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ABSTRACT

With the current concerns about sustainable development and greenhouse gas emissions in
various fields, the road domain has also to contribute. Indeed, asphalt mixture production is a
very important energy consuming phase in order to heat the aggregates and binder, and also
maintain a low viscosity for a sufficient workability and level of compaction. In order to decrease
this environmental load, warm asphalt mixtures produced between 60 and 140 °C have been
developed. This paper presents the major developments and techniques in order to produce warm
asphalt mixes. The advantages and potential are also discussed, followed by the description of a
complete analysis of the performances. Based on this, a methodology for the development of a
global multifunctional assessment tool of these innovative technologies is detailed. The main
objective of the ongoing PhD research is finally to quantify and combine the various aspects for a
global assessment and comparison of innovative processes.
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1. INTRODUCTION

Emissions and energy consumption are key elements to be considered for sustainable
development. Indeed, according to the Swiss Federal Office of Energy, global energy
consumption increased by a factor 8.7 during the last century. The CO, (major greenhouse gas -
GHG) emissions also drastically increased during the pre-industrial period by about 35% to reach
the current the level of 380 ppm. Numerous decisions have been taken by governments in order
to decrease the environmental load. For instance, Switzerland ratified the Kyoto Protocol in 2003
and consequently decided to decrease CO, and other GHG emissions by 8% between 2008 and
2012, in comparison with the situation in 1990. Following the same objectives of emissions
reduction, some other national political policies have been decided: CO, imposition for fossil fuel
emissions, tax for most emitting vehicles (heavy vehicles),... Thus, it is obvious that the road
domain has to contribute to sustainable development by decreasing the energy consumption and
environmental emissions.

The GHG emissions and energy consumption increases have various sources, but a major part
can be attributed to the transportation area in developed countries. By considering the road
infrastructure, an important part of the energy consumption and consequently environmental
emissions can be linked to the construction phase of the roads. Stripple (2001) illustrated this by
a calculation of the total energy consumption and environmental emissions during the
construction, maintenance and operation (road lighting and traffic control included) phases of a
1 km long road during 40 years. This research highlighted the important contribution of the
construction phase regarding the energy consumption, even if the major energy consumption can
be related to the traffic on the road section. Indeed the energy use of the road represents between
5 to 12% of the energy used from traffic on the same road section. Concerning the emissions,
Stripple showed that the major emissions can be attributed to the road construction phase (Figure
1).
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Figure 1: Total CO, emissions for three different road surface materials and engines, for a 1 km
long road during 40 years (Stripple, 2001).

This ongoing research focuses on the construction phase of asphalt roads. Indeed, mixing

processes in asphalt plant and laying are especially high energy consuming phases in order to

decrease and maintain a low viscosity of the mixture during the whole process.

2. DESCRIPTION OF THE RESEARCH AND OBJECTIVES

Since the end of the 1990's, some research works have been carried out and great savings can be
foreseen by using asphalt mixture with reduced temperatures. Indeed several products have been
developed in order to decrease the production and laying temperatures and maintain a low
viscosity. However, the experience related to the mechanical performance of such products is
rather limited. For instance, one can ask if the current laboratory method used can be applied with
such mixtures without specific conditions or standards. Besides, some energy consumption and
emissions models have been developed in order to assess the potential savings that arise from the
various technologies.
Thus, the general framework of the current PhD research concerns a global evaluation of
innovative asphalt mixture processes. Four main pillars are considered and analysed, with a
special emphasis on performance:

- Energy consumption;

- Environmental impacts;

- Mechanical performance;
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- Economy.

By combining the various aspects, a global multifunctional assessment tool of the innovative
technologies will be developed.

Figure 2 represents a scheme of the research organisation. After a first step dealing with a state of
the art review and an analysis of the existing technologies, some specific processes have been
selected for further laboratory study. The selection of the processes has been based on a multi-
criteria analysis. After these first two phases, a complete analysis of the processes is performed
by considering the whole life cycle for the mechanical performance, environmental impacts,
energy consumption and economical aspects. In this phase, a focus is put on a detailed analysis of
the performances in function of the WAM technique (see section 4). This aims at assessing the
critical performances and its evolution that are different than for conventional hot mix asphalt.
This part of the research will be performed through laboratory tests and further modeling.
Besides, the potential savings will be assessed through an analysis of the emissions process and
energy consumption. The results obtained will finally lead to the development of a model that
could be used for the assessment of technologies. This model will aim at being integrated in an
existing pavement design tool and also will allow the user to make some sensitivity analysis on
selected parameters (e.g. binder content, humidity, void content) in order to assess the effects on
the potential savings. Note that this research project does not aim to develop on new products.

2) Assessment of existing
technologies:

1) State of the art

-Warm Asphalt Mixtures
- Combination with RAP

3) Theoretical analysis /
Laboratory study

-Energy assessment
-Environmental assessment
-Mechanical performance
-Economical analysis

y
4) Model development

-Methodology for WAM
assessment

-Analysis on key parameters
-Integration in a pavement
design model

Y

5) Conclusions and
recommandations

Figure 2: General scheme of the research organisation.
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In the following sections the principles used in order to decrease the asphalt mixture viscosity
and consequently lower the energy consumption as well as the environmental impacts will be
presented. The concepts for the laboratory analysis of the performance and theoretical analyses
will be also presented before to have some preliminary conclusions.

3. WARM MIX ASPHALT TECHNOLOGIES

Various classifications can be drawn in order to distinguish asphalt mixtures. The processes, the
energy consumption, the emissions or the production and laying temperature can be considered.
Olard et al., (2007) present a possible classification of the different products (Figure 3).
Following types of asphalt in function of their production temperature can be distinguished:

- Hot Mix Asphalt (HMA): production temperature between 150 — 180 °C

- Warm Mix Asphalt (WMA): production temperature between 100 — 140 °C

- Half-Warm Mix Asphalt (HWMA): production temperature between 60 — 100 °C

- Cold Mix Asphalt (CMA): production temperature between 20 — 60 °C
Note that under the term "warm mix asphalt”, both WMA and HWMA are commonly understood
as the principles and implementations are comparable; this will be applied in the present research.
In Figure 3, an order of magnitude for fuel consumption and CO, emissions is also indicated.
This will be further discussed in section 3.3, but around 1 I/t. can be saved by producing WMA
and 4-5 I/t. by using HWMA instead of hot mix asphalt. Considering the energy consumption, a
very important step exists between WMA and HWMA, which are produced below the critical
temperature of 100 °C. Indeed, to produce asphalt mixture above the water boiling point is very
energy consuming. The latent heat of vaporisation of water is very high (2250 kJ/kg) and
consequently about 500 times more energy is necessary for the vaporisation of a specific amount
of water in comparison with a 1 °C increase. Thus by working below 100 °C, with a controlled
humidity, great energy and hence environmental savings could be foreseen (Figure 3).

Figure 3: Classification of the different asphalt mixtures in function of production temperature,
fuel consumption and emissions (Olard et al., 2007).
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The general idea behind WMA and HWMA consists to have a reduced production temperature
and, at the same time, a relatively low viscoscosity. This low viscosity is crucial in order to have
a good aggregate coating, but also sufficient workability and level of compaction on job site.
Thus, viscosity is the key element in such asphalt mixtures. Several methods exists in order to
artificially decrease the viscosity in a certain range of temperature. These methods are described
in the next sections.

3.1. Short history of warm mix asphalt

The first foam bitumen developments were made in 1957 by Csanyi. At that time, the objective
was to take benefit of the foaming and volume increases in order to use it as a soil binder. In
order to achieve this, steam was injected in hot bitumen. This method has then been modified, in
particular by replacing steam by cold water injected in hot bitumen. The first significant
developments of warm mix asphalt appeared during the 1990's in Europe. At that time, the major
objective was to address the sustainable development issue. Kyoto protocol ratification and
increase of energy prices obviously had a big influence on the development of new technologies.
The first development was Zeolite® (produced by Mitteldeutsche Hartsteinindustrie AG, Eurovia)
in Germany, in 1995. The next year, Shell and Kolo Veidekke started to experiment in Norway
on a WAM technique using foam. The first test sections were laid in 1997 (in Hamburg,
Germany) with a Fischer-Tropsch wax (Sasobit®) and in 1999 with WAM-Foam® and Aspha-
min® processes. Following these experiences, different developments were made mainly in
Europe in a first phase.

3.2. Processes to produce warm mix asphalt

The chemistry and major principles in order to produce WAM are described in this section. As
mentioned, a low viscosity is necessary in order to produce warm asphalt mixes. Based on this
assumption, different products have been developed that permit to artificially decrease the
viscosity within the production and compaction temperature range. These products use at least
one of the following principles:

A. Modification of the coating sequence

This method applies a sequential coating without modification of the mix components. The origin
of this sequential coating method is the KGO method (Karl Gunnar Ohlson) developed in 1976
for the first tests. The KGO principle is to perform a first coating with the biggest aggregates
(diameter above 2 mm) and with all the binder. In a second phase, the remainder of aggregate
particles, sand and filler are added to the asphalt mixture in order to have the final mixture. This
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method allowed decreasing the production temperature by 20 to 30 °C, and also decreasing the
binder content for a similar void ratio in comparison with HMA. Based on these results, the
method has then been further developed and modified, for instance by using two different binder
grades in order to produce WMA that are currently used. The choice of binder mainly depends on
the final viscosity and penetration required.

Several products use this sequential coating principle with two different binders, as for instance
Colas 3E® or Shell WAM-Foam®. Note that WAM-Foam® (developed in 1996 by Kolo Veidekke
and Shell Bitumen) applies a sequential coating with two binders; but with a foaming (water
injection) of the second binder.

B. Introduction of water

It is well known that water introduction helps lowering the viscosity of the asphalt mixture.
Indeed, Trinidad bitumen used for a long time allows improving the workability through a
foaming effect. The production of hot mix asphalt is however based on completely dry aggregates
in order to avoid any moisture sensitivity or adhesion failure of the pavement. The philosophy is
slightly different for the production of WMA using this principle, as water is added to the mix or
the humidity of some specific particle size controlled.

Different methods exist. For instance, zeolite can be applied. Zeolite is a synthetic alumino-
silicate mineral having a certain porosity and containing about 20% water in crystal form. The
water is released when it is in contact with aggregates heated at 130-150 °C. The water will then
decrease the viscosity of the mix and improve coating and workability by producing a foaming of
the hot bitumen. The dosage is about 0.3% of the dry aggregates mass. Aspha-min® (Eurovia) or
Advera® (PQ Corporation) are some commercial products using zeolite.

Some other processes using water are based on a control of the residual humidity. The idea
consists in making a partial drying of some aggregates particle size in order to have a foaming
effect at the contact with hot binder. This is for example LT Asphalt® (Nynas) which consists
first to make a foaming of the binder through water and air injection in the binder in order to
expand its volume and decrease the viscosity. In a second phase, the foamed bitumen is mixed
with the aggregates at a temperature below water boiling point and water content controlled. A
complete coating of all the particle size can thus be reached. Some other processes such as LEA®
(Low Energy Asphalt, LEA-Co) or LTA® (Low Temperature Asphalt, Appia and Eiffage
Travaux Publics) use the same method of partial drying and sequential coating to produce asphalt
mixture below 100 °C. The final water content is usually around 0.5% at 95 °C, this in order to
guarantee workability and sufficient level of compaction.
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C. Processes based on chemical additives (wax or chemical additive)

Because of the potential moisture susceptibility of HWMA and WMA produced using water
addition or moisture control, some other processes have been developed by using chemical
additives. These processes have an important advantage in the reduced modification of the
existing asphalt plant. A distinction between two main principles that are the utilisation of wax
and the utilisation of a green binder or chemical package (surfactants) can be made.

Paraffin waxes used are high molecular hydrocarbon chains that melt between 80 and 120 °C and
thus modify the properties of the original binder. The melting point highly depends on the length
of the carbon chain (Cy4s or more). Different types of waxes exist: artificial, partially artificial and
natural. For instance, Sasobit® (Sasol Wax) a Fischer-Tropsch paraffin wax, Asphaltan B®
(Romonta GmbH) a Montan Wax or Licomont BS 100® (Clariant) a mixture of fatty acid
derivatives for bitumen modification can be mentioned. Between 2 and 4% wax of the total mass
is usually added. This type of process has been developed since the end of 1980's.

Green binders have also been developed in recent years in order to decrease the environmental
load and avoid using traditional binders. These binders have a lower viscosity than common
binders and thus allow a reduction in the production temperature. Végécol® (Colas) or
Compogreen® (Screg) are such products. Different additives have also been developed as for
instance the Emulsion technology Evotherm® (MeadWestvaco Asphalt Innovations) designed to
enhance adhesion, coating and workability at reduced temperatures. Another product used in the
United States is the Rediset WMX® (Akzo Nobel Surfactants) that combines surfactants (cationic
surface active agents) and rheology modifiers in a pellet solid form.

Table 1 contains a non exhaustive summary of different warm mix asphalt products for the
various principles mentioned i.e. modification of the coating sequence (A), introduction of water
(B) and processes based on chemical additives (C). The chemistry of the various products
mentioned has been explained above. This table indicates in particular the minimal production
(Tproa) and compaction temperatures (Tcomp), the potential savings according to literature and
product documentation and, if available, the costs related to the product or asphalt plant
modification. More detailed information and other products explanations can be found in Dumont
et al., (2009). Note that some techniques are still in experimental phase or continuous
development.
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Teomp=80-100 °C

CO,: 30-40%
VOC : 50-60%

60'000 — 85'000 US$

Principle Product Temperatures | Potential savings Costs Experience
A 3E-LT® Tprod=125 °C GHG: 20-25% n.a. 2004-2007:5'000 t.
Teomp=80-110 °C (3E)
B Advera ® Teomp=120 °C NO,: 30% Zeolite: 1.35 US$ /kg | USA and North Am.
COV: 60% Asphalt plant modif: >10'000 t.
CO: 60% 5'000 - 40'000 US$
B Aspha-min ® Torod=125-150 °C | Energy: 20% Aspha-min: 0.60%/lb 2004-2008: 300'000 t.
Teomp=100-130 °C | CO,, SO,, NO,: 18- Asphalt plant modif: (Europe)
25% 5'000 — 40'000 US$
B* LT Asphalt ® Tproa=90-95 °C Energy: 50% n.a. Developed since
Teomp=60 °C 1004, mainly NL
B* LEA ® (EBE) Torog=90 °C GHG,NO,:50% Asphalt plant modif: 240'000 t. (Europe)
Teomp=60-90 °C VOC: 80% 75'000 — 100'000 US$ | 80'000 t. (USA)
Energy: 50%
C Sasobit ® Torog=115-130 °C | Energy: 30% 2'000 €/t 1997-2007 > 10 mio
Teomp=80 °C Environment: 20% t. (mainly Europe)
C Compogreen ® | Tp,4=120 °C n.a. n.a. 2008 > 70'000 t.
Teomp=80-110 °C (WAM Screg)
C Rediset WMX Torog=120 °C Energy: 20% n.a. Test sections in USA
® and Europe (No, Sw)
C Evotherm ET ® | T,0=100-130 °C | CO,,SO,: 40-60% 7-10% higher than >100'000 t.
Tprog=60-115 °C NO,: 60% conventional binder worldwide
GES: 60% Asphalt plant modif:
Energy: 55% 1'000 — 5'000 US$
A+B WAM-Foam ® | Tyq=100-120 °C | Energy: 35% Asphalt plant modif: 2000-2007: 100'000 t.

(Europe)
2008: 15'000 t.
(Australia)

*: half warm mix asphalt

Based on the explained principles to reduce viscosity, different products have been developed by
private companies. It has been decided to have a selection among the various products in order to
represent the major principles, but also the warm and half warm asphalt mixture production. The
selection is based on a multi-criteria analysis taking into account the following parameters:
general principle, availability, experience in Europe / Switzerland, possibility to add reclaimed
asphalt, modifications required in asphalt mix plant, and possibility to produce the asphalt
mixture in laboratory. For this selection, some other aspects such as the product price or the use
of anti-stripping agent have not been found relevant. Besides, the potential energy and
environmental savings have not been taken into account in the multi-criteria analysis. Indeed, the
various products present rather comparable potential savings within an asphalt mixture category
that is investigated during the research. Nevertheless, a major difference in savings between
WAM and HWAM can be highlighted and both techniques are investigated. It has finally been
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decided to analyze one warm asphalt mixtures techniques for each of the following category: wax
additivation, chemical additive, water introduction and foaming process. This permits to cover
the existing techniques with the greater potential; but keeping in mind that a wide range of
variety exists for each technique (e.g. waxes with various carbon chain lengths). The objective of
the research is to focus on the performances and establish a methodology that could be applied to
other WAM techniques.

3.3. Advantages and potential of warm mix asphalt

Warm asphalt mixes present numerous advantages that are well recognized in comparison with
hot mix asphalt:

Diminution of the energy consumption by 10 to 30% for warm mix asphalt; half warm
asphalt mixes allowing 50% reduction in energy consumption. This is in particular
strongly dependent on the asphalt plant type and burner calibration.

Reduction of the emissions during production and laying phase. Measurements in asphalt
plant typically found 30 to 40% reduction for CO, and 50% for volatile organic
compounds (VOC).

Viscosity reduction in the production and laying temperature range, allowing a better
workability and compaction.

Reduced binder aging. This will be further investigated in the research through the
mechanical properties of the asphalt mixtures and binder.

Longer haul distance and increasing of storage time. Besides, the paving season is
extended because of the possibility to lay asphalt pavement at lower temperatures. For
instance, some experiences have been found in Germany by laying with an outside
temperature between -3 °C and 4 °C.

Some other elements can be mentioned. These are not necessarily advantages and they would
need further investigations in order to determine the full potential of the processes:

10

Less exposure to asphalt fumes for workers as an indicator for improved working
conditions. This need to be further investigated and cannot be considered as a general
assumption. Indeed, fewer fumes do not necessarily means a better air quality for
workers.

Compaction aid for stiffer mixes. Some experiences are reported by Prowell and Hurley
(2007) with Sasobit®. This will also be further investigated as some experiences also
reported that the compaction energy needed for a similar void content as hot mix asphalt
might be higher in some cases. This could then have an adverse effect on the rutting
behavior of the pavement in case of increases of void content.
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- Possibility to increase the RAP content in comparison with hot mix asphalt. Indeed, the
reduced viscosity will aid in pavement compaction and the decreased aging of the binder
will also improve the final properties. Besides, Olard (2008) demonstrated that having a
higher RAP content could improve the mechanical behavior.

- Curing time is also a potential advantage of warm asphalt mixes. By using such mixtures
compacted at lower temperature, a less important curing time and earlier opening to
traffic might be possible. This needs however to be analyzed, especially with techniques
requiring residual water content. Thus, it will be further developed in the research.

- Binder aging for warm mix asphalt production. The binder aging is an important
parameter influencing in particular the rutting resistance and durability. By producing
asphalt mixtures at reduced temperatures, the binder is less aged and this has
consequences for the mechanical behaviour. Besides, the potential of the asphalt
pavement for further recycling is also different than conventional hot mix asphalt.

- The financial aspects of using WAM will also be analyzed during the research, through a
cost benefit analysis. Kristjansdottir et al., (2007) indicate that the associated costs
concern the modifications of the asphalt plant, the purchase of the product and the energy
cost in asphalt plant (fuel, gas, electricity). On the other hand, the main benefits are in
environmental and energy savings, and advantages associated with the reduced viscosity
(longer haul distance, paving at cooler temperature, improved workability, etc.). A simple
calculation demonstrated that with 50% energy savings and high energy costs, a financial
equilibrium with financial benefits overcoming the additional costs could be reached.

4, ASSESSMENT OF THE PERFORMANCE OF WARM MIX ASPHALT

As mentioned above, the ongoing research focuses mainly on three aspects of warm asphalt
mixes: mechanical performance, energy savings and emissions. These parameters are crucial in
order to carry out a global assessment and develop the evaluation tool. It has been decided to put
a specific emphasis on the performances that are different from HMA and could consequently
negatively affect the behavior and durability of the pavements.

The first developments and pavement construction with warm asphalt mixes have been
performed in the middle of the 1990's. Thus, there is currently not much experience regarding the
mechanical behaviour. Some research works have been carried out by Hurley and Prowell
(2005a, 2005b, 2006) with a laboratory evaluation of zeolite, Evotherm® and Sasobit® for use in
WAM. For the use of zeolite, improvements of the compaction level and a better rutting
resistance have been obtained with a reduced void content. No extended curing time has been
observed. The same conclusions have been drawn using Sasobit®. It has also been found that the

11
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moisture sensitivity might be increased with such products. Similar observations are from the use
of Evotherm® in WAM and for some waxes (Soenen et al., 2008). This might be due to the
partial drying of aggregates. Another research carried out in laboratory by Dumont et al., (2007)
has highlighted the potential rutting susceptibility with the decreasing of production and
compaction temperature. It has been found that this higher rutting susceptibility is due to the
binder content choice and compaction energy. Indeed, a higher void content has been obtained
for the same compaction energy and consequently, an increased rutting susceptibility. Recent
results (Grampre et al., 2008; Gonzalez-Leon et al., 2009) related to the chemical additivation
also illustrate the differences related to laboratory and in situ performance compared to HMA.
Considering the experience mentioned above and other publications, the methodology described
in Figure 4 has been chosen for the performance evaluation.

PRODUCTS SELECTION

L4
0. PREPARATORY PHASE
Basic parameters choice
. Selection of the performance tests for phase 1.
¢. ldentification of the critical mechanical performances based on
the required performances (phase 2.)

o

\4

1. LABORATORY FEASIBILITY STUDY
a. Performbasic performance/characterisation tests on selected
mixtures
b. Meeting with product suppliers — validation of the production
methodology

2. LABORATORY PERFORMANCE ASSESSMENT
For a specific mix design (e.g. base course, AC T)
a. Performance evaluation procedure
b. Measurement of parameters: energy consumption,
environnmental emissions

Figure 4: Methodology for the assessment of performances in laboratory.

Phase zero aims at preparing the complete laboratory testing procedure by selecting the
performances to be assessed in the next two phases. In this phase some constant parameters for
the whole study has been defined. For instance, a single aggregate type (representative of Swiss
medium quality aggregate) has been selected. For the mix design, a volumetric method using the
PradoWin software of BRRC (Belgian Road Research Center) is selected. With this method, the
volumetric composition and void content of the mix can be predicted with the characteristics of
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the different constituents as input data. A standard asphalt concrete mixture for base course will
be designed. Besides, two different base binders will be assessed for the different mixtures.

The objectives of the first phase are to control the asphalt production methods and perform basic
tests on the asphalt mixtures and individual components. Thus, characterisation tests on binder
(Pen, R&B, Fraass, viscosity), aggregates (particle size analysis, binder-aggregate adhesion,
resistance to polishing) and asphalt mixture (gyratory compactor, Marshall test,...) will be carried
out. A focus will be put on viscosity measurements in order to analyse the effect of the various
product, and also on adhesion as a potential lack of adhesion is expected using WAM. These
characterisation tests are scheduled in a near future. This will finally provide preliminary
information and lead to a better definition of the final phase two contribution which aims to
analyse the performance characteristics that are not yet fully validated or potentially critical. In
the phase two, various laboratory performances will be assessed such as permanent deformation,
moisture susceptibility, fatigue, high and low temperature behaviour, curing time, maniability
and binder ageing. These performance tests results will finally permit to draw a previsional
approach on performance in comparison to HMA. For instance, relationships exist for the
prediction of HMA rutting behaviour (Ould-Henia et al., 2004) and this will be further
investigated and modified for the selected HMA processes. Furthermore, a complete
methodology for the laboratory performance assessment and optimisation of WAM will be
proposed. During the proposed laboratory tests, some measurements of energy consumption and
emissions will also be carried out. This aims at being integrated in the global assessment tool.
Finally, the outputs of the performance assessment and other energy and emissions assessment
will be used in order to be included in the evaluation tool.

5. CONCEPT FOR EMISSIONS AND ENERGY ASSESSMENT OF WARM MIX
ASPHALT

As detailed, an emphasis will be put on the laboratory performances of such asphalt mixtures. In
order to be able to develop and validate the global assessment tool, some considerations
concerning emissions and energy need to be made. For this part, existing models and theories
will be used.

Since the first developments and applications of warm asphalt mixes, research has been
conducted in order to assess the emissions consumption in regards to hot mix asphalt. Recent
results (Jullien et al., 2008; Paranhos, 2007; Mallick et al., 2009) indicate some measurements
possibility in laboratory and also on in situ asphalt plant that permit to make a multi scale
investigation of emissions. For the emissions, focus will be put on carbon dioxide which effect
far outweighs the other greenhouse gases because of the important production volume; even if the

13
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global warming potential (GWP) is lower than other gases. However, other elements such as
TOC (total organic carbon), methane or carbon monoxide will be considered as they provide
important information.

In a first phase, the boundaries of the environmental system will be defined. Afterwards,
measurements will be carried out on an asphalt plant during HMA and WMA production, but
also on laboratory samples. Different measurement tests have been carried out in laboratory with
experimental devices that also demonstrate the difficulty for having reliable measurements. Thus,
the measurement device and procedure will need further investigation. A special emphasis will be
put on the correlation between the different measurements and also an analysis of existing gas
emission models and their applicability. In order to achieve this, it is planned to proceed by flux
calculation based on concentration measurements for the selected particles and gas. Besides, life
cycle analysis indicators will be developed for inclusion in the global assessment tool. Data for
life cycle assessment are also available through the Swiss Ecoinvent database available at the
Swiss Federal Institute of Technology Lausanne.

The energy aspects will be also investigated within this research. In order to achieve this, energy
consumption data will be provided by a monitoring of a recent asphalt plant and consideration
will be made in regards to the type of asphalt mixture. Besides, some calculations using
thermodynamic approach will be carried out in order to have a better understanding of the
physical phenomena behind these processes. Research carried out by Harder et al., (2008)
illustrates the potential of such a methodology. This would finally allow a better understanding of
the processes and also finding correlations between measurements and calculation in order to
define energy indicators and making sensitivity analysis.

0. PRELIMINARY CONCLUSIONS

In this paper, the methodology for the development of a global assessment tool of warm mix
asphalt has been detailed. Besides, a complete laboratory analysis of the performances is
proposed, this in order to evaluate the potential critical properties of warm asphalt mixtures and
behavior difference in comparison with hot mix asphalt. The potential of such asphalt mixtures
has also been discussed. The environmental and energy savings are obvious, however it is shown
that these aspects do not generally permit to overcome the costs related to such technologies
(modification of asphalt plant, product...). By considering also the other potential benefits of
WMA such as a longer haul distance, lengthening of the paving season increasing of storage
time, etc., the use of warm mix asphalt can be beneficial. This combination of potential
advantages is a key in order to enhance the production of warm asphalt mixes; but a global
assessment tool does not currently exist.

14
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The research detailed here presents the methodology for a global assessment tool considering
these various aspects. Besides a special emphasis is put on the mechanical properties as the
experience is relatively small and some specific characteristics need to be addressed. For instance
the moisture sensitivity, compaction energy or low temperature behavior will be further
investigated.

REFERENCES

Dumont, A.-G., B. Golaz and M. Pittet (2007). Maitrise de la viscosité des mélanges bitumineux
routiers, EPFL-LAVOC. Lausanne.

Dumont, A.-G. and N. Bueche (2009 — to be published). Projet initial: Enrobés a faibles impacts
énergétiques et écologiques, Federal roads office project VSS 2008/502, EPFL-LAVOC.
Lausanne.

Gonzalez-Leon, J. A., L. Grampre and G. Barreto (2009). Warm mix asphalts with low dosage
chemical additives. In: Transportation Research Board 2009. Washington D.C.

Grampre, L., J. A. Gonzalez-Leon and G. Barreto (2008). Warm asphalt mixtures by chemical
additivation: field tests and laboratory studies. In: 4™ Eurasphalt and Eurobitume Congress.
Copenhagen.

Harder, G. et al (2008). Energy and environmental gains of warm and half-warm asphalt mix:
quantitative approach. In: Transportation Research Board 2008. Washington D. C.

Jullien, A. et al (2008). Environmental assessment of a hot mix asphalt process, In: International
ISAP Symposium: Asphalt pavement and environment, Zurich

Kristjansdottir, O., L. Michael, S. T. Muench and G. Burke (2007). Assessing the Potential for
Warm Mix Asphalt Technology Adoption. In: Transportation Research Board 2007.
Washington D. C.

Mallick, R. B., J. Bergendahl, M. Pakula (2009). A Laboratory Study on CO, Emission
Reduction Through the Use of Warm Mix Asphalt. In: Transportation Research Board 2009.
Washington D. C.

Olard, F. and C. Le Noan (2007). EBT®: Les Enrobés a Basse Température, 2éme prix de la
sélection francaise du prix AIPCR 2007, Catégorie développement durable. Paris.

Olard, F. (2008). Enrobés tiedes et semi-tiédes: situation et besoins. In: Workshop EPFL-
LAVOC: Enrobés a faibles impacts énergétiques et ecologiques. Lausanne.

Ould-Henia, M., M. Rodriguez and A.-G. Dumont (2004). Elaboration d'une méthode prédictive
de I'ornierage des revétements bitumineux. Mandat de recherche VSS 1998/074. Lausanne.
Paranhos, R. S. (2007). Approche multi-échelles des émissions d'un procédé d'élaboration des

enrobes a chaud, Thése de I'Université de Rouen. Rouen

15



Session 8 — Road Transport (2)

Prowell, B. D. and G. C. Hurley (2005a). Evaluation of Aspha-min® zeolite for use in Warm Mix
Asphalt, National Center for Asphalt Technology, NCAT Report 05-04. Auburn University.
Prowell, B. D. and G. C. Hurley (2005b). Evaluation of Sasobit® for use in Warm Mix Asphalt,
National Center for Asphalt Technology, NCAT Report 05-06. Auburn University.

Prowell, B. D. and G. C. Hurley (2006). Evaluation of Evotherm® for use in Warm Mix Asphalt,
National Center for Asphalt Technology, NCAT Report 06-02. Auburn University.

Prowell, B. D. and G. C. Hurley (2007). Warm-Mix Asphalt: Best Practices, National Asphalt
Pavement Association. Lanham.

Soenen, H. et al (2008). A laboratory study on the use of waxes to reduce paving temperatures,
In: 4™ Eurasphalt and Eurobitume Congress. Copenhagen.

Stripple, H. (2001). Life Cycle Assessment of Road: A Pilot Study for Inventory Analysis.
Swedish Environmental Research Institute IVL. Gothenburg.

16



