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Executive summary
The purpose of Deliverable 4.2 is to give the partners involved in the different work
packages of Re-Road a status on the work in WP 4. The objective is
1. to show the progress of work
2. to inform the other work packages of potential contributions to their work and
3. to document the background for some of the decisions for selection of case
studies for more detailed information collection.
The objective of WP 4 in general can be identified as collection of information from
practise on recycling of asphalt pavements involving all the processes of production
of reclaimed asphalt (RA), handling of the RA at the pre-processing site or at the
asphalt plant prior to reuse and eventually the introduction of RA in the different
variety of asphalt plant configuration with the pros & cons associated with the
different techniques and technology.
In subtasks 4.1 several sites have been examined and samples of reclaimed asphalt
produced under various conditions analysed. The market for large milling machines
seems to be rather homogeneous with respect to sizes (width of rotating drum) and
capabilities (layer thicknesses and t/h). Milling speed and added water were identified
as the most common parameters to vary under normal milling operation. The
influence of the parameters is under analysis in order to evaluate the impact of the
produced milling materials.
In subtask 4.2 the situation at the pre-processing site or at the asphalt plant has been
assessed with focus on practical aspects of control issues at the gate when
reclaimed asphalt is delivered (including sampling and analysis), the use of preprocessing of the RA as well as interim storage before reuse. Through a
questionnaire information has been collected from several countries which the
partners have been in contact with. The collected information reflects the present
state from which recommendations for best practise can be deducted. To a certain
extent the responses to the questionnaire also reflects national legislation,
contractual relations and tradition that influence the objective of Re-Road with
respect to reach very high percentages of RA in surface layers. These restrictions or
limitations will also be assessed in the analysis of the responses. The information will
be used to approach some of the companies responding in order to get even further
details on aspects mentioned and their interrelationships.
In subtask 4.3 the different configurations of asphalt hot mix plants and the various
ways to introduce RA as recycled material in the new mixed asphalt. To obtain an
overview a questionnaire has been issued to various asphalt producers/contractors in
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several countries. The plant type and their capabilities both for virgin and recycled
constituents have been in focus together with the possibility to make some
measurements of energy consumption and electrical power needed. Through a
thorough examination the responses can be a good indication of information that can
be obtained by a selected case study.

The challenge ahead – RA ready for pre-processing.
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List of abbreviations
AADT

Annual Average Daily Traffic, measure in traffic intensity, normally
measured in number of 10 t axles per day per lane.

HSE

Health, Safety and Environment

MA

Mastic Asphalt according to EN 13108-6

NMAS

Nominal Maximum Aggregate Size

PAH

Poly Aromatic Hydrocarbons; typical a reference to a suite of
environmental undesired organic material with potential carcinogenic
effect.

PFA

Pulverized Fly Ash (Fly ash from electrical power plants)

PMB

Polymer modified binder

PMA

Polymer modified asphalt

RA

Reclaimed Asphalt (European term). Old asphalt recovered from the
road for the intended use in recycled asphalt

RAP

Reclaimed Asphalt (US. Term similar to RA). Old asphalt recovered
from the road for the intended use in recycled asphalt

RED

"Rap Ecological Dryer"; company abbreviation used in marketing by an
asphalt plant producer for a patented dryer capable of introduction of up
till 50 % RA blended with virgin aggregate.

SEA

Sulphur Extended Asphalt

SMA

Stone Mastic Asphalt according to EN 13108-5. SMA 8 means stone
mastic asphalt with 8 mm as NMAS. SMA 6+ is a Danish reference to a
noise reducing stone mastic asphalt with 6 mm as NMAS but the + sign
indicates that small percentage of oversized aggregate particle is added
to achieve the desired noise reducing surface texture.

% (m/m)

Percentage by mass
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1 Introduction
This report covers the status of the present state of activities in Work Package 4 in
the Re-Road project. The objective of the project is to facilitate recycling of reclaimed
asphalt (RA) into new road materials, and especially to achieve the optimal potential
in recycling. This can be exemplified by the following statements:
 Re-Road shall facilitate the recycling of reclaimed asphalt from surface layers
into new hot mix surface layers
 Re-Road shall provide information in order to avoid down grading of reclaimed
asphalt (meaning RA from of surface layers being used in bituminous bases,
unbound bases or landfills)
 Re-Road shall – when down grading cannot be avoided – identify the causes
for this in order to suggest alternatives to optimise the potential capital
invested in the RA.
 Re-Road shall facilitate the recycling of RA into new surface materials for high
capacity road potentially with a high percentage of RA in the new mix.
The role of Work Package 4 is to handle practical aspects of the three step process
from
1. Production of reclaimed asphalt by milling operations
2. Handling of reclaimed asphalt at the asphalt plant or pre-processing site prior
to reuse.
3. Introduction of the reclaimed asphalt into the different configurations of asphalt
plants.
Through these objectives and tasks the members of Work Package 4 have been put
together by partners having good contact with industry.
This has also meant the Work Package 4 has contributed to some of the other work
packages in Re-Road when they need input from “industry sources”. This has among
others resulted in deliverable 4.1 where Work package 4 on behalf of Work Package
2 did a small survey of laboratory mixing for mix design used in the industry prior to
Work Package 2’s optimisation of mixing procedures in laboratory.
Questionnaires have been issued to gather information of reception control
procedures (both physically and environmentally) “at the gate” as back ground
information for Work Package 1 and 3.
One of the future results from the selected case studies is to gain details concerning
costs that can be used by Work Package 3 in its Life Cycle Assessment in Task 3.2.
The “harvest” of voluntary offered information from industry is largely dependent of
hitting the right person at the right time. Due to the seasonal variations in activities in
industry in many countries it had happened that a flagged interest in responding to
the questionnaires of task 4.2 and 4.3 has been postponed from late low season one
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year to the next low season. For this reason it has been difficult to declare a
complete end to the questionnaire response period within 2010, as potential
interesting responses have been postponed to January/February 2011. This is also
the reason why the summaries of responses to be found in the annexes of this report
are complete for some countries and are still incomplete for others.
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2 Production of Reclaimed Asphalt
The aim of Task 4.1 of the Re-Road project as it appears in the Annex 1 of the Grant
Agreement was “to assess the present level of technology and identify the influence
of different milling operations on the crushing of the large aggregate and on filler
production in the RA together with the influence from polished old surface aggregate
in thin surfacings to future reuse.”.
It was also specified that “in order to quickly verify the physical and geometrical
characteristics of aggregates, after milling, the videogranulometer can be used with
the specific methodology for RA, worked out in the work package 1.”
However, this program was slightly adapted in agreement with the Re-Road
beneficiaries. Then it was defined that the intention was to relate the characteristics
of recycled aggregates (obtained from former asphalt bound layers) to milling
settings for the purpose of possibly improving milling operations.
The milling is considered only cold because it is almost the only technique used
currently in France (LCPC is the single partner working in task 4.1). Further the
impact of cold, fine milling vs. “rough” milling followed by ordinary crushing was not
examined in this study due to lack of time and manpower.
The new plan determined in accordance with the Re-Road management team was
as follows:
1. a literature review supplemented with additional data coming from monitored
milling operations,
2. participation in working site operations for the purpose of sampling recycled
asphalt pavements (RAP) obtained with various milling settings,
3. testing the sampled RA for conformity with the various requirements specified
for aggregate for bituminous mixtures.

2.1 Literature review
The reviewing of existing literature on cold milling was performed during the first half
of 2009 when waiting for possible milling work opportunities. This first task was
slightly limited by the fact that LCPC was the only partner working on task 4.1, which
limited the extent of the international overview of the field.
Currently the literature review is almost finished. It comes through first experiences
on concrete or asphalt pavement led with a grade trimmer that was upgraded to mill
asphalt pavement, in the late 70’s in the United States. It then addresses the arrival
of the equipments in Europe and its spreading across the world, and the
improvements that were performed on machine horsepower, size, precision, etc. The
text describes the main features one can find on a milling machine, taking the
example of the WIRTGEN W2000 machine that is commonly used at least in France
for major milling works (large surfaces to mill).
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Finally the literature review presents the requirements that relate the RA
characteristics to its use (as unbound material in embankments or sub-layers in a
new pavement, reused in new hot, warm or cold bituminous mixes, etc.). In case of a
milling surface overlaid by a new bituminous layer, the aspect (including roughness)
is also as much important as the RA characteristics.
This last paragraph is the basis for designing a proper methodology for the case
studies that have eventually been monitored.

2.2 Principles of road work monitoring
This second part of task 4.1 aims at assessing how the road aggregates evolve
during the milling operation. Regarding the usual European practices, only cold
milling was addressed in the French programme.
The study relies on the comparison between “original” aggregates reclaimed from
core extracted from the pavement before the milling and “milled” aggregates
reclaimed from milling products. The aggregates are separated from the binder with
an appropriate solvent and the comparison of aggregate properties (grading, form,
resistance, etc.) is performed on these aggregates.
The following illustration provides the general protocol that was decided for the study.
The cores are extracted from the pavement some time before the milling operation
starts. The cores are analysed visually according to a LCPC method: description of
the layers, thickness, bounding, etc.
To be extracted, one core has to be broken generally that a depth corresponding to a
weak interface. Eventually the cores are cut at the milling depth in order to keep the
same material proportions than in the milled mixture, and have something
comparable. Sometimes the cores were not deep enough and consequently were not
taken into account.
The first intention was then to perform bulk density (according to the norm NF EN
12697-7) but this could not be done because of the LCPC equipment availability.
During the milling operation, two samples were taken for each milling settings
(generally 3 forward speeds * 2 water flows = 6 sets of parameters):


The first one was approximately 30 kg and was used for RA grading and
further aggregate testing,



The second was approximately 6kg and was dedicated to RA water content.
The samples were weighed on the storage site so that the determination of the
water content according to the NF EN 1097-5 was eventually possible.
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Figure 2-1: Flow of sampling and analysis
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The samples were taken according to the NF EN 932-1, annexe C, and reduced in
rifle box (NF EN 932-2, 40 mm corridors) down to 6 kg (3 times 2 kg that could fit in
the binder extracting machine).
Then both the cores and the milled products were processed in an “asphalt
analysator” which allows the binder extraction and content determination of
bituminous materials in accordance with the EN 12697-1. The solvent used was
trichloroethylene. (For further details on the "asphalt analysator" can be found
through http://www.sinydec.com/en/products/asphaltaggregates/2009/0811/128.html)
Bituminous materials (the sieve drum allows up to 3.5 kg but the usual weight was
rather 2.5 kg it order to correctly wash all the bitumen out) is weighed into the sieve
drum, placed into the washing chamber and then automatically washed by means of
solvents and ultrasonic.
Minerals are left in the sieve drum and the fine particles end up in the centrifuge cup
(equipped with a paper filter). The solvent along with the binder were not recovered.
However, the machine permits the binder recovery by distillation. After the washing
process, minerals and fillers are dried automatically. The extraction time was about
50 min.
Two types of tests were initially planned:


Binder tests: needle penetration and softening point: these tests were not
performed because of equipment and manpower availability. However, the
intention was just to get an idea of the binder stiffness and the absence of
these values is not critical for the study;



Aggregate test: the main ones being grading, flakiness, Los Angeles and
Micro Deval tests according to the relevant norms (see Figure 2-1). Other
secondary tests were also planned but not executed because they were not
critical for the study.

Finally the analysis of the consolidated results was performed.
The problem of taking the cores as reference material is the edges and the bottom of
the core when it has to be cut at the milling depth. Indeed, the aggregates that are on
the edge that are cut are reduced in size (smaller dimensions) and their geometry
(flakiness, angularity) changes. The action of coring tends to shift the grading curves
similarly to what is expected for the milling. The comparison with the aggregates
obtained from the RA has to take this point into account. Eventually, “surface”
aggregates were removed in order to get an initial point closer to what we think is the
realty.
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Figure 2-2: Asphalt analysator (left) and sieve drum and centrifuge cup (right)

2.3 Case studies
In order to assess the impact of milling on RA aggregates, several road works were
monitored. The choice of these works was rather guided by the road owners’ goodwill
because the planning of such milling operation is usually really tight (traffic
constraints) and they usually have no spare time to be dedicated to our
investigations. However, some road owners allowed us to access their worksites:
Table 2-1 Description of the case studies
No

Road
designation

Road owner

Road type

Milling
depth

Machine

1

A11(E50)

2009-06-16 COFIROUTE

highway
(conceded)

-16/19cm

W2000

2

N164

2009-08-24

DIR Ouest

Expressway

- 6cm

W2000

3

N141
(E603)

2010-09-06

DIR
Atlantique

2-ways
carriageway

- 10cm

Caterpillar
PM200

4

N12

2010-11-08

DIR Ouest

Expressway

-2 cm

W2000

5

N12

2010-11-22

DIR Ouest

Expressway

-28 cm

W2000

Date
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The following illustration gives an overview of the worksites locations (the numbering
is given in the previous table).

Figure 2-3: Location of worksites
2.3.1 A11 (E50)
First contacts were taken with the company COLAS (conceded to COFIROUTE)
about a milling operation occurring on the A11 (E50) highway near THIVARS,
FRANCE. It was part of a maintenance work. The milling was subcontracted to
ERCO which is a specialised milling company.
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The maintenance was decided because of
global wear of the structure.

Figure 2-4: A11 milling and coring
2.3.2 N164
A second road work was performed by the Direction Interdepartementale des Routes
Ouest (DIRO, regional road state agency) in August 2009. The DIRO is responsible
of the whole state road network in the west part of France (mainly Brittany) either for
designing and constructing new roads and maintain the existing road network.
The present work was part of their 2009 maintenance program and concerned the
N164 axis (km 12+900 to 14+490) near Merdrignac. It consisted in the renewal of the
first 6 cm of a surface asphalt surfacing 0/14 only on the slow lane and on one side of
the road (direction Brittany-Paris). The work was about 1600 m long, which represent
a fairly small road work regarding the volume of materials (approximately 700 t).
The maintenance was decided because of rutting at several points on the slow lane
(study from the Laboratoire Régional des Ponts et Chaussées, LRPC, of SaintBrieuc). The study analysed several cores taken at different points on the transversal
section of the road.
The company that performed the job was EUROVIA. The milling was subcontracted
to the company BREMAT which rents milling machines. A Wirtgen W2000 milling
machine was used and it was followed by one sweeper provided by the company
FRANCE BALAYAGE.
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Figure 2-5: N164 milling and coring
2.3.3 N141 (E603)
A third road work was monitored on the Cognac bypass on National Road N141. The
section is a two-way carriageway with traffic equal to 19300 vehicles per day and 9%
heavy loads (2005 figures).

Figure 2-6: N141 milling sampling
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The road structure is quite variable on the total extent of the bypass but fairly
constant on the 500-meters section that was monitored. Regarding the schedule
constraints, the monitoring was performed approximately on the right-edge road
marking.
On the emergency lane, the structure is approximately:
 6 cm of asphalt concrete
 Hydraulically bound limestone aggregates (over 30-40 cm)
The general principle of the milling operation consisted in milling the pavement at -10
cm and laying 11 cm of bitumen-bound graded aggregate and 2.5 cm of very thin
asphalt surfacing. However on the section that was concerned by the present project,
the milling was performed on the first 6 cm of asphalt concrete in order to reach the
interface between the asphalt concrete and the treated limestone aggregates. Figure
2-7 displays one of the cores extracted from the pavement and particularly:


the top 6 cm of asphalt concrete,



on the bottom right corner of the picture, the limestone aggregates (light brown
zone),



on the bottom left side of the picture, the actual road lower bitumen-bound
layer.

As only the top 6 cm of the pavement were milled, the cores were cut at -6 cm and
only the asphalt concrete was recovered for the whole tests.

Figure 2-7: Representative core of N141 milled pavement
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The machine used for the milling work was a Caterpillar PM200, able to mill a width
of 2 m. It differs from the other road works though the main machine characteristics
are quite similar when comparing it with the Wirtgen 2000.
2.3.4 N12 (1st site)
Along with the maintenance of the state road network, the DIR Ouest is also
responsible for some of the largest road operations in this part of the country. One of
them takes place in Pont-Lagot near the city of Rennes. It consist in design a new
crossroads between the Rennes’ ring and the N12, expressway coming from North
Brittany. This operation involves some milling of the pavement.
Two operations were monitored on the N12:


the 2010-11-08 and 09 by night: it is designated as “N12 – 1st site”



the 2010-11-22 and 23: it is designated as “N12 – 2nd site”

The first milling operation consisted in the milling of 4 cm of the old porous asphalt
concrete. It was done by night because of the major traffic constraints due to the
proximity of the city of Rennes.
Regarding night works, there is no particular precaution to take. The milling machines
are equipped with spotlights that provide sufficient visibility to drive the machine
correctly. As the semi-trailers that carry the milled products to the recycling platform
is driven by the milling machine horn (to go forth and stop when necessary), there is
no reason why this should not work by night. Other measures of security (mainly
visibility of pedestrians on the worksite) are similar to other various night jobs.

Figure 2-8: N12 – 1st site. Night milling
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2.3.5 N12 (2nd site)
The second site was just beside the first one, a bit closer to Rennes. The milling
consisted in one full milling of the 28 cm bituminous layers (laid on a hydraulically
bound soil or a cement-bound graded aggregate.
The machine that was used was a fairly ancient WIRTGEN W2000 milling machine;
the monitoring screen was not functioning (which did not allow getting the hydraulic
pressure and the other milling parameters) and the water potentiometer was not
installed on this model (just an on/off mode). Consequently this monitoring is lightly
poorer than the other ones.
As coring could not be performed on the previous site (difficult schedule because of
the strikes that occurred the first part of November in France), the one performed on
this second site are also used to characterise the milled surfacing on the first site.

Figure 2-9: N12 – 2nd site and core hole (revealed after milling)
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3 Handling of Reclaimed Asphalt
Processing and handling of the RA at the asphalt plant can also be a part of the
process to upgrade or ensure utilization at the highest possible level. Pavement slabs
need crushing and/or perhaps manual handling to separate, if possible, bituminous
base from surface layers to achieve the goal.
Even if the RA arrives at the asphalt plant site as milled material crushing and sieving
can be necessary before it can be placed in interim storage.
In order to control the quality of the asphalt in which the RA shall be used, the
asphalt contractor needs to identify individual materials in the RA (aggregate
properties, amount and age/hardening state of the bituminous binder and dangerous
substances like coal tar or asbestos), likewise if beneficial components add to the
value or potential of the material like the presence of polymer modified binders or
wear resistant aggregate. This can be done as a validation “at the gate” with the use
of speed-screen methods or some in-house method.
To collect information on how contractors in different countries handle RA a
questionnaire was distributed to members in WP4. Contractors in Denmark, Finland,
Sweden, Norway, United Kingdom, Ireland, Slovenia, Austria and Italy were asked to
answer the questionnaire. Some difficulties in getting answers occurred, mainly
because it was easier to get answers in “our own country” than getting a reply from a
company in a foreign country.
Nearly all companies that were approached asked for their contribution to be handled
anonymously which means that there will be no reference from a piece of information
to the name of the company in question.

3.1 Summary of questionnaire
Some differences in validation of RA between countries were expected. Due to the
climate in the northern countries, and use of studded tires, surface layers with high
quality aggregate are separated for reuse in surface layers. Also the maximum
aggregate size is higher (16 mm) due to better wear resistance.
Denmark uses nearly all RA for base layers, since road authorities are reluctant to
allow it in surface layers to avoid the risk of frost sensitive aggregate particle from old
base courses. There for all RA goes into the same pile.
All countries document their RA according to EN 13108-8.
The value of the RA varies, it can be positive, zero or negative depending on local
situation. In some cases RA is the property of the road owner.
Beside contamination of earth or gravel, coal tar is the only real contaminant to
consider. The only speed screen method used is for coal tar.
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Size and type of interim storage depends on local legislations. Some companies
have paved foundations and sewer systems with oil separators to take care of run-off
water from RA piles in one plant, while the other plant has its stock piles on gravel. In
order to minimize water content and save fuel tents or some cover is used, at least
for finer fractions.

Figure 3-1 Front loader – a commonly used vehicle for interim transport
Interim transport of RA is handled as virgin material. RA is normally crushed in
batches and the amount varies from “not very big” to 10,000 - 15,000 t. Roof shaped
piles are common and actions to prevent segregation are taken.
Crushing and sieving is performed in one operation, with a feedback loop for
oversized material.
The question about environmental survey shows differences between legislation in
different countries.
The amount of RA reclaimed varies between companies and even in companies
depending on location (From 5,000 t up to 350,000 t).

Beneficiary
Author : WP 4 (ed. Erik Nielsen)

Grant SCP7-GA-2008-218747
Page 23 of 98

File : Re-Road_D4.2
deliverable_v4.2_pp_27Jan11.doc

Re - Road

Deliverable 4.2
Status report on activities and background for selection
of case studies.

WP 4

4.2
2011-01-27

PP

3.2 Speed screening for coal tar

Figure 3-2: Equipment for the
spray test (UV lamp and spray
paint)

Figure 3-3: Sprayed samples in daylight
with visible colour changes

Figure 3-4 Specimens illuminated in the dark with UV light. The left specimen
contains coal tar, the right specimen does not
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4 Introduction of Reclaimed Asphalt in the mixing process
The aim of this project deliverable is to present knowledge obtained on the inclusion
of RA and the method of addition of RA into asphalt mixtures across Europe. A
questionnaire was developed and sent to suppliers to gain an understanding of
current practice.

Figure 4-1: Stockpile of slabs of reclaimed asphalt (CMC - Slovenia)
The questionnaire 4.3 on introduction of RA in the mixing process was used to find
the benefits and problems of different designs of asphalt plants. Representatives
from several European countries (Belgium, Germany, Denmark, Finland, Ireland,
Netherland, Portugal, Slovenia, Spain, Sweden and UK) answered the questionnaire
4.3. In the questionnaire a list of different designs of asphalt plants was included.
Design of the asphalt plants was not the only consideration of questionnaire. From
answers we also wanted to find different ways of addition of the RA. The main goal
was finding all possible scenarios enabling us to achieve high levels of RA into the
mix. From answers a list of different designs of asphalt plants proper for more
detailed investigation as case studies were selected. For selected designs of asphalt
plants the limitations or ranges for utilization of RA in the different selected mixing
scenarios will be estimated. These case studies should be input for Task 2.2 with
respect to simulation of full scale mixing in laboratory mixing.

4.1 Responses on questionnaire 4.3 on introduction of RA in the
mixing process
4.1.1 "In situ" recycling
First part of the Questionnaire 4.3 deals with "In situ" recycling. Several countries
responded that they use REMIX technology right for the replacement of the wearing
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course. Also foamed bitumen (and emulsion) technology is frequently used. Base
asphalt layer is commonly produced with foamed bitumen (and emulsion) technology.
4.1.2 "Mix in plant" recycling
Second part of the Questionnaire 4.3 deals with "Mix in plant" recycling. Roughly
95% of asphalt plants are batch plants with charge production. In Europe there are
several manufacturer’s of asphalt plants: Benninghoven, AMMANN, Marini, Wibau,
Vianova, KVM, Astec, Ermount, Braham Miler, Bristow, KVM, Marini Parker,
Standard Havens, Titan, Teltomat, Alfelder, Uniplant, Gibat, Vögele IMA, Huther, and
Linnhof.
The maximum capacity of asphalt plants varies significantly from 50 t/h to 600 t/h
Optimum content of reclaimed asphalt in asphalt mixture varies in different countries
from 7 % to 50 % (m/m). 50 % (m/m) means that new asphalt mixture consists half
from reclaimed asphalt and half from virgin material. In Netherland in wearing course
optimum content of reclaimed asphalt is 30 % (m/m) and in base course 50 % (m/m).
Capacity of asphalt plant when reclaimed asphalt is used can increase 30 % when
parallel drum is used, but in cases, when cold reclaimed asphalt is introduced in the
mixer, the capacity can even decrease down to 20 %.
Prolongation of the mixing time varies from 0 s up to 15 s when reclaimed asphalt is
introduced.
Softer bitumen is the most common virgin material added to the mixture. Some
producers use additives like rejuvenator oils as a lubricant in a parallel drum. Other
additives include hydrated lime, PFA, and Sasobit.
Heating reclaimed asphalt indirectly with hot mix of stone fractions is, in the majority
of countries, the most common way to introduce lower quantity of reclaimed asphalt.
Only in Belgium and Netherland separate heating of reclaimed asphalt and hot mix of
stone fractions is the mainly practise.
For recycling using continuous plants, heating reclaimed asphalt together with stone
fractions is more common than heating reclaimed asphalt in a separate device
(“black drum”).
There is a method used for mixing cold and warm RA method in Denmark (Figure 42), and this technology has the potential to replace parallel drum technology.
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Figure 4-2: Mixed design of cold and warm RA method
4.1.3 Evolution of problems connected with moisture content and PmB in RA
In Germany, the water content of the RA is considered. The German guidelines give
a table containing the same figures as the table in the questionnaire with an
additional line for 40 % RA content (Table 4-1).
Table 4-1 Elevation of temperature (OC) in dependence of content of moisture in
asphalt granulate
Percentage
of asphalt
granulate

Content of moisture in asphalt granulate
1

2

3

4

5

6

O

Elevation of temperature ( C)
10

4

8

12

16

20

24

15

6

12

18

24

30

36

20

8

16

24

32

40

48

25

10

20

30

40

50

60

30

12

24

-

-

-

-

In other countries contractors try to keep the introduced RA as dry as possible, and
the burner control is used to drive off any small variations in moisture. Reuse in short
period after removing RA can be critical due to high moisture content. Large exposed
stockpiles were stated to shed any water remarkably well and typically the moisture
content is about 3-5 %. If needed, adaptations or corrections are made and these
generally rely on the practical experience of the plant operator.
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Figure 4-3: Asphalt Recycling Crusher (Benninghoven - Germany)
A common problem is that it is time consuming to measure moisture content and
sometimes software on plants does not allow increases in temperature. Some
contractors avoid feeding RA directly into the mixer due to "steam explosions" if RA
with high water content occurs. Moisture content in RA should be as low as possible
or at least constant.

Figure 4-4: Stockpile of milled reclaimed asphalt (CMC - Slovenia)
In Belgium, experience with PmB is common. If used RA containing PmB (mostly
SBS polymer) is to be used in combination with ‘normal’ unmodified RA in order to
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avoid sticking problems (ratio: 1/3 PmB + 2/3 normal binder). In some cases it has
been mixed prior to adding the material to the mixer. Sometimes two cold feed bins
are utilized for RA.
In other countries PmB containing RA is seldom occurring (as the PmB pavements
are young and not up for recycling yet). Perhaps less that 2 % of the RA is PmB
containing and therefore not kept separate. All materials are crushed and processed
together. Generally, no special precautions are taken for RA with PmB. Though,
many producers report about sticking of PmB at handover devices in the plant (e.g.
exit of parallel drum). Cold addition can solve problem.
For economic reasons PmB containing RA should be used for new PmB containing
asphalt. In the UK there are trials with PmB RA with new PmB from alternative
sources.
More practical solution can be 1/3 PmB + 2/3 normal binder are mixed.

Figure 4-5: Batch plant with two routes for recycling the reclaimed asphalt: a
vertical system for adding RA directly in the mixer, and a horizontal conveyor
belt for preheating RA in the virgin drum dryer (Denmark)
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4.1.4 Evolution of common problems
All material transport shall either be vertical (cup elevators) or horizontal (conveyor
belts) but not any angle in between unless electrically heated. Non-stick materials
must be used in order to avoid material build-up.
It is only worthwhile to start up the parallel drum plant for heating RA if the order
exceeds 100 t as there will be some fouling deposits at each cold start-up. When this
fouling shall be removed it is an unpleasant operation that must be performed
manually and takes 14 days (due to market situation parallel drums are skipped).
Problems may occur for if the RA is contaminated, of an incompatible grading to the
material being produced, or if the residual binder in the RA is severely aged. RA from
Mastic Asphalt (MA) containing high viscosity binder and high contents of fines (MA
RA should be used only in new MA).
There were some issues with foamix (fine and coarse added to solve problem).
Stockpiles are generally limited to 3 – 4 m high to prevent over consolidation of the
RA.
A particular problem is encountered when using RA with PmB (e.g. originating from
SMA surface courses). Latter RA has to be mixed with ‘normal’ without PmB RA
before adding. Cold addition can solve problem.
Environmentally problematic is the presence of coal tar (PAK marker can be used for
its detection) in old pavement layers (see Figures 3-2 and 3-3). In most European
counties it is strictly forbidden to recycle coal tar containing RA in either hot or cold
process. But in UK recycling of coal tar bound layers is permitted and often the best
solution and more sustainable than the alternative of disposal. In Denmark due to the
low occurrence a dispensation can be applied provided protective measures are
taken.
Low penetration grade of RA can be problematic when dealing with porous asphalt.
The discontinuous grading of RA originating from SMA limits to some extent its
reuse. The most proper solution can be to make from such RA similar materials, i.e. a
new SMA.
The rounded aggregate shape of gravel (frequently used in the past but for
environmental reasons its exploitation is nowadays restricted) limits its reuse to base
courses.
The presence of thermoplastic road marking, and joint seal materials should be kept
separate from the RA to avoid problems.
Common to all countries is that there is no change in specifications due to RA mixed
in asphalt.
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Figure 4-6: Cold RA method (cold feed into the batch mixer) (CMC - Slovenia)
4.1.5 Asphalt plant modifications
In Denmark all plants are equipped for some type of recycling and it is an on-going
optimization process. There is perhaps a small trend in discarding type 8.4 (parallel
drum for RA) and converting them for type 10 (use of virgin drum for heated RA).
This is market situation driven.
In Germany all contacted producers changed their plant equipment in the last 10
years to improve recycling capacity. The answers on what was done are given below:
•
The charge addition was added or renewed to allow more precise addition
especially for RA into surface asphalt mixes.
•

Parallel drums were added in some plants according regional specialties.

•
One producer states that the rising binder price encourages the increase of
RA content. The company’s goal is a mean recycling rate of 40 % (over the whole
asphalt production).
In UK improvements to asphalt plants to improve recycling rates have been made by
some or ‘upgrades’ done where new plants are commissioned.
[Note: the drivers in the UK are increasing and clients have demanded certain levels
of recycling on specific surface course schemes].
The procedure for mix in plant recycling at batch plants and continuous drum plants
was plant specific with a different procedure adopted depending upon plant type.
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In Belgium modifications to asphalt plants in order to facilitate recycling were
generally made in the mid ’90’s. Further optimisations have been implemented more
recently. These include:
•
Installation of a sieve of 63 mm on cold feed bins to avoid large particles RA in
production
•
Some kind of hammer in order to avoid sticking of RA in cold feed bins and
warm feed bin (other option or system includes vibrations)
•
Adaptation of the warm RA storage bin shape in order to facilitate the ‘gliding’
of RA from the bin into the mixer.

Figure 4-7: Recycling Parallel Drum installation. (Benninghoven - Germany)
In Netherlands generally, modifications to asphalt plants in order to facilitate recycling
were made in the nineties. Further optimizations were implemented more recently.
Latter include:
•
Optimization of the material flow in the parallel drum by adapting its length
and/or the position of the paddles.
•
Pre-heating of RA using hot air in a separate chamber in order to avoid the
“burning” of the bitumen and reduce emissions.
•

The covered storage of RA in order to minimize moisture content

•
The separate storage of different types and qualities of RA (e.g. porous
asphalt, PmB, gravel containing RA…).
In Portugal introduction of a unit for RA particles dimension reduction before entering
in the batch plant mixer. This allowed overcoming some previous difficulties of getting
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a homogeneous mixture. Installation of a weighting unit to control % of RA in the
mixture is common.
In Slovenia new belt conveyor and silo were installed.
4.1.6 Asphalt plant data with respect to parameters like energy, CO2 etc
In UK asphalt plant data is generally available and includes KWh/t, btu/t, recycle%
RA% etc.
Note: asPECT (asphalt Pavement Embodied Carbon Tool) was launched in October
2009 in the UK which enables producers (and clients) to establish their carbon
footprint. This was developed by TRL under the collaborative research programme
funded by HA/MPA/RBA and currently covers sourcing of all materials to production
of asphalt. Ongoing research is looking at maintenance and "end of life" and will be
completed by end of 2010. asPECT is available as a free download from
www.sustainabilityofhighways.org.uk .
In Netherlands it is reported that the use of RA results in an increased need for fuel
at the plant level (estimated to be approx. 10–15 %). However, considering the entire
LCA of the use of RA, less CO2 is produced since far less new materials are needed.
Moreover, this is particular the case in the Netherlands where natural resources with
regards to aggregates is very scarce. In this context, the road administration is taken
initiatives to stimulate the sustainable development in the future by working (in
collaboration with the sector) on appropriate frameworks (e.g. for a given project or
production site).
In other countries some contractors have some data of energy consumption (heating
and electricity) but it is thought to be difficult to link this to a specific production as it
will be influenced by several factors with virtually no possibility of control. Other
contractors state that this kind of information is seen as their internal know-how and a
possibility to be in front in a competitive market situation and will not be given away
freely. This obstacle can be a problem for data to the LCA part of Re-Road in WP3.2.
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Figure 4-8: Conveyor belt for adding reclaimed asphalt in the back end of the
virgin drum dryer in a batch plant (Denmark)

Figure 4-9: RA middle ring adding system approx. 30% at 4 % humidity.
(Benninghoven - Germany)
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Figure 4-10: The recycling process of "in-situ" method: Cold in place recycling
with foamed bitumen

Figure 4-11: Recycling train for cold in place recycling with foamed bitumen
(Primorje – Slovenia)

4.2 Selected case studies and future work
Heating reclaimed asphalt indirectly with hot mix of stone fractions is in majority of
countries the most common way to introduce reclaimed asphalt. Some batch plant
using such technology should be selected for case studies. There is a promising
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method for mixing of cold and warm RA used in Denmark and should be selected for
a case study.
4.2.1 Brain storm list for issues to the additional questionnaires
Type of plant proper for different recycling must be determined: (cold feed (where?),
introduction in virgin drum (design, reason behind the design,…), parallel drum with
batch plants, parallel drum with drum mixer facility, remixing / reshaping equipment,
Remix+ equipment, Asphalt Recycling travel Plant (if any?). Other configuration of
drum dryers like RED dryers (RAP Ecological Dryers) may replace conventional dryer
on both types of plants and can be used for RA as well as virgin materials.
What is driving force for recycling (investment driven, cost of reshape of plant,
customer driven,)? Environment protection could be main driving force (the cost of
getting rid of the material, cost and availability of new materials (virgin materials,
potential right to open new quarries or gravel pits, natural resources)
Comparison in energy consumption between In-place recycling and central place
facility must be prepared. This could be done with asPECT. Each scheme needs to
be analysed on a case by case basis as location of quarry, plant, and transport
modes are key.
Energy type must be considered (heavy fuel oil, gasoil, natural gas or?)
(Environmental considerations or deducts in price? Energy content, schemes for
sustainability calculations for "cradle to grave" – scenarios) should be prepared.
Energy is also linked to transport. Check possibility for alternative routes for the RA
(landfill, embankments, forestry roads, controlled waste-deposits …)
Carbon foot print (customer demand)
Material composition data, typical water contents (associated with storage), impact of
heating threshold for virgin materials, measurements behind overheating or trial and
errors?
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5 Preliminary recommendations for case study selection
Even though the majority of the expected information originating from the responses
of the questionnaires of Task 4.2 and 4.3 is presented in this deliverable some
additional input might be offered over the winter period of 2010/2011. But already
now each partner of these two tasks can make a preliminary identification of areas
where their national response could benefit from further details.
Due to available resources and the more intimate nature of information gathering
through the selected case studies the partners have to focus on cases within national
borders unless special relationships exist that can be utilized for this purpose.
Both questionnaires have in their structure some subdivisions on issues of
importance and it is the preliminary recommendation that a proposed selected case
study shall embrace several if not all the issues mentioned in the questionnaires.
When the partners of Task 4.2 and 4.3 describe the potential case studies they have
to keep in mind not only the objectives of WP4 but also potential interest that other
work packages of Re-Road can have in information gathered from contractors and
the road sector in general. A few points are mentioned below with reference to other
part of the Re-Road project which might benefit from the information:
WP1:

practical procedures of sampling RA and its characterization which may offer
additional advantages.

WP2:

Utilisation of RA in contractors' mix design procedures when RA is
introduced in new asphalt materials, may add to the diversity already
reported in the laboratory mixing survey of D4.1.

WP3:

Detailed information on practical logistics of job site management (hauling
etc.) that can have an impact to energy consumption and CO2 emission in
the LCA study.

WP3:

Different asphalt plant configurations with respect to capacity and way of RA
utilisation and information on energy and CO2 during production will also –
when available – provide interesting input to the LCA study.

The objective of these selected case studies is to utilise contacts to facilitate a
structured "harvest" of information where check lists of items of interest can be built
from the questionnaire items as a starting point.
At present the partners involved in Task 4.2 and 4.3 have committed themselves to
sketch 2 – 3 selected case studies with objectives and expected outcome that will be
proposed to the task leaders of each task. From these proposals the task leaders will
have an overview of the diversity that may be possible.
Through a discussion among the partners within a given task and duly respect the
resources and work load associated the optimized puzzle can be decided that will
give each partner 1 – 2 case study perform (the number will depend on the degree of
detail and associated work load within each case study or scenario). The combined
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puzzle of cases shall as far as possible cover the main scenarios of RA processing
and RA introduction into the asphalt plants, with special focus on innovative solutions
that will optimise sustainability and lowering energy consumption and CO2 emission
without endangering the quality of the produced products.
At present it is the intention to present the list of selected case studies at the Project
Management Group meeting in April 2011 in Dublin.
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7 Annexes
7.1 Handling of Reclaimed Asphalt – Subtask 4.2
7.1.1 Questionnaire used in task 4.2

WP 4.2 Questionnaire
Impact of crushing sieving, interim transport etc on RA
Input from asphalt producers
___________________________________________________________________
Information
 Country:
 Info reference person:
General company information
 Asphalt producer – Company identification:
 Address / company division:
 Contact person:
 Company also asphalt producer?
 Information as anonymous contribution?
Validation “at the gate”
 Do you (or other division in your company) produce the RA yourselves or do
you accept various RA-sources from external suppliers?
 Economy in relation to RA: Do you pay for the RA or do you get paid to
receive the RA or are no money / payment involved depending on source?
 Do you take in mind the source of RA?

Yes

No

 In what way, separate base – coarse

Yes

No

 Do you reject RA caused by:
Earth/gravel contamination
Tar
Poor handling
Other: ____________________________________
 Characterization, speed screen method:
Yes
No
If yes, what type of test? (Please give reference, in case of “in-house method
please give detailed description): _______________________________
 Do you screen for: Tar
Asbestos
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PMB

Yes

No

Quartzite

Yes

No

SEA

Yes

No

Waxes

Yes

No

Wear resistant aggregate Yes

No

PP

Other / What:_______________________________
 If you produce the RA yourselves (e.g. through milling) have you done
surveys/pre-screening of the old pavement previously or do you receive
material information from the road owner?________________________
 Do you validate the RA for future use:
 Do you validate for type of material:
further processing

Yes
Slab

No
Milled

Need of

 Fractions normally used at site: 0-6
6-12
12-16
Other
What fractions?______________________________________________
 Pre-processing before immediate use or storage? Preblend with virgin
materials? Why?
Avoid “caking”
Grading of RA
Other:
What?______
_________________________________________________________________
Interim storage
 Area for stock piles (Both virgin material and RA):
Paved
Unbound (gravel)
Soil
If paved foundation, is a
sewer system in place for handling run-off water
Yes
No
 Documentation of the different piles?

Yes

 Coverage of smaller fractions (saving fuel)
Both top and bottom

No

No
From top

 Is there any legislation limitations? Amounts, dust problems, run-off water etc?
Yes
No
 Considerations for storage time. Influence of caking? Pre-processing before
use? In what way?_____________________________________________
 Experience of dimensions of stock piles to avoid recrushing etc? Height and
width of stock piles?____________________________________________

Interim transport
 In what way do you take and place material on stock piles to avoid
segregation?___________________________________________________
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___________________________________________________________________
Crushing operations
 What type of crusher do you
use?__________________________________________________________
 Type of crusher related to type of material? (old/new aged/unaged RA.
PMB)_________________________________________________________
 Do you have any special handling of slabs? If so in what way?_____________
 Crushed in cold state or warm to facilitate downsizing without breaking the
aggregate and perhaps have less dust?______________________________

Sieving / screening operations
 After sieving recrushing? (No of steps?)_______________________________
 Supposed to be as simple as sieving of unbound granular material
(True?)________________________________________________________

Environmental survey
 What is demanded by authorities? (collection of run-off water, oil-spill
collection systems, “combat” of dust emissions etc)
______________________________________________________________
 Are you limited in the allowed amount (tonnage) of RA on the site?
______________________________________________________________
 What is your recipient (sewer/creek/lake)?_____________________________

Material consumption
 What source of RA. Local, national or imported?________________________
 What is the approx. maximum distance for transport of RA to your site?______
 If you do not use RA, where do you get your virgin material from? (Local,
national or imported)______________________________________________
 How much of RA do you normally reclaim annually? (slabs, milled etc)______

Mix plant conditions
 Mixing times (dry and wet in batch plants)?____________________________
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 Drying and mixing time in drum mixers?_______________________________
 Interim storage in hot bins, duration?_________________________________
 Limitations due to water content not being realistic in the laboratory?________
 How do you as a contractor mimic your mix-plant in the laboratory mixer for
mix design?____________________________________________________
 Is there a separate treatment of PMB RA (like sticking in the drum etc), and
how do you handle it?____________________________________________

Your own remarks

7.1.2 Countries covered by the information collection.
The partners of Task 4.2 have apart from their own national references tried to gather
information from one additional country. The contacts in this “second” country might
not be of the same “quality”/intimacy (e.g. the questionnaire being sent to the right
people that also are willingly to share information on these issues mentioned in the
questionnaire) as the primary partner country. An additional point is that the person
responsible for making a summary of information from the second country might not
know all the implications that the local scene places on the background for recycling
as environmental legislation, tradition of tendering and contracts etc. can have role to
play that is not obvious to an outsider.
Partner

National country

Second country

DRI

Denmark

Finland

PEAB / VTI

Sweden

Norway

TRL

United kingdom

Ireland

ZAG

Slovenia

Contacts in Austria/Italy

7.1.3 Response from contacts in Austria/Italy
Responses from Italy and Austria expected during December 2010.
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7.1.4 Response from Denmark
All eight Danish asphalt producers of hot mix materials have been contacted and
detailed responses obtained. The companies were:
Arkil A/S
Colas Denmark A/S
Inreco A/S
LMK Vej A/S (now renamed to Lemminkäinen A/S)
Munck Asfalt A/S
NCC Roads A/S
Pankas A/S
Skanska Asfalt I/S
The asphalt producers in Denmark are all having their own asphalt contractor/paving
divisions. But they also produce asphalt materials to third parties like very small
contractors, utility works, patch repair crews from small communities etc. There is no
independent company outside the ownership of these eight companies that deals in
handling/processing and selling RA as a product for the asphalt producers.
Anonymity
Five of the eight companies have asked for the information to be reported
anonymous form. Two companies said it was OK to mention the company name in
relation to the response. In the last case it was not relevant as a Danish reader would
easily identify the company from the given response. For this reason there will be no
mentioning of company names and specific localities in this part in order to obtain the
confidentially requested.
Validation “at the gate”
Recycling of reclaimed asphalt has been daily practise in Denmark since its start in
1980. This has a large influence on the situation for validation and need of screening
when asphalt is received or delivered “at the gate”. The majority of the RA received is
reclaimed to the company itself, and due to a high level of documentation of existing
roads (and earlier paved stretches) a lot of content relevant information exists. Other
contractors and maintenance crews from small communities and utility work
companies have over the years been “educated the hard way” to know what qualities
can be recycled or not. The term “educated the hard way” covers the fact that in
Denmark if the reclaimed asphalt cannot be recycled it has to go to an chemical
disposal waste dump which is very, very expensive. For this is has been common
practise to handle RA as a commodity with a price tag – either positive, zero or
negative value.
If the RA offered “at the gate” was contaminated with coal tar or blended with soil,
clay etc. the truck load was rejected by visual inspection and the truck driver with the
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material from an external source had to dispose of the material at the chemical waste
dump. This “economic tool” quickly “educated” the external contractors and
especially utility companies to do the initial screening, so the RA of an acceptable
level of quality/properties even at a cost could be deliver at the asphalt plant for
recycling because it would be cheaper opposed to the fee at the chemical waste
dump. Slab of pavement with modest amount of clean gravel will normally be
accepted at the asphalt plant (due to the later pre-processing of the slabs).
Now the price at the gate for the RA can be positive, zero or negative – even within
one company – depending on the local situation. Examples are that milling RA for
known surface layers – especially if they appear in high quantity – can have a
positive price. At the other end of scale are slabs with gravel from utility works or if
the asphalt plants are close to the maximum allowed interim storage amount of RA
on site.
Examples of the fee to get rid of RA at the asphalt plant is given in the range of 3.30
– 5.30 €/tons RA which is taken predominantly to cover the cost of crushing. For this
reason it is often apply to delivery of asphalt slabs that requires extra handling.
Normal hauling distances for RA to reach the asphalt plant is below 50 km. If the
company occasionally has a job further away than 50 km where some RA is
generated the company either let the milling contractor take care of the RA or if the
company mills it themselves there bring it back to the asphalt plant.
The spilt between external and internal sources varies from company to company
and even within one company due to location of different sites, but in general ratio
external/internal varies from a 40/60 split to a 60/40 split.
Tar is the only real contaminant to consider in RA in Denmark. The use of coal tar
was more or less abandoned in the late 1960 s and use of coal tar pitches ended
around 1971. With durability of the best surface layers been approx. 17 years the
presence of coal tar in milling RA is virtual non-existing. coal tar can surface when
utility works (water, sewer, gas, electricity, cable networks etc.) makes excavations
and deliver slabs of asphalt pavement to the asphalt plant. New or unknown
contractors bringing slab to the asphalt plant will be visual inspected and often coal
tar can be detected by sniffing, but again the knowledge of acceptable RA are
widespread and the fear of be banned from delivering RA at the asphalt plant is
again a powerful “tool” due to the economic impact for the external contractor. If coal
tar is detected the truck load is rejected.
If nevertheless minute quantity of coal tar-containing material is detected in the
production of new asphalt there exists a dispensation for the asphalt producers to
use the material in hot mix providing protective HSE measure are taking by the
people in contact with the material –predominantly the paving crews that have the
possibility to detect the presence of coal tar and coal tar pitch by smell. The
dispensation exists only because of the minute quantities and the seldom
occurrence. When coal tar-containing material of such low quantities is used for hot
mix production the coal tar is embedded in the pavement in an environmental safe
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manner with virtually no risk of leaching. The responses claim that the frequency is
roughly once every third year.
No quick screening methods have been found reliable and necessary to apply.
Immediate pre-blending at this stage is not necessary as it will all be crushed later
combining different sources at random during the crushing operation. One contractor
mentions that pre-blending can only become a necessity when huge amount of fat
mixes (binder content above 5.0 %) is stored in order to avoid fat lumps. Crushing of
random sources together normally takes care of this problem and creates in the
Danish market a remarkable homogenous RA with regard to both binder content and
degree of ageing of the binder. If a binder content of 4.0 – 4.5 % is achieved through
crushing no caking occurs that gives problems later on. Due to the fact that some of
the RA originates from old surface layers with rather thick films of bituminous mortar
(less ageing) or layers of soft asphalt (with a rather soft binder) the resulting mixed
binder ageing often results in a penetration range around 60 x 0.1 mm, which is
almost optimal for its future use in bituminous bases, where the RA is predominantly
used.
Documentation of the stock pile is regulated through EN 13108-8 for documentation
of binder content and binder properties. Normally documentation is performed during
crushing operation, typical three samples a day, but capacity dependent.
Interim storage
All activities at an asphalt plant comes under the Danish environmental legislation
and a special permit to operate is needed which normally is referred to as “The
Chapter 5 permit”. The nick name for the site specific permit originates from special
legislation regulating the conditions for hot mix production and activities associated
with it.
Protection of ground water is extremely high prioritised in Denmark as it is almost our
only source for potable water. For this reason the “Chapter 5 permit” prescribes as a
general rule in almost all cases that area for stock piles has to be paved areas with
special sewer system to collect surface run-off water with special requirements.
Special arrangements for oil separators and the like are normally required (see later
paragraph on that specific point).
The “Chapter 5 permit” also regulates the site specific maximum allowed amount for
storage. The values are in the range of 5,000 – 60,000 t with typical values around
20,000 t. Typical smaller amounts are allowed in sites near urban areas. One
contractor exemplifies that at one site the allowance is 24,500 t with an annual
turnover ranging from 10,000-15,000 t. Turnover is very much dependent on local
condition – how much new construction takes place with thick bituminous base
layers. Here a new tendency is that thick bituminous base layers is minimised
through lime or cement treated material beneath the asphalt. Often the companies
operate close to the maximum storage limit which means that if they get the
opportunity to acquired RA originating from a well-known source of surface layer

Beneficiary
Author : WP 4 (ed. Erik Nielsen)

Grant SCP7-GA-2008-218747
Page 46 of 98

File : Re-Road_D4.2
deliverable_v4.2_pp_27Jan11.doc

Re - Road

Deliverable 4.2
Status report on activities and background for selection
of case studies.

WP 4

4.2
2011-01-27

PP

already pre-processed RA have to be sold off for unbound material purposes (good
quality gravel for unbound layers is in some areas scarce).
Interim storage comes in two steps which is common practise for all asphalt
producers since they are operating more or less under the same conditions (market
and legislation). First step is that all received RA coming in is stock piled in one big
pile irrespectively of the source. The perhaps only deviation can be if a major milling
operation can secure a homogenous RA source without any bituminous base
material. Second step (described later) is when the initial pile of RA is crushed or preprocessed.
Bituminous bases in Denmark consist of gravel material as aggregate and since
gravel contains minute quantities of aggregates that are sensitive to frost in wet
conditions these particles are by the road authorities not allowed in surface layers.
Since selective milling of surface layers is expensive (twice milling the same stretch
and the trouble keeping the materials separately) all RA normally goes into one pile
to be used for bituminous bases. The amount of crushed aggregate required in
bituminous binder courses also has the impact that RA cannot be used for
bituminous binder courses with a high ADT (this limit is > 500 10 t axles in AADT).
The initial stock pile left open uncovered. The majority of contractors build up this pile
as high as possible but without having the need of driven on the RA with front loaders
and dozers. One contractor mentions that they at present do that, but will avoid it in
the future because they have discovered that this can result in high water content in
the driving tracks where small pools can appear. Normally the surface of the initial
pile cake to an extent that rain run off the surface and do not penetrate the pile.
Normally there is no pre-processing needed at this stage as the pile will be crushed
later on.
Interim transport
Interim transport of RA at the asphalt plant is handled in the same manner as virgin
materials. Taken material from the bottom of a pile for immediate use is avoided (not
allowed by internal handling procedures) as it raises the water content of the
material. For both cost and separation the material is handled as little as possible.
General warnings are issued to the dumper drivers not to drive on crushed RA to
avoid lumps and caking. If caking occurs in crushed RA which it does very seldom
the dumper drivers can let the material drop from the shovel at a certain height or
give it a “squeeze” with the shovel before transport or use.
Normally roof-shaped stock piles of crushed RA are built up. Smaller fractions often
in tents or under cover of some roof in order to minimize to water content and save
fuel. Stock piles of crushed RA are seldom built up in height above 3 – 4 m to prevent
caking due the weight of the material itself.
In order to avoid segregation many contractors built up roof-shaped stock piles which
later on is taken from the side because this procedure accomplish an additional
mixing step and further prevents segregation. This procedure is seen in many
companies as standard procedure used for both virgin and RA material.
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Crushing operations
The initial stock pile consists of put milling material and slabs all blending randomly
together. Almost all asphalt contractors outsource this crushing operation to a
subcontractors specialising in crushing demolition waste materials. This external
contractor comes around once or twice a year depending on the amount.
No experience built up seems to be of interest to the asphalt contractor as all
handling and problems (if any) associated with the crushing operation is left to the
external contractor. He will normally use a jaw crusher at ambient temperature and
produced one fraction of material. Slabs are sometimes handled by a shredder
before crushing. Oversized particles of RA is screened or sieved off and returned for
recrushing. Cold conditions during crushing help in minimising the required work to
break the bituminous mortar and not the aggregate particles.
There is no dust problems associated with this operation. The assessment is less
dust than handling virgin materials under same conditions.
The typical fraction required by the asphalt contractors 0/16 mm. One contractor
uses at a single site a 0/11 mm fraction.
There is a typical example of the “chicken and the egg” situation (which came first?)
in Denmark concerning fraction of RA. Due to the possibility to have undesired frost
sensitive gravel aggregate in RA the road administration are reluctant to allow RA in
surface layers on the national road network. Because of this the asphalt contractors
crush all RA into a 0/16 mm fraction for bituminous bases. Since the maximum
nominal aggregate size (NMAS) in Denmark is 8 or 11 mm and there is a rapid
increasing market for noise reducing surface layers in Denmark with 5 mm as NMAS.
Since the asphalt contractor only has a 0/16 mm fraction of RA available the use of
RA in Danish surface layers is not possible. RA for noise reducing surface layers are
anyway out of the question as the aggregate gradation is too delicate to be obtained
by RA which often also is too rich in fines.
The decision to focus on a 0/16 mm also means that a lot of problem is avoided. It
has been tried but a 0/6 mm fraction is way to binder or mortar rich with binder
content reaching above 5.0 % where caking and lumping occurs to an extent that
cold lumps (or at least not sufficient heated lumps) can pass through the asphalt
plant to create quality problems later on. There exist no limitations for use of RA in
Danish road standards; the resulting asphalt shall just fulfil the same requirements as
asphalt from virgin materials.
Sieving/screening operations
For handling of the RA crushing operation this is performed by the external
subcontractor who normally uses just one screen or sieve with a feedback loop for
oversized particles. No problems are known to be associated with this operation.
Environmental survey?
The “Chapter 5 permit” also set restriction on conditions for run-off water and how it
is treated. This can be exemplified by the following response from one contractor:
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Run-off water is collected in sewer system on site, sent through an oil separation unit
before discharged in the local sewer system for further processing together with
municipal waste water. On one site the discharge is to a creek. In this case the runoff water goes into a sedimentation tank prior to oil separator and an active carbon
filtration unit before discharge in the local creek. The discharge water is cheek with
water sampling to monitor the activated carbon filter's ability to remove PAH and
other organic matter.
Testing of surplus water can vary a little depending on the exterior discharge
possibility at each site, but is in general rather strict.
Two contractors have found to two different approaches to construct a closed loop
system which means that no run-off water needs to be handled outside the premises.
One uses a cooling tower unit for evaporation any collected surplus of water. The
other one uses the collected water to spray the virgin material stock piles to avoid
dust problems.
As earlier mention the “Chapter 5 permit” set out limits for maximum allowed storage
capability.
Material consumption
The RA sources are local sources; normally not more than 50 km away from the
asphalt plant. The maximum distance between two asphalt plants with recycling
capabilities in Denmark is 100 km or less.
Alternatives to RA are normal virgin materials. Gravel is often within 30 km distance.
In some part of the country the distance to crushed gravel can be up to 100 km.
Aggregates for surface layers are normally imported from Sweden or Norway through
a port facility. No quarries exist any longer in Denmark. The country has only one
minor island with granite in the Baltic Sea, but quarrying is not feasible there any
more due to environmental conditions (landscape limitations) and economics.
Hauling distance from port to asphalt plant varies but an estimate can by 25 km in
average.
The annual amount of RA reclaimed depend whether the response is by company or
by site. Numbers range from 5,000 – 160,000 t. Several contractors mention that the
amount is roughly 20,000 t a year and that no accumulation happens. But it is then
added that the storage is often full so as earlier mentioned surplus of RA is sold as
unbound material (ultimate down grading!).
Mix plants conditions
Some of the information of asphalt plants conditions is difficult to obtain in detail as
the values sometimes are embedded in the control software of the plant and not easy
accessible for plant operators as values can be fixed based on earlier trials where
local configurations can play a role.
The asphalt plants in Denmark are to an overwhelming majority batch plants due to
market situation (smaller job sizes, many daily mix shifts, facilitate many clients
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requirements. A typical Danish asphalt plant operates with a catalogue of mix recipes
in use ranging from 150 – 250.
The mix condition is typical 10 – 30 seconds dry mixing time followed by 20 – 30
seconds mixing time. Some contractors mention that 5 seconds are added when the
mix contains RA, while another company states that 10 seconds is added when cold
feed addition of RA is used.
In general there is no change in procedure for hot storage of asphalt materials
containing RA - seldom above 4 – 5 hours; in extreme cases up till 24 hours.
There is no limitation on the ground of water content in RA used in laboratory mixes.
If mix design is performed with RA the material is pre-dried. Due the covered storage
of the RA the water content is as low as practical obtainable. The water content is not
measured, and plant control software (burner control and temperature registrations
takes care on minor variations.
There is no mimicking of the actual asphalt plant in question when mix design is
performed in the laboratory. At least one contractors don’t performed mix design at
all but goes directly to full scale as “with back ground knowledge it is cheaper and in
the end true to life and no further adjustments is needed when mix design is
transferred from laboratory to asphalt plant”. To understand this statement it must be
recognised that asphalt control values are based on asphalt plant mixed material and
not on laboratory produced samples.
Denmark has been using polymer modified binders for several decades but due to a
good durability only few pavements have until now ended up in reclaimed asphalt.
The estimated of polymer modified asphalt received annually at the asphalt plants
ranges from 2 – 5 %. Due to this, the average binder content in RA is below 5 % and
the RA fraction not smaller as 0/16 mm fraction no stickiness problem associated
with PMB has ever occurred like stated from Belgium.
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7.1.5 Response from Finland
The summary from Finland is based on a limited number of responses. Further
information is expected/promised for January 2011. The origin for the Finnish
responses is the member companies of the Asphalt section of the Finnish
Construction Association, Infra Ry.
Anonymity
In this case one of the companies asks for their contribution to be handled
anonymously which means that there will be no reference from a piece of information
to the name of the company in question.
Validation “at the gate”
The origin of the reclaimed asphalt varies slightly between the two companies that
have responded so far. One states that the company is the source of the RA, while
the other company states that RA from external sources is accepted. One contractor
states that the cost of milling comes in the equation when the RA is
purchased/received while the other mentions that occasionally a price can be paid in
order to receive the material. The last fact is presumably linked to the situation that
Finland uses studded tyres during wintertime. This means that it can be economical
profitable to selectively acquire and stock pile old surface layer in order to obtain that
the high quality aggregates are not downgraded.
The source is taken into account, but base
separated. The RA arriving at the plant is
predominantly is linked to contamination with
characterization through analysis is performed
screening method without referring any details.

layers and surface layer are not
inspected for poor quality which
soil and poor handling. No direct
though one company mentions a

The RA is validated for future use, but for slabs further processing (crushing) will be
needed. Maximum aggregate size for the processed RA prior to reuse is 12 – 16 mm,
with a typical fraction like a 0/16 mm. Again the use of studded tyres have an impact
on maximum aggregate size even in surface layer (Surface materials with larger
aggregate particles give better resistance to mechanical wear from these tyres.
Interim storage
Depending on the site both unbound foundation and paved areas are used for stock
of RA. If paved area then a surface water collection system is in place. The stock
piles of RA will – with reflection of company politics – either be covered or placed
outside. Limitations to stored materials also vary from site to site, mainly on grounds
of stock quantity. This can be linked to local conditions. The contractor with unbound
foundation for the storage area claims no limitation, while the contractor with paved
area and sewer system is limited by a maximum quantity. If prolonged storage results
in caking the lump will be processed by a bulldozer in order to accommodate
“crushing” of the lumps. To prevent caking the height of the storage stacks is 3 m.
Interim transport
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Wheel loaders are used for interim transport. No procedure to avoid or prevent
segregation is mentioned.
Crushing operations
Processing of the RA is done during wintertime by mobile crushing unit
(manufacturer called Lokotrack is mentioned). No special procedures for handling
modified material or slabs. The crushing is done in cold state at wintertime where the
brittleness of the bituminous mortar facilitates an easier crushing (less energy).
Sieving/screening operations
Only one sieving operation is performed, and it is just as simple as sieving virgin
aggregates.
Environmental survey?
Limitations on quantity are normally enforced, but up till 5,000 t annually can be
allowed without any permit. If run-off water is collected in a sewer system oil
separation units are typically demanded. Normally the recipient is a creek.
Material consumption
One of the contractors operate locally and estimate a maximum hauling range of the
RA to the plant in the order of 20 km, while the other has a operating ranges
estimates to be 30 – 50 km depending on site. This difference between the two
contractors is also reflected through the amount of RA handled annually. The first
handles 3,000 - 5,000 t/annually (below the need of a permit), while the other one
has an annually turn-over of 70,000 t.
Mix plant conditions
Total mixing times in batch plants are approximately 1 minute. Maximum duration of
hot storage is 10 hours but is typically in the order of 2 – 3 hours. No special handling
of polymer modified material.
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7.1.6 Response from Ireland
See combined response for both questionnaires in 7.2.9

7.1.7 Response from Norway
Only one company has replied and they have no RA in Norway.
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7.1.8 Response from Slovenia
Three companies have responded to the questionnaire.
Anonymity
All wants the contribution to be anonymous
Validation at the gate
Contractors in Slovenia produce RA themselves. Mostly no payment is involved on
the source. Considerations are taken due to source of RA, but no separation of base
/ wearing course is done. RA is rejected if it contains earth / gravel.
They screen for coal tar and separates PMB if it is from a known source. RA is
divided into material for use in asphalt mixture and RA for use in unbound layers.
Typical fractions are 0-16 and 0-22 mm.
Interim storage
Areas for stockpiles are unbound or paved with a sewer system for run off water.
One of three companies covers the smaller fractions. Documentation of stock piles is
regulated through SIST EN 13108-8. Height of stock piles is 1.5 m and width is
depending on place.
Interim transport
Stock piles are prepared from project to project separately and not very big
Crushing operations
A rotary mill is used for crushing. Until now no slabs have been handled.
Sieving / screening operations
One sieve is used to produce fraction 0-16 or 0-22 mm
Environmental survey
Oil spill collection system is demanded by authorities. Run off water is drained to a
sewer. There are no limitations in tonnage of RA.
Material consumption
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Source of RA in Slovenia is local. Distance for transport of RA to mixing plant is
about 70 km. Virgin material is local or imported from Croatia or Austria. None of the
contractors answered the question on the amount of RA they normally reclaim
annually.
Mix plant conditions
Mixing time is approximately 15 s longer as for normal asphalt mixture. The amount
of RA in new mixtures is low, 5 – 15 %.
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7.1.9 Response from Sweden
Major contractors in Sweden have been contacted and 3 of them have responded to
the questionnaire.
Like Denmark the producers in Sweden have their own asphalt contractor/paving
divisions.
Anonymity
All companies that responded to the questionnaire asked for anonymity. For this
reason the companies are named “Company 1”, “Company 2”... to obtain anonymity.
Validation at the gate
RA is normally separated “at the gate” depending on source. Milled surface layers
with high quality aggregate is used for new surface layers, while other sources of RA
such as excavated slabs, or unknown sources, is used for base layers.
RA is rejected if it is poorly handled, contaminated with earth or gravel or containing
coal tar. coal tar was abandoned in the late 1960 s. Usually coal tar containing
material is seen in excavated slabs from utility works or major reconstructions of old
roads.
Screening for coal tar is usually done by “sniffing”, spray paint and UV-light. If coal tar
is detected by this speed screen a chemical analysis of 16PAH is made. Depending
on the amount of 16PAH the RA is either rejected, used in cold recycling or, after
diluting with coal tar free RA or aggregate, used in hot recycling.
No companies screen for PMB today, but they are aware of it.
RA is crushed in one fraction 0-11, 0-14, 0-16.
RA is analysed for binder content and binder properties, aggregate properties such
as grading and Nordic abrasion. Documentation of processed RA is regulated
through EN 13108-8 and normally done during crushing operation with a sampling
frequency of 2,000 t.
Interim storage
Depending on location areas for stock piles are paved or unbound, with or without
sewer system. Same goes for legislation limitations, depending on where storage is
located it can be limitations in stock pile sizes, dust and run-off water.
The responding companies store RA in large tents or cover them to keep them dry,
witch reduces heating costs. Size of pile seems to be 5,000-10,000 t with a height of
max 4 m.
Crushing is sometimes not necessary, if it is milled RA sieving can be enough.
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Interim transports
RA is handled in the same way as virgin material. Precautions are taken to avoid
segregations and caking.
Crushing
Subcontractors are hired for crushing and sieving. Usually jaw or cone crushers are
used, sometimes rotor crushers. In some cases crushing is performed in two steps.
Crushing is performed in ambient temperature. Oversized material is screened off
and returned for re-crushing. Typical fractions are 0-11, 0-14 and 0-16.
Sieving / screening operations
Usually it is just one sieve or screen with a feedback loop for oversized material.
Some problems can occur if ambient temperature is high or if the binder in RA is soft.
Environmental survey
Depending on location and local legislation. In some cases the storage area must
have a sewer system to collect run off water, witch must be processed before
discharge of water. The amount of RA in storage is not regulated as long as it is used
for building or construction. In some cases, such as water protection areas,
limitations can be found.
Material consumption
RA sources in Sweden are local, normal distance is less than 50 – 100 km from
asphalt plant. In the northern parts it can be up to 150 km.
Alternative to RA is virgin materials. This could be local, national or imported
depending on what criteria the customer set. Nordic abrasion is used as criteria on
both RA and virgin materials when they are used in surface layers.
The amount of RA used by the Swedish contractors varies between 70.000 to
350.000 t.
Mix plants conditions
In Sweden batch plants are in majority. Depending on size and construction mixing
times vary from plant to plant. The answer indicates that mixing time (dry + wet) is
approximately 1 minute.
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7.1.10 Response from United Kingdom
Five major asphalt producers were contacted in the UK and responses were received
from all, and the majority wished for their individual responses to remain anonymous.
Those contacted were: Aggregate Industries Ltd; Cemex Construction Services Ltd;
Ennstone Thistle Ltd; Lafarge Aggregates Ltd; and Tarmac Group Ltd.
Mix design methods generally included Marshall and volumetric, with other methods
cited such as French and some specialist in house methods for niche products.
Some specifically stated that Marshall designs were used for Marshall asphalt and
Hot Rolled Asphalt whilst volumetric approach was used for Asphalt concrete base
and binder course.
With regard to type testing there was a mixture of laboratory and plant produced
mixes in this response with companies preferring their own approach specific to the
product being produced.
The design is performed for both Batch and Drum mix plants, although the vast
majority of the plants in the UK are Batch plants.
The majority of the responses for addition of RA into the mixing process were that it
was added cold which typically restricted the percentage of RA that could be added
to less than 20 % or in most cases it was typically 10-15 %. One supplier was in the
process of commissioning RA pre-drier units at two of their plants so that the RA
could be added hot and this would also significantly increase the amount of RA that
could be added.
Percentage addition into various asphalt layers depended primarily on the plant with
typically 10-20% into base and binder course layers and 0-10% into surface course.
There are three major resurfacing schemes that have been completed in the UK
where the client demanded a high percentage of RA be added from the existing
surface course into the new surface course layer. Up to 25 % was added on the first
two schemes, with the third scheme adding 40 % RA into the surface course layer.
This particular scheme followed modification to a batch plant with the addition of a
separate RA dryer.
The sampling procedure cited for mix design included from sampling the hot bins; “in
accordance with the relevant Standard”; to EN12697-27 (CEN, 2001); and the
protocols of BS594987 (BSI, 2007).
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The type of mixer used in the laboratory was unanimously cited as vertical planetary
type, and the manufacturers included Hobart, Vectra, Rayneri and Cooper Research.
The capacity of the mixers varied significantly with many having more than one mixer
depending on the required amount of material. Small mixer capacity ranges 0.5 to 1.2
kg (optimum of 1 kg), and 1 to 3 kg (optimum of 2 kg); medium capacity ranges 1 to 6
kg (optimum of 3 kg), and 6 to 12 kg (optimum of 10 kg); and large capacity ranges 5
to 25 kg (optimum of 20 kg), and 20 to 80 kg (optimum of 40 kg). All mixers were
heated electrically and pre-heated components in an electric oven, unless they were
self heating, prior to mixing. Operationally the maximum heating temperature quoted
varied from 150 oC up to 220 oC.
All mixers were cited as being easy to clean, and mixing of dry aggregates was the
predominant method with the occasional use of a spatula or solvent.
The laboratory mixing procedure was generally to EN 12697-35 (CEN, 2004), with
the exception of one supplier using BS598-107 (BSI, 2004).
The laboratory mixing procedures included several variations, as detailed in Table
7-1, and generally mixed all the aggregate components together for a short period of
30-45 s, before adding the bitumen and mixing for a further period of 60 to 180 s.
Table 7-1 UK laboratory mixing procedures
Procedure

Component addition and mixing times

1

Aggregates
blended by hand
and added to mixer

60 s mixing time
with bitumen

Total mixing time
not quantified

2

All aggregates
mixed for 30 s

Binder added,
mixing time 120 s

Total mixing time
150 s

3

All aggregates
mixed for 45 s

Binder added,
mixing time 120 s

Total mixing time
165 s

4

large and fine
aggregate

Filler

Bitumen (total
mixing time 90 s)

5 small mixer

All aggregates
mixed for 15 s

Binder added,
mixing time 120 s

Total mixing time
135 s

6 large mixer

All aggregates
mixed for 30 s

Binder added,
mixing time 180 s

Total mixing time
210 s
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If RA is added to the laboratory mix, it is generally preheated unless instructed
otherwise by the client, and is generally added with the fresh aggregates. The
selection of mixing temperature was reported as either preselected, based on
Marshall design guidelines, in accordance with EN 12697-35 (CEN, 2004). The
exception in one case , where the RA was added at ambient temperature when the
selected mixing temperature was 20 oC greater than the reference temperature in
EN 12697-35.
For full scale plant production no supplier was aware of any patents regarding
sequential mixing procedures such as the KGO method and it was also stated that
the KGO method applied to cold or cool mix technology and not to hot mix recycling.
For full scale plant production the mixing procedures varied slightly, as per laboratory
mixing, and are detailed in Table 7-2.
Table 7-2 UK plant mix procedures
Plant type

Order of addition

Component
mixing times

Total mixing time

Batch

Large aggregate
first followed by
smaller sizes, filler
then bitumen.

Dry mix 50 s;

95 s

Large aggregate
first followed by
smaller sizes, filler
then bitumen.

Dry mix 45 - 60 s;

Wet mix time 45 s.
90 s - 120 s

Varies depending
on speed and
efficiency of mixer
– every unit is
different
Drum

Company No 1

-

70 s - 120 s

Company No 2

-

Approx. 120 s

Company No. 3

RA not added to Drum plants
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7.2 Introduction of Reclaimed Asphalt in the mixing process –
Subtask 4.3
7.2.1 Questionnaire used in task 4.3

1. Information
Country
Info reference person

2.General company information:
Asphalt producer - Company identification
Address / company division
Contact person
Company also asphalt contractor ?
Information as anonymous contribution ?

3. Basic decision:
Do you perform "mix in plant” recycling ?
(alternative is "in situ" recycling)
If answer is yes than skip question 4!!

4. "In situ" recycling:
Which of the following techniques do you perform?
RESHAPE
REGRIP
REMIX
REMIX+
If none of these please describe "In situ" recycling you perform :
Describe what kind and quantity of fresh material that you add
What is the mass ratio between fresh material and RA ?
What kind of asphalt (or other) layer is the final product
AC (surface / base layer), SMA, stabilization..?
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5. “Mix in plant” recycling
What type of asphalt plant do you have ?
batch plants (charge production)
drum mixer (continuous production)
or both ?
Manufacturer of asphalt plant
Maximum capacity of asphalt plant when only fresh mixture is produced
Optimum capacity of asphalt plant when only fresh mixture is produced
Maximum content of reclaimed asphalt in asphalt mixture
Optimum content of reclaimed asphalt in asphalt mixture
Maximum capacity of asphalt plant when reclaimed asphalt is used
Optimum capacity of asphalt plant when reclaimed asphalt is used

Describe what kind and quantity of fresh material do you add
Do you prolong the mixing time when reclaimed asphalt is used?
For how long?
Do you use any special additives?
Which and why?
Do you experience problems when recycling specific types or
fractions of RA?
If Yes what material fraction and/or type cases the problem.
Please describe.

6. “Mix in plant” recycling
Do you have some data about moisture in asphalt granulate?
If YES
Pecenageof
asphalt
granulate
10
15
20
25
30

1

2

4
6
8
10
12

8
12
16
20
24

Contentofmoistureinasphaltgranulate
3
4
Elevationoftemperature(OC)
12
16
18
24
24
32
30
40
-

5

6

20
30
40
50
-

24
36
48
60
-

Do you use some similar table to determine temperature
elevation?
If yes can you add some data?
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7. “Mix in plant” recycling
Do you have some experience with PmB in asphalt granulate?
If YES

Is the production of asphalt with RA with PmB identical
as RA without?
Are there any precautions to take into account for RA
with PmB?

Are there problems noticed with sticking of the PmB RA
? What measures are taken to avoid?
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8. “Mix in plant” recycling in batch plants
Chose your procedure:
1.Heating reclaimed asphalt indirectly with hot mix of stone fractions
charge addition

2.Heating reclaimed asphalt indirectly with hot mix of stone fractions
continuous addition

3.Heating reclaimed asphalt together with hot mix of stone fractions

4.Separate heating of reclaimed asphalt and hot mix of stone fractions
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9. “Mix in plant” recycling in continuous plants
Chose your procedure:

1.Heating reclaimed asphalt together with hot mix of stone fractions

2.Heating reclaimed asphalt in separate device (“black drum”)
continuous addition

10. “Mix in plant” recycling mixed design of cold and warm RA method
Chose your procedure:

Max. RA percentage ~40%
Over-all material flow (virgin + RA) goes from right to left.
Diagram illustrating high speed slinger conveyor the effect of which is
to throw larger sized materials further into the dryer cylinder.
Thereby prolonging its retention time within the dryer.

11. Asphalt plant modification to improve recycling
Have you in the last decade made changes to your asphalt plant
in order to facilitate recycling?
If Yes, what was the objective (the back ground for the decision)
and please state the changes and describe the chosen
modification with respect to Pros & Cons.
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12. Asphalt plant data with respect to parameters like energy, CO2 etc.
Please describe the availability of asphalt plant data (monitoring
or otherwise) that may contribute to information on energy
consumption and/or CO2 emission. This information can help in
the selection of case studies later in the project.

7.2.2 Countries covered by the information collection.
The partners of Task 4.2 have apart from their own national references tried to gather
information from one additional country. The contacts in this “second” country might
not be of the same “quality”/intimacy (e.g. the questionnaire being sent to the right
people that also are willingly to share information on these issues mentioned in the
questionnaire) as the primary partner country. An additional point is that the person
responsible for making a summary of information from the second country might not
know all the implications that the local scene places on the background for recycling
as environmental legislation, tradition of tendering and contracts etc. can have role to
play that is not obvious to an outsider.

Partner

National country

Second country

BRRC

Belgium

The Netherlands

DRI

Denmark

Finland

PEAB / VTI

Sweden

Norway

TUBS / LCPC

Germany

France

TRL

United kingdom

Ireland

ZAG

Slovenia

Contacts in Austria/Italy

LNEC

Portugal

Spain

7.2.3 Response from contacts in Austria/Italy
See response in 7.1.3.
7.2.4 Response from Belgium
No individual companies were directly contacted since it was anticipated to receive a
very limited response. Instead, the information already available within the BRRC
was complemented by an internal colleague/expert as well as an external expert Mr.
Dirk Lacaeyse, COPRO (notified body). Latter person did contact directly several
companies whenever needed. In such way, a representative overview was gathered
for the whole sector in Belgium with regard to RA in the mixing process.
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Information
The information is representative for activities in Belgium.
General company information
At present 30 companies produce asphalt (a total of 40 plants in Belgium).
Basic decision
Practically all asphalt plants are equipped to perform “mix in plant” recycling. Only a
few (about 5) small production units do not use RA.
”in situ” recycling
In situ recycling is not performed in Belgium.
”Mix in plant” recycling
Out of the 40 production plants, only 3 are equipped for a continuous production
(drum mixer). All other (37 in total) are batch plants (charge production).
A large majority of the asphalt plants is equipped by the following manufacturers:
Benninghoven, Ammann and some (limited number) by Wibau (2) or Marini (1).
The maximum capacity of the asphalt plant when only fresh mixtures are produced
varies between 100 (for old plants) and up till 350 t/h (for newer plants). Most plants
nowadays have a maximum capacity of approx. 300 t/h. The optimum capacity (when
only fresh mixes are produced) is around 250 t/h (= ± 70 % of the theoretical
maximum capacity). Latter value only depends slightly on the type of asphalt mix
being produced.
The maximum content of reclaimed asphalt in a freshly produced asphalt mix (for
base courses) is about 55 % (= 50 % of recycled binder). In the Walloon region,
discussions are on-going when the use of RA should be restricted to 20 % in the
future (revision of tender specification on-going at present). The optimal content of
reclaimed asphalt in a freshly produced asphalt mix is considered to be around 40 %
(base course).
The maximum capacity of an asphalt plant when RA is used is approx. 300 t/h as
compared to the 250 t/h when no RA is introduced. This rather unexpected increase
in capacity (= 20 %) can be explained by a higher flow of materials due to the parallel
heating of RA in a second drum. The optimal capacity in this case is considered to be
the same (= 300 t/h).
Fresh materials added during the mix in plant recycling are aggregates, filler and a
softer binder (e.g. 70/100). The quantities depend on the composition of the RA and
the newly produced asphalt mix.
The mixing time is prolonged for about 5 – 10 s when RA is used. Generally, one
tries to limit this additional mixing time to 5 s.
No special additives such as adhesion promoters are renovators are used.
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A particular problem is encountered when using RA with PmB (e.g. originating from
SMA surface courses). PmBs in Belgium commonly contain SBS polymers which
stick together at temperatures of about 120 – 135 °C. Latter RA has to be mixed with
‘normal’ RA before adding.
”Mix in plant” recycling - moisture
The moisture content of RA varies between 4 – 5 %. No specific table is used in
practice to determine the temperature evolution. If needed, adaptations or corrections
are made relying on the practical experience of the plant operator.
”Mix in plant” recycling – PmB in RA
In Belgium, experience with PmB is common. If used RA containing PmB (mostly
SBS polymer) is to be used in combination with ‘normal’ unmodified RA in order to
avoid sticking problems (ratio: 1/3 PmB + 2/3 normal binder). In some cases is has
been mixed prior to adding the material to the mixer. Sometimes two cold feed bins
are utilized for RA.
”Mix in plant” recycling in batch plants
At present only type 4 (separate heating of RA and hot mix stone fractions) is used.
”Mix in plant” recycling in continuous plants
If applied in Belgium, type 1 procedure is used: heating RA together with hot mix of
stone fractions.
”Mix in plant” recycling mixed design of cold and warm RA method
No such system is used in Belgium. Cold recycling is generally rather exceptional
since in that case the re-use of RA is limited to maximum 20 %.
Asphalt plant modification to improve recycling
Generally, modifications to asphalt plants in order to facilitate recycling were made in
the mid ’90. Further optimisations were implemented more recently. Latter include:


Installation of a sieve of 63 mm on cold feed bins to avoid large particles RA in
production



Some kind of hammer in order to avoid sticking of RA in cold feed bins and warm
feed bin (other option or system includes vibrations)



Adaptation of the warm RA storage bin shape in order to facilitate the ‘gliding’ of
RA from the bin into the mixer.

Asphalt plant data with respect to parameters like energy, CO2, etc.
No experience in the public domain has been collected so far.
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7.2.5 Response from Denmark
The companies from Denmark who have all responded for this questionnaire are
mentioned under the questionnaire under Task 4.2.
Denmark has in total approx. 50 asphalt plants where the overwhelming majority is
batch plants of different configurations.
Anonymity
Requested confidentiality is a little difficult to obtain with regard to “in situ” recycling
as we in Denmark have one company that has specialised in this technique and
therefore is easily recognisable. For the rest confidentiality can be obtained, so
specific details will be given with reference to an individual company.
“In situ” recycling
The company performs REMIX and REMIX+. The ratio between REMIX and REMIX+
is approx. 2:1. RESHAPE and REGRIP are not techniques economical applicable in
Denmark as we don't use studded tyres and our surface layers when milled is rather
old (12 - 15 years) which means that the binder has become too brittle for the
techniques of RESHAPE and REGRIP and it need some adjustment.
No extra techniques other than REMIX and REMIX+ are used.
In REMIX approx. 80 kg/m2 is heated and milled and typically 15 kg/m2 is added, so
compaction of 95 kg/m2 is performed in one layer. The added asphalt material can go
up until 25 - 30 kg/m2 but not more than that. The added asphalt material is standard
asphalt of an appropriate kind for mixing in, and approx. 0.5 kg/m2 of bituminous
binder is added in the mixing process in the equipment.
In REMIX+ a new surface layer is paved on top of the old milled surface layer (again
approx. 80 kg/m2) and the new surface layer is 35 - 40 kg/m2 of SMA 8 or SMA 6+
(noise reducing mix). Open graded asphalt concrete or soft asphalt is also used
frequently. In REMIX+ it is difficult to adjust the gradation of the old surface layer, but
a fraction of 8/11 mm aggregate can be spread on the surface prior to heating and
milling. In this case it is important to add/control additional binder.
In REMIX typically 80 kg old to 15 kg new material per m2 is used.
In REMIX+ typically 80 kg old + 35 - 40 kg new surface layer per m2 is used.
Stone Mastic Asphalt is the preferred surface layer in REMIX+, while some kind of
asphalt concrete is the result of REMIX.
“Mix in plant” recycling
The seven asphalt producing companies have all batch plants and some have
additional drum mixers (perhaps in total 5 drum mixers). In some cases the same site
both a drum mixer and a batch plant to give flexibility towards both small job sizes
and frequent mix formula shifts and large homogenous production.
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The manufacturers vary a lot. A few plants are so old that they are classified as the
company’s own design. KVM (a Danish asphalt plants manufacturer) had in a period
a large market share, but there are now other manufacturers in play like Astec,
Marini, Benninghoven, Vianova, Ammann and Ermont. In many cases the asphalt
plant configurations are a combination because later modification (like to improve
recycling or productivity) had been done with the manufacturer that could offer the
best technique at that time.
Maximum production capacities for virgin materials vary quite largely from 70 t/h for
the oldest ones to 250 t/h for the newest ones. There seems to be a generation in
between where the maximum capacity was approx. 150-180 t/h.
Responses for the optimal capacity as opposed to maximum capacity vary also quite
substantially from company to company. Some say that optimum capacity is the
same maximum capacity, one company says 10 % lower and yet another one states
between 50 and 100 % as 100 % is seldom achieved.
The maximum percentage of reclaimed asphalt in a produced mix depend a lot of the
available plant configuration. One company with a wide range of configurations
states a range between 20 – 50 %. One company achieved in a special case with a
drum mixer 99 %, but adds that it was a very special case.
A company mentions that they operate normally with three levels: 30 %, 40 % and 50
%, while another differentiates between the techniques: 10 - 15 % for cold feed of
RA; up till 60 % RA with parallel drum; up till 40 % if configuration of the plant is the
“throw-belt” technique from Benninghoven, where the virgin drying drum is partly
used to heat the reclaimed asphalt.
Another company evaluate that if RA is introduced in the cup elevator for heated
virgin material then 10 - 15 % RA can be introduced. If RA is introduced directly into
the mixer and grading controlled superheated virgin materials (the preferred
operating fashion) then 25 % - 30 % RA can be introduced corresponding to
respectively 3 or 2 % moisture in the RA. With parallel drum in a rather new
installation 45 % RA in a bituminous base mix, while the same configuration in an
older plant has a maximum of 30 %, which also can be achieved with cold feed
directly into the mixer and superheated aggregate.
Maximum capacity of the asphalt plants when RA is introduced gave some
astonishing statements. Several companies assessed that the maximum capacity
was more or less the same or slightly reduced. One company says that capacity is
approximate 55 % of normal maximum capacity. But one company responded 125 %
by cold feed directly into the mixer! By using a new asphalt plant running full capacity
on the virgin drum drier with superheated aggregate and cold feed directly into the
mixer the production rate comes out as 125 % compared to maximum capacity with
virgin materials.
Mixing times are in some cases prolonged with 5 - 10 seconds. But there is a trend to
be reluctant to change the mixing time because when the total mixing time under
normal condition ranges between 40 – 60 seconds additional 5 – 10 seconds has a
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great impact on the production capacity in t/h. Others claim that there is no need to
prolonged mixing times due to separate heating of RA in a parallel drum.
One of the asphalt producers operating a batch plant with a parallel drum also had
the possibility to add RA directly into the mixer or through the cup elevator for the use
of smaller quantities of RA. The problem running a parallel drum was that you
needed a large production in order to operate the parallel drum economical feasible.
If the produced amount of asphalt of a given mix was below 100 t it was not
worthwhile to start the parallel drum. A lot of energy was needed to the initial heating
of the drum and during this phase the RA had a tendency to stick to the inner side of
the drum and blades. When this fouling of the drum got too much the deposited
material had to be removed, which meant two weeks of production stop for the
parallel drum when the material was removed by manual hard work!
There is among the Danish asphalt producers a slight tendency to abandon the
parallel drum for other type of operation due to various reasons. Large jobs with one
mix where RA can be introduced without frequent changed for other mixes are
becoming more seldom in the Danish market (More maintenance work than thick lifts
of bituminous bases). If bituminous bases shall be produced the availability of
sufficient RA at that particular plant might be low and it is perhaps not economical
feasible to haul RA over long distances. The problem with removing fouling deposits
from the parallel drum also contributes to this tendency. Equilibrium between
production with RA and the availability of RA is perhaps at a level where cold feed
addition is economical and technical feasible. If a little higher RA percentage is
possible then the Benninghoven “throw-belt” technique offers an enlarged range
between cold feed and parallel drum. But the “throw-belt” technique is not seen by all
a practical solution, as some asphalt producers have discarded the technique as just
moving the fouling factor problem to the virgin drum dryer.
The questionnaire was sent out and responses collected before serious trials with
Warm Mix Asphalt technologies started in Denmark. At present focus seems to be on
wax type of modification to achieve mix temperature reduction. The initial message
from the asphalt producers are that the incentive for this technology is reduced
exposure of the asphalt workers (the HSE aspect), as big question marks are placed
at the alleged energy savings when all factors (regarding production of the Warm Mix
Asphalt additives and investments in plant modifications etc. ) are taken into account
and not just some sub-optimisation.
Special handling problem due to polymer modified RA is not recognised in Denmark
because all types of RA are crushed/processed together, and on average the
engineering judgement is that the percentage of PMB containing material in RA is
approximate 2 %. In the future this percentage will rise when the produced polymer
modified asphalt eventually will turn up as RA. If lumps of Hot Rolled Asphalt (HRA)
with binder content up till 7 per cent bitumen occur in the RA, it can give problems in
sticking to conveyor belts etc. Through special pre-processing (thoroughly blending
or addition of lean mix or unbound material during pre-processing) can remedy this if
huge amounts of Hot Rolled Asphalt are reclaimed. This will be a seldom occurrence
in Denmark as HRA is hardly ever used any more.
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“Mix in plant” recycling - moisture
The moisture in the RA and in the smaller fractions of virgin material is kept as low as
possible due to the huge impact on energy consumption to evaporate the water. This
is achieved by storage under roof or in tents. Analysis of water content is very
seldom performed as burner control can take care of minor variations. The few
determinations that have been performed – in order to base decisions whether or not
investments in roofed storage or tents will be economical feasible, have given the
following information. RA in outdoor storage in Denmark can have a water content of
7 - 9 % while different asphalt producers have found 1 – 2 % or 3 – 4 % water in RA
under roof or in tents.
“Mix-in-plant” recycling – plant configurations
A lot of variety exists in Denmark but due to an influence of the market (small job
sizes and frequent mix shifts during one production day batch plants dominate the
possible configurations. Since recycling has been used for many years in Denmark
some plants have the capability of recycling RA through different routes in the same
plants in order to give more flexibility in the used percentage of RA for the overall
optimization (energy wise and economical). For this reason cold feed directly into the
mixer or over the “by-pass screen” is often combined in batch plants with either
“throw-belt” technique or parallel drum for reheating the RA.
Only a few drum mixers exist in Denmark – again as a result of market influence and
general flexibility and control possibilities.
Asphalt plant modification to improve recycling
Recycling is as earlier mention a production possibility that started out in 1980, and
over the years steady optimization has been performed. When old batch plants was
replaced with newer batch plants with higher mixing capacity (going from 1.0 -1.5 t
per charge till now 3.5 – 4.0 t per charge) the old virgin drum dryer was in many
cases installed as a parallel drum heating unit for reclaimed asphalt. Perhaps these
old parallel drum dryers have reached an age where considerations are done
concerning replacement of the parallel drum. It could just be sacked all together
because the local market and the availability of RA do not call for the necessity of
high percentage of RA in new mixes. Another option could be introduction of the
“throw-belt” technique.
The “throw-belt” technique is perhaps one of the newer trends in optimisation of
recycling, but some asphalt producers praise the technique while others discard it as
not being a real alternative to a parallel durum for reheating the RA.
Asphalt plant data with respect to parameters like energy, CO2 etc.
Oil (gas oil) or natural gas is normally the fuel source for the burners. Especially the
energy companies have been keen on supplying natural gas to the asphalt plants as
the consumption in the asphalt production is low season the consumption of natural
gas for house warming.
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Meters for reading either natural gas or gas oil consumption in hourly rates or daily
are available almost all places as well as electrical power consumption. But the
registration is met by several obstacles.
The energy consumption will be varying depending on the actual level of water
content in the material. As it is not possible to analyse this in a meaningful manner
and link it to the energy the energy readout will be biased by an unknown factor. This
is especially a problem with the frequent mix shift on the batch plants in Denmark
during a day’s production. But the largest obstacle is that several asphalt producers
have said, that even if they had the data they might not want to show it to others, as
they see it as part of their knowhow. If they have found an ingenious way energy
wise to produce asphalt they will not disclose this to either the customers or the
competitors and through that lose the potential better market position. For this reason
it can very well be a problem to gather energy data for Task 3.2 of the Re-Road
project.
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7.2.6 Response from Finland
The summary from Finland is based on a limited number of responses. Further
information is expected/promised for January 2011. The origin for the Finnish
responses is the member companies of the Asphalt section of the Finnish
Construction Association, Infra Ry.
Anonymity
In this case one of the companies asks for their contribution to be handled
anonymously which means that there will be no reference from a piece of information
to the name of the company in question.
“In situ” recycling
One of the Finnish responses comes from a company that performs both "In-situ"
recycling and "Mix in plant" recycling". Concerning the first item the techniques used
are REMIX and REMIX+. This technique is a feasible option as maintenance of wear
in surface layers due to the wear from studded tyres. This implies that the recycled
asphalt typically is not aged very much, but can be as young as only 3 – 5 years.
The virgin material added is the same type as original placed and amount to a range
from 20 – 50 kg mix/m2 which shall compensate for the wear and will create almost
no additional work (concerning curb fitting etc.).
The ratio between virgin material and RA is approximately 4 parts of virgin material to
1 – 2 parts of reclaimed asphalt.
The typical asphalt family type to be scheduled for REMIX or REMIX+ will be
standard dense graded asphalt concrete and stone mastic asphalt.
“Mix in plant” recycling
The companies that have responded have different types of batch plants , but no
drum mixer installations. The names of the asphalt plant manufacturer are
Alfelder/SIM, Amomatic, Kalottikone Oy and Benninghoven. The number of asphalt
plants is not given but from the response it can be deducted that the two companies
have least 6 plants.
The maximum capacity for fresh asphalt mix of the plants seems to fall into two
groups: 120 t/h and 240 t/h. Both companies estimate that the optimum capacity with
virgin material is 2/3 of the maximum capacity.
Depending on the configuration of the plant maximum percentage of RA addition falls
in groups of 20, 50 and 80 %, while the optimum percentage of RA in the new mix
correspondingly is 20, 30 and 50 %.
One asphalt producer can increase the capacity on one plant type from 120 t/h to
150 t/h when he shifts from virgin materials to mixes with maximum content of RA.
On a different configuration the production rate stay the same due to the use of a
parallel drum for the RA. The other company has evaluate that the maximum
production rate goes down from 240 t/h to 150 t/h when shifting to mixes with
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reclaimed asphalt, and the optimum production capacity is again 2/3 of the maximum
value.
For the new mixes with reclaimed asphalt both virgin bitumen and virgin aggregates
are added.
The configurations of plants using cold feed addition prolong the mixing time with 10
seconds while batch plants with parallel drum maintain the mixing time unchanged
compared to virgin materials. No special additives are used to facilitate recycling.
None of the companies mention special products or fractions of RA that create
problems for the mixing process. No experience with recycling polymer modified
asphalt has been gain so far, as all types of RA are mixed into one pile and polymer
modified asphalt in not kept separated as such.
“Mix in plant” recycling - moisture
No additional information is available on moisture in RA.
“Mix-in-plant” recycling – plant configurations
One asphalt producer states that the configuration of the Amomatic plant is with
direct cold feed in the mixer, while the Alfelder/SIM type is with parallel drum
delivering the reheated RA directly into the mixer.
The other company has several plants. Some have with cold feed into the mixer and
some with parallel drum. This company has earlier in the questionnaire responded
that it only had batch plants, but when describing the plants configurations it
mentions that it also have plant(s) where the virgin drum is used for heating the
reclaimed material. Looking very closely to the small drawing of plant type 8.3 in the
questionnaire it could be interpreted as showing the "throw-belt" addition of RA into
the virgin drum.
Asphalt plant modification to improve recycling
One company states that hardly any improvements have been made over the last
decade as the options have been in place for a longer period. The other company
states that they have made improvements for the reason of competitiveness and not
so much directly recycling capability as that was already established.
Asphalt plant data with respect to parameters like energy, CO2 etc.
One of the two companies mentions that energy consumption data are recorded at
the plant, but no details are offered.
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7.2.7 Response from France
No questionnaires were sent out in France.
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7.2.8 Response from Germany
In Germany ~300 companies produce about 55 million t of hot mix asphalt in more
than 600 mixing plants annually (DAV 2010). Recycling of hot mix asphalt is common
practice for base layers since the early 1980 s and introduced to specification.
General guidelines (FGSV 2009) contain the state of the art on recycling of RA in
new hot mix asphalt.
As only a small number of companies could be contacted and only two responded
questionnaires were received, the below given information are based on these
guideline documents. The few answers available were be used for validating the
general guideline information.
Companies responded:
BAM (Bayrische Asphalt Mischwerke), Hofolding (46 asphalt plants)
GROTH, Rostock (9 asphalt plants), contractor
(BAM (bamwege – Netherlands), Utrecht, also contractor)
In situ recycling
In situ recycling is seldom performed in Germany. General guidelines are available
for cold in situ recycling.
”Mix in plant” recycling:
Practically all asphalt plants are equipped to perform “mix in plant” recycling. Nearly
all German asphalt plants are batch plants. According to general information of the
German asphalt association about 20% of German asphalt plants are equipped with
a parallel drum.
Table x indicates the plant designs applied by the companies who answered the
questionnaire.
Table x: Proportions of plant designs covered in questionnaire study
Plant design

Answer 1

Answer 2

Heating RA indirectly: charge addition

31 %

68 %

Heating RA indirectly: continuous addition

62 %

-

Heating RA together with aggregates

7%

-

Heating RA separately (parallel drum)

-

32 %
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Both plant operating companies changed their plant equipment in the last 10 years in
order to improve recycling capacity. Reasons were the modernisation by adding of
charge RA feed which allows more precise addition especially for RA into surface
asphalt mixes. Parallel drums were added in some plants to reach higher recycling
rates in areas where a lot of reclaimed asphalt is produced during road maintenance.
The 53 asphalt plants considered in the answered questionnaires are equipped by
different plant producers (Ammann, Benninghoven, Marini, Teltomat, Alfelder, Wibau,
Uniplant, Gibat, Vögele IMA, Huther, Linnhof). Some of the plants contain equipment
from various manufactures.
The maximum capacities of the plants, which are considered in the questionnaire
answers, vary between 70 t/h and 240 t/h and the optimal capacity is similar to this
number. The
The maximum content of RA varies by the type of plant equipment. The values given
in the German guideline document are the same as given in question 8. For cold feed
of RA a maximum RA content of 40 % is given. The answers indicate the optimal
content of 25 % or 30 %. When warm-feed is applied, the maximum RA content
depends on material homogeneity. In daily practice one producer claims 50 % RA
content as optimal for plants capable of warm feed.
The capacity when RA is used is sometimes smaller than the general capacity
indicating that the capacity of the RA addition devices may be smaller than the
mixing capacity of the plant.
The German guideline doesn’t give any information or recommendation on the need
for prolonged mixing times for asphalt when RA is added. Some producers prolong
the mixing times for about 10 to 15 seconds, especially when the resulting mix shows
inhomogeneities or bad binder coverage.
In general no special additives are used for standard asphalt mixes containing RA. If
parallel drums are used to heat the RA, some rejuvenator oils are applied as
lubricant or release agent.
One of the companies who answered the questionnaires states problems arising
when RA originates of surface courses made of mastic asphalt (MA) which contains
high quantity of filler and high viscosity binder.
In general, the water content of the RA is considered. The German guideline gives a
table containing the same figures as the table in the questionnaire. In practice this
table is not applied. The operators of mixing plant rather control the resulting capacity
and temperature after heating of aggregates and/or RA.
Both companies experienced problems concerning PmB-containing RA due to
sticking problems at handover devices where the RA is given from one belt to
another. Especially at the end of the parallel drum there seem to be problems.
Nevertheless, there is no general difference between handling of RA with or without
PmB. Usually RA with PmB is not stored on separate stockpiles.
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7.2.9 Response from Ireland
Eight suppliers / contractors were contacted in Ireland with responses received from
five of them. The companies contacted in Ireland were: Arkil Ltd; Balfour Quarries
Ltd; F Harrington Ltd; Kilsaran Group Ltd; Dan Morrisey Ltd; Roadstone Ltd; SIAC
Construction Ltd; and S M Morris Ltd.
In most cases no questionnaire was completed because the general response was
that they did little or no asphalt recycling on the grounds that there were no drivers
from Government. In one case the only asphalt recycling was the use of plant waste
which consisted of minor amounts of material not used due to over ordering.
Road planning were generally crushed to form a granular fill material which is
generally used in truck yards and farmers tracks and sold to users who do not require
a highly specified material. Some have experimented with recycling into asphalt at
the plant, mainly in base and binder course layers but without the drive from national
and local authorities it is difficult to justify making the necessary alterations to the
manufacturing plant. Other barriers cited were: emissions factors in urban
environments; and the difficulty in obtaining large volumes of consistent materials (in
city works the feed stockpile is likely to change on an almost daily basis).
One response from Ireland included a completed questionnaire and they were
operating Benninghoven, Titan and Parker batch plants with a maximum capacity of
between 150 to 400 t/h. The optimum capacity varied depending on the material
being produced. Both the maximum and optimum amount of RA was stated as 10 %
and the maximum capacity of the plant was given as 90 % of the maximum when
virgin materials only are used. There were no major issues cited with RA once it has
been screened and crushed to a consistent product.
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7.2.10 Response from the Netherlands
No individual companies were directly contacted since it was anticipated to receive a
very limited response. Instead, the information already available within the BRRC
was complemented by an external expert Mr Harry Roos, VBW-asfalt (“Vereniging tot
Bevordering van Werken in Asfalt”, Zoetermeer, NL (organization regroups about 95
% of all Dutch asphalt producing and/or road constructing companies). Latter person
is in close contact with almost all asphalt producing companies in the Netherlands. In
such way, a representative overview was gathered for the whole sector in the
Netherlands with regard to RA in the mixing process.
Information
The information is representative for activities in the Netherlands.
General company information
At present, 41 asphalt producing plants are operational in the Netherlands.
Basic decision
Practically all asphalt plants are equipped to perform “mix in plant” recycling. Only 1
production unit does not use RA in 2008.
”in situ” recycling
In situ recycling is not performed in the Netherlands.
”Mix in plant” recycling
Out of the 41 production plants, only 6 are equipped for a continuous production
(drum mixer). All other (35 in total) are batch plants (charge production).
A large majority of the asphalt plants is equipped by the following manufacturers:
Benninghoven, Ammann and a limited number by other manufactures.
The maximum capacity of the asphalt plant when only fresh mixtures are produced is
on average around 300 t/h (for ± 85 % of all plants). The optimum capacity (when
only fresh mixes are produced) is estimated to be also around 300 t/h (equal or just
below maximum capacity). Latter value only depends slightly on the type of asphalt
mix being produced.
The maximum content of reclaimed asphalt in a freshly produced asphalt mix is in
case of base courses around 45-50 % and for surface courses between 25-30 %
(figures valid in case of dense asphalt concrete only). Experiments are reported
where up to 70 % RA has been introduced in a base course or where porous asphalt
is recycled in a freshly prepared porous asphalt mixture (up to 20 % RA).
The maximum capacity of an asphalt plant when RA is used is around 270 t/h as
compared to the 300 t/h when no RA is introduced (decrease of about 10 %). It is
pointed out that both the moisture content as well as the economic benefits of using
RA are decisive factors in this context.
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Fresh materials added during the mix in plant recycling are aggregates, filler and a
softer binder (e.g. 70/100). The quantities depend on the composition of the RA and
the newly produced asphalt mix.
The mixing time is prolonged for about 10 s when RA is used.
No special additives such as adhesion promoters are renovators are used.
Several problems are encountered when using RA:


The presence of coal tar used in the past. It is strictly forbidden to recycle coal tar
containing RA in either hot or cold process.



The (very) low penetration grade of RA when dealing with porous asphalt.



The discontinuous grading of RA originating from SMA limits to some extent its
reuse.



The rounded aggregate shape of gravel (frequently used in the past but for
environmental reasons its exploitation is nowadays restricted) limits its reuse in
base courses



The presence of thermoplasts occurring in road markings (kept apart to avoid
problems)

”Mix in plant” recycling - moisture
The moisture content of RA varies between 3 – 4 %. No specific table is used in
practice to determine the temperature evolution. If needed, adaptations or corrections
are made relying on the practical experience of the plant operator.
”Mix in plant” recycling – PmB in RA
In the Netherlands, experience with PmB is common although to a far lesser extent
as compared to Belgium. This is due to the fact that far less SMA mixtures with PmB
are used (preferred choice on a highway is porous asphalt) and a greater awareness
at the start of the materials cycle of possible recycling problems in the future with for
example SBS modified binders.
If used RA containing PmB is to be used in combination with ‘normal’ unmodified RA
in order to avoid sticking problems (similar solution as in Belgium). No cold feed bins
are utilized for RA containing PmB.
”Mix in plant” recycling in batch plants
At present only type 4 (separate heating of RA and hot mix stone fractions) is used.
”Mix in plant” recycling in continuous plants
If applied in the Netherlands, type 1 procedure is used: heating RA together with hot
mix of stone fractions.
”Mix in plant” recycling mixed design of cold and warm RA method
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No such system is used in the Netherlands. Cold recycling is generally rather
exceptional (only 2 plants do use the option of cold recycling since in latter case the
re-use of RA is limited to maximum 20 %).
Asphalt plant modification to improve recycling
Generally, modifications to asphalt plants in order to facilitate recycling were made in
the nineties. Further optimisations were implemented more recently. Latter include:


Optimization of the material flow in the parallel drum by adapting its length and/or
the position of the paddles.



Pre-heating of RA using hot air in a separate chamber in order to avoid the
“burning” of the bitumen and reduce emissions.



The covered storage of RA in order to minimize moisture content



The separate storage of different types and qualities of RA (e.g. porous asphalt,
PmB, gravel containing RA…).

Asphalt plant data with respect to parameters like energy, CO2, etc.:
It is reported that the use of RA results in an increased need for fuel at the plant level
(estimated to be approx. 10–15 %). However, considering the entire LCA of the use
of RA, less CO2 is produced since far less new materials are needed. Moreover, this
is particular the case in the Netherlands where natural resources with regards to
aggregates is very scarce. In this context, the road administration is taken initiatives
to stimulate the sustainable development in the future by working (in collaboration
with the sector) on appropriate frameworks (e.g. for a given project or production
site).
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7.2.11 Response from Norway
See response to both questionnaires in 7.1.7
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7.2.12 Response from Portugal
Four main Portuguese asphalt producers of hot mix materials have been contacted.
The companies were:


Construções Gabriel A.S. Couto S.A.



Mota-Engil, SGPS, S.A.



Tecnovia, SGPS



Teodoro Gomes Alho, S.A.

The information supplied by the contractors was complemented with knowledge
already available within LNEC.
Information
The information is representative for activities in Portugal.
General company information
At present, three replies have been gathered from the asphalt producers. One more
respondent is expected from Portugal.
All asphalt producers are asphalt contractors.
Basic decision
Most asphalt producers perform “mix in plant” recycling.
“In situ” recycling
Some Portuguese asphalt producers perform deep-cold “in situ” recycling, whether
using bitumen emulsion, hydraulic binder or a mix of these.
According to this technique, the existing pavement layers are milled, remixed with
new binder and possibly some new aggregates or corrective materials, using
dedicated paving equipment (recycler) that disaggregate the existing pavement
layers (by milling), mix with new materials and lay it back on the pavement.
This type of technique has been used on rehabilitation projects in Portugal since
1993. Some examples of the main rehabilitation works using asphalt cold mix “in situ”
recycling performed in Portugal since then, are given below:


“In situ” recycling of a combination of asphalt and unbound granular layers using
emulsion (3 - 5 %);



“In situ” recycling of a combination of asphalt and unbound granular layers using
emulsion (3 - 5 %) and cement (1.5 - 2 %);
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“In situ” recycling of asphalt layers using emulsion (around 3 %);



“In situ” recycling of asphalt layers using emulsion (around 3 %) and a small
amount of cement (0.5 %).

The amount of virgin materials added to the final mixtures is generally up to 15 %.
In most cases, the recycled mixture is applied as a base layer.
“Mix in plant” recycling – asphalt plant
In Portugal, a large majority of asphalt producers has batch plants (charge
production) and some have additional drum mixers (continuous production).
The manufacturers vary depending on the type of asphalt plant:


Reported batch asphalt plants are equipped by the following manufacturers:
S.I.M. (Ammann group) and Intrame;



Generally continuous asphalt plants are equipped by Ermont (FAYAT group).

The maximum production capacities when only virgin materials are used vary quite
widely from 120 t/h to 350 t/h.
The maximum content of RA in asphalt mix production depends on the type of
asphalt plant that is used:


Maximum 20 % RA for batch plants;



Maximum 35 % RA for drum mix plants.

The optimum content of RA reported by most respondents is between 10 and 15%.
Most part of producers reports additional mixing time when using RA (10- 20 s) and
lower capacity of the plant (optimum capacity decrease of about 40 t/h).
Fresh materials added during the mix in plant recycling are natural aggregates and
penetration grade bitumen. The type and quantities of virgin materials depend on the
composition of the RA and the newly produced asphalt mix.
No special additives such as adhesion promoters or rejuvenators are used.
Some experienced problems when using RA are the following:


The (high) moisture content of RA, which has been overcome by a reduction the
RA content in the final mixture;



The (high) particles size of RA, which had been overcome by introducing size
reduction equipment.

“Mix in plant” recycling – moisture
Most producers did not present any specific relation to determine temperature
elevation to compensate for moisture in the RA.
Beneficiary
Author : WP 4 (ed. Erik Nielsen)

Grant SCP7-GA-2008-218747
Page 87 of 98

File : Re-Road_D4.2
deliverable_v4.2_pp_27Jan11.doc

Re - Road

Deliverable 4.2
Status report on activities and background for selection
of case studies.

WP 4

4.2
2011-01-27

PP

If needed, adaptations or corrections are made, such as, reducing the amount of RA
incorporated in the recycled mixture.
“Mix in plant” recycling – PmB in RA
In Portugal only one contractor reported experience with asphalt containing a mix of
penetration grade RA and PmB RA. No specific problems were identified and the
procedure was identical to the one used for mixtures without PmB.
“Mix in plant” recycling in batch plants
Only procedure 1 (heating RA indirectly with hot mix of stone fractions - charge
addition) is used.
“Mix in plant” recycling in continuous plants
Only procedure 1 (heating RA together with hot mix of stone fractions) is used.
“Mix in plant” recycling mixed design of cold and warm RA method
Cold “in plant” recycling is not used in Portugal.
On the other hand, warm/half-warm plant recycled technology was used for the first
time in the rehabilitation of two sections of National roads pavements in 2008/2009,
by two different asphalt contractors.
In both cases, batch plants (charge production) equipped by Intrame were used.
The only virgin materials added during the mix in plant recycling were slow setting
modified cationic emulsions (2 % and 3.2 %).
One reported problem was that initially the recycled mixture was supposed to be
produced by warming the RA up to 90 ºC, and the minimum compaction temperature
was supposed to be 60 ºC, therefore it would fall into the category of half-warm
mixtures. However, a good homogeneity of the mixture was not achieved with this
procedure; therefore the RA temperature was increased to 120 ºC. The compaction
temperature was also increased.
Asphalt plant modification to improve recycling
Some of the producers reported modifications to the asphalt plant in order to improve
recycling, mostly aiming at the homogenization and reduction of RA particles before
introducing it in the mixture.
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Asphalt plant data with respect to parameters like energy, CO2, etc.:
The available information concerning energy consumption and CO2 emissions is very
scarce. In most cases, CO2 emissions are controlled by external entities.
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7.2.13 Response from Slovenia
Five asphalt producers of hot mix materials have been contacted. The companies
were as follows:


Primorje d.d.



CP Ljubljana d.d.



CMCelje d.d.



TAP d.o.o.



CPM d.d.

Information
The information is representative for activities in Slovenia.
Basic decision
Most asphalt producers perform “mix in plant” recycling.
“In situ” recycling
Two Slovene asphalt producers perform deep-cold “in situ” recycling, whether using
bitumen emulsion, hydraulic binder or a mix of these. One of them responded on our
questionnaire.
According to this technique, the existing pavement layers are milled, remixed with
new binder and possibly some new aggregates or corrective materials, using
dedicated paving equipment (recycler) that disaggregate the existing pavement
layers (by milling), mix with new materials and lay it back on the pavement.
“In situ” recycling of base asphalt layers is mostly performed on local roads with
lower traffic load in two ways:


“In situ” recycling of asphalt layers using emulsion (around 3 %);



“In situ” recycling of asphalt layers using emulsion (around 3 %) and a small
amount of cement (0.5 %).

10 years ago one producer performed REMIX recycling on few km of the motorway.
“Mix in plant” recycling – asphalt plant
In Slovenia all asphalt producers has batch plants (charge production).
From respondents we got information that in one case manufacturer of asphalt plant
is Wibau, all other cases producer of asphalt plants is Ammann.
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The maximum production capacities when only virgin materials are used vary from
120 t/h to 240 t/h.
The maximum content of RA in asphalt mix is at two producers is 30 %, for other is
less.
The optimum content of RA is between 5 % and 30 %.
Most part of producers reports additional mixing time when using RA (4 – 15 s) and
lower capacity of the plant (optimum capacity decrease of about 15 %).
Fresh materials added during the mix in plant recycling are natural aggregates and
paving grade bitumen (usually one grade softer then usually). The type and
quantities of virgin materials depend on the composition of the RA and the newly
produced asphalt mix.
No special additives such as adhesion promoters or rejuvenators are used.
“Mix in plant” recycling – moisture
All producers occasionally determine moisture in asphalt granulate. Two producers
use specific relation to determine temperature elevation to compensate for moisture
in the RA.
“Mix in plant” recycling – PmB in RA
Two contractors reported experience with asphalt containing a mix of penetration
grade RA and PmB RA. No specific problems were identified, due to the fact that the
quantity of PmB containing asphalt mix is usually small regarding the total quantity of
RA.
“Mix in plant” recycling in batch plants
Procedures 1 and 2 (heating RA indirectly with hot mix of stone fractions - charge
addition and continuous addition) are used.
“Mix in plant” recycling in continuous plants
There is no continuous plant in Slovenia.
“Mix in plant” recycling mixed design of cold and warm RA method
Cold “in plant” recycling is not used in Slovenia.
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Asphalt plant modification to improve recycling
Two producers reported modifications to the asphalt plant in order to improve
recycling, mostly aiming at the homogenization and reduction of RA particles before
introducing it in the mixture. In one case new belt conveyor and silo are reported.
Asphalt plant data with respect to parameters like energy, CO2, etc.:
In all cases, CO2 emissions are regularly controlled by external entities. Two
producers regularly control energy consumption.
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7.2.14 Response from Spain
The companies from Spain who have responded to this questionnaire are the listed
below. These responses were gathered with the cooperation of the bitumen producer
REPSOL.


AMSA



Construcciones RUBAU, S.A.



Eiffage Infraestructuras



PORTRABISA



Tizor Hormigones y Asfaltos, S.L.

Information
The information main not be representative for all activities in Spain.
General company information
At present, five replies have been gathered from Spain. Four of the asphalt
producers are asphalt contractors.
Basic decision
Most asphalt producers perform “mix in plant” recycling.
“In situ” recycling
Some Spanish asphalt producers perform deep-cold “in situ” recycling.
The type and quantity of virgin materials added to the final mixture depend on the
composition of the RA and of the type of newly produced asphalt mix. One company
reported 5 % of virgin material.
In most cases, the recycled mixture is applied as a base layer.
“Mix in plant” recycling – asphalt plant
All five asphalt producers have batch plants (charge production), manufactured by
S.I.M./Ammann or by Marini (FAYAT group).
Most respondents reported a maximum content of RA in the final mixture between 10
% and 30 %, and an optimum content between 10 % and 15 %.
Most part of producers also reported additional mixing time when using RA (10 s)
and la decrease in the capacity of the plant.
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Fresh materials added during the mix in plant recycling are natural aggregates and
penetration grade bitumen (i.e. 40/50, 50/70 or 60/70). The king and quantities of
virgin materials depend on the composition of the RA and the newly produced
asphalt mix.
No special additives such as adhesion promoters are rejuvenators are used.
“Mix in plant” recycling – moisture
One of the respondents uses a similar table to determine temperature elevation, and
another one reported an increase of 10 ºC for moisture content. The other producers
did not present any specific relation to determine temperature elevation to
compensate for moisture in the RA.
“Mix in plant” recycling – PmB in RA
There is no reported experience with PmB among the respondents.
“Mix in plant” recycling in batch plants
Procedures 1 (heating RA indirectly with hot mix of stone fractions - charge addition)
and 2 (heating RA indirectly with hot mix of stone fractions - continuous addition) are
used.
“Mix in plant” recycling in continuous plants
There are no reported cases using continuous plants.
“Mix in plant” recycling mixed design of cold and warm RA method
None of the respondents reported the use of “in plant” cold or warm mix recycling.
Asphalt plant modification to improve recycling
Some of the producers reported modifications to the asphalt plant in order to improve
recycling, mostly aiming at the homogenization and reduction of RA particles before
introducing it in the mixture.
Asphalt plant data with respect to parameters like energy, CO2, etc.:
The available information concerning energy consumption and CO2 emissions is very
scarce. In most cases, CO2 emissions are controlled by external entities.
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7.2.15 Response from Sweden
Three main Swedish asphalt producers of hot mix materials have been contacted.
Basic decision
All asphalt producers perform “mix in plant” recycling and of “in situ” recycling.
“In situ” recycling
All respondents perform REMIX and REMIX+ techniques of “in situ” recycling. The
amount of virgin materials added to the final mixtures is generally 15-60 kg/m².
The recycled mixture is applied as a wearing layer (AC or SMA).
“Mix in plant” recycling – asphalt plant
All respondents perform have batch plants (charge production) and drum mixers
(continuous production).
The manufacturers vary depending on the type of asphalt plant: Amman,
Benninghoven, Own, Astec, KVM, mfl, Kalotticone.
The maximum production capacities when only virgin materials are used vary quite
widely from 50 t/h to 250 t/h.
The maximum content of RA in asphalt mix production depends on the type of
asphalt that is produced:


Maximum 20 % RA for surface layers;



Maximum 30 % RA for base layers.



100% if cold with soft asphalt or emulsion

The optimum content of RA reported by most respondents is between 10 and 30%.
Most part of producers reports same capacity if preheated RA is used, otherwise
10% longer mixing time. Prolongation of mixing time depends also on moisture in RA
and its quantity. One company reported on average 10 % lower capacity if cold RA is
introduced into the mixer.
No special additives such as adhesion promoters or rejuvenators are used.
“Mix in plant” recycling – moisture
One company sometimes use specific relation to determine temperature elevation to
compensate for moisture in the RA, others not.
It is important that the temperature in the mix is homogenous before adding binder.
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“Mix in plant” recycling – PmB in RA
There is no experience with asphalt containing PmB RA. No specific problems were
identified and the procedure was identical to the one used for mixtures without PmB.
“Mix in plant” recycling in batch plants
In Sweden all procedures listed in questionnaire are used: 1, 2, (heating RA indirectly
with hot mix of stone fractions - charge addition and continuous addition) 3, (Heating
reclaimed asphalt together with hot mix of stone fractions) and 4 (separate heating of
reclaimed asphalt and hot mix of stone fractions) are used.
“Mix in plant” recycling in continuous plants
In Sweden both procedures listed in questionnaire are used: 1, (heating RA together
with hot mix of stone fractions) and 2 (Heating reclaimed asphalt in separate device
(“black drum”)) are used.
“Mix in plant” recycling mixed design of cold and warm RA method
Respondents do not use cold “in plant” recycling.
Asphalt plant modification to improve recycling
All producers reported modifications to the asphalt plant in order to improve
recycling. The objectives for investment were as follows:
RA is asked for from road administration and to make the process and product better.
One respondent reported that costs of investment are high to get a good product with
RA.
Asphalt plant data with respect to parameters like energy, CO2, etc.:
In some cases comparing studies has been made about information concerning
energy consumption and CO2 emissions.
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7.2.16 Response from United Kingdom
Five major asphalt producers were contacted in the UK and responses were received
from three of them. Those contacted were: Aggregate Industries Ltd; Cemex
Construction Services Ltd; Ennstone Thistle Ltd; Lafarge Aggregates Ltd; and
Tarmac Group Ltd.
All those who completed the questionnaire performed plant mix recycling. All
suppliers had a range of asphalt plants and each supplier had a selection from the
following manufacturers:
Amann, Benninghoven, Braham Miler, Bristow, KVM, Marini Parker, Standard
Havans and Titan.
The maximum capacity of their plants varied considerably from 40 t/h up to 600 t/h
(optimum similar or slightly lower), but the maximum capacity was generally reduced
when RA was added and the reduction tended to be dependent on the plant and the
quantity to be added but was generally 10-20 % lower than normal maximum
capacity.
The maximum quantity of RA that could be added varied from 5 % to 90 % and was
plant specific. The norm tends to be around 10 % with higher quantities at specific
plants. Some plants used planning whilst others only used ‘waste’ from returned
loads. It is common practice to over order material so that the supplier doesn’t ‘die in
the hole’ on short possession works.
The kind and quantity of virgin material added depended specifically on the mix to be
produced.
Prolonging mixing time varied from zero to 5-10 seconds and 15 seconds extra
mixing time cited by some in order to drive off the moisture and get the RA up to
temperature. Typical mixing times without RA are of the order of 45-55 seconds.
The uses of special additives were cited by two of the respondents and this included
hydrated lime, PFA and Sasobit to reduce mixing temperature.
In terms of problems with recycling specific types or fractions of RA, there were some
issues with foamix (fine and coarse added to solve problem) but otherwise no major
issues once the RA is crushed and screened to give a consistent supply. Stockpiles
are sometimes limited to prevent over consolidation of RA.
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Moisture data was variable and dealing with moisture was generally dependant on
storage conditions (that is, covered or exposed). Large exposed stockpiles were
stated to shed any water remarkably well and typically the moisture content was
about 3-4 %. There was no prescriptive use of any tabulated values.
Experience with PmB was variable and ‘unknown’ in some cases, although the
production was stated as identical in one response with no additional problems.
Some additional laboratory testing for binder properties may be necessary though.
The procedure for mix in plant recycling at batch plants and continuous drum plants
was plant specific with a different procedure adopted depending upon plant type.
Improvements to asphalt plants to improve recycling rates have been made by some
or ‘upgrades’ done where new plants are commissioned.
[Note: the drivers in the UK are increasing and clients have demanded certain levels
of recycling on specific surface course schemes].
Asphalt plant data is generally available and includes KWh/t, btu/t, recycle% RA%
etc.
Whilst not part of any questionnaire or response it should be noted that a pavement
embodied carbon calculation tool for asphalt and asphalt related products, known as
asPECT, has been launched in the UK and this enables producers to establish their
carbon footprint. This was developed by TRL under the collaborative research
programme funded by HA/MPA/RBA and currently covers sourcing of all materials to
production of asphalt. Ongoing research is looking at maintenance and end of life.
asPECT is available as a free download from www.sustainability.of.highways.org.uk
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