
 

 

 

Analyzing trends of asphalt recycling in France 

 

 

Mathias Schvallinger 

 

 

 

 

Degree Project SoM EX 2011-41 

 

 

Stockholm, 2011 

KTH, Royal Institute of Technology 

Department of Urban Planning and Environment 

Division of Environmental Strategies Research – fms 
 



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2011-41 

2 
 

Abstract 
 

In France, road transport accounts for 50% and 30% of the NOx and CO2 emissions 
respectively. Asphalt recycling consists in including Reclaimed Asphalt Pavement (RAP) into 
new Asphalt Concrete. This technique can allow firms in the road construction field to reduce 
their impacts on the environment and thus to achieve the goals set by the European 
Commission. Unfortunately, asphalt recycling just began to have more importance in France. 
Additionally, the lack of easily available data and studies about this method makes it 
complicated to enhance the development of asphalt recycling. 

The thesis aimed to picture a good overview of the current asphalt recycling practices in 
France and to analyze them from an environmental point of view. The main attention was 
concentrated on GreenHouse Gases (GHGs) emissions and energy consumptions of those 
techniques. Moreover, the thesis tried to describe the main advantages and drawbacks of the 
different asphalt recycling techniques in order to understand their proportions in France. The 
study also aimed to learn from the experiences of other regions by comparing the French 
practices with other European countries and analyzing these differences. 

The methodology used is literature review, interviews and use of a Life Cycle Assessment 
(LCA) tool: asPECT.  The literature review provided all the theoretical background needed to 
understand asphalt recycling and also data about its impacts on the environment. In order to 
add a current component that reflects the reality of road constructions firms, data was also 
collected with interviews and interpreted with the LCA tool. Finally, the LCA approach was 
used to compare and analyze all the results collected by providing the necessary 
simplifications. 

Study results show that France increased its proportion of RAP recycled significantly lately to 
reach 63%. The main two asphalt recycling techniques used are Hot In-Plant recycling and 
Cold In-Place Recycling (CIR). CIR is the most environmental friendly asphalt recycling 
technique, reaching a reduction of 80% in GHGs emissions and energy consumptions 
compared to a classical rehabilitation method. Hot In-Plant recycling only allows a reduction 
of approximately 30% in the same environmental factors. Thanks to those techniques 113 000 
tons of CO2e and 10,3 * 105 GJ have been saved in 2010. Asphalt recycling also enables 
making economic profits and improving social conditions. However, pollutants, tar or 
asbestos contaminated asphalt, haulage distance limit the development of asphalt recycling in 
France. It was also observed that France is behind its neighbors but is catching up lately. The 
main reasons for this delay are the aggregates’ supplies; the number of plants fit for recycling 
and the legislation about waste disposal and RAP recycling rates. 

It was concluded that to enhance the use of asphalt recycling in France, French authorities, 
research centers, road construction firms and certification organisms have to cooperate and 
work together in order to stem the main drawbacks of asphalt recycling, settle the LCA 
problems, to win the trust of the State and the firms and to increase the competition. 

Key words: asphalt, recycling, environmental benefits, drawbacks, RAP, LCA, sustainability, 
hot in plant recycling, CIR, HIR. 
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GLOSSARY AND DEFINITIONS 
 

The terms and expressions employed in this thesis are defined in Table 1. 

Table 1 – Glossary (ISO, 1997; El Beze, 2008; (1)) 

Terms Definition 
Asphalt Usually known as asphalt concrete. It is a mixture of bitumen and mineral 

materials. Asphalt concrete is often an upper pavement layer in a flexible 
pavement. It can comes different production techniques such as hot mix asphalt, 
warm mix asphalt or cold mix asphalt. Usually, it contains 95% of gravel and 
sand and 5% of bitumen (in mass). 

Bitumen It is the residuum obtained from the distillation of suitable crude oils. It is used as 
a binder for aggregates in asphalt concrete. 

Carbon Dioxide 
equivalent 

Each GHG has a different GWP which describes its impact on climate change. 
CO2e is used to compare emissions from various GHGs. It is calculated by the 
formulae: ��2� = 	∑ �	
�����	�� ∗ ���������� 

Flexible 
pavements 

Pavements made from layers of asphalt mixes. They tend to “bend” due to traffic 
loads. 

Filler It is a fine mineral matter like dust used to give body to a bituminous binder. 
Global Warming 

Potential 
The Global Warming Potential of a greenhouse gas is the relative measure of how 
much heat it can trap in the atmosphere. It is expressed as a factor of carbon 
dioxide whose GWP is 1. 

In situ recycling Asphalt recycling techniques that are performed directly in place, on the 
construction site. 

In plant recycling Asphalt recycling techniques that are performed in the asphalt production plants. 
Life Cycle 
Assessment 

It is a technique to assess environmental impacts of a product, “from cradle to 
grave”, i.e. from raw material extraction, through its production, transportation to 
its use and end-of-life (ISO, 1997). 

Maintenance This term gathers all the methods and techniques used to extend the life of a 
pavement by slowing down its deterioration rate. 

Mineral aggregate A combination of stone fractions and filler. They are used in all kinds of concrete, 
mortar, road stone or in the railway construction. 

Polycyclic 
Aromatic 

Hydrocarbons 

This is a large group of chemicals that have a structure containing at least two 
fused aromatic rings. PAH are toxic for people, they are carcinogenic and 
mutagenic. 

Portland cement 
concrete 

It is a mixture of gravel (40%), sand (39%), Portland cement (13%) and water 
(8%). It is the upper layer of a rigid pavement. 

Reclaimed 
asphalt pavement 

Reclaimed asphalt pavement is a granular material coming from the milling or the 
destruction of asphalt concrete roads and the surplus of asphalt mixing plants. 
According to the law (articles L.541-1-III and L.531-1-II of the environmental 
code) they are considered as wastes coming from the road construction but not 
inert (El Beze, 2008). 

Rehabilitation Although maintenance can extend the life of a pavement, it cannot stop its 
deterioration. Adding or replacing materials in the existing pavement in order to 
reverse its deterioration is called rehabilitation. 

Rigid pavements Pavements made from Portland cement concrete. The load distribution differs 
from the flexible pavements. 

Volatile Organic 
Compounds 

They refer to the organic chemical compounds which are gases and can affect the 
environment and human health. 
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1. INTRODUCTION 
1.1. Overview of the problem 

Asphalt has an important share in the road construction as it is the major material used to 
build roads. Indeed, over 90% of the European road network has an asphalt surface (2) and it 
is believed that the same percentage of paved roads in the world is Hot Mix Asphalt (HMA) 
(White et al., 2009). Moreover, the production of asphalt and the different phases it goes 
through before it becomes a road have a massive impact on the environment. The EU is 
responsible for 15% of the global GHGs emissions. To tackle with climate change, the 
European Commission (the EU executive body) has decided in 2002 to achieve the Kyoto 
Protocol and goes further on by cutting global emissions by 20-40% by 2020 (3). To deal with 
the management of natural resources and waste, it aims to reduce waste production by 20% in 
2010 and 50% in 2050 (François and Jullien, 2009). In France, megatons of GHGs are being 
produced and emitted in the air by industries. The road transport accounts for 50% and 30% 
of the NOx and CO2 emissions respectively (4). These huge emissions have impacts such as 
air, water and soil pollution, loss of biodiversity and threat on human health (4). Even though 
the share of the pavement construction is less than 10% of the total energy consumption and 
emissions from a road, megatons of GHGs are in stake if firms do not take measures to 
control the different stages of production (Huang et al., 2009). To deal with those problems in 
France, major stakeholders (State, federations, syndicates, firms) has agreed in 2009 to reduce 
GHGs by 33% by 2020, preserve nonrenewable resources, reduce by 50% the water 
consumption and create a common ecological software. Asphalt recycling allows achieving 
all of these goals and this is why this agreement aimed to increase the share of recycling and 
reuse in France. More than just cuts in GHGs emissions, energy and natural resources savings 
can likely be made by using new technologies correctly. 

 

1.2. Specific problem field 

In France, in order to counter and reduce these emissions and impacts produced by the road 
industry, several measures have been undertaken by the State, the firms and the research 
centers. Organizations have been created such as CITEPA, the French air pollution study 
center. Agreements have been made between the state, the syndicates and the firms. Datasets 
have been elaborated like Ofrir by the French road institute LCPC (5). Among the solutions 
suggested to stem the increasing air pollution and energy consumption, asphalt recycling is a 
promising alternative to a classical road construction or maintenance. The technique is based 
on the use of old pavements (RAP) in the creation of new roads. It allows savings in the 
budget but also in the pollution through GHGs emissions and energy consumption. 
Unfortunately, this method just began to have more importance in France even though some 
other European countries are extremely advanced in this area. Not to mention that the lack of 
official data easily available and studies about the environmental impacts of such techniques 
makes it harder to enhance asphalt recycling in France. 
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1.3. Research problems 
1.3.1. Aim 

The aim of thesis was to give a good overview of the current asphalt recycling practices in 
France and to analyze them from an environmental point of view. The thesis focused mainly 
on the GHGs emissions and on the energy consumptions of those techniques. The study also 
aimed to compare these practices with other European countries in order to find out possible 
ways of improvement of asphalt recycling in France. 

1.3.2. Objectives 

The main objectives of this master thesis were: 

• To establish an overview of the current road waste management and of the proportions 
of the different asphalt recycling methods used in France by synthesizing information 
collected with questionnaires; 
 

• To identify the advantages and disadvantages of the studied asphalt recycling methods 
from an environmental point of view with the help of the LCA approach and 
interviews with major stakeholders of the French asphalt production; 
 

• To compare the recycling practices in France with other European countries. 
 

1.3.3. Research questions 

In order to respond to the objectives of the thesis, several research questions were raised: 

• What are the major stakeholders in asphalt production, recycling and 
research in France? 
 

• How is it possible to have current data that reflects the reality of asphalt 
recycling and asphalt plants? 

 
• How can different recycling methods be compared from an 

environmental point of view? 
 

• What are the environmental impacts of the asphalt recycling methods? 
 

• Which measures are already in place and what could be done in the 
future to achieve sustainable development through road construction? 
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1.3.4. Scope of the research 

Four recycling methods and the classical rehabilitation technique were studied in this thesis. 
They are divided in four categories according where they are performed (in situ or in plants) 
and at what temperature they are used (hot or cold). 

The metropolitan France (excluding French overseas departments and territories) was chosen 
to conduct the study. Other European countries were chosen as comparison points to discuss 
the performance of France in the European context. 

The thesis focused on the environmental impacts and benefits (GHGs emissions and energy 
consumption) of the asphalt recycling methods through the whole life-cycle of these technics. 

The delimitations of the thesis are explained in the next chapter, research methods. They will 
be described under each method description. 
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2. RESEARCH METHODS 

To fulfill the aim of the thesis, the study was conducted in the following order (Figure 1): 
literature review, interviews, use of a LCA tool, comparison and analysis and finally the 
discussion and conclusions drawn from all the previous processes. The visits of the Arlanda 
NCC’s mixing plant and the Enköping road 55 remixing job in Sweden were also useful in the 
comprehension of two kinds of recycling processes: in plant and in place. This chapter 
describes theses stages to give a comprehension on how the work has been conducted. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Stages of work (inspired by Miliutenko, 2009) 

Literature 

Review 
Interviews Use of a 

LCA Tool 

• Theoretical 
background 

• Stakeholders 
identification 

• Data collection 

• Discussion material 

• Data collection 
• Basis for 

discussion 

• Input: data 
collected from 
the interviews 

• Output: data 
processed 

Visit of Arlanda NCC’s mixing 
plant: stationary double drum 
batch plant with recycling 

Visit of Enköping road 55: 
remixing job 

Comparison and 
Analysis 

Discussion and 
Conclusions 

• Synthesis of the data 

• Analysis of the data 
with the help of the 
LCA approach 
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2.1. Literature review  

The literature review was performed at the beginning of the study and continued afterwards 
while the interviews were being done. The literature search was about reviewing all available 
materials like: annual reports of companies, newspapers, websites and on-line data bases and 
scientific articles. 

The literature review concerned the theory needed to understand asphalt recycling. This 
includes: theory on bitumen and asphalt production, theory on sustainability and theory on 
asphalt recycling. It also concerned the stakeholders’ identification. This was about finding 
the most relevant people in the field of asphalt production/recycling in France. Finally, the 
literature review was about the collection of usable data. This means a selection of all the data 
available in the literature and then a classification between the data that could be used, 
simplified or simply non usable. Then all the synthesis of the data was used for the results. 

The literature search procedure and the data collection are described below. 

Literature search 

This procedure was divided in several steps: 

• To start listing a number of keywords in English and in French, i.e. “Reclaimed 
Asphalt pavement” and  “Life Cycle Assessment”; 

• To identify a relevant period of time for the search and motivate it. For this study, 
it includes all the materials between 2001 and 2011. Few exceptions were made 
when an article was really relevant but not included in the period of time; 

• To begin a general search in the databases and in a selection of relevant journals. 
In order to keep things clear, the search progression was followed by a tool 
(Appendix 1); 

• From the generated list of references, to identify the most relevant ones; 

• Finally, the reading of the papers generated a new search based on the authors or 
new keywords. 

Data collection 

The first part of the data was collected by the literature review. This was done following the 
steps described below: 

1) Data selection: identification of the usable data and the gaps; 
2) Division in two categories of data: data that is already usable with the LCA 

approach and the data which needs processing with a LCA tool before 
interpretation. 
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2.2. Interviews with major stakeholders 

Interviews were performed after the literature review. They were divided in two steps. 

2.2.1. First step 

The stakeholders’ identification was done with the help of the literature review. The idea was 
to interview technic directors and R&D directors from major companies of the road 
construction in France. The list of persons contacted during the thesis is available in Appendix 
2. This way a good overview of the asphalt recycling situation in France could have been 
performed. The interviews were supposed to be constituted of the following stages: 

• Writing of the questionnaire. The questionnaire included the description of the 
project and its objectives, but also the aim of the questionnaire which was to 
collect quantitative and qualitative data (Appendix 3); 

• Calling the potential interviewees to ask them if they would fill the questionnaire; 
• Sending the questionnaires by e-mail; 
• Getting the questionnaires back. 

The problem was that there was no response to the questionnaires that were sent out. A 
second step was therefore introduced. 

2.2.2. Second step 

The second step was divided according to the scheme below: 

• To understand  why the first questionnaires were never filled; 

• To find a solution. This included the modification of the questionnaires and of the 
interviewees; 

• To resend the questionnaires; 

• To get the questionnaires back. 

The problem was that the first version of the questionnaires aimed for “already-usable” data. 
This means data that can already be interpreted with the LCA approach. For example, the 
questionnaire asked how much energy the plant or the in place recycling machine consumes 
(Appendix 3). Two explanations are possible: either the questionnaire aimed for impossible 
data (unavailable in the firms) or the interviewees were not chosen correctly. Afterwards, it 
has been decided to keep the same stakeholders. This is why the second version (Appendix 4) 
of the questionnaires aimed for a simpler goal: to get quantitative data easily collectable (fuel 
consumptions, tonnages for example) and process it with a life cycle assessment tool in order 
to have data that can be interpreted: GHGs emissions. Therefore, this second version of the 
questionnaire focused only on hot in plant recycling. Some confidentiality issues were 
encountered. However, the first version of the questionnaire was sent to other interviewees, 
organizations working in the road construction field (USIRF). This time, the questionnaires 
(second and first versions) were successfully completed and sent back.  .Appendix 5 shows the 
flow of the data – collected thanks to the literature and the interviews – within the thesis. The 
issue of this lack of available data will be further discussed.  
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2.3. Use of a Life Cycle Assessment Tool: asPECT 

asPECT (asphalt Pavement Embodied Carbon Tool) is a LCA tool that has resulted from the 
collaborative research program between Highways Agency, Minerals Products Association, 
Refined Bitumen Association and TRL (Transport Research Laboratory) (TRL, 2011). 
asPECT provides most of the data (formulae, emissions factors and default data) to calculate 
the ‘cradle-to-grave’ GHG emissions of an asphalt plant for the different mixtures it produces 
at all different stages of a life cycle of a mixture (Table 2). It is mainly used by producers of 
road materials, designers and contractors to calculate the carbon dioxide equivalent (CO2e) 
emissions associated with bitumen bound mixtures because they have the data needed to use it 
(Nicuţă, 2011). 

Table 2 – Ten step of asphalt life cycle (TRL, 2011) 

Life-cycle stage Description 

1 Raw Material Acquisition 
Acquiring raw materials from the natural environment 

with the input of energy 

2 Raw Material Transport Transporting acquired raw materials to processing 

3 Raw Material Processing 
Crude oil refining, rock crushing and grading, recycled 

and secondary material reprocessing 

4 Processed Material Transport 
Transporting processed raw materials to site of 

manufacture of bitumen bound highway components 

5 Road Component Production Production of bitumen bound mixtures 
6 Material Transport to Site Delivery of materials to site 

7 Installation 
Placing materials at the construction site, mobilization of 

plant and labor 

8 Scheme Specific Works Installation of other specified materials direct to site 

9 Maintenance 
Interventions to maintain the road: overlay, surface, 

dressing works, patching, haunching, and so on 

10 End of Life 
Excavation and material management, mobilization of 

plant and labor 
 

The second questionnaire has been especially developed to use this tool, being constituted by 
questions directly inspired from the input data of asPECT. Once the questionnaires retrieved, 
the data had just to be put in asPECT to get the carbon dioxide equivalent of the asphalt plant 
for the different mixtures it produces. However, since there is a lack of data in the 
maintenance and the end of life steps, they have been cut out of the process. Furthermore, the 
step 8 is considered as null. Moreover, if the tool is used to compare the influence of RAP 
recycling on GHGs emissions, so steps 6 and 7 are dependent on that. Therefore, the tool is 
used to calculate the ‘cradle-to-gate’ GHGs emissions. asPECT allows to bring data coming 
from the industrial sector and therefore adds a realistic and current component to a work 
based on data collected in more or less recent literature. New data showing the reality of the 
civil engineering firms will be available thanks to this LCA tool. 
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2.4. Comparison and Analysis with the help of the LCA 
approach 

One of the main goals of the thesis was to analyze different asphalt recycling methods from 
an environmental point of view and to compare them. To do that, many articles were gathered 
in order to have the most information available and to make averages afterwards. But one 
issue linked with this gathering is the comparison of numerous articles that describes different 
things. Therefore, simplifications had to be made and thus the LCA approach has to be used. 

The LCA approach or LCA thinking is a simplified version of the actual Life Cycle 
Assessment (see definition in Table 1). It is an efficient tool to provide good and reliable 
results in a brief period of time of work (Rebitzer et al., 2004). The LCA approach makes 
various simplifications compared to the LCA. The simplifications are subject to the 
practitioner and can therefore be criticized. They are listed in the several phases of the real 
LCA described below (ISO, 1997): 

• Goal and scope definition: this phase provides a description of the system by defining the 
system boundary and the functional unit. It consisted in the thesis in analyzing the system 
boundaries and the functional units of each article. They are gathered in Appendix 6. The 
related system boundaries are described in Figure 2 and Figure 3. As it can be noticed in 
Appendix 6, not all the studies have the same system boundary and functional unit within 
one asphalt recycling technique – thus making it impossible to compare the studies. Also, 
three kinds of irregularities were identified: unknown values, uncertainties – both due to a 
lack of details in the study – and figures hard to work with. To make it possible to 
compare the studies between them, the system boundaries for one recycling technique had 
to be the same and all the functional units also. Therefore, some simplifications were 
made: 
 

o System boundaries: when the system boundary was unknown, it was assumed to 
be like the majority of all the others. Same thing if there was an uncertainty about 
it. For hot in plant recycling, all the system boundaries were the number 1. Five 
papers were first identified for the comparison. For HIR, just one study was 
providing no system boundary (Siddon, 2000), among six studies identified for the 
comparison of HIR technology. All the other studies about HIR specified the 
system boundary number 6. In CIR, one study (Dorchies, 2008) was not clear 
about if cement was included or not. Since the majority of the studies included the 
system boundary number 5 (three out of five), two studies (Dorchies, 2008) and 
(Thenoux et al., 2007) were considered as if they were studying CIR with the same 
system boundary. Concerning the classical rehabilitation techniques, the main 
problem was to know if the compaction was included or not. Since six studies out 
of ten specified to include compaction, all the studies were supposed to include it. 
In the case temperature reduction technologies, the fact that the system boundaries 
were unknown was little trouble since the results were themselves percentages. 
Thus it was already impossible to work with those figures. The system boundaries 
in this case were just avoided. It was assumed that those simplifications do not 



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2011-41 

19 
 

affect the results too much since they concern just one process in the whole system 
boundary, and not the most important ones. 

o Functional units: It can also be noticed in Appendix 6 that the functional units 
sometimes differ. There are two kinds of functional unit: ton of asphalt laid and m² 
of asphalt laid. The functional unit chosen is ton of asphalt laid. If the functional 
unit was square meter of asphalt laid, it was change according to this formula: 

������

���
= 	

������

�²
	÷ ����ℎ	 ×	

1

������ 	�!	"��ℎ"��	#��#����
 

The depth was sometimes specified in the studies. If it was not, it was supposed to 
be 50mm. The density of asphalt concrete is 2,35 ton/m3. When the functional unit 
was unknown (Kawakami et al., 2009), the result was transformed into a result per 
square meters with the help of data in the study and then put in the formula above 
to obtain a final result. 

Besides, in order to compare all the different recycling method and their benefits, a 
reference point had to be chosen. It is usually a classical rehabilitation method that is used 
to compare benefits gained from a recycling technique. This will be specified later in the 
thesis. 
 

• Life Cycle Inventory (LCI): it consists in estimating all the inputs and outputs associated 
with the processes within the system boundary. For example the consumption of resources 
and energy and the quantities of emissions and waste. As pointed out earlier, the thesis 
focuses only on GHGs emissions and energy consumption of all the processes within the 
system boundary. According to the literature, sometimes the estimation of all the 
inputs/outputs of the all processes was not done but just the global output of the recycling 
process. As seen on Figure 2 and 3, the developed LCI considers: 

 
o Energy and emissions related with the manufacturing of asphalt binder, production 

of aggregate, plant operations, production of emulsifier or additives, transportation 
and placement of the mixture (including compaction sometimes) for the asphalt 
recycling technics done in plants. 

o Energy and emissions relating with the production of asphalt binder, aggregates, 
cement (when needed) and additive, the recycling process, placement of the 
mixture and transportation for the asphalt recycling technics done in situ. 

o However, the thesis does not consider energy, materials and emissions associated 
with the manufacture of the equipment and the production of fuels. 

Once all the system boundaries and functional units are cleared out, the data collection can 
begin. Appendix 7 shows all the results from the literature review according to asphalt 
recycling technics. Three kinds of results were identified: results not taken into 
consideration (too high or too low, not precise enough, etc) in red, results needing 
modifications just stated above – in orange, and results good enough to be taken for 
further calculations – in green. 
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• Life Cycle Impact Assessment (LCIA): it is the evaluation of the impacts of the product 
during its life cycle. These impacts are classified in impact categories such as global 
warming potential and impact on human health. The evaluation of the impacts is really 
simplified compared to the real LCIA. Indeed, the thesis does not aim to calculate 
category indicators, characterization factors, and grouping/weighting. Thus the LCIA will 
be based on a really simple model: the change in the concentration (increase or decrease) 
will directly affect the impact category in the same way. The thesis does not focus on how 
it is affected. For example, an increasing amount of GHGs due to a rise in the CO2 
emissions will just cause a stronger climate change. The thesis will focus on the midpoint 
indicators for GHGs emissions and energy use (while the impact category climate change 
is the endpoint indicator); 

 
• Life Cycle Interpretation: this is the phase where the information taken from the goal and 

scope definition, LCI and/or LCIA has to be identified, quantified, checked and evaluated. 
This step will mainly result in a discussion dealing with the results and their limitations. 
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Figure 2 – System boundaries of in plant recycling technics (based on the 
literature review and inspired from Schiavi et al., 2007) 
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Figure 3 – System boundaries of in situ recycling technics (based on the literature review) 
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3. THEORETICAL BACKGROUND 

The following chapter describes the constitution of a road, the production of bitumen and 
asphalt concrete, and explains why maintenance is needed. Then, a review of the existing 
technologies to recycle asphalt will be dealt with. An overview about the situation on the 
French road system, asphalt production and road waste management is also provided. 

Afterwards, an explanation about the complexity of sustainable development – its definitions 
and ways of application – is given for a better understanding on how asphalt recycling is 
included in this vague concept. 

3.1. French road network 

France has an extremely developed road network with approximately one million kilometers 
of paved roads (El Beze, 2008). This figure includes 500 000 km of city roads, 20 000 km of 
motorways and dual carriageways and 450 000 km of other roads (Enell et al., 2010). As a 
consequence, France is seventh in the ranking of countries by road network size (6). This 
makes France a major country in the roads’ construction field. Flexible pavements (asphalt 
pavements) are much more used than rigid pavements (concrete pavements) in France. 
Approximately 93% and 7% respectively of the country road network volumes (Jullien et al., 
2006). 

The French motorway network accounts for 20 000km of roads divided in two categories (3): 

• 11 000km of highways. 8200km of these highways are under the responsibility of 
private companies such as Sanef (Société des Autoroutes du Nord et de l’Est de la 
France) (Appendix 8). They are pay roads where the private firm manages their 
financing, construction, maintenance and exploitation for a limited time. The other 
2800km are State-owned roads. 

• 9000km of major trunk roads. 
 

3.2. Theory on roads, bitumen and asphalt concrete 
3.2.1. Road constitution 

According to the type of pavement – flexible or rigid – the constitution of a road varies. 
However, since nearly all the roads in France are flexible pavements (Jullien et al., 2006), 
only the constitution of a flexible pavement is relevant. To understand how a road is built, it is 
necessary to understand what a road is for. Roads allow vehicles to move without sinking in 
the ground. In order to do that, they must carry different kinds of weight (according to the 
ADT, see definition in Table 1) in different kinds of weather. A road is constituted by 
different layers.  

These layers are usually in order of decreasing load bearing capacity (7). They are: 

• The surface course. It is the layer in contact with the vehicles. It provides a lot of 
characteristics such as friction, drainage, noise control, and so on. It is also waterproof 
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in order to prevent water infiltrations in the bottom layers. In the case of flexible 
pavements, the surface course is always made of asphalt concrete. 

• The base course. It is the layers just beneath the surface course. It is made to distribute 
the load received by the surface course. It can be made out of aggregates or asphalt 
concrete. 

• The subbase course. It is not always needed or used. It provides structural support and 
is made of low quality materials. 

The surface course is made of asphalt concrete. Asphalt concrete is produced in batch or 
continuous plants at different temperatures. It is usually made of 95% of aggregates and filler 
and 5% of bitumen in mass. Bitumen is the binder in the asphalt concrete, which allows the 
aggregates to “stick” together. Bitumen is a hydrocarbon product produced by removing the 
lighter fractions from heavy crude oil (8) (Appendix 9). 

Bitumen confers to the asphalt concrete its flexibility and its capacity to resist to degradations 
caused by several factors including traffic, weather, etc. At high temperatures, bitumen must 
be viscous enough in order to avoid rutting. On the contrary, at low temperatures, it must have 
enough elasticity to avoid cracking. (El Beze, 2008) 

3.2.2. Maintenance of road 

The road is an open system. It is subject to degradations caused mainly by climate and traffic 
(François and Jullien, 2009) (Figure 4). As a consequence, even though a road has a service 
life of approximately 30 years, it cannot go through these years without maintenance or 
rehabilitation.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – External factors of the road degradation (based on François and Jullien, 2009) 
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There are two ways to keep a road in good conditions: using preservative/proactive treatments 
or doing a major rehabilitation.  

If preservation processes are not used in time, structural damages will occur. In this case, the 
only option is to do a major rehabilitation that will modify the structure and/or the geometry 
of the pavement. This rehabilitation usually costs more money and energy (Chehovits and 
Galehouse, 2008). The rehabilitation techniques include: 

• Mill and fill: A desired depth of the existing asphalt is removed by cold milling and is 
replaced by a suitable depth of new HMA (10). 

• HMA overlay: A new HMA layer is placed on top of the existing roadway, creating a 
new driving surface (see Figure 5). 

• In place recycling: This technique consists of reclaiming all the existing materials to 
form a new pavement layer. On top of this layer placed a new HMA layer. 

• Reconstruction: It consists in replacing all the existing layers of the pavement with 
virgin materials. 

 

 

Figure 5 – Different rehabilitation techniques. (1) Existing distressed asphalt layer; (2) existing 
granular base; (3) existing granular subbase; (4) new asphalt layers; (5) recycled layer with foamed 

bitumen; (6) new granular base; (7) new granular subbase. (Thenoux et al., 2007) 

 

When the pavement reaches a point where it cannot guarantee its function and quality 
anymore, it needs to be restored (Peirera and Picado-Santos, 2006). It is common to restore 
the road every five/ten years.  
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3.3. Asphalt recycling 
3.3.1. History of asphalt recycling 

Asphalt recycling and reuse really started in the late 1970s, after the first peak oil even though 
trials and experiments have been made earlier (Kandhal, 1997) (Terrel and Hicks, 2008). In 
France, the development of such technologies and practices were rather slow because of the 
abundance of the quarries and the mix plants. It started to change in the 1990s with a more 
severe legislation that forbade putting reusable waste in landfills and enforced to reuse the 
materials included in the roads (law of July 13, 1992).  Since then, the increasing energy and 
bitumen prices have done the rest. In addition, it is assumed to be economically good to 
recycle asphalt because it gives a good image of the firms – the so called “green marketing” 
(1). Indeed, the questionnaires showed that the firms would recycle asphalt even if the 
economic performance was low, because of this “green image”. 

3.3.2. Asphalt recycling techniques 

The goal of asphalt recycling is to produce new asphalt concrete with RAP and which has 
similar technical qualities of a virgin asphalt concrete, all this by respecting environmental 
and economic constraints (El Beze, 2008).  The problem is that the old bitumen has been 
through several shocks: thermal shock, chemical shock and oxidation. In order to use RAP 
(and thus old bitumen) to make a new product of a good quality, it is needed to put new 
bitumen, new aggregates and in some cases additives (in the cases of cold recycling) (El Beze, 
2008). 

3.3.2.1. Hot In Place Recycling (HIR or HIPR) 

Hot In Place Recycling or HIR can be defined as a technique to correct asphalt pavement 
surface distresses by progressively heating the old pavement surface, scarifying it, mixing it 
with an asphalt binder, possibly adding virgin aggregates and replacing the new mix on the 
pavement without removing it from the original pavement site (Terrel et al., 1997). 

According to the processes used, there are three kinds of HIR (Park, 2007): 

• Heater-scarification (“Thermoreprofilage” in French): This method is used to restore 
the original line and grade, and to eliminate surface irregularities of the pavement. As 
it is called, the process consists in heating the pavement in a depth of 3 to 6cm to 120-
130°C, scarifying the pavement, and laying it without any addition of additives or 
virgin material. This method is not acceptable as a surface course since it does not 
always produce a smooth and flat surface (Serfass, 2008); 

• Repaving (“Thermorégénération”): It is the combination of heater-scarification with a 
HMA overlay. It is used when heater-scarification cannot restore a pavement’s 
surface; 

• Remixing (“Thermorecyclage”): When either of both previous processes is used with 
an addition of new virgin materials such as aggregates or virgin HMA, the remixing 
process is used (Park, 2007). This is the most common technic and the following will 
only deal with remixing. 
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The remixing technique is always constituted of the same steps (Serfass, 2008) (Figure 6): 

• To heat the surface course and to maintain this temperature before the scarification 
with the help of preheater units. The minimal surface of these units is 200 m² and can 
be 300 m² according the depth to scarify and the weather conditions; 

• Then a heater/miller unit continues to heat the surface and removes the softened 
pavement; 

• The heater/mixer agitates the loosened material and adds new materials such as RAP 
or virgin HMA or aggregates. It creates a homogeneous mix. Heat is continued; 

• The recycled mixture is transferred to a paving machine and rollers for compaction. 
 

 

Figure 6 – Composition of the HIR train (AR2000) (H. Hosokawa, 2005) 

 

 

 
 

 

 

 

 

 

 

 

 

  

Figure 7 – Hot in place recycling (Courtesy of NCC) 
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3.3.2.2. Cold In Place Recycling (CIR) 

Instead of HIR, Cold In Place Recycling or CIR needs no heat to reuse the existing pavement 
material. No transportation is needed since all the job is done on site, except for any recycling 
agent (Kandhal, 1997). The method is based on milling the old pavement, adding new 
aggregates or water, mixing them at a low temperature with new bitumen in a machine 
working while moving on the pavement (Abdo et al., 2004) (see Figure 8). There are four 
kinds of CIR according to the recycling agent used: CIR with asphalt emulsion, CIR with 
foamed asphalt or CIREAM (Cold In Place Recycling Expanded Asphalt Mix), CIR with 
hydraulic binder and CIR with mixt binder (Serfass, 2008).  

 

 

3.3.2.3. Hot In Plant Recycling 

The goal is to have a new product with a quality as good as or even better than a virgin 
product (without recycled material) (El Beze, 2008). Hot In Plant Recycling is composed by 
several steps: retrieval of asphalt concrete, stockpiling of asphalt concrete by milling or after 
crushing, fabrication of recycled asphalt concrete (see next points) and laying/paving with 
classical machinery (El Beze, 2008). The fabrication of recycled asphalt concrete can be done 
in either batch or drum-mix plants. Recycling in batch plants can be done by several ways 
according to the insertion of RAP in the plant: at the bottom of the hot elevator, in the mixing 
unit, in the dryer or by using a double-drum (Serfass, 2008). There are two main methods to 
recycle asphalt concrete in drum-mix plants: in parallel flow or in counter-flow. 

 

 

Figure 8 – Scarification, dosing and injection of emulsion and water (based on Serfass, 2008) 
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It can be noticed that the maximum recycling rate depends strongly on the plant technology 
and can vary a lot (Table 3). Theoretically, a recycling rate of 100% can be reached with some 
specific technology (El Beze, 2008). However it is still a growing research field and even if it 
was possible, legislation do not allow such a high rate (at least not in a surface layer) (Abdo et 
al., 2004). 

 

Table 3 – Maximum recycling rates for several asphalt plants (based on Abdo et al., 2004) 

Asphalt plant type Mode of RAP insertion 
Heating 
process 

Maximum recycling 
rate 

Batch 
At the bottom of the hot 

elevator 
Conduction 5-10% 

Batch In the dryer Conduction 10-35% 

Batch Double-drum 
Conduction + 
convection 

35-50% 

Drum-mix (parallel 
flow) 

In the middle of the drum 
Conduction + 
convection 

20-30% 

Drum-mix (counter 
flow) 

Not exposed to the gas Conduction 30-50% 

 

3.3.2.4. Cold In Plant Recycling 

There are less cold mix plants than hot asphalt plants in Europe. As a consequence, Cold In 
Plant Recycling is less developed than Hot In Plant Recycling (Serfass, 2008). Most of the 
cold in plant recycling is done with asphalt emulsion (see 3.2.2.2.). That is why most of the 
cold mix plants are really mobile and can be transported easily (with two trucks for example). 
However, this means that the construction site must be big enough to move a plant nearby. 

The preparation and the stockpiling of the RAP are the same in cold recycling and in hot 
recycling: after milled and screened, the RAP goes to a scaling hopper and inserted in the 
mixer (Serfass, 2008). The paving works are done with classical machinery except for the 
compaction that demands a particular high amount of energy. 

Different processes are used by contractors, but one that worth be noticed is the double 
coating. The aggregates and the sand are inserted at different times so that segregation is 
avoided. First, aggregates are wetted with water and coated with asphalt emulsion. Then, the 
sand is introduced in a second step and coated with additional emulsion and mixed. Finally, 
aggregates and sand are mixed together. 
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3.3.2.5. Warm and half warm recycling 

Warm and half warm recycling are exceptions among the recycling technologies. Indeed, 
unlike the usual recycling methods, WMA and HWMA are quite recent since they were 
developed in the beginning of the 21st century (Serfass, 2008). As a consequence, all the 
warm technologies have not been experimented and extended to asphalt recycling yet. 
Moreover, there are few studies about this area. Appendix 6 shows this fact quite well, the 
only studies about warm and half-warm recycling are really hard with since they do not 
specify the system boundaries and functional units. Furthermore, they use percentages for 
units. As for cold recycling, the main idea behind WMA and HWMA is to reduce the asphalt 
viscosity without the help of heat. In order to do that, three main processes are used: 
introducing water, chemicals or wax, foaming the asphalt or mixing the bitumen with water or 
other chemicals like an emulsion (Kristjansdottir et al., 2006).  

The advantages of warm and half-warm recycling are: a reduction in energy consumption and 
GHGs emissions compared to hot recycling and a better workability compared to cold 
recycling. Another important advantage is that the use of WMA helps to increase the use of 
RAP in the mix, and even 100% of RAP can be used (O’Sullivan, 2010). The performance 
results are promising but it is too soon to draw a conclusion and evaluate middle and long 
term in-situ behaviors (Serfass, 2008).  

 

3.4. Past situation of asphalt production and road waste 
management in France 

The million kilometers of roads needs to be maintained every five or ten years. This is one 
reason why asphalt production in France is important. As a consequence, the production of 
HMA and WMA is quite important. It stays nearly the same according to an average made 
between 2004 and 2009; approximately 41 million tons are produced in France each year 
(EAPA, 2004, 2005, 2006, 2007, 2008, 2009). France is the second biggest HMA producer 
country in Europe behind Germany in 2009 (EAPA, 2009). It represents 12% of the European 
production per year. More than 1,5 million tons of CMA was produced in 2009, making 
France the first country in Europe concerning CMA production (EAPA, 2009). According to 
the FNTP, there are 1421 firms working in the road construction. The USIRF claims that there 
are 436 fixed plants and 72 mobiles plants to produce asphalt concrete. These figures show 
that France is a major actor in the road construction in the European community and in the 
world. 

This large road network and huge asphalt production cause an important amount of waste, 
including Reclaimed Asphalt Pavement (RAP). According to an USIRF (the French road 
industry syndicate’s union) survey made in 1997 and 2003, the quantity of RAP is increasing 
by nearly 30%. It reaches in 2009 7 053 000 tons (EAPA, 2009). But there is less waste in 
landfills and storage and more of the RAP are reused or recycled. Indeed, recycling and reuse 
of RAP increased by 2,5 times between 1997 and 2003 (Table 4).  



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2011-41 

31 
 

Table 4 – Road waste management in France (adapted from USIRF, 2003) 

Survey in 2003 Volume in 
Tons (t) 

Percentages (%) Survey in 1997 
(tons and %) 

Wastes’ origin 
- Plants 
- Sites 
- In place recycling 

 
Wastes’ treatment 

• Landfills (without further 
recycling/reuse) 
 

• Storage (with further 
recycling/reuse) 
- In plants 
- In landfills 

 
• Recycling/reuse 

- Plant recycling 
- Reuse 
- In situ recycling (cold or hot) 

 
660 000 
5 700 000 
140 000 

6 500 000 
 
 

210 000 
 
 
 

300 000 
800 000 

1 100 000 
 

800 000 
4 200 000 
200 000 

5 200 000 

 
10 
88 
2 

100 
 
 

3 
 
 
 

23 
77 

17 
 

12 
65 
3 

80 

 
 
 
 

5 100 000 
 
 

28 
 
 
 
 
 

23 
 
 
 
 

49 
 

Even though these data are not really recent, they show the trend to recycle and reuse more 
the wastes coming from the road construction in France. This study shows the growing 
interest of the firms in this waste. It can only be assumed that the quantities of waste recycled 
and reused will be more important in the next few years. Indeed, it is “officially” possible to 
recycle 3,5 million tons of RAP in plants, against only 800 000 in 2003. In addition, all the 
kinds of valorization (recycling and reuse) are complementary and necessary.  
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4. RESULTS AND DISCUSSION 

The following chapter describes the French major companies working in the road construction 
and maintenance. This is relevant since they are the one recycling the RAP. Then the chapter 
deals with the current situation of road waste management in France: what are the current 
methods employed; their proportions, the percentage of RAP recycled and the averages of the 
percentages of RAP included in the production of new asphalt concrete. Finally, the chapter 
describes and quantifies the main environmental advantages of the main recycling methods: 
GHGs emissions and energy consumptions. 

4.1. Major French firms in the road construction 

Three major firms control mainly the development, the use and the applicability of asphalt 
recycling in France. 

• Colas 

Colas was created in the lately 1920s. Its name is the contraction for “Cold Asphalt”, firstly 
created by two English chemists and exploited by a French company (11). Today, Colas is the 
first firm in the road construction worldwide. It has around 70 000 people working in 40 
different countries. The turnover in France for only the activities about road construction and 
maintenance was 6,3 billions of euros in 2010 (12). Their environmental policy is well known 
and they participated in the open debate “Le Grenelle de l’Environnement”. They have an 
environmental certification and a software to calculate their environmental impact (13). By 
recycling, they saved 3,5 millions of tons of materials, the equivalent of 35 asphalt plants. 
They also saved 175 000 tons of bitumen. (14) 

• Eurovia 

Eurovia is quite a new group created in 1997 by the fusion of two firms that both had a longer 
record (15). It is now a subgroup of Vinci, a huge firm in civil engineering but also in energy 
engineering. Eurovia is more or less specialized in the construction of roads. It has 40 000 
employees around 17 different countries. In France, its turnover was approximately 4,6 
billions of euros (16). They also have a quite strong environmental policy with many 
installations fit for recycling. For example, they committed to put 10% of recycled aggregates 
in the total production until the end of 2012 (17). In 2009, they recycled/reused 8 Mton of 
materials – 14% of their total production. 

• Eiffage Travaux Publics 

Like Eurovia, Eiffage Travaux Publics is a group created from the fusion of two firms (18). It 
is dealing with everything connected to the civil engineering (roads, bridges among others). It 
counts 22 000 employees. In France it accounts for 2,3 billions of euros in the road 
construction field (19). It appears that it has the strongest environmental policy with the 
Global Compact from the ONU, the Carbon Disclosure Project and countless other initiatives 
(20). Its turnover certified by ISO 14001 (environmental standards) jumped from 18% in 2008 
to 82% in 2010. However, they only recycled 200 000 tons of asphalt concrete in place. 
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4.2. Current situation on RAP recycling in France 
4.2.1. General overview 

According to the results obtained by the questionnaires, about 39 Mton of asphalt concrete 
was produced in 2010. As it has been explained in the previous chapter, asphalt concrete is 
used to build and maintain new roads, highways, freeways and streets. But it is also used (in 
less quantities) to waterproof buildings for example. Lately, there has been a decrease in the 
construction works for the maintenance. From the questionnaires, it is assumed that the 
turnovers of the firms are constituted by 80% of road maintenance works and only 20% of 
road construction works. 

These road construction and maintenance works produced 7 Mton of RAP in 2010 (see 
Appendix 10). The RAP can be handled in three ways: be disposed in a landfill because it 
cannot be recycled (containing tar or asbestos), be stored until it will be recycled or directly 
recycled/reused. Figure 9 shows the flow of asphalt in France, from the production of 
bitumen and aggregates until the recycling processes. According to the results of the 
questionnaires, 4,4 Mton (63%) of RAP was recycled in 2010.  Among this quantity of 
recycled RAP, 2,8 Mton was recycled in plant and 1,6 Mton was recycled in situ. It can also 
be noticed that when it comes to in plant recycling, only the hot process is used approximately 
(100%). In place recycling is all about cold recycling (100%). Indeed, according to the 
interviews, quantities using warm and cold recycling (for in plant recycling) are insignificant 
compared to the quantities recycled in plant with the hot process. Moreover, there is no hot in 
place recycling in France. 
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Figure 9 – Material flow of asphalt in France in 
2010 (inspired by Miliutenko, 2011) 



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2011-41 

34 
 

 

Figure 10 – Road waste management and recycling in France in 2010 

Figure 10 sums up all the data gathered by the questionnaires about road waste management 
in France. It describes the current use of asphalt concrete and the current practices to manage 
RAP and to recycle it. 

Nevertheless, as it has been described in the previous chapter, the increase of asphalt 
recycling is sensitive in the past few years. It went from 10% of the entire available RAP in 
2003 to 63% in 2010. Figure 11 shows the evolution of asphalt recycling and the evolution of 
the percentage of asphalt plants fit for recycling in France for the past nine years. The 
percentage of recycling is the amount of RAP recycled over the total amount of RAP. The 
first thing that can be noticed is that asphalt recycling is increasing a lot in the past few years, 
as said just before. Also, the percentage of asphalt plants fit to recycle is quite stationary, with 
a small increase in 2009. Two conclusions can be drawn from this figure: either the plants that 
can recycle asphalt were not used at their maximum potential; or in place recycling has 
increased a lot lately. Unfortunately, just few information about in place recycling is available 
(including the one from the questionnaire). But it can be assumed that between 2003 and 2010 
that there was a sharp increase in the use of in place recycling. Indeed, according to the Table 
4, 200 000 tons was recycled in place against 1,6 Mton in 2010 (Figure 9). The second 
conclusion is therefore the most credible. The interviews also showed that the percentage of 
RAP placed in landfills is drastically decreasing, from 28% in 1997 to approximately 0% 
nowadays. The same tendency can be noticed for the proportion of RAP stored: from 23% in 
1997 to approximately 7% today. Finally the percentage of RAP reused as embankments or 
base courses (unbound layers) is dropping to 30% today. It is better to recycle more than reuse 
because of the environmental impact of bitumen. 
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Figure 11 – Evolutions of asphalt recycling and asphalt plants able to recycle in France since 
2002 (questionnaires and (9)) 

 

This increase of asphalt recycling can be explained by several factors that will be more 
thoroughly described later in the thesis. First the bitumen and the aggregates are non-
renewable resources. Even though there are enough of these for many years, it is wise to start 
preserving them. Not to mention that it is environmentally efficient to recycle asphalt. Then, 
the bitumen is a petroleum product and its price is increasing a lot – along with the demand. 
As a consequence it is economically interesting to recycle asphalt. The most important reason 
is probably the apparition of more severe laws concerning road waste management. 
Nevertheless, the average recycling rate in France is approximately 5% for the surface and 
binding courses and 4,5% for the base courses, according to the questionnaires. This is a very 
low percentage which is way below the limits set by the legislation and way below the 
recycling rates of other European countries. The reason for such low rates is that the 
aggregates in the surface courses are very specific in France for roughness and adherence. 
This is why it is so hard to recycle asphalt in France. If a firms wants to recycle with a 
recycling rate higher than 10%, it has to do more tests on the asphalt in order to certify the 
properties of the aggregates (among other things). However, high recycling rates (65 to 70%) 
have been achieved on highways. This fact demonstrates that it is possible to recycle with 
high rates in France. 

  

0%

10%

20%

30%

40%

50%

60%

70%

2001 2003 2005 2007 2009 2011

P
e

rc
e

n
ta

g
e

s

Years

Total % of

recycling

Total % of

plants fit for

recycling



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2011-41 

36 
 

4.2.2. Differences of asphalt recycling within France 

Figure 12 shows the recent differences of asphalt recycling in one major firm within France. 
It can be noticed that new asphalt concrete contains approximately 14% in IDF-Normandie 
(around Paris) against only 3% in the region Est (east of France). The data has been collected 
from the questionnaires. One can wonder why such a difference within the same country. 
Asphalt recycling depends mainly on three factors: laws about road waste management, 
technology and material supply. Indeed, if a region or a country does not have enough 
material needed to fulfill its demand in asphalt concrete production, it has one more important 
incentive to recycle asphalt. This is true when it comes to compare asphalt recycling trends 
between different countries and different areas within a country. The region IDF-Normandie 
does not have a direct supply of bitumen and the production of aggregates within this area is 
low, only 36,7 Mton in 2009 (UNPG, 2009). As a consequence they started to recycle asphalt 
much earlier than the region est that produced 53 Mton of aggregates in 2009 (UNPG, 2009) 
for example. They are more or less forced to recycle asphalt. That is why they include a 
higher rate of RAP in the production of new asphalt concrete than the other regions. 

 

 

 

Figure 12 – Percentages of RAP included in the production of new AC for major French firms 
(Questionnaires) 
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4.3. Environmental benefits 

This paragraph deals with environmental benefits gained from the use of asphalt recycling, in 
plants and in situ. To compare the results obtained from the literature and from the interviews, 
we need a reference point. In most of the literatures, the reference point is the classical 
rehabilitation method (see 3.1.4). Among all the classical rehabilitation methods, only HMA 
overlays, and “Mill and fill” were focused on. Also, two main impacts on the environment 
were studied in details: energy consumption and GHGs emissions. The other environmental 
advantages will be gathered in another paragraph just explaining briefly the limitations of the 
thesis. 

4.3.1. Reference point: Classical rehabilitation methods 

Only the HMA overlay and the “Mill and fill” options were considered as classical 
rehabilitation methods. Too few information about reconstruction was found to include it in 
the study (see Appendix 7). From this table, all the results were extracted and put in Table 5 
and 6. 

Table 5 – Energy consumptions from two classical rehabilitation methods: HMA overlay & 
“Mill and fill”  

HMA overlay 
References 

"Mill and fill" 
References 

Energy consumption (MJ/t) Energy consumption (MJ/t) 

502 
Chehovits and 

Galehouse, 2010 
819 

Terrel and Hicks, 
2008 

591 
Chappat and Bilal, 

2003 
984 

Schiavi et al., 
2007 

610 Dorchies, 2008   

680 
Chappat and Bilal, 

2003 
  

680 
Terrel and Hicks, 

2008 
  

699 
Chappat and Bilal, 

2003 
  

1140 Thenoux et al., 2007   

Table 6 – GHGs emissions from two classical rehabilitation methods: HMA overlay & “Mill 
and fill” 

HMA overlay 
References 

"Mill and fill" 
References 

GHGs emissions (kg CO2eq/t) GHGs emissions (kg CO2eq/t) 

41 
Chehovits and 

Galehouse, 2010 
67 

Schiavi et al., 
2007 

47 
Chappat and Bilal, 

2003 
74 

Kawakami et 
al., 2009 

51 Dorchies, 2008   

54 
Chappat and Bilal, 

2003 
  

55 
Chappat and Bilal, 

2003 
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It can be noticed that all the values in energy consumptions are almost the same (for each 
category) except for one: 1140MJ/t (Thenoux et al., 2007). This can be explained by different 
reasons: the sources of data in the studies are totally different; the machinery used is not the 
same and thus uses a different amount of energy, errors in calculation can occur, and so on. In 
order to counter that effect, averages have to be made. As a consequence, the HMA overlay 
solution uses an average of 700 MJ/t and the “Mill and fill” option uses an average of 902 
MJ/t . They respectively emit 50 kg of CO2eq/t and 71 kg of CO2eq/t. Of course, it is obvious 
that “Mill and fill” uses more energy and emit more GHGs since it has one more process 
consisting of milling the existing pavement (see 3.1.4). 

4.3.2. HIR 

All the results found about Hot-In Place Recycling are gathered in Table 7. 

Table 7 – Energy consumption and GHGs emissions for HIR 

HIR 

Energy consumption (MJ/t) References GHGs emissions (kg CO2eq/t) References 

417 
Chehovits and 

Galehouse, 2010 
32 

Chehovits and 
Galehouse, 2010 

570 
Terrel and Hicks, 

2008 
36 

Kawakami et al., 
2009 

570 
Chappat and 
Bilal, 2003 

42 
Chappat and 
Bilal, 2003 

 

Differences can be observed for the same reasons as in 4.3.1. even though there are not so 
huge.  

By making an average of the values presented in Table 7, we can estimate that HIR uses 519 
MJ/t  and emits 37 kg of CO2eq/t. Compared to a HMA overlay and the “Mill and fill” option, 
HIR consumes 26% and 43% less, respectively. About the GHGs emissions, HIR emits 26% 
less than the HMA overlay technic and 45% less than the “Mill and fill” method.  

4.3.3. CIR 

The results of the environmental benefits from the use of CIR are gathered in Table 8. 

Table 8 – Energy consumption and GHGs emissions for CIR 

CIR 

Energy consumption (MJ/t) References GHGs emissions (kg CO2eq/t) References 

139 
Chappat and Bilal, 

2003 
10 

Chappat and 
Bilal, 2003 

253 
Thenoux et al., 

2007 
17 

Dorchies, 2008 

266 Dorchies, 2008   
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The average of the studies reviewed gives that CIR uses 219 MJ/t and emits 13,5 kg of 
CO2eq/t. Using CIR allows reductions of 69% and 73% for energy consumption and GHGs 
emissions compared to a HMA overlay solution to rehabilitate the pavement. Furthermore, it 
enables reductions of 76% and 81% for energy consumption and GHGs emissions compared 
to the “Mill and fill” method. 

4.3.4. Hot in Plant Recycling 
4.3.4.1. Literature results 

The data gathered on Hot in Plant Recycling from the literature-search are presented in Table 
9.  

Table 9 – Energy consumption and GHGs emissions with regard to the percentage of RAP for 
hot in plant recycling 

Hot in Plant Recycling 
References 

Energy consumption (MJ/t) % RAP GHGs emissions (kg CO2eq/t) % RAP 

642 10 51 10 
Chappat and 
Bilal, 2003 

591 15 47 15 Dorchies, 2008 

538 20 44 20 
Chappat and 
Bilal, 2003 

914 22,3 62 22,3 
Schiavi et al., 

2007 

510 30 41 30 
Chappat and 
Bilal, 2003 

454 50 37 50 
Chappat and 
Bilal, 2003 

  
61 60 

Kawakami et al., 
2009 

 

One can notice that the energy consumption and the GHGs emissions are almost linked with 
the percentage of RAP according to a linear equation (Figure 13 & 14). In order to do that, 
some extreme values had to be taken away. This is the case for: 914 MJ/t (Schiavi et al., 
2007), 62 kg CO2eq/t (Schiavi et al., 2007) and 61 kg CO2eq/t (Kawakami et al., 2010). The 
reasons for such differences are explained in 4.3.1. This linear equation is useful in the sense 
that we can now determine GHGs emissions and energy consumption from hot asphalt 
recycling in plant at any recycling rate. As a consequence, we just need averages of asphalt 
recycling rate in countries to determine their energy consumption and GHGs emissions. 
Moreover, we can compare those results with the ones gathered from the interviews. This 
linear regression has been done just for hot in plant recycling for two main reasons: hot in 
plant recycling is the main recycling technology and it was the only recycling method where 
sufficient data was found in the literature to make such calculation. 
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Figure 13 – Energy consumption of hot asphalt recycling in plant with regard to the 
percentage of RAP 

 

Figure 14 – GHGs emissions of hot asphalt recycling in plant with regard to the percentage 
of RAP 

The average of all the studies reviews (including high values that were excluded for the linear 
regression) states that hot asphalt recycling in plants consumes 608 MJ/t and emits 49 kg of 
CO2eq/t. That means hot in plant recycling reduces energy consumption and GHGs 
emissions of 13% and 2% respectively compared to a HMA overlay. This is really a little 
reduction compared to the in place recycling method. As a consequence, hot asphalt recycling 
must be environmentally interesting at high percentages of RAP only. However, if we 
compare to the “Mill and fill” solution, hot in plant recycling enables a reduction of energy 
consumption of 33% and a decrease in the GHGs emissions of 31%. 
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4.3.4.2. Results from asPECT 

Three asphalt plants were taken into consideration. Two are from France and one from 
Sweden. Appendix 11 gives the general description of these plants. After entering the data 
collected with the questionnaires in the LCA tool, several series of results were available. 

Table 10 – GHG emissions from Colas asphalt plant (cradle-to-gate) 

Type of mixtures GHG emissions (kg 
CO2e/t) 

Quantity GHG emissions (kg 
CO2e) 

BBSG 105 35 000 3,7 * 106 

BBSG 20% RAP 103 24 000 2,5 * 106 

GB 97 10 000 972,2 * 103 

GB 20% RAP 95 8 000 761,6 * 103 

EME 20% RAP 105 12 500 1,3 * 106 

Total 103 89 500 9,2 * 106 

It is easy to notice that the GHG emissions are decreasing if RAP is included in the mix. It 
decreases more or less according to the mixture produced. Each mixture has a different 
composition and therefore emits more or less GHGs. The decrease of CO2e can be explained 
by the fact that when RAP is recycled, there is less bitumen and aggregates in the mix. In this 
case, the bitumen has to travel a lot (see Appendix 11) thus the decrease in mainly due to a 
bitumen reduction. The plant emits an average of 103 kg of CO2e per ton of mixture 
produced. 

Table 11 – GHG emissions from NCC asphalt plant (cradle-to-gate) 

Type of mixtures GHG emissions (kg 
CO2e/t) 

Quantity GHG emissions (kg 
CO2e) 

Mix 1 0% RAP 91 22 000 2 * 106 

Mix 2 5% RAP 90 40 000 3,6 * 106 

Mix 3 12% RAP 92 48 000 4,4 * 106 

Total 91 110 000 1 * 107 

In this case, the CO2e emissions decrease from 0% RAP to 5% RAP and then increase until 
12% RAP. One may wonder why the GHGs emissions increase with an increase of RAP 
recycling. The raw acquisition of RAP accounts for 3 kg of CO2e/t and it accounts for 4,3 kg 
of CO2e/t for virgin aggregates. As a consequence, GHGs emissions should decrease when 
more RAP is inserted in the mix. However, the RAP is hauled for a longer distance than the 
aggregates (Appendix 11), thus adding more RAP is not an advantage when it comes to GHGs 
emissions. The decrease from 0% RAP to 5% RAP can be explained by the sharp decrease of 
bitumen between the two. And bitumen has a huge share in the GHGs emissions. 

Table 12 – GHGs emissions from Eiffage TP Ouest asphalt plant (cradle-to-gate) 

Type of mixtures GHG emissions (kg 
CO2e/t) 

Quantity GHG emissions (kg 
CO2e) 

Mixture 1 0% RAP 88 125 000 1,1 * 107 

Mixture 2 0% RAP 91 100 000 9,1 * 106 

Total 89 225 000 2 * 107 
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There is not so much to discuss since there is no recycling in this plant. However, between the 
three plants, it has the lowest emissions per ton of asphalt produced and it is not recycling. 
Actually, the more the asphalt plant recycles, the more it emits GHGs. There are several 
explanations to that. First the mixtures produced are not the same and have different 
compositions (different proportions of bitumen, aggregates, RAP) that can vary the emissions. 
But the important factor is the transportation, as pointed out earlier. According to Appendix 
11, the last plant has the lowest transportation for materials as the first one has the highest 
haulage. That explains the differences of emissions between the plants and shows how 
transportation is important when it comes to GHGs emissions. Nevertheless, one may ask: 
what is the point of recycling if the emissions are higher? To answer this question, it must be 
treated case by case. Three simulations were run to prove the point of transportation and 
answer this question: 

• First simulation: GHGs emissions of the Colas asphalt plant (cradle-to-gate) with 
different mixtures (from 0% RAP to 50% RAP) and different haulage distances of the 
RAP (from 0km to 50km); 

• Second simulation: GHGs emissions of the NCC asphalt plant (cradle-to-gate) with 
different mixtures (from 0% RAP to 50% RAP) and different transportation distances 
of the RAP (from 0 km to 20km); 

• Third simulation: GHGs emissions of the NCC asphalt plant (cradle-to-gate) with 
different mixtures (from 0% RAP to 50% RAP) and different transportation distances 
of the RAP (from 0 km to 40km). 

All the other characteristics of the plants remain the same, only the mixtures produced and the 
transportation distances of the RAP change. Each plant produces 144 000 tons of asphalt 
concrete every year, 24 000 tons of each (BBSG 0%, BBSG 10%, etc.). Table 13 shows the 
composition of the mixture produced at the three plants. These are typical French asphalt 
concretes for surface and binder layers. The simulation stops when asphalt recycling is not 
eco-friendly anymore (when GHGs emissions are higher than with 0% of RAP). 

Table 13 – Compositions of the mixtures for the simulations 

RAP Aggregates Bitumen 

B
B

S
G

 

0,0% 94,5% 5,5% 
10,0% 85,0% 5,0% 
20,0% 75,5% 4,5% 
30,0% 66,0% 4,0% 
40,0% 56,5% 3,5% 

50,0% 47,0% 3,0% 

G
B

 

0,0% 96,0% 4,0% 
10,0% 86,4% 3,6% 
20,0% 76,8% 3,2% 
30,0% 67,2% 2,8% 

40,0% 57,6% 2,4% 
50,0% 48,0% 2,0% 
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All the results from the three simulations are available in Appendix 12. It can be seen that in 
every case, at a certain distance travelled by the RAP, asphalt recycling is not 
environmentally interesting anymore. For example, Figure 15 and Figure 16 show the GHGs 
emissions of the Colas and NCC plants in the case of BBSG recycling. In the first case, 
asphalt recycling is not interesting – at least from a GHGs emissions point of view – if the 
RAP travels approximately more than 50 km. In the second example, the limit is considerably 
lower and is approximately 20km. The difference can be explained by the fact that for the 
NCC plant, the aggregates are directly on the site and therefore do not travel. The bitumen 
reduction is not enough to compensate the augmentation caused by the increasing percentage 
of RAP. 

 

Figure 15 – GHGs emissions from Colas plant with different BBSG mixtures and different 
haulage distances for the RAP 

 

Figure 16 – GHGs emissions from NCC plant with different BBSG mixtures and different 
haulage distances for the RAP 
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Another thing that strikes when looking at those figures is that the emissions are totally 
proportional to the percentage of RAP included in the mix. That confirms the tendency early 
stated in 4.3.4.1. This phenomenon can be easily explained: all the components of the 
mixtures are linked to the percentage of RAP by a linear equation (see Table 13). Let say that 
x is the percentage of RAP, y the percentage of bitumen and z the percentage of aggregates in 
the mixtures. Y and z can be written with regard to x: 

• For the BBSG:   = 5,5 − 0,05 ∗ ( and ) = 100 −  − ( = 100 − 5,5 + 0,05 ∗ ( −

( = 	95,5 − 0,95 ∗ (	 
• For the GB:  = 4 − 0,04 ∗ ( and ) = 100 − ( −  = 96 − 0,96 ∗ ( 

The fact the percentages of all components of the mixtures are linked to the percentage of 
RAP by a linear equation causes the total emissions of the plant also linked to x by a linear 
equation. Indeed, a simplified equation of the emissions would be: 

CO2etotal = CO2eRAP * x + CO2ebitumen * y + CO2eaggregates * z 

This equation can be transformed thanks to the first two equations to (in the case of BBSG): 

CO2etotal = CO2eRAP * x +CO2ebitumen * (5,5 – 0,05 * x) + CO2eaggregates * (95,5 – 0,95 * x) 

= a + b * x with  

a = 5,5 * CO2ebitumen + 95,5 * CO2eaggregates  

and b =(CO2eRAP – 0,05 * CO2ebitumen – 0,95 * CO2eaggregates) 

This is why the GHGs emissions appear to be in a linear form. According to the distances 
travelled by the materials, the factor b can be either positive or negative. Obviously, the 
reduction of GHGs emissions are also in a linear form as shown on Figure 17 and Figure 18: 

 

Figure 17 – GHGs emissions reductions for the COLAS plant with different BBSG mixtures 
and distances travelled by the RAP 
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Figure 18 – GHGs emissions reductions for NCC plant with different BBSG mixtures and 
distances travelled by the RAP 

The previous figures show perfectly the fact that asphalt recycling must be taken case by case. 
There is no need to recycle – at least from a GHGs point of view – if the RAP is too far away 
and/or if the aggregates are very close to the asphalt plant. For the NCC plant, the aggregates 
are directly on site; therefore the RAP must also be on site if significant GHGs reduction 
wants to be achieved. In the other two cases, recycling RAP is interesting until a point where 
the RAP is too far away. Obviously, the most interesting case is when the RAP is already on 
site.  Table 14 sums up the cases and the results of the simulations. 

Table 14 – Summary of the simulations 

Colas asphalt plant NCC asphalt plant 
Eiffage TP Ouest asphalt 

plant 
BBSG GB BBSG GB BBSG GB 

Distance 
travelled by 
the bitumen 

315 km in truck 150 km in truck 80 km in truck 

Distance 
travelled by 

the 
aggregates 

~15 km in truck 0,1 km in wheel loader 25 km in truck 

Maximum 
distance of 
the RAP1 

50 km 40 km 20 km 10 km 40 km 40 km 

Maximum 
GHGs 

reduction (%) 
38,40% 39,10% 13,53% 11,60% 35,05% 35,10% 

 

                                                           
1 If the RAP travels a distance higher to these ones, asphalt recycling is not interesting environmentally. 
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4.3.5. Cold In Plant Recycling 

Only one study about cold in plant recycling was found. According to this study, cold in plant 
recycling consumes 519 MJ/t and emits 47 kg of CO2eq/t (Chappat and Bilal, 2003). In 
comparison to classical rehabilitation techniques, it provides a reduction of 35% in the energy 
consumption and 28% in the GHGs emissions (compared to the HMA overlay). It is already 
obvious that cold in plant recycling is environmentally efficient. However, it is even more 
compared to the “Mill and fill” method. Indeed, the former allows a decrease of energy 
consumption of 49% and of GHGs emissions of 49% compared to the latter. 

4.3.6. Recycling using warm and half-warm technologies 

In the literature and articles found, environmental advantages of warm and half warm 
technologies were only talked about with percentages, as Table 15 shows. They are 
percentages of energy and GHGs emissions reductions compared to a classical rehabilitation 
method. This is why all the percentages were established before, in order to compare with 
WMA and HWMA technologies. 

Table 15 – Percentages of energy and GHGs emissions reductions for WMA and HWMA 
technologies 

WMA/HWMA 

Energy reduction (%) References GHGs emissions reduction (%) References 

20% 
WS4 

20% 
Kristjansdottir et 

al., 2006 
35% Hassan, 2010 23% O' Sullivan, 2010 

30-98% 
Kristjansdottir et al., 

2006 
30% 

Kristjansdottir et 
al., 2006 

40-60% 
Kristjansdottir et al., 

2006 
30% 

WS4 

75-90% 
Kristjansdottir et al., 

2006 
35% 

Hassan, 2010 

  
30-40% 

D’Angelo et al., 
2008 

  
30-40% 

Kristjansdottir et 
al., 2006 

  50% WS4 

  
50-75% 

Kristjansdottir et 
al., 2006 

 

The averages are 37% reduction of energy consumption and 53% of GHGs emissions 
reduction compared to a classical rehabilitation method. 
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4.3.7. Comparison of the GHGs emissions and energy consumptions 

Figures 19 & 20 show the energy consumptions and the GHGs emissions of all the different 
rehabilitation methods. 

 

Figure 19 – Energy consumptions of different rehabilitation methods 

 

Figure 20 – GHGs emissions of different rehabilitation methods 

As suspected, it can be affirmed that the “Mill and fill” methods consumes more energy and 
emits more GHGs than all other techniques. Moreover, CIR is the most interesting 
technology, environmentally speaking. Thanks to its significant temperature reduction and to 
its possibility to be performed in place, it allows the biggest reduction in energy consumption 
and GHGs emissions. It can also be noticed that there is not a huge difference between a 
HMA overlay solution and a hot in plant one. The criteria to choose between those two would 
be the feasibility or the costs. Nevertheless, HIR and cold in plant recycling are close when it 
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comes to energy consumption and GHGs emissions. It can be explained with two simple 
reasons: HIR enables a reduction thanks to the elimination of haulage and cold in plant 
recycling allows a decrease with a temperature reduction. That is why the two technologies 
are quite close on the environmental area. In order to choose between HIR and cold in plant 
recycling, one has to investigate on the costs of each one and also their drawbacks. Of course, 
it is not that easy to choose a rehabilitation method and it will differ according to the case one 
has to deal with.  

 

Figure 21 – Percentages of energy consumption reduction of different rehabilitation technics 
compared to the “Mill and fill” method 

 

Figure 22 – Percentages of GHGs emissions reduction of different rehabilitation technics 
compared to the “Mill and fill” method 
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The first obvious fact when looking at those figures is that all asphalt recycling technique are 
good the environment – at least when it comes to GHGs and energy consumption. CIR allows 
the most important reduction of GHGs and energy consumption by decreasing them of around 
80% compared to a classical rehabilitation method. It is from far the most environmental 
friendly technique since there is a gap of approximately 30% with the other asphalt recycling 
options. This is the main reason why CIR has to grow more and more in France and in 
European countries. Then there is the second group of recycling techniques, allowing 
reduction of GHGs emissions and energy consumption around 40-50%. Those are HIR, Cold 
in plant recycling and WMA/HWMA. Each one of them has its own strength and drawback. 
However, as it has been previously demonstrated, they are not relevant in the French asphalt 
recycling background. Finally, the last and least environmental friendly recycling technique is 
hot in plant recycling. It has an important place in most of European countries asphalt 
recycling policies and thanks to the LCA tool asPECT its complexity has been explained. Hot 
in plant recycling (and thus cold in plant recycling) is very dependent on the hauling distances 
of the materials. This is also one advantage for in-situ recycling techniques: they are not 
dependent of this factor. The main advantages of asphalt recycling techniques are significant 
reductions in energy consumptions. The literature review and the use of asPECt permitted to 
quantify them and to rank these techniques according to their environmental performance. 
Besides, thanks to the questionnaire, it is known that in France the average distance for the 
RAP is 30km, the average recycling rate is 5% (rounded up to 10%) and the main recycling 
technique is hot in plant. If it is assumed that all the asphalt plants are like the Colas one, the 
reduction of GHGs emissions would be 1,96 kg of CO2e/t of asphalt produced compared to no 
recycling (Appendix 12) or 19,6 kg of CO2e/t of asphalt recycled – which is not so far from 
other studies (NSW, 2010). Savings are summed up in Table 16. These savings allow French 
road construction area to reduce its impact on climate change by decreasing its production of 
GHGs and its consumption of energy. 

Table 16 – Savings of GHGs emissions and energy as a result of asphalt recycling in France, 
2010 (Schiavi et al., 2007) 

Type of recycling Quantity GHGs savings Energy savings 
Hot in plant1 2,8 Mton 19,6 kg of CO2e per ton of asphalt 

recycled 
92 MJ per ton of 
asphalt recycled 

Subtotal  ~55 000 tons of CO2e ~2,6 * 105 GJ 
CIR2 1,6 Mton 36,5 kg of CO2e per ton of asphalt 

recycled 
481 MJ per ton of 
asphalt recycled 

Subtotal  ~58 000 tons of CO2e ~7,7 * 105 GJ 
Total 4,4 Mton ~113 000 tons of CO2e ~ 10,3 * 105 GJ 
Equivalent  Emissions resulting from 680 

average cars travelling the whole 
road network of France 

One million typical 
motorway lights 
(250W) that could 
be powered for 
their entire life 

 

                                                           
1 Assumptions: Distance that travels the RAP is 30km. The recycling rate is 10%. The type of asphalt plant is 
similar to the Colas one. 
2 Assumptions: all the new asphalt produced by CIR comes from the asphalt recycled. 
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4.4. Comparison with other European countries 

France is not the best student concerning asphalt recycling. For example, Germany has twice 
more RAP than France and 80 percent of it goes to hot and warm recycling (EAPA, 2009). 75 
percent of the entire RAP in Sweden is also recycled in hot and warm processes. Less than the 
half of the total RAP in France goes to recycling in 2009. As a consequence, only 7 percent of 
the new hot and warm mix production contains RAP in France. In Germany and Sweden, two 
thirds and the half of the new HMA and WMA contain RAP, respectively (EAPA, 2009). One 
of the largest road construction firms in the world – Colas – reported in its annual report that 
its average recycling rate is only 3 percent in France. This rate is around 10 percent in the 
U.S. and Northern Europe (Colas, 2006). According to the questionnaire, this firm has a 
recycling rate of 18% in Belgium and only 8% in France in 2010. Additionally, in several 
studies concerning asphalt recycling or asphalt production in Europe, there are no data for 
France in most cases. For example in the Re-road project written by WP3 and in the EAPA 
reports, there are often “not available” or N/A in the data for France. This shows that France 
is way behind its neighbors in asphalt recycling. 

Even though the percentage of RAP recycled is increasing the past few years, France is still 
behind its neighbors in 2010. Figure 23 illustrates very well this tendency and shows the 
evolution of RAP recycling in European countries from 2001 until 2010. It can be noticed that 
almost all the European countries considered here were recycling more than three quarters of 
their RAP in 2005. This figure was only around 10% for France at that time. 

 

Figure 23 – Evolution of the percentages of RAP recycling in European countries since 2001 
(EAPA; NVF, 2011 and questionnaires) 
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It is quite difficult to explain such a late awareness about asphalt recycling in France. As it 
has been said many times, there are various incentives to recycled asphalt: environmental, 
economic are the most important ones. But also the pressure from governments through 
legislation and technical aspects play an important role in the process if asphalt recycling in a 
country. They can strongly differ from country to country, even from area to area within a 
country (see 4.2.2.). This is why asphalt recycling practices are so different in European 
countries. It also shows why it is hard to explain such differences. For example, the 
Netherlands has one of the highest rates of asphalt recycling because they had to import 
nearly all of their aggregates (21). In France this incentive does not exist because of the 
abundance of quarries (22). The development of asphalt recycling in the last decade has been 
stimulated by numerous reasons. Table 17 sums up the factors that may influence asphalt 
recycling in the European countries considered in this paragraph. 

Table 17 – Factors of asphalt recycling in Europe (based on EAPA, 2009; UEPG, 2011; 
Olard, 2008; Enell et al., 2010; Planche, 2008 and Abdo et al., 2004) 

Countries 
Factors 

France Belgium Netherlands Sweden Germany 

Tax on deposited 
materials 

30€/ton of deposited 
materials 

It is forbidden to 
depose materials 

Landfills ban for 
C&D waste 

46€/ton of 
deposited 
materials 

Fees for disposal 
depending on 
landfills 

Use of RAP Dense mixes, also in 
EME1 

Dense mixes Dense mixes and 
also in open 
porous friction 
courses 

Dense mixes Dense mixes 

Recycling rates: 
maximums and 
usual practices 

% varying according 
to technology (see 
table 3) 
Maximum % are: 
• 10% in surface2  
• 20% in binder3 
• 40% in base4 

• 40% in surface 
• 50% in binder 

if 
homogeneous 

• 20% if 
heterogeneous 
 

• 50% in 
surface 
sometimes 

• 50% in binder 

• 5 to 20% 
in surface 
courses 

• Maximum % 
for surface 
courses: 20% 

• 20% in 
binder 

• Up to 100% 
in base 

Recycling 
techniques 

Hot recycling in 
plants and cold in 
place recycling 

Mainly hot 
recycling 

Mainly hot 
recycling 

Hot and warm 
recycling 

Mainly hot 
recycling 

% of asphalt plants 
fit for recycling 

35% 61% 96% 70% 96% 

Number of 
extraction Sites 

2481 104 160 2109 2265 

                                                           
1 High modulus mixes 
2 Surface course 
3 Binder course 
4 Base course 
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As it can be noticed in Table 14, France has probably the least strict legislation about 
deposited materials. Compared to some other European countries where it is forbidden to 
dump road materials in landfills, it possible to do that by paying 30€/ton in France.  
Furthermore, France has the lowest maximum and usual recycling rates in the different 
asphalt courses, thus limiting the use of RAP. Even if it has been showed in 4.2.1. that the 
evolution of the proportion of asphalt plants fit to recycle is not linked with the evolution of 
asphalt recycling in France, it has its importance when it comes to compare with other 
European countries. France has the lowest proportion of asphalt plants able to recycle RAP. 
As a consequence, the maximum RAP that can be recycled is limited compared to other 
countries where almost all the plants can recycle asphalt. Luckily, France has also invested in 
cold in place recycle which is the most environmental friendly technique (see 4.3.7.). Finally, 
France does not possess the incentive to recycle asphalt because of a shortage of aggregates 
extraction sites like Belgium or the Netherlands since France has the highest number of 
quarries and pits of Europe. All these factors must have influenced France in the past to make 
it “passive” concerning asphalt recycling. The result is now a country that claims to be a 
cornerstone of road construction and maintenance but in reality way late and behind its 
concurrence when it comes to asphalt recycling. 

4.5. Miscellaneous advantages 

Last paragraph summed up the environmental benefits of asphalt recycling. However, not 
only asphalt recycling is eco-friendly, it also allows making substantial profits and enables to 
achieve sustainable development through an improvement of the social aspect. 

4.5.1. Economic advantages 

The continuous growth of the world’s population put an increasing pressure in the 
transportation field. This results in a rising energy consumption that is not going to decrease 
soon. Moreover, the increasing energy and bitumen (a petroleum product) costs show that 
alternative solutions have to be undertaken in order to ensure an economic growth (Hassan, 
2010). Asphalt recycling is a solution to make substantial economic profits. Profits can be 
made from the GHGs reduction. According to a study conducted by Dorchies (2008), Cold In 
place Recycling makes 87,4% GHGs reduction compared to a classical full depth pavement. 
With a 10 000t of CO2eq for the full depth pavement solution (which is a common average 
number in the rehabilitation process) and assuming a carbon tax of 21,5€/t of CO2eq, the 
savings made just by the GHGs reduction would be 187910€ (Dorchies, 2008). The savings 
can also be made in stockpiling, handling, inventorying, reduction of aggregates resources, 
bitumen, and energy and hauling in the case of in place recycling. In France, if we would 
recycle the entire RAP, that would mean a saving of 5 000 000 tons of aggregates and 
250 000 tons of bitumen. This is 2,5% of the aggregate consumption in 1997 and 7,6% of the 
bitumen consumption in 2009 respectively (El Beze, 2008). Nevertheless, asphalt recycling 
enables to avoid tipping fees charged to dump materials in landfills. In the US, the average fee 
on all the states is 37$/ ton (Horvath, 2003). In France, to have an idea of the savings that 
could be made, RAP recycling costs 10€/ton, dumping the RAP in the landfills costs 30€/ton 
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and dumping inert wastes costs 200€/ton (El Beze, 2008). The overall possible savings in hot 
asphalt recycling in plants range from 14 to 34% (Table 18). 

 

Table 18 – Savings of hot asphalt recycling in plants (Horvath, 2003) 

% of RAP Cost/ton Savings, 
$/ton 

Savings, % 

0% 11,90   
20% 10,26 1,64 14 
30% 9,44 2,46 21 
40% 8,62 3,28 28 
50% 7,80 4,10 34 

 

When asphalt recycling is properly used, consequent benefits can be made. The Florida 
Department Of Transportation (DOT) estimates their savings from the use (recycling and 
reuse) of RAP since 1979 are 224 million dollars (Horvath, 2003). The Swedish company 
NCC states that they made more than one million euros profit from asphalt recycling. Hot in 
place Recycling (HIR or HIPR) allows avoiding the cost of haulage. The overall saving from 
using the technique over “conventional construction methods” (usually a new HMA overlay 
or deconstruction) are from 17 to 50% (Kandhal, 1997). Cold In place Recycling enables 
more savings due to the energy reduction (decrease in energy consumption and GHGs 
emissions). They are estimated 6 to 67% over conventional construction methods (Kandhal, 
1997). Table 19 sums up all the costs savings that can be made with asphalt recycling 
technologies: 

 

Table 19 – Savings from the use of asphalt recycling technologies over classical 
rehabilitation methods 

Recycling 
technology 

Savings Author 

Cold in Place 
recycling 

87,4% Dorchies, 2008 
6-67% Kandhal, 1997 

Hot In Place 
recycling 

17-50% Kandhal, 1997 

44-56% 
Siddon and Sorenson, 

2000 

40-50% 
Terrel and Hicks, 

2008 
Hot In Plant 

recycling 
33,3% El Beze, 2008 

14-34% Horvath, 2003 
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According to the questionnaires, the advantage is mainly the reduction of bitumen in the 
asphalt concrete. For example, if a company produces 90 000 tons of asphalt concrete 
containing 12% of RAP, there is 10 800 of RAP used so approximately 485 tons of bitumen 
recycled. Knowing that the bitumen cost was 450€/ton in 2010, the saving is estimated at 
218 250€. One can notice that no information about cost savings from the use of cold 
recycling in plants has been found in literature. Not to mention that it is obvious that all kinds 
of asphalt recycling methods allow substantial profits. However, the profits can vary 
according to different factors: percentage of RAP included in the mix, conditions of the 
pavements (percentage of moisture, quality, smoothness, …), weather conditions in the case 
of in place recycling and so on. Nevertheless, one has to be careful when reading those 
figures. According to them, it could be easy to think that asphalt recycling equals financial 
benefits. This is not true, or at least not on the short term. Indeed, several factors influence the 
economic balance such as an increase in the maintenance, of the plant energy consumption (in 
some cases), in the investments to recycle and in the laboratory staff (Van den Kerkhof, 
2010). According to the questionnaires the selective milling of the pavement costs more than 
a simple deconstruction. Also the serious identification of the RAP (in order to have a good 
homogeneity) costs also a lot of money, which may cause some reluctance to recycle RAP. 

4.5.2. Social perks 

Social benefits exist only when there is a temperature reduction or the suppression of haulage 
(in place recycling). Thus this paragraph does not deal with hot in plants recycling. The social 
advantages can be divided into two categories: impacts for users and advantages for workers. 
Firstly, Cold In place Recycling (CIR) ensures a level of safety and comfort for the users. 
Indeed, the traffic jams are mostly reduced since the production of CIR is twice the 
production rate for placing HMA. In addition, the traffic can go back to normal immediately 
after compaction. In addition, while the process is running there is no-drop offs for motorists 
to avoid. Since the work is done “in situ”, there is less noise and discomfort from the 
aggregate, mix production, transportation and construction (Alkins et al., 2008). Then, the 
advantages for the workers are mostly linked to the temperature reduction.  The correlation 
between health issues and asphalt fumes is a negotiated concept. Many studies concluded that 
there are no worries to have about asphalt fumes (23). However, the EAPA stated: “We accept 
existing occupational exposure limits based on the potential for irritation of the respiratory 
tract.” (24) What is known for sure is the link between production temperatures and asphalt 
fume production. A temperature reduction of 10°C cuts the fumes production by half. With 
the use of Cold Mixed Asphalt (CMA) asphalt fumes, VOC and PAH are significantly 
reduced compared to HMA and are under the critical limits. This is why CMA provides a 
more comfortable working environment and increases productivity (D’Angelo et al., 2008). 
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4.6. Constraints 

Last paragraphs showed that asphalt recycling is totally included in the concept of sustainable 
development. However, asphalt recycling has also numerous constraints that limit its 
development in France. It is possible to categorize these drawbacks into four sections: 
environmental, social, engineering and finally the challenges to asphalt recycling. 

4.6.1. Environmental drawbacks 

There are several negative impacts on the environment from the use of asphalt recycling. The 
database Ofrir (5) has listed three categories. Indeed, RAP can be harmful to the environment 
because of: 

• Its own constituents such as the binder or additives. When RAP is recycled, those can 
be warmed more than in the initial fabrication of the asphalt concrete and can promote 
gaseous emissions, harmful for the environment. Moreover, initial constituents can 
hazard the environment with the leaching of organic contaminants (Norin and 
Strömvaix, 2004) and PAH even though the concentrations are below limit values 
(Legret et al., 2005). For this category, hazards exist for air, water and soils; 

• External pollutants brought during the life cycle of the asphalt concrete. The pavement 
receives pollutants from the exhaust fumes among other sources. RAP can stock 
pollution during its service life such as heavy metals (lead, zinc among others). Once 
again, leaching can occur and induce hazards for water and soils. But the values are 
still below EC limit values (Legret et al., 2004); 

• Specific constituents like the regenerative binder brought to the new mixture using 
RAP in order to counter all the effects during the life cycle of the pavement. This 
binder has a “thermal susceptibility” which can promote gaseous emissions harmful 
for the environment. As a consequence, only the air is concerned for the category. 

But those are not the only environmental drawbacks caused by the use of asphalt recycling. It 
is more or less like with the economic benefits. One has to be careful with the figures. Indeed, 
the use of RAP and asphalt recycling in general can promote significant cuts in energy 
consumption, GHGs emissions, and virgin material use and also ease landfill pressures. 
However, the aggregated environmental benefits are not always positive. It is important to 
take into consideration (Santero et al., 2010): 

• Intense remanufacturing processes; 

• Long transportation distances; 
• Heightened leaching concerns as explained just above. 

Nevertheless, there are some specific limits of the use of HIR. The machinery plays an 
important role in HIR. There are two kinds of heaters: infrared (IR) and hot-air. There are also 
three kinds of smoke produced by asphalt recycling with HIR (Terrel and Hicks, 2008): 

• White smoke. It is mostly steam and usually harmless for the environment; 
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• Blue smoke. It is the result of overheating the asphalt.  It is hazardous for both 
environment and people; 

• Black smoke. This is the most hazardous one. It indicates asphalt burning. 

As said, IR heating is light sensitive and can overheat some crack sealers or previous 
maintenance. The advantage of hot air is that it is insensitive to the color and heat the 
pavement in a uniform way. Furthermore, the spent hot air goes back to a special chamber 
where it is incinerated, reducing the smoke produced. This is why different studies can state 
different emissions about HIR. It also explains why HIR is not really popular in France. 

4.6.2. Social constraints 

The existence of toxic components for people in the asphalt concrete can make it complicated 
to recycle. There are two main toxic components present in the pavements: 

• Tar: it has been used for decades as a binder with bitumen for road applications until 
the 1990s when people discovered the presence of high contents of PAH (20 to 50%) 
that can be released by warming processes (Enell et al., 2010). Thus some old 
pavements contain tar and that is why it is necessary to determine the levels of PAH 
before recycling. The main problem is that the tests can just reveal the presence of 
PAH and not their levels since the current legislation in France does not specify limit 
values for this pollutant (El Beze, 2008); 

• Asbestos: it was also used before as filler in thin or very thin wearing courses in order 
to increase the pavement’s resistance to fatigue. The concentration was from 0,5 to 
1,4% (El Beze, 2008). Asbestos is, like tar, toxic, carcinogenic and mutagenic. It is 
estimated that there is about 100 square kilometers of contaminated pavements by 
asbestos in France (Enell et al., 2010). This only represents 0,018% of the roads in 
France. However, the risk is not clearly evaluated and the legislation does not specify 
limit values for this toxic component. They just assume that the “potential risk is 
considered to be very low” (Enell et al., 2010). 
 

4.6.3. Engineering limits 

Engineering limits are more or less like technical constraints, in the meaning that technology 
is not sufficient enough or could be improved in order to promote asphalt recycling. First, in 
order to choose one recycling technic among the four presented above, field tests, analysis 
and background evaluation have to be made (Terrel and Hicks, 2008). Indeed, some of the 
recycling methods are only usable in specific cases, thus are limited by engineering limits. 
Table 20 shows an example of selection of recycling methods. It can be noticed that hot in 
plant recycling is usable in all the cases, instead of HIR and CIR.  
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Table 20 – Guide for selection of recycling methods (based on Kandhal, 1997) 

Type of pavement distress Hot in plant 
recycling 

Hot In-Place 
Recycling 

Cold In-Place 
Recycling 

Surface defects 
Raveling 
Bleeding 

 
X 
X 

 
X 
X 

 

Deformation 
Corrugations 

Rutting – shallow 

 
X 
X 

 
X 
X 

 

Cracking/ Load Associated 
Alligator 
Slippage 

 
X 
X 

 
 

X 

 
X 
 

Cracking/ Non load associated 
Block (shrinkage) 
Longitudinal joint 

 
X 
X 

  
X 

Maintenance patching 
Spray 
Skin 

 
X 
X 

  

Reflection X   
Ride quality/ Roughness 

General unevenness 
Depressions (Settlement) 

 
X 
X 

 
X 
X 

 

 

Cold asphalt recycling is usually more used for roads with a low traffic volume, a low ADT 
(Ulmgren et al. (2004) in Miliutenko, 2011). However, CIR has few technical limits except 
maybe that the dimension of the elements has to be less than 80 mm. As a consequence, paved 
roads (with actual paves) cannot be recycled with CIR (Abdo et al., 2004). In plant recycling 
technologies (cold and hot) have approximately the same engineering drawbacks. In France, 
the material has to be sorted out, crushed and sieved. The main difficulty is to identify the 
origin of the RAP. And one of the biggest limiting factors is the heterogeneity of the RAP, 
among the overall uncertainty on quality or properties of the old bitumen (Enell et al., 2010). 
If there is one unknown about these factors and/or if high recycling rates have to be achieved, 
further tests on the RAP must be conducted (Abdo et al., 2004). But technical limits are also 
within the recycling rates provided by the asphalt plants. Table 3 showed that recycling rates 
could reach 50%. It is a technical constraint as long as recycling rates of 100% are not 
possible in France, even though some firms started to create their own double drum asphalt 
plant that could theoretically reach a recycling rate of 100% (El Beze, 2008). The 
questionnaires also claim a necessary evolution of asphalt plants to enhance the recycling 
rates. As a consequence, this limitation is also economic. HIR has a lot of engineering limits. 
The speed of the heating units, the depth to treat, the geometry of the road, the weather, the 
age of existing bitumen are limiting factors to the spread and the use of HIR (Abdo et al., 
2004). As well, the HIR units are too heavy and cumbersome to be easily transported from 
one site to another and to work in cities (Terrel and Hicks, 2008). Sometimes, even 
technology improvements in favor of asphalt recycling can be a weight for environmental 
performance. For example, some firms that have invested a lot in hot in plant recycling (huge 
investments in asphalt plants to make them possible to recycle at high rates) want to make 
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profit with them and do not see good economic opportunities to produce cold mix asphalt and 
recycle RAP with it (25). Finally, another engineering drawback is the performance of the 
recycled mixes that have to perform as well as a virgin mix – even though most of the studies 
state that recycled mixes perform as well as virgin mixes. 

4.6.4. Challenges to asphalt recycling 

Challenges to asphalt recycling are more abstract than the previous drawbacks. They must be 
overcome in order to ensure the growth of asphalt recycling. They are composed by the 
problematic definition of sustainable pavement, the limitations of the LCA practices and the 
perception of asphalt recycling by the contractors and the State. 

4.6.4.1. Definition of sustainable pavements 

There is the current trend to go toward low-energy, low-emissions and eco-friendly 
construction methods. However, when it comes to define what a sustainable mean in practice, 
there are a lot of contradictions and issues. This is fundamentally due to the incomprehension 
of the definition of “sustainable”. Therefore various definitions of sustainable pavement exist. 
For instance, once is drawn directly from the UN’s Bruntland Commission Report and 
considers “a sustainable pavement to be a safe, efficient and environmentally friendly 
pavement that meets today’s transportation needs without jeopardizing the ability to meet 
such needs in the future.” (Miller and Bahia, 2009). The same problem as in the definition of 
sustainable is posed here. How can we know the needs of future generations concerning 
transportation? Especially because of the growing world’s population and the continuous 
globalization, we cannot forecast what would be the needs for roads in 50 years. Thus this 
definition is too imprecise, but there are also too precise or at least too technical definitions of 
sustainable pavement. Some of them deal with minimizing ground disturbance and a correct 
surface in order to control erosion (Miller and Bahia, 2009). What is for sure is that every 
definition of sustainable pavement in the literature contains an environmental component. 
Many studies show that life cycle impacts of a road are mostly caused during the use phase of 
the road, therefore by the cars and trucks using it. However, pavement firms can play a role 
towards sustainability. They can control important factors such as the materials used 
(quantities and types) and their impacts, the site and social aspects (noise, disturbance, …), 
the construction impacts (energy use, GHGs emissions, …) and the lifetime issues like 
longevity or possible recovery of materials (Pears, 2005). There is also the need to consider 
the social aspect, as in the three pillars of sustainable development. Indeed, a sustainable 
pavement must improve health, safety, risk prevention and comfort of users (Alkins et al., 
2008). This is why, in this thesis a sustainable pavement will be a pavement that reduces its 
environmental impacts – during its construction phase but also at its end of life – through 
reductions of energy consumption, natural resources and associated emissions while 
continuing to meet standards and improve health, safety and comfort of its users. 
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4.6.4.2. Perception of asphalt recycling by the firms and the State 

Finally, the fact that asphalt recycling can make substantial benefits has been demonstrated 
various times. The problem is that governments and contractors do not see this the same way. 
They can understand the environmental impact reduction of such alternatives but they do not 
see the clear economic profit of them on the long term (Thenoux et al., 2007). This is a 
contradiction that often occurs when it comes to green alternatives and sustainable 
development. The two pillars of sustainable development environment and economic do not 
go together for most of the firms and governments. This is a problem that must be taken care 
of if we want to ensure the development of green alternatives such as asphalt recycling. “Very 
few agencies will routinely select a pavement with lowest environmental impact if it is 
significantly more costly than the alternative.” (Santero et al., 2010). According to a French 
study (Ventura et al., 2008) that polled 194 actors in the road construction (prime contractors, 
contractors, clients, owners, etc), their main criteria when conducting a work are: the technical 
value, the budget and the protection of the environment. However, this report underlines the 
lack of common criteria, indicators and significations because everyone has different 
priorities and this can slow down many good incentives for asphalt recycling. 

By reading literature on asphalt recycling and interviewing people working in this field, one 
can notice a huge problem: there is a big difference between what technologies can do and 
what legislation allows. For instance, it is currently possible to produce new asphalt mixes 
containing more than 50% of RAP, with modern asphalt plants. However, in most of 
European countries, it is not possible to do so for public works because of the regulation (Van 
den Kerkhof, 2008). Local authorities and the State have too much distrust and reluctance 
about asphalt recycling. This results in low admissible percentages of RAP that firms can 
include in their mixes. 

4.7. Discussion on the methodological limitations of the study 

Even though the LCA is a powerful method to assess environmental impacts, it has its own 
drawbacks. The ISO standards that state the different steps of LCA do not say what process or 
functional unit to choose and include in the life cycle. Therefore, the person who is 
conducting the LCA chooses what will be the system boundary for example. Thus, the LCAs 
are often subject to the interpretation of the person who is conducting it and this can result in 
opposite results of LCAs assessing the same thing. Besides, it is almost impossible to 
compare results from different studies even if they are dealing with the same subject. This is 
because each study has a different system boundary, which makes the results only valid in the 
context of their study (Santero et al., 2010). 

This is why this thesis does manifold simplifications and does not cover all aspects of asphalt 
recycling and maintenance works on asphalt pavements. Thus there are diverse limitations 
that must be explained in order not to mislead the reader. All the simplifications explained in 
the paragraph 2.4. dealing with the LCA approach limit the study: 
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• System boundaries: The approximation of changing the system boundaries of the 
studies into the one of the majority in one recycling technique leads to some errors and 
does not take into account the full picture of asphalt recycling. Also, the system 
boundaries chosen are not precise enough and do not include future works on the 
pavement, disposals, traffic delays or future recyclability; 
 

• Functional units: The transformation of m² of asphalt laid into ton of asphalt laid with 
the help of data taken from one study is also an approximation that limits the study; 
 

• Limitations from the avoided burdens: The results are mainly a synthesis of many 
existing studies. As a consequence, even though the functional units are the same 
thanks to the transformation made, the avoided burdens (excluded of the system 
boundaries) are not equal. For example, the results synthesized studies which counted 
in the benefits of asphalt recycling through avoided landfilling and some other which 
did not. Thus the total function of the systems compared is not the same.  This 
approximation limits the study since the results are not describing the same processes. 
Some of the studies have lower figures for energy consumption or GHGs emissions 
because they included the avoided burdens. However, since the thesis aimed at 
describing environmental benefits of asphalt recycling techniques by making averages 
of data collected through literature review, it does not have such a big influence that 
the total function of the studies is the not the same. Nevertheless, this has to be 
explained in order to understand how much it is complicated to study asphalt recycling 
and to recommend precision for further studies. 
 

• Life-Cycle Inventory: The comparison of countless studies which have different data 
concerning the works done (such as machinery, projects, quantities) and the omissions 
of if compaction, additives production should be included or not are also significant 
factors that should be considered when doing a more detailed study about asphalt 
recycling. Indeed, to compare more accurately energy use and GHGs emissions for 
construction and rehabilitation of pavements, the specific pavement structure, the type 
of work and the actual quantities must be taken into account (Chehovits and 
Galehouse, 2010). The thesis focused only on GHGs emissions and energy 
consumption because of their respective importance when it comes to quantify 
environmental impact. However, in order to study the benefits and impacts of asphalt 
recycling methods accurately, one has to include many more advantages and 
drawbacks such as the ones described in the previous paragraphs. The delays due to 
the maintenance works, the leaching of RAP, the savings of natural resources and the 
eased pressure on landfills have to be taken into account in a more specific study.  
 

• Life-Cycle Impact Assessment: The non-existent LCIA has to be included if someone 
wants to study asphalt recycling. All the advantages and limits of asphalt recycling 
previously stated must be weighted, grouped and assessed in order to make a study of 
high precision. 
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The use of LCA “remains only narrowly employed in the area of road construction work, 
especially in France.” (Jullien et al., 2006). Because of this lack of studies about 
environmental benefits and impacts of asphalt recycling in France, the major limitation of this 
thesis is the studying of these aspects through foreign (but also some French) studies and 
articles. All these limitations must be carefully taken care of to do a precise study on asphalt 
recycling benefits and/or limits. However, since this thesis did not aim to do that and used the 
LCA approach to compare a lot of results and gave a good overview of asphalt recycling 
benefits and drawbacks. As a consequence, all the approximations made here are acceptable 
as long as this thesis is read and used in its purpose and aim. 

4.8. Possible improvements and trends in the next ten years 

Concerning the trends in the next ten years, everyone agrees that asphalt recycling will grow. 
The increasing cost of the bitumen and the rising demand in Asia make the need to recycle 
asphalt in Europe compulsory, in order to overcome these high prices and the decreasing 
resources. This is a key policy goal of the highway agencies. Some European countries are 
already looking to put 100% of RAP in their mixes in the long term future (Planche, 2008). 
Not to mention that once the French authorities will be motivated to recycle more asphalt, the 
competition factor will come into consideration. The optimum exploitation of recycling 
possibilities will be a must-do otherwise firms will not be competitive. In the future, there will 
also be a better control of RAP. This will enable to make different qualities of mixes: simple 
quality for parking places and bicycle roads, middle quality for ordinary traffic roads and high 
quality for high traffic roads. As a consequence, more RAP will be used and an average 
recycling rate of 25% will be achievable. Besides, if the evolution represented on Figure 11 
continues, France will catch up with its neighbors really soon. Everything demonstrates that 
asphalt recycling in France and in Europe will increase. Fortunately, it seems that France has 
a good way of dealing with cold recycling and maybe in the future it could lead Europe on 
this eco-friendly alternative.  
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5. CONCLUSIONS AND RECOMMENDATIONS 

This thesis showed an overview of the current road waste management and recycling in 
France. Asphalt recycling has increased a lot lately and now more than the half of the RAP is 
recycled into new asphalt layers in France. The main recycling methods used to do that are 
Hot In Plant recycling and Cold In-Place Recycling (CIR). However, huge differences in the 
recycling rates exist within France, depending on where the asphalt recycling is performed. 
Gaps of approximately 10% in the rate of RAP recycling can occur in France. The main 
reason for that is the lack of incentives for the firms to recycle. 

This study proved that asphalt recycling is a very complex process including countless 
environmental, social and economic issues. Each one of the recycling techniques has its own 
strengths and weaknesses. This is one reason why it is difficult to study and to compare 
asphalt recycling methods. The thesis only focused on GHGs emissions and energy 
consumptions. The reductions in those respective impacts can range from 30%-40% (hot in 
plant recycling and temperature reduction technologies) to 80% with CIR. With the recent 
data acquired by the questionnaires, the study showed that the French road construction sector 
has significantly reduces its impact on climate change in 2010 by reducing its production of 
CO2e and its consumption of energy by 113 000 tons and 10,3 * 105 GJ, respectively. Besides, 
there are also other impact categories such as reduction of natural resources, ease on landfill 
pressures and soil pollution. The asphalt recycling techniques also permit to make substantial 
profits and improve social conditions of workers and users. However, their advantages are 
also their limitations. Pollutants contained by the RAP, tar, asbestos are the principal 
environmental and social factors that limit asphalt recycling. Furthermore, engineering limits 
constrain asphalt recycling to specific cases. For example, CIR cannot be used for all kinds of 
distress or maintenance works. Finally, the simulations done with the LCA tool asPECT have 
shown that the distance between the RAP storage and the asphalt plant limits consequently the 
environmental benefits of hot in plant recycling. 

The comparison of the proportions of RAP recycled in different European countries showed 
that France was behind its neighbors but is catching up lately. The reasons why there are such 
gaps in the practices of asphalt recycling are the aggregates’ supplies, the number of plants fit 
for recycling and the legislation about waste disposal and RAP recycling rates. The lack of 
incentives noticed when explaining the differences within France also showed when 
comparing European countries. Several ideas to increase the use of RAP in France emerged 
from these comparisons between European countries and from the analysis of asphalt 
recycling benefits and drawbacks. 

The promotion of RAP recycling can be done by: 

� Stemming the environmental drawbacks. It means no more warming of the RAP in order 
not to release pollutants. There should also be a reduction of hauling. It can be done by 
increasing the use of CIR in France. Studies should focus on leaching properties of the 
recycled asphalt concrete and find solutions to counter this effect. Key stakeholders: 
authorities, research centers and road firms. 
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� Erasing the social constraints. The main problem in France is the tar contaminated 

asphalt, which cannot be recycled. Once more, cold recycling should be use since if the tar 
is not warmed it represents no hazard. French firms could learn from the experience of 
Germany in this field (Brazillet and Domas, 2001). Asbestos can be neglected since it 
represents a really small share on the French road network. Key stakeholders: authorities, 
research centers and road firms – both French and German. 
 

� Reducing the engineering limits. Even if hot in plant recycling is the most used technique 
in France and in Europe (and for good reasons), its proportion in asphalt recycling should 
be reduced to leave more importance to CIR. It could be done by drastic technologic 
improvements in CIR. Key stakeholders: authorities, research centers and road firms. 
 

� Settling the Sustainable Development/LCA problem. Standardization could help in this 
area by coming up with a national or even European definition of a sustainable road.                        
Creating of common European LCA tool seems almost impossible because of the 
differences within European road practices. However, a common French LCA tool is 
already created and waiting for certification. Key stakeholders: European and national 
authorities, certification organisms and researchers. 
 

� Winning the trust of the State and the firms. The firms have to be convinced that asphalt 
recycling is economically good. A rigorous study about economic advantages of asphalt 
recycling on the long term (according to the percentage of RAP included in the mix) 
should be made in order to convince them. According to the questionnaires, the distrust of 
the French government and local authorities should be stemmed and their motivation 
increased since there is too much reluctance in the area of asphalt recycling. This should 
be done in order to allow contractors a better management and recycling of this kind of 
materials. “We know that we have to do this for 20 years, so let’s do it” states Catherine 
Leroy, one of the person interviewed. Moreover, further studies have to be done in the 
field of French asphalt recycling to fill the lack of available data. Key stakeholders: the 
government, the road firms and the researchers. 
 

� Increasing competition and forbidding non-asphalt recycling firms. Others claim that it 
should be mandatory to recycle at least with a rate of 10% and contractors that cannot 
recycle should not be able to have public clients. Some bonuses and lightened controls for 
the firms that perform low rate recycling (< 15%) could also be a good solution to 
increase asphalt recycling. Key stakeholders: National, regional and municipal 
authorities. 
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APPENDICES 
 

Appendix 1  
 

Literature search progression tool (the table illustrates the progress two weeks 
before the end of the literature search) 

 

  

Asphalt Bitumen 

Asphalt 

recycling 

Bitumen 

recycling RAP 

Pavement 

recycling 

direct.bl.uk             

refdoc.fr             

google scholar             

scirus             

sciencedirect             

scopus             

web of knowledge             

KTHB             

DOAJ             

SAGE             

       

       

  

  Literature search has not begun yet   

 

  

  Literature has been retrieved   

 

  

  Literature has been classified   

 

  

  Literature has been read and reviewed 

  

Number of relevant references per database: 

• Direct.bl.uk: 0 

• Refdoc.fr: 0 
• Google scholar: 3 

• Scirus: 9 
• Sciendirect: 15 
• Scopus: 6 

• Web of knowledge: 0 
• KTB: 1 

• DOAJ: 5 
• SAGE: 4 

  

Examples of 

references 

Databases 
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Appendix 2  

Personal interviews 
 

Name Firm Title Contact 

Colas 

Jean-Eric 
Poirier 

Scientific Director Poirier@campus.colas.fr 

Xavier 
Carbonneau 

Head of Asphalt Service 1, 
R&D Department 

carbonneau@campus.colas.fr 

Henri 
Molleron 

Environmental Director molleron@siege.colas.fr 

Jacky 
Cahour 

Technic Director Colas 
Centre Ouest 

cahour@siegeco.colas.fr 

Eiffage 
Travaux 
Publics 

Richard 
Billant 

Technic Director Richard.billant@eiffage.com 

Bernard 
Heritier 

Technic Director Bernard.heritier@eiffage.com 

Jean-Luc 
Ernult 

Director of Eiffage 
Travaux Publics Ouest 

N/A 

Hervé 
Dumont 

Technic Director of 
Eiffage Travaux Publics 

Ouest 
N/A 

Cédric 
Girault 

Technic Engineer Cedric.girault@eiffage.com 

Eurovia 

Eric 
Layerle 

Technic Director Eric.layerle@eurovia.com 

Luc 
Moussu 

Delegate Technic Director 
of Eurovia centre-ouest 

N/A 

Serge 
Duplaix 

Technic Director of 
Eurovia Auvergne-Rhône-

Alpes 
Serge.duplaix@eurovia.com 

Christine 
Deneriaz 

Environmental director N/A 

IFSTTAR 
Anne 

Ventura 
Associate researcher anne.ventura@ifsttar.fr 

LCPC 
Agnes 
Jullien 

Head of the Sustainable 
Development Unit 

agnes.jullien@lcpc.fr 

USIRF 
 

Christine 
Leroy 

Technic Director christine.leroy@usirf.com 

Julien 
Buisson 

Technic Director julien.buisson@usirf.com 

NCC roads 
AB Per Murén Technical Manager per.muren@ncc.se 
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Appendix 3  

First version of the questionnaire 

Questions 

General information 

1. What is the asphalt production in France per year? (in Mton) 
_____________________________________ 
 

2. What is the quantity of asphalt that you manage? (Reuse, recycling, landfills…) (in 
Mton) 
_____________________________________ 

Information about recycling 

1. What is the quantity of asphalt you have in landfills? (in Mton) 
_____________________________________ 
 

2. What is the average distance from the sites to the landfills? (in km) 
_____________________________________ 
 

3. What is the quantity of asphalt you recycle per year? (in Mton) 
_____________________________________ 
 

3.1. Asphalt recycling in plants? (Mton or %) 
_____________________________________ 
 
3.1.1. Quantity of asphalt recycled in hot recycling processes in plants? What 

is the average temperature? (Mton or % and °C) 
_____________________________________ 
 

3.1.2. Quantity of asphalt recycled in warm recycling processes in plants? 
What is the average temperature? (Mton or % and °C) 
_____________________________________ 
 

3.1.3. Quantity of asphalt recycled in half-warm recycling processes in plants? 
What is the average temperature? (Mton or % and °C) 
_____________________________________ 
 

3.1.4. Quantity of asphalt recycled in cold recycling processes in plants? What 
is the average temperature? (Mton or % and °C) 
_____________________________________ 
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3.1.5. What is the average distance between sites and plants? (in km) 
_____________________________________ 
 

3.2. What is the quantity of asphalt recycled in place per year? (Mton or %) 
_____________________________________ 
 
3.2.1. What is the quantity of asphalt recycled in HIPR processes? What is the 

average temperature? (Mton or % and °C) 
_____________________________________ 
 

3.2.2. What is the quantity of asphalt recycled in CIPR processes? What is the 
average temperature? (Mton or % and °C) 
_____________________________________ 
 

3.3. What is the asphalt percentage reused in the following new layers? (if it 
differs according to the processes, please specify them): 
 
3.3.1. Surface course / Binder course 

   _____________________________________ 
 

3.3.2. Base courses / Sub-base and subgrade 
   _____________________________________ 
 

3.4. What are the limiting factors in the maximum percentage of asphalt recycling 
in a new asphalt concrete?  
 
Safety: _________________________________________________ 
Technic – Sustainability: _____________________________________ 
Environment – Contamination: ______________________________ 
__________________________________________________________ 
Other (legislation…): ______________________________________ 
 

3.5. What are the machines characteristics:  
3.5.1. Plants: energy use (MJ/t), GHGs emissions (kg/t) and performance 

(kg/h) 
_____________________________________ 
 

3.5.2. In place recycling machines : energy use (MJ/t), GHGs emissions (kg/t) 
and performance (m/min or m/h) 
_____________________________________ 
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Miscellaneous information 

1. According to you, what are the constraints of asphalt recycling? (Technical, 
environmental, economic…) 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

2. What is the economic performance of all the asphalt recycling for your firm? (€) 
_____________________________________ 
 
 

3. Would you recycle if this economic performance was low/really low? Explain why. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

4. What are the other methods used in order to manage asphalt? (landfills, 
incineration…) 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

5. According to you, what should be improved in asphalt recycling? (legislation, 
technics, controls…) 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Appendix 4  

Second version of the questionnaire 

Questions 

Please answer the questions with average data coming from an ordinary asphalt plant. 

1. Main characteristics of the asphalt plant 
 
1.1. Is the asphalt plant type batch or continuous? 

___________________________________ 
 

1.2. What is the total annual production of the asphalt plant? (in tons) 
___________________________________ 
 

1.3. How much electricity is used in the plant to process the materials? (in kWh) 
___________________________________ 
 

1.4. What are the other fuels used in the plant to process the materials and their amount? 
(excluding those used in heating and drying) (fill the list below) 

Fuel Amount Possible Units 
Diesel  Tons, kWh or liters 
Petrol  Tons, kWh or liters 

Natural gas  kWh, m3 or therms 
Gas oil  Tons, kWh or liters 
Fuel oil  Tons or kWh 

Burning oil  Tons, kWh or liters 
Industrial coal  Tons or kWh 

Liquid petroleum gas  kWh, therms or liters 
Naphta  Tons or kWh 

Biodiesel  Tons, kWh or liters 
Bioethanol  Tons, kWh or liters 
Biomethane  Tons, kWh or m3 
Wood pellets  Tons or kWh 

 

1.5. How much water is used at the plant for the production of asphalt? (in liters) 
(optional) 
___________________________________ 
 

1.6. What is the energy used in the plant for heating and drying the materials? (fill the list 
below) 
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Fuel Amount Possible Units 
Diesel  Tons, kWh or liters 
Petrol  Tons, kWh or liters 

Natural gas  kWh, m3 or therms 
Gas oil  Tons, kWh or liters 
Fuel oil  Tons or kWh 

Burning oil  Tons, kWh or liters 
Industrial coal  Tons or kWh 

Liquid petroleum gas  kWh, therms or liters 
Naphta  Tons or kWh 

Biodiesel  Tons, kWh or liters 
Bioethanol  Tons, kWh or liters 
Biomethane  Tons, kWh or m3 
Wood pellets  Tons or kWh 

 

2. Transportation of the materials to the plant 
Please fill the table below. 

Type of materials 
brought to the plant1 

Mode of 
transportation2 

Average outward 
journey distance (in 

km) 

Utilization (in %) 
(optional)3 

Bitumen    
Virgin Aggregates    
Reclaimed Asphalt 

Pavement 
   

Cement    
Wax    

Emulsions    
Water    

 

3. Types of mixtures made at the plant 
Please fill the table below. 

Mixtures Annual production 
(in tons) 

Production rate (in 
tons/hour) 

Materials (in %) 4 

Example 50 000 25 Virgin aggregates: 
93.5% 

Filler: 1.5% 
Bitumen: 4.9% 

Crude derived wax: 
0.1% 

                                                           
1 This list is not comprehensive. Of course it is possible to add more materials 
2 Please select from the following list: Rigid (3,5-7,5t / 7,5-17t / >17t), Articulated (3,5-33t / >33t), Average bulk 
carrier, Average container, Aggregate rail freight or General rail freight. 
3 The fleet utilization is 50% if the return journey is empty. Otherwise, if it carries x tons on the return, the 

utilization should be: ! =
./01��	234�56

7∗01��	234�56
∗ 100 

4 If there is reclaimed asphalt pavement in the materials, please specify the percentage of soluble binder content. 



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2011-41 

77 
 

Mixture 1    
Mixture 2    
Mixture 3    

 

Please, pay attention that the sum of the annual productions of all the mixtures must 
equal the annual production of the plant. (See 1.2) 
 

4. Transportation to the site 
 
4.1. Transportation of the mixtures from the plant to the site 

Please fill the table below (Same principle as 2). 

Mixtures Mode of 
transportation 

Average outward journey 
distance (in km) 

Utilization (in %) 
(optional) 

Example Rigid 7,5-17t 20 km 50% 
Mixture 1    
Mixture 2    
Mixture 3    
 

4.2. Transportation of materials directly to the site 
Please fill the table below (Same principle as 2). 

Type of materials 
brought to the 

site1 

Mode of 
transportation 

Average outward 
journey distance 

(in km) 

Utilization (in 
%) (optional) 

Tonnage 
(in tons) 

Bitumen emulsion     
Virgin Aggregates     

Cement     
Wax     
Water     

 

5. Asphalt courses 
Please link a mixture with a course (Please note that only one mixture can be specified to 
the surface course). 

Mixtures Course Tonnage (in tons) 
Example Surface – Hot Rolled Asphalt 200 
Mixture 1   
Mixture 2   
Mixture 3   

The courses must be chosen from the following list: 

                                                           
1 This list is not comprehensive. Of course it is possible to add more materials 
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• Surface courses: Thin surface course systems, paver laid surface dressing, micro 
surfacing, hot rolled asphalt, close graded macadam and surface dressing. 

• Binder courses: Hot rolled asphalt, stone mastic asphalt, dense bituminous macadam, 
heavy duty macadam and enrobes à module elevé (EME). 

• Base courses: Dense bituminous macadam, heavy duty macadam and enrobes à 
module elevé (EME). 

6. Miscellaneous questions 
6.1. According to you, what are the constraints of asphalt recycling? (Technical, 

environmental, economic…) 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

6.2. What is the economic performance of all the asphalt recycling for your firm? (€) 
_____________________________________ 
 
 

6.3. Would you recycle if this economic performance was low/really low? Explain why. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

6.4. What are the other methods used in order to manage asphalt? (landfills, 
incineration…) 

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

6.5. According to you, what should be improved in asphalt recycling? (legislation, 
technics, controls…) 

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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6.6. According to you, what are the future developments in asphalt recycling in the next 
ten years? 

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

6.7.  Is there any completed or in progress studies about asphalt recycling that you are 
aware of? If yes, please write them. 

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

6.8. Could you recommend me someone about asphalt recycling? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Appendix 5  

Flow of environmental data 
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Appendix 6  

System boundaries and functional units of the studies related to different asphalt 
recycling technics 

Recycling technic Author 
System 

boundary 
Functional unit Units 

Hot in plant 

Schiavi et al., 2007 1 ton of asphalt laid GJ and ton of CO2 

Dorchies, 2008 1 ton of asphalt laid MJ and ton of CO2eq 

Kawakami et al., 2009 1 No functional unit kilograms of CO2 

Horvath, 2003 1 m² of asphalt laid grams of CO2 

Chappat and Bilal, 2003 1 ton of asphalt laid MJ and ton of CO2eq 

Hot in place 

Chappat and Bilal, 2003 6 ton of asphalt laid MJ and ton of CO2eq 

Horvath, 2003 6 m² of asphalt laid grams of CO2 

Terrel and Hicks, 2008 6 ton of asphalt laid MJ 

Kawakami et al., 2009 6 No functional unit kilograms of CO2 
Chehovits and Galehouse, 

2010 
6 m² of asphalt laid MJ and ton of CO2eq 

Siddon and Sorenson, 
2000 

N/A ton of asphalt processed kilograms of CO, NOx, … 

Cold in place 

Chappat and Bilal, 2003 5 ton of asphalt laid MJ and ton of CO2eq 

Horvath, 2003 5 m² of asphalt laid grams of CO2 

Alkins et al., 2008 5 N/A Percentages 

Thenoux et al., 2007 7 m² of asphalt laid MJ 

Dorchies, 2008 5 or 7 m² of asphalt laid MJ and ton of CO2eq 

Cold in plant Chappat and Bilal, 2003 4 ton of asphalt laid MJ and ton of CO2eq 

Temperature reduction 
technologies 

using RAP (HWMA, WMA) 

Kristjansdottir et al., 2006 N/A N/A Percentages 

D’Angelo et al., 2008 N/A N/A Percentages 

O' Sullivan, 2010 N/A N/A Percentages 

Hassan, 2010 N/A N/A Percentages 

"Mill & Fill" Schiavi et al., 2007 3 ton of asphalt laid GJ and ton of CO2 
"Mill & Fill" Alkins et al., 2008 2 or 3 N/A Percentages 
HMA overlay Thenoux et al., 2007 3 m² of asphalt laid MJ 
Reconstruction Thenoux et al., 2007 N/A m² of asphalt laid MJ 
HMA overlay Terrel and Hicks, 2008 2 or 3 ton of asphalt laid MJ 
"Mill & Fill" Terrel and Hicks, 2008 2 or 3 ton of asphalt laid MJ 
"Mill & Fill" Kawakami et al., 2009 3 No functional unit kilograms of CO2 
HMA overlay Chehovits and Galehouse, 

2010 
3 m² of asphalt laid MJ and ton of CO2eq 

HMA overlay Chappat and Bilal, 2003 3 ton of asphalt laid MJ and ton of CO2eq 
HMA overlay Dorchies, 2008 3 ton of asphalt laid MJ and ton of CO2eq 

  Unknowns 
 

  Uncertainties 

 

  Notion hard to work with 
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Appendix 7  

Environmental impacts of asphalt recycling technologies 
 

Recycling 
technic 

Author Result Modified result 

Hot in plant 

Schiavi et al., 2007 0,914 GJ/ton & 0,062tonnes of CO2/ton   

Dorchies, 2008 591 MJ/t & 47 kg CO2eq/ton   

Kawakami et al., 2009 9,24 x 10^3 kg of CO2 61 kg of CO2/ton 

Horvath, 2003  12,3 g/m² Extremely high value 

Chappat and Bilal, 2003 
642, 538, 510, 454 (MJ/t) 

51, 44, 41, 37 kg of CO2eq/t 
  

Hot in place 

Chappat and Bilal, 2003 570 MJ/t & 42 kg CO2eq/t   

Horvath, 2003 8,964 g/m² Extremely low value 

Terrel and Hicks, 2008 570 MJ/ton   

Kawakami et al., 2009 8,77 x 10^3 kg of CO2 36 kg of CO2/ton 
Chehovits and 

Galehouse, 2010 
49 MJ/m² & 3,8 kg CO2eq/m² 417 MJ/t & 32 kg CO2eq/t  

Siddon and Sorenson, 
2000 

0,0085 kg of CO Machinery only 

Cold in place 

Chappat and Bilal, 2003 139  MJ/t & 10 kg CO2eq/t   

Horvath, 2003 23,6 g/m² Extremely high value 

Alkins et al., 2008 52% reduction of CO2   

Thenoux et al., 2007 101 MJ/m² 253 MJ/t 

Dorchies, 2008 125 MJ/m² & 8kg CO2eq/m² 266 MJ/t & 17kg CO2/t 

Cold in plant Chappat and Bilal, 2003 457 MJ/t & 36kg CO2eq/t   

Temperature 
reduction 

technologies 
using RAP 
(HWMA, 
WMA) 

Kristjansdottir et al., 
2006 

30-98% / 75-90% / 40-60% energy 
30-40% / 30% / 20% / 50 -75% CO2 

  

D’Angelo et al., 2008 30-40% reduction of CO2 emissions   

O' Sullivan, 2010 23% reduction of CO2 emissions   

Hassan, 2010 
35% energy reduction  

35% reduction of CO2 emissions 
  

"Mill & Fill" Schiavi et al., 2007 0,984 GJ/ton & 0,067 tonnes of CO2/ton   

"Mill & Fill" Alkins et al., 2008 52% augmentation of CO2   
HMA overlay Thenoux et al., 2007 134 MJ/m² 1140 MJ/t 
Reconstruction Thenoux et al., 2007 287 MJ/m² 2443 MJ/t 
HMA overlay Terrel and Hicks, 2008 680 MJ/tonne   
"Mill & Fill" Terrel and Hicks, 2008 819 MJ/tonne   
"Mill & Fill" Kawakami et al., 2009 1,13 x 10^4 kg CO2 74 kg of CO2/t 
HMA overlay Chehovits and 

Galehouse, 2010 
59 MJ/m² et 4,9 kg/m² 502 MJ/t & 41 kg CO2/t 

HMA overlay Chappat and Bilal, 2003 680, 591,699 (MJ/t) & 54, 47, 55 (kg CO2eq/t)   
HMA overlay Dorchies, 2008 610 MJ / ton & 51 kg CO2eq /ton   
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Appendix 8  
 

The French motorway network (Courtesy of DGITM) 
 
 

 
   Roads under the responsibility of private companies 
   Roads under the responsibility of the State 
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Appendix 9  

General processes of bitumen production (based on El Beze, 2008 and Eurobitume) 
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Appendix 10  

Road waste management in France 2010 (results gathered from a questionnaire sent to 
USIRF) 

 

Survey in 2010 Quantity (Mton) and proportions 
Asphalt concrete produced 

• Used for construction of new roads 
• Used for maintenance/rehabilitation 

39 Mton 
• ~7,8 Mton (20%) 
• ~31,2 Mton (80%) 

RAP produced ~7 Mton 
RAP treatment 

• Landfill disposal (without further 
treatments) 

• Storage (with further treatment) 
• Reuse 
• Recycling 

 
• ~0 Mton (0%) 

 
• ~0,5 Mton (7%) 
• ~2,1 Mton (30%) 
• 4,4 Mton (63%) 

Recycling methods 
• In plant recycling 

o WMA/HWMA  
o Cold 
o Hot 

• In place recycling 
o Hot 
o Cold 

 
• 2,8 Mton (64%) 

o ~0 Mton 
o ~0 Mton 
o 2,8 Mton (100%) 

• 1,6 Mton (36%) 
o ~0 Mton 
o 1,6 Mton (100%) 
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Appendix 11  

Characteristics of the plants “interviewed” 
 

Plant name 
Carach. 

Colas MARIL NCC Arlanda Eiffage TP Ouest 

Type of plant Continuous – TSM type 
(drum-mix) 

Batch plant Batch plant 

Annual production 
(tons) 

89 500 110 000 225 000 

Distance travelled by 
(km): 

� Bitumen 
� Aggregates 
� RAP 

 
 
315 in truck 
100 in rail + 15 in truck 
30 in truck 

 
 
150 in truck 
0.1 in wheel loader 
40 in truck 

 
 
80 in truck 
25 in truck 
25 in truck 

Types of mixtures 
produced at the plant 

• 35 000 tons of 
BBSG 0% RAP 

• 24 000 tons of 
BBSG 20% RAP 

• 10 000 tons of GB 
0% RAP 

• 8 000 tons of GB 
20% RAP 

• 12 500 tons of EME 
20% RAP 

• 48 000 tons of 
mix 12% RAP 

• 40 000 tons of 
mix 5% RAP 

• 22 000 tons of 
mix 0% RAP 

• 125 000 tons of 
mix for base 
courses 0% RAP 

• 100 000 tons of 
mix for surface 
and binder 
courses 0% RAP 

Average recycling 
rate 

10% 7% 5% 

 

  

44%

36%

20%

12% RAP 5% RAP 0% RAP

50%

50%

20% RAP 0% RAP

100%

0% RAP
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Appendix 12  

‘cradle-to-gate’ GHGs emissions (in kg CO2e/t) with regard to the plant, type of mixture 
produced, percentage of RAP and its distance travelled to the plant 

 

    
Km 

% of RAP 0 10 20 30 40 50 

C
ol

as
 a

sp
ha

lt 
pl

an
t 

B
B

S
G

 

0% 98,36 98,36 98,36 98,36 98,36 98,36 

10% 90,81 92,67 94,53 96,4 98,26 100,12 

20% 83,25 86,98 90,7 94,43 98,16 101,89 

30% 75,7 81,28 86,88 92,47 98,06 103,65 

40% 68,14 75,59 83,05 90,5 97,96 105,41 

50% 60,59 69,9 79,22 88,54 97,86 107,17 

G
B

 

0% 86,64 86,64 86,64 86,64 86,64   

10% 79,87 81,73 83,6 85,46 87,32   

20% 73,09 76,82 80,55 84,28 88   

30% 66,32 71,91 77,5 83,09 88,68   

40% 59,54 67 74,45 81,91 89,36   

50% 52,77 62,09 71,41 80,73 90,04   

N
C

C
 a

sp
ha

lt 
pl

an
t 

B
B

S
G

 

0% 72,78 72,78 72,78       

10% 70,81 72,67 74,54       

20% 68,84 72,57 76,29       

30% 66,87 72,46 78,05       

40% 64,9 72,35 79,81       

50% 62,93 72,24 81,56       

G
B

 

0% 66,29 66,29         

10% 64,76 66,62         

20% 63,22 66,94         

30% 61,68 67,27         

40% 60,14 67,59         

50% 58,6 67,92         

E
iff

ag
e 

T
P

 O
ue

st
 a

sp
ha

lt 
pl

an
t 

B
B

S
G

 

0% 99,67 99,67 99,67 99,67 99,67   

10% 92,68 94,55 96,41 98,27 100,14   

20% 85,7 89,42 93,15 96,88 100,61   

30% 78,71 84,3 89,89 95,48 101,08   

40% 71,73 79,18 86,64 94,09 101,54   

50% 64,74 74,06 83,38 92,69 102,01   

G
B

 

0% 96,57 96,57 96,57 96,57 96,57   

10% 89,79 91,65 93,51 95,38 97,24   

20% 83,01 86,74 90,46 94,19 97,92   

30% 76,23 81,82 87,41 93 98,59   

40% 69,45 76,9 84,36 91,81 99,27   

50% 62,67 71,99 81,31 90,63 99,94   


