag 
recycler RS 600, depth 200 mm

2.  Pre-compaction with Bomag single drum rollers 
BW 212 D and PD 

3.  Final levelling to required cross slope and final 
compaction with BW 212 D 

>  Second process phase: stabilization with 
binding agent and compaction 

1. Production of emulsion with FAYAT Emulpack 

2.  Cement spreading, 1,5% with Bomag spreader 
BS 16, 

3.  Bitumen emulsion tanker Secmair, coupled to 
Bomag Recycler RS 600 

4  Mixing in cement (1,5%), bituminous emulsion 
(2,5%) and additional water (2 – 3%) with 
Bomag RS 600 r 

5.  Pre-compaction with 12 t BW 212D

6. Final levelling and profiling with a grader

7.  Final compaction with 26 t BW 226 DH and 16 t 
pneumatic tired roller BW 27 RH 

8  Surface treatment after 24 h by applying a prime 
coat 

9.  After 48 h curing period paving of 60 mm 
asphalt surface course

Fig.81 - National road 
in Western Africa, 
before and after cold 
mix in place recycling  

Fig.82 - Recycling 
in place process 
with Bomag RS 600 
using cement and 
bitumen emulsion  

Fig.83 - Precise 
mixing and dosing   

8. COLD IN PLACE RECYCLING 
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Tab.10 - Application 
and environmental 
benefits of FDR 
recycling method 

Fig.84  - Cement loading from silo tanker to 16 m³ BS spreader 

Fig.85 - Sustainable 
rehabilitation with 
of country road 
in Latin America  

8.5  Benefits of applying full depth 
reclamation (FDR) 

There are many advantages of CIR / FDR, such 
as the ability to treat most pavement distresses, 
distresses that occur in the underlying layers, 
minimization of transportation costs, elimination 
of material disposal problem, enhancement 
of ride quality and load carrying capacity, the 
ability to widen existing pavements and reduced 
construction cost and emissions.

As energy and environmental considerations 
become more important, sustainable engineering 
technologies in road rehabilitation are becoming 
the focus of authorities, government agencies and 
the construction industry worldwide.

Type of Road Road problem FDR solution Environmental benefits

Low volumed road
Parking lot with thin asphalt 
pavement

Cracks, deformation, no 
foundation defects

Pulverisation of, 
compaction and surface 
treatment >  No or only minimal use 

of virgin material 

>  Almost no transportation 
of construction material 

>  Minimal tra�c 
  disturbance 

>  Less construction time

>  Less energy and carbon 
  requirements for FDR 
  construction process 

>  Highest sustainability
  compared to conventional
  rehabilitation methods

Low to medium tra�cked 
roads with stronger asphalt 
pavement (<15 cm)

Cracks, deformation, poor 
subbase condition

Pulverisation and blending 
of all asphalt layers 
including poor subbase, 
mixing of binding agent, 
compaction and new 
asphalt pavement 

Medium to heavy tra�cked 
roads or highways with 
thick asphalt pavement 

Cracks, deformation, poor 
subbase condition

FDR in combination with in-
plant recycling, milling of 
top asphalt pavement and 
recycling in plant,
pulverization and 
stabilization in-place of 
lower asphalt pavement 
including subbase 

8. COLD IN PLACE RECYCLING 
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Fig.86 - Sustainable 
rehabilitation 
of highway by 
combination of warm 
in plant and cold 
in place recycling 

8. COLD IN PLACE RECYCLING 
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8. COLD IN PLACE RECYCLING 

9
FAYAT ROAD 
RECYCLING 
SOLUTIONS 
Conventional road construction technologies are energy-
intensive and cause a level of environmental pollution from fossil 
fuels, which are produced in the extraction of raw materials, the 
production of asphalt mixtures, as well as material transportation 
and paving works.
On the one hand, we need roads for people’s economic and 
social development, but on the other hand we also need a 
much cleaner environment and must protect the environment 
and resources for future generations. Therefore, sustainable 
road construction, taking into account all aspects of a road’s 
life cycle, is of great importance. There is a need to maintain a 
balance between the two sides.
A very important approach in relation to the construction, the 
maintenance and the rehabilitation of roads is the recycling of 
existing road construction material, the increase of RAP to be 
used for asphalt mixes, the reduction of temperatures when 
producing asphalt mixtures and the implementation of a road 
maintenance strategy that preserve the road in its originally 
constructed condition and protect adjacent resources and 
user safety
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The Fayat Group is following the demand for sustainable 
road pavements and offers a full range of mixing plants, 
paving, compaction, milling and maintenance equipment, 
and technologies for environmentally friendly and energy 
saving highway and road construction, maintenance and 
rehabilitation solutions.

Table 11 shows an overview of various technical solutions for 
new construction, maintenance and rehabilitation for various 
types of road categories with special consideration and 
evaluation of energy and carbon gas pollution.
Tables from 12 to 17 show the individual facilities and equipment 
of the FAYAT Road Equipment Division required for advanced 
green road construction, maintenance and rehabilitation 
technologies.



FAYAT ROAD RECYCLING SOLUTIONS 202254 

9. FAYAT ROAD RECYCLING SOLUTIONS 

TYPE OF ROAD TRAFFIC TYPE OF 
PAVEMENT

Highway VERY HIGH

 Asphalt surface

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

 Asphalt base

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

 Crushed aggregate 
base

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

National 
or province road 

in dense population 
and road 

network area

MODERATE 
TO 

HIGH

Asphalt surface

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

Asphalt base

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

Stabilised base

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

Long-distance 
federal or 
state road 
in sparsely 

populated areas

MODERATE 
TO 

HIGH

Asphalt surface

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

Stabilised base 

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

Stabilised subbase

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

Local road
LOW 
TO 

MODERATE

Asphalt surface

Road life duration
CO2e reduction

Cost savings

Best recycling
 rate practice

Stabilised base

Road life duration
CO2e reduction

Cost savings

Best recycling 
rate practice

12 Milling

13a Hot / warm mix asphalt continuous plant 

13b Hot / warm mix asphalt batch plant 

LEGEND 14 Cold mix plant

15a Recycling equipment

15b Binding agent spreader

16a Micro surfacing

16b Chip & Seal

16c Crack sealing 

17a Emulsion plant

17b Autonomous emulsion storage

Tab.11
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9. FAYAT ROAD RECYCLING SOLUTIONS 

More 
information 

in table

New construction Maintenance Rehabilitation

13a, 
13b

13a, 
13b

14, 17a, 
17b

15a, 
15b, 
17a, 
17b

16a, 
17a, 
17b

16b, 
17a, 
17b

12, 13a, 
13b

12, 13a, 
13b

12, 14, 
16a, 
17a, 
17b

16a, 
17a, 
17b

16b, 
17a, 
17b  

16c 12, 13a, 
13b

12, 13a, 
13b

12, 14, 
17a, 
17b

15a, 
15b, 
17a, 
17b

16a, 
71a, 
17b  

16b, 
17a, 
17b  
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0-70% 0-50% 0-70% 0-50% 0-70% 0-50%

0-70% 0-50% 0-50% 0-70% 0-50% 0-50% 0-70% 0-50% 0-70%

0-50% 0-50% 0-70% 0-100%

0-70% 0-50% 0-70% 0-50% 0-70% 0-50%

0-70% 0-50% 0-70% 0-50% 0-70% 0-50% 0-70% 0-70% 0-50% 0-70% 0-100%

0-100% 0-50% 0-100% 0-100%

0-70% 0-50% 0-50% 0-50% 0-50% 0-70% 0-50% 0-50%

0-100% 0-50% 0-100% 0-100%

0-100% 0-50% 0-100% 0-100%

0-70% 0-50% 0-70% 0-70% 0-50% 0-70% 0-70% 0-50% 0-70% 0-100%

0-100% 0-50% 0-100% 0-100%

 Optimal use    Other recommended uses Very high High Moderate Low
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9. FAYAT ROAD RECYCLING SOLUTIONS 

MILLING MACHINE
Engine 
power
[PS]

Operating weight
[kg]

Milling 
width
[mm]

Milling 
depth
[mm]

BM 500/15-2 
BM 600/15-2

150
150

6.700-8.500
6.800-8.600

500
600

0-210
0-210

BM 1000/20 164 11800-13600 1000 0-210

BM 1000/30 
BM 1200/30 
BM 1300/30

300
300
300 

18.800-21.100
19.200-21.400
19.300-21.500

1000
1200
1300

0-320
0-320
0-320

BM 1000/35-2
BM 1200/35-2
BM 1300/35-2

350
350
350

21.300-25.500
22.300-26.500
22.600-26.700

1000
1200
1300

0-330
0-330
0-330

BM 2000/60
BM 2200/60

600
600

28.100-32.500
29.100-33.500

2000
2200

0-320
0-320

BM 2000/65 
BM 2200/65

470
470

27.900-33.400
27.300-33.800

2000
2200

0-350
0-350

BM 2000/75
BM 2200/75
BM 2500/75

750
750
750

29.500-37.500
29.900-37.900
30.590-38.500

2000
2200
2500

0-350
0-350
0-350

Tab.12 -  Range of milling machines    

BM 500/15

BM 1200/35

BM 2200/65

BM 2000/60

BM 1000/20BM 600/15

BM 1200/30

BM 2000/65

BM 1300/35

BM 2000/75

BM 1000/30
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9. FAYAT ROAD RECYCLING SOLUTIONS 

GLOSSARY FOR MOBILITY CONCEPT 

Super-mobile plant

Concept that allows plants to be transferred 
from one work site to another in record times 
at extremely low costs, without any concrete 
foundation nor crane, thanks to on-board 
interfaces (axles, inter-module connections, 
lifting devices, steel foundations, Plug & Work 
electric, pneumatic and hydraulic connections, 
etc.). 

Super-transferable plant

Concept in the form of container-sized 
modules that allow the transfer of a plant 
from one work site to another in record time 
at unbeatable transfer costs regardless of the 
destination and the means of transport thanks 
to its CSC approved format. This concept 
needs no concrete foundations nor crane 
in the Self Erecting (SE) super-transferable 
version.

Transferable plant

A transferable plant has a modular design to 
optimize the assembly/dismantling time and 
is also designed to be transferred at least once 
in its lifetime (on-board steel foundations).

Stationary plant

Multi-purpose plant suitable for both cramped 
urban sites and rural areas. Its compactness 
means it can be installed in buildings that are 
low in height and cost.

HOT / WARM 
MIX ASPHALT 

CONTINUOUS PLANT

Mobility Recycling rate / Technology Production 
range

Su
p

er
-m

o
b

ile

Su
p

er
-t

ra
ns

fe
ra

b
le

Tr
an

sf
er

ab
le

St
at

io
na

ry 0 – 25%

ROTARY 
MIXER

0 - 35%

TSM

0 - 50%

RETROFLUX

0 -70%

TSX

0 - 100%

TRX

T/h

CARBON T-BOX 60 - 160

MAGNUM 40 - 160

TSM 40 - 230

TSM MAJOR 140 - 630

EXPLORER 60 - 160

ROADMASTER 35 - 160

RF HIGHWAY 110 - 450

RF NEO2
80 - 360

TSX 120 - 450

TRX 150 - 430

CARBON T-BOX

RF HIGHWAY TSX

TSM EXPLORERMAGNUM

ROADMASTER RF NEO2 TRX

TSM MAJOR

 Optimal use  Other recommended uses

Tab.13a - Hot/warm mix asphalt continuous plant
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9. FAYAT ROAD RECYCLING SOLUTIONS 

HOT / WARM 
MIX ASPHALT 
BATCH PLANT 

Mobility Recycling rate / Technology Production 
range

Su
p

er
-m

o
b

ile

Su
p

er
-t

ra
ns

fe
ra

b
le

Tr
an

sf
er

ab
le

St
at

io
na

ry 0 – 30%

MIXER

0 - 40%

MIXER

0 - 40%

RING 

0 - 60%

RING 
+ 

MIXER

0 -70%

PARALLEL 
DRUM

0 - 100%

MASTER 
TOWER 
TECH

T/h

ROADBATCH 80 - 120

XPRESS 120 - 200

BE TOWER 120 - 240

TOP TOWER 160 - 320

TECH TOWER 160 - 340

MAC SMART 180 - 240

BEST BATCH 120 - 180

CLASS TOWER 240 - 400

MAT 320 - 440

MAC 200 - 400

FRT 360 - 400

MASTER TOWER 260 - 320

 Optimal use  Other recommended uses

ROADBATCH

TECH TOWER

MAT

BE TOWER

BEST BATCH

FRT

XPRESS

MAC SMART

MAC

TOP TOWER

CLASS TOWER

MASTER TOWER Tab.13b - Hot/warm 
mix asphalt batch 
plant
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9. FAYAT ROAD RECYCLING SOLUTIONS 

RECYCLING 
EQUIPMENT

Engine 
power
[PS]

Operating
weight

[kg]

Operating 
width
[mm]

Maximum
mixing 
depth
[mm]

Cutting and
mixing drum Main Application

Option 
for FDR/CIR:

injection

RS 360 350 17.700 2005 305

Soil stabilisation 
Pulverisation
low tra�cked 

roads, 
parking lots

Water injection

RS 460 450 24.200 2440 500

Soil stabilisation
Pulverisation 
and recycling 

of low to medium 
tra�cked roads

Water injection
Bitumen emulsion 

injection

RS 500 530 24.900 2250 500

Soil stabilisation
Pulverisation 
and recycling 

of low to medium 
tra�cked roads

Water injection
Bitumen emulsion 

injection

RS 600 590 27.900 2400/2600 600

Soil stabilisation
Pulverisation 
and recycling 

of country and 
national roads

Water injection
Bitumen emulsion 

injection
Foam bitumen 

injection

RS 650 650 27.900 2400/2600 600

Soil stabilisation
Pulverisation 
and recycling 

of country and 
national roads

Water injection
Bitumen emulsion 

injection
Foam bitumen 

injection

Tab.15a - Recycler / stabiliser

RS 360 RS 500 RS 650RS 460 RS 600

COLD MIX 
ASPHALT 

PLANT

Mobility Technology Recycling 
rate

Production 
range

Su
p
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 c
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D
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co
nt

in
uo

us
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l 
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g

0
 - 

10
0

 %

T/h

PACKLINER COMPACT 50-120

PACKLINER 80-250

ROADLINER 80-200

BATCHPACK 10-20

PACKLINER 
COMPACT ROADLINERPACKLINER BATCHPACK

 Optimal use  Other recommended uses

Tab.14 - Cold mix 
asphalt plant
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9. FAYAT ROAD RECYCLING SOLUTIONS 

BINDING 
AGENT 

SPREADER

Volume
[m3]

Spreading 
width
[m]

Output
[kg/m2]

Spreading 
measurement,

standard

Speed 
measurement

Spreading 
measuremnt,

Option 

Operating 
speed
[km/h]

BS 10
Tractor-towed 10 1 – 2,40 5 – 50 Volumetric

and speed related 
Radar 
sensor

electronic
weighing system

 > 2 – 6 
depending on 

binder mass/m2

BS 16
Tractor-towed 16 1 – 2,40 5 – 50 Volumetric

and speed related 
Radar 
sensor

electronic
weighing system

 > 2 – 6 
depending on 

binder mass/m2

BS 10
Truck-mounted 10 1 – 2,40 5 – 50 Volumetric

and speed related 
Radar 
sensor

electronic
weighing system

 > 2 – 6 
depending on 

binder mass/m2

BS 16
Truck-mounted 16 1 – 2,40 5 – 50 Volumetric

and speed related 
Radar 
sensor

electronic
weighing system

 > 2 – 6 
depending on 

binder mass/m2

BS 10 BS 10
Truck-mounted BS 16 BS 16

Truck-mounted 

BREINING NS

Tab.15b - Binding 
agent spreader   

Tab.16a - 
Microsurfacing / 
slurrysealing machine   

MICROSURFACING / 
SLURRYSEALING MACHINE Capacities Microsurfacing / slurrysealing

BREINING P
Emulsion tank: 3,500 l
Water tank: 3,500 l
Additive tank: 500 l
Hopper: 8 m3 

BREINING M
Emulsion tank: 3,200 to 5,000 l
Water tank: 2,200 to 4,000 l
Additive tank: 300 to 500 l
Hopper: 8 m3 or 12 m3

BREINING NS
Emulsion tank: 3,200 to 5,000 l
Water tank: 2,200 to 4,000 l
Additive tank: 300 to 500 l
Hopper: 8 m3 or 12 m3
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9. FAYAT ROAD RECYCLING SOLUTIONS 

CHIP & SEAL AND TACK / 
COAT MACHINE

Tank capacity 
(liters)

Spraying width 
(meters) CHIP & SEAL TACK / BOND 

COAT
SPRAY 

PATCHING

Bitumen 
sprayer

EDENSPRAYER 5,000 to 
17,000 6.2 

STARSPRAYER 3,000 to 
16,000 4.8

EUROSPRAYER 7,000 to 
16,000 4.8

SERVIROUTE 3,000 to 
16,000 4.8

UBSPRAYER 2,000 to 
5,000 4.8

PICK & SPRAY 600 2.4

ROADSPRAYER 7,000 to 
16,000 4.8

Chipsreader

ARENA 3.1

GPB 14000 3.1

KANGAROO 3.6

Chipsealer

CHIPSEALER A 3,500 to 
9,000 3.1

CHIPSEALER T 3,500 to 
9,000 3.1 / 4.4

CHIPSEALER CT 3,500 to 
9,000 3.1 / 4.4

Spraypatcher GREENSWIFT 6,000 to 
7,000 3.1 / 4.4

CRACKSEALER

EDENSPRAYER SERVIROUTE PICK & SPRAYEUROSPRAYER

ARENA GPB14000 CHIPSEALER A

STARSPRAYER

ROADSPRAYER GREENSWIFT

UBSPRAYER

KANGAROO

Tab.16b - Chip & 
seal and tack / 
coat machine

Tab.16c - 
Cracksealing machine   

CRACKSEALING MACHINE Tank capacity (liters) CRACK SEALING

CRACKSEALER 500 l

CRACKSEALER + 500 l

 Optimal use  Other recommended uses
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EMULSION 
PLANT

Mobility Technology Production 
range
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T/h

EMULPACK 10 - 40

AUTONOMOUS EMULSION 
STORAGE 

Mobility Capacity
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o
b

ile
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er
-t
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b
le
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er
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le

St
at

io
na

ry

m3

eTANK 18 - 48

 Optimal use  Other recommended uses

 Optimal use  Other recommended uses

EMULPACK

eTANK

Tab.17a - 
Emulsion plant    

Tab.17b - Autonomous 
emulsion storage    
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Roads will carry on playing an instrumental role in connecting people and 
transporting goods.
With the vision of an emission-free and greener environment, significantly more 
sustainable green mobility will be achieved in the coming years through the 
electrification of the transport sector, and much more emphasis will be placed on 
a sustainable, low-emission and energy-saving infrastructure.

The road network represents one of the largest public capitals and heritages for 
each country and makes a key contribution to economic and social development. 
That is why road construction, maintenance and rehabilitation is of particular 
importance to all countries. Without maintaining the roads properly, they 
deteriorate very quickly: if nothing is done, roads with a design life of decades 
could be replaced or facing major repair work just after a few years. In addition to 
economic considerations, environmental factors are making a major impact on road 
construction. Sustainable road pavement solutions are becoming more and more 
important, considering better and more efficient construction and maintenance 
techniques, less energy, less pollution and greenhouse gas emissions, less raw 
material, and more recycling of existing road pavement materials. The road is also 
one of the very first recyclers of building materials, participating in the circular 
economy.



Whatever the type of road, the traffic and the type of pavement, there are 
recycling solutions for new construction, maintenance and rehabilitation, with 
recycling in hot/warm mix asphalt plants, recycling in cold mix plants, cold in 
place recycling, micro surfacing and chip & seal. The chapter 9 is summarizing 
the various technical solutions with special consideration and evaluation of road 
life duration, CO₂e reduction, cost saving and the best recycling rate practice. 
This chapter is also showing the FAYAT group offering with the full range of 
equipment, technologies and expertise, for environmentally friendly and efficient 
road construction, maintenance and rehabilitation.

The FAYAT group caters to all steps of the road life cycle, with solutions in asphalt 
production, paving application and compaction, road maintenance, sweeping, 
cold milling, stabilization & recycling and soil compaction, meeting the needs of 
every jobsite.
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Marini  

+39 0544 88 111
info@marini.fayat.com 
marini.fayat.com

Dulevo

+39 0521 8277 11
info@dulevo.com
dulevo.com

CONTACTS

Ermont 

+33 4 77 73 52 65 
info@ermont.fayat.com 
ermont.fayat.com

Scarab

+44 1622 831006
scarab@scarab-sales.com
scarab.fayat.com

Bomag

+49 67 42 1000
info@bomag.com
bomag.com

Fayat

+33 5 56 00 21 00 
info@fayat.com 
fayat.com

Secmair

+33 2 43 98 27 76 
info@secmair.fayat.com
secmair.fayat.com
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www.roadequipment.fayat.com 
roadequipment@fayat.com
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No part of this publication may 
be reproducted without the prior 

permission of FAYAT Group
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