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Terms
Albedo: Thediffuse reflectivityor reflecting power of a road or other surface.

Ash The reglual solid material from the combustion process in either coal fired power stations or incineration
facilities.

Asphalt: Asphalt is a mixture of aggregates, binder and filler, used for constructing and maintaining all kind of
roads and other surface areadggregates used for asphalt mixtures could be crushed rock, sand, gravel or

slags. In order to bind the aggregates into a cohesive mixture a binder is used. Most commonly, bitumen is
used as a binder.

Asphalt concrete:Composite material used for roadirfaces. Consist of asphalt as a binder and mineral
aggregates.

Bitumen: Binder used in the production of asphalt. It is a brown or black viscous residue from the vacuum
distillation of crude petroleum. It consists of high molecular weight hydrocarbonsrandr amounts of sulfur
and nitrogen.

CE marking A guarantee of conformity of the aggregate to all applicable provisions of the Construction
Products Regulation.

Cement: A binder added together with water and granular materials to make cement boundurastt
concrete. Cements used in road construction are normally characterized as being hydraulic. Hydraulic cements
(e.g.,Portland cementharden because dfydration

Cold mix:This is an asphalt type where the asphalt is produced without heating the aggregate. This is possible
due to the use of a specific bitumen emulsion which breaks eithuging compaction or during mixing. After
breaking, the emulsion coats the aggregate and over time, increases its strengths. Cold mixes are particularly
recommendable for lightly trafficked roads.

Construction and demolition waste Material produced as avaste from the demolition of buildings or
structures.

Cracking:Fracture in the pavement. Cracking can, e.g., be transverse or longitudinal or in grids (alligator
cracking). In traditional flexible pavement design fatigue cracking occurs at the undefglue asphalt layer
and develops with traffic, time and climate into a crack visible at the surface of the pavement.

Hot mix Asphalt pavementin its simplest form, the hot mix asphalt pavement is a proportioned combination
of aggregate and asphalttr@atd 6 SSy KSFGSR Ay | OSyidN}Xf YAEAYy3 LI Iy
spread and compacted on a road surface before cooling.

Feedstock energyThe chemical energy embodied in a material when it is not used as fuel.

Frost blanket:A builtup cowering of sacks, matting, or other suitable material placed over freshly finished
concrete; such covering is moistened to supply water in the early hydration process, and tends to maintain a
uniform temperature. Can also be used for other surfaces to redueerse effects caused by frost.

Mastic asphalt:Mastic asphalt is a pavement type which differs from asphalt concrete by having a higher
bitumen content (binder), approx.-¥0% of the aggregate mix.

Membranes Flexible continuous sheets of one or moratietic material which are relatively impermeable.
Membranes have to be site glued or welded to ensure waterproof function.

Natural aggregate:Aggregates produced from mineral resources; sand and gravel are natural aggregates
resulting from rock erosion;rashed rock is extracted from quarries.

Public Private PartnershipA Public Private Partnership (PPP) is generally a medium tadongelationship
between the public and private sectors (including the voluntary and community sector), involving tlirgshar
of risks and rewards and the utilisation of mwdéctoral skills, expertise and finance to deliver desired policy
outcomes or projects that are in the public interest. There is a range of types including the introduction of
private sector ownership to stateowned businesses, the Private Finance Initiative (PFIl), and selling
Government services into wider markets.

Recycled aggregatesAggregate resulting from the processing of inorganic material previously used in
construction.


http://en.wikipedia.org/wiki/Diffuse_reflection
http://en.wikipedia.org/wiki/Portland_cement
http://en.wikipedia.org/wiki/Mineral_hydration

Reflective crackingCracks that appear in a surface layer of a pavement but stem from an underlying layer.
The term is often used in the case of rigid pavements with a bituminous surface layer. Joints and cracks from
the concrete layer will generally (with traffic and time) @ap in the top asphalt layer.

Residues Materials, often classifiable as waste, remaining after a part is removed, disposed of, or used;
remainder; rest; remnant.

Road network All roads in a given area
Rutting: Distortion of pavement surface caused by solidation of one or more of the pavement layers.

Secondary aggregatedJsually byproducts of other industrial processes not previously used in construction

that can be processed to produce secondary aggregates. Secondary Aggregates can be fudhatediinto
manufactured and natural, depending on their source. Examples of manufactured secondary aggregates are
pulverised fuel ash (PFA) and metallurgical slags. Natural secondary aggregates include china clay sand and
slate aggregate.

Skid resistanceResistance of the pavement surface to sliding of the vehicles. Skid resistance is an important
safety factor in pavement design.

Stone mastic asphaltSurface for heavily trafficked roads. It contains high course aggregate30#sp filled
with a mastic obitumen (67%)and filler (8.2%)to which fibres (0.3%) are added.

Sustainable constructionSustainable Construction involves delivering buildings and structures that provide
greater satisfaction; increasing wékking and value to customers and users; pesing and treating
stakeholders more fairly; enhancing and better protecting the natural environment; minimising construction's
impact on the consumption of energy and natural resourcas well as making the construction industry more
profitable and mee competitive.

Warm mix: A typical warm mix asphalt is produced at a temperature around- 20 °C lower than an
equivalent hot mix asphalt. Less energy is consumed during production of the asphalt. Furthermore, the
temperature in the mix is lower durinthe paving operations, resulting in improved conditions for the
workers.



Abbreviations and Acronyms

AADT Annual Average Daily Traffic

C&DW Construction and demolition Waste

CEDR Conference of European Directors of Roads

CEN Comité Européen de Normadison

CcQo Carbon dioxide

CPR Construction Product Regulation

EEA European Environmental Agency

EIA Environmental Impact Assessment

EMAS EceManagement and Audit Scheme

EPD Environmental Product Declaration

GHG Green House Gases

GPP Green Public Paurement

GWP Global Warming Potential

IRI International Roughness Index

ISO International Organization for Standardization
LCA Life Cycle Assessment

LCC Life cycle cost

LLCC Least Life Cycle Cost

MEAT Economically advantageous tender

MSWI MunicipalSolid Waste Incinerator

NG, Nitrogen oxides

OECD Organisation for Economic Cooperation and Development
PPP Public Private Partnership

RAP Reclaimed Asphalt Pavement

REACH Registration, Evaluation, Authorisation and Restriction of Chemical substances
SEA Strategic Environmental Assessment

SQ Sulphur dioxide

TENT TransEuropean Transport Network

UNECE United Nations Economic Commission for Europe
WEFD Waste Framework Directive
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0 INTRODUCTION

Public procurement constitutes approx9% of overallGDP in Europe but is managed by relatively few
decision makers who are in the position to use procurement criteréand thus consider the environmental
performance of products and services. This situation offers the chance to gain significant envirdnmenta
improvements in the public sector.

To ensure a higher share of green public procurement (GPP) in Europe, it is important to identify and develop
GPP criteria for products and services with a high degree of leverage in procurement detwkiog
combinedwith a significant improvement potential for environmental performance.

The development of GPP criteria for road construction aims therefore at helping public authorities to
supplement basic requirements and specifications with additional criteria eitoerensure that road
construction projects are procured and implemented in an environmenfatydly way or to give credit to
innovative technical solutions that fulfil even stricter and additional environmental demands for road
construction.

The developrant of criteria for a greener public procurement requiresdigpth information about the
technical and environmental performance of the product in questian this case road constructianas well
as the procurement processes.

For this reason, the Eurean Commission has developed a process which attempts to bring together both
technical and procurement experts to develop a broad body of evidence which can be cross checked with real
experience "in the field" and to develop in a consensus oriented marngroposal for criteria which promise

to deliver the optimum environmental improvements.

This process comprises the following steps:

Task 1. Stakeholder survey, statistical and legal review, scope and definition proposal
Task 2: Market analysis

Task 3: @&chnical analysis

Based on tasks-3, the project team has prepared this preliminary report which is the basis for producing the
Technical report including draft criteria proposals. Both reports comprise the working documents for the 1st
Ad Hoc Working grgp meeting. The Technical report including draft criteria proposal will be revised in the
light of the output of this meeting

The Internet page (http://susproc.jrc.ec.europa.eu/road/) with information related to the development of the
GPP criteria is prepad by IPTS to allow stakeholders to retrieve information about the project. It is also
possible to register at this Internet page to be involved in the consultation process.



1 SCOPE DEFINITION, LEGISLATION, EXISTING GPP CRITERIA,
LABELS AND STANDARDS

1.1 Scope and definitions

111 Scope and definitions of the current/previous GPP criteria for Road
construction and traffic signs

The current set of GPP criteria for road construction and traffic signs was release®i(EZ5)120Q), and the

definitions within it wee asfollows:

w2l R /2yaiaNdzOGAz2y A& RSTFAYSR a aGKS LINBLINIGAZ2Y YR
bituminous binders and additives that are used for thelsabe, roadd I &S F YR & dzNFIF OAy 3 f I & SN

Traffic signs have th& St SYSyday aAdy FlLOAy3da o002yiGrFAyAy3d GKS
material onto which the facing is attached) and the fixing (the posts or frame onto which the sign is mounted).

The elements excluded from the scope are road marking masesath as paintand other items of road
furniture such as pedestrian walkways, bollards, overhead gantegdral reservations public street lighting
and traffic signals. The latter ones are justified since there is a separate SeUO0BEPP criteria foStreet
Lighting and Traffic SigngEBC, 2012).

Some comments received from the stakeholder consultation pointed that cement is natditive but a
hydraulic binder, thus, the definition should include a more precise definition of binder to incindert.

Further comments about the scope and definitigproposed in the questionnaire are availableAnnexI.1
Tab A.1.1Stakeholders feedback on scope and definition

1.1.2 Definitions and classifications of road construction

The aim of this section is tather the definitions of road and road wstruction from differentstandards and
legal text and alsdo take into accountrelevantfeedback received during the stakeholder consultation.

An overview of the existing references related to road and road coasbn shows a lack of unified definition
of those termsMost sourcegpresent a series of classifications for different typésoad.

The construction of some roads falls within the remiteddDirective2011/92/EUand following amendments
on the assesuent of effects of certain public and private projects on the environment. These roads include:

1 Construction of motorways and express roéajAnnexl, referred to in article 4(2)7(b))

1 Construction of new roaglof four or more lanes or realignment and/@ridening of an existing road of
two lanes or less so as to provide four or more lanes where such new road or realigned and/or widened
section of road would be 10 km or more in a continuous length (Afnexojects referred to in article
4(2),7 (c)).

1 Canstruction of roads, harbours and port installations, including fishing harbours (projects not included in
Annex |) (AnneX, projects referred to in article 4(21,0(e)).

TheEuropean Agreement on Main International Traffic Arteries of 15 November [h®&Hational roadgUN,
2008 that establishedhe International ERoad Networkincludes the following classification of roads in order
to identify which ones are covered by this agreement

1. Motorways

"Motorway" means a road specially designed and bfolt motor traffic, which does noserve properties
bordering on it, and which:

1C2NJ GKS LidzN1J32&Sa 2F (GKA& S5ANBOGAGSS WS E LINBRe Eurdi@h Ayemérd bnyViain InterddohaRTrafikAvtéligs oD 2 Y LI A S&
15 November 1975



i. Is provided, except at special points or temporavilgh separate carriageways fahe two directions
of traffic, separated from each other by a dividisigip not intended fo traffic or, exceptionally, by
other means;

ii. Does not cross at level with any road, railway or tramway track, or footpath; and
iii. Isespeciallysignposted as a motorway.
2. Express roads

An express road is a road reserved for motor trafticessible from terchanges orcontrolled junctions only
and which:

i. Prohibits stopping and parking on the running carriageway(s); and
ii. Does not cross at level with any railway or tramway track, or footpath.
3. Ordinary roads

An ordinary road is one open to all categoriesusérs andvehicles. It may have a singtarriageway or
separate carriageways.

From another perspective OECD QECD, 201B)and EUROSTAREurostat 2009 use a similar definition of
roadsin their statistial reports

"Line of communication (travelled wausing a stabilized base other than rails or air strips open to public
traffic, primarily for the use of road motor vehicles running on their own wheels" (OECD, 2013)

"Line of communication (travelled way) open to public traffic, primarily for the ugeaof motor vehicles,
using a stabilized base other than rails or air strifggirostat 2009

Furthermore, EUROSTAT distinguishes between "paved road" and "unpaved road":

"Paved road: road surfaced with crushed stone (macadam) with hydrocarbon bindéuminized agents,
with concrete or cobblestone™

"Unpaved road: road with a stabilised base not surfaced with crushed stone, hydrocarbon binder or bituminized
agents, concrete or cobblestone”

EUROSTAT also provides asifasition of roads to develop istatistics figures:

Roads are categorised according to three internationally comparable types:

a) Motorway

b) Road inside a builtp area

c¢) Other road (outside builtp area).

Motorway / freeway

Road, specially designed and built for motor traffic, widichs not serve properties bordering on it, and which:

a) Is provided, except at special points or temporarily, with separate carriageways for traffic in two
directions, separated from each other, either by a dividing strip not intended for traffic, or
exceptonally by other means

b) Has no crossings at the same level with any road, railway or tramway track, or footpath

c) Is especially sigposted as a motorway and is reserved for specific categories of road motor vehicles.
Express road
Road pecially built for mototraffic, which does not serve adjacent properties, and:

a) Does not normally have separation of carriageways for the two directions of traffic

b) Is accessible only from interchanges or controlled junctions

c) Is specially sigposted as an express road and reset for specific categories of road motor vehicles

d) On which stopping and parking on the running carriageway are prohibited.



Road inside a builip area: urban road
Road within the boundaries of a builp area, with entries and exits sigosted as such.
Roads inside a builtip area often have a maximum speed limit of around 50 km/h.

Excluded are motorways, express roads and other roads of higher speed traversing thp buodla, if not
signpostedas builtup roads. Streets are included.

Road outside a bit-up area
Road outside the boundaries of a buifi area, which is an area with entries and exits gigsted as such.

The Eroad system comprises 87,000 km (2004) of major European roads, many of which are part of
international links. Another main netwk exists in Europe, the Trans European Transport Network-{TJEN
managed by the TEN Agency under the European CommissiBEDR2009). TEN includes roads, railways

and waterways and comprises 90,000 kfnmajor and international European road&% ¢ the two road
networksare the same.

In Eurostat, aggregated data @ne construction of roads and motorwayse providedwith reference to the
NACE code 42.Hnd they refer to the following activities:

1 construction of motorways, streets, roads, otherhicular and pedestrian ways

o surface work on streets, roads, highways, bridges or tunnels (asphalt paving of roads, road painting
and other marking, installation of crash barriers, traffic signs and the like)

9 construction of airfield runways

This classifettion excludes:
1 installation of street lighting and electrical signals (included in NACE code 43.21)
1 architectural and engineering activities (included in NACE code 71.1)

1 project management for construction (included in NACE code 71.1)

The International Bad FederatioriseeERF, 20)3uilds its statistics upon a slightly different classification:

Motorways: Kilomet length of roads, specifically designed and built for motor traffic, which does not serve
properties bordering on it, and which:

a) is providedexcept at special points or temporarily, with separate carriageways for the two directions
of traffic, separated from each other, either by a dividing strip not intended for traffic, or exceptionally
by other means;

b) does not cross at level with any roadilway or tramway track, or footpath;
c) is especially sigposted as a motorway and is reserved for specific categories of road motor vehicles.

Highways, main or national road&ilometrelength of Alevel roads. Aevel roads are roads outside urban
areasthat are not motorways but belong to the tdpvel road network. Aevel roads are characterized by a
comparatively high quality standard, either ndivided roads with oncoming traffic or similar to motorways. In
most countries, these roads are financegdthe federal or national government.

Secondary or regional roadilometrelength of roads that are the main feeder routes into, and provide the
main links among highways, main roads, or national roads.

Other roads Urban: Length of roads within the biodaries of a buitup area, which is an area with entries and

exits specially identified by signposts as such. Urban roads often have a maximum speed limit of around 50
km/h. Excluded are motorways and other roads of higher speed traversing thefpaika, if not sigrposted

as builtup roads. Streets are included.

Other roads Rural: Length of all remaining roads in a country not included in above mentioned categories.

Paved roads: Length of all roads that are surfaced with crushed stone (macadarydiititarbon binder or
bituminized agents, with concrete or with cobblestone.



There is a clear correspondence between EUROSTAT and IRF classifications, asTatimeinlin

Tablel.1: Eurostat- IRF classification

Eurostat IRF

Motorway / freeway Motorways

Express road Highways, main or national roads

Road outside a builtp area Secondary or regional roads
Other roads Rural

Road inside a builip area: urbarroad Other roads Urban

It is worth highlighting that other roads (rural and urban) are considered together within the statistics
provided by the International Road Federation IRF and the European Road Federati&REREO(3

Another classificationms applied by the UN in their statistics, which is covered by the Section 5 Construction
and construction services, subclass 532HIghways (except elevated highways), streets and roads.

This subclass includes:
1 highways (except elevated highways), stege@oads and othevehicular and pedestrian ways
9 surfaced parking areas, driveways, pedestrian walkways and bicycle paths
9 vehicular and pedestrian underpasses and overpasses
i safety installations for roads etc.
This subclass does not include:
1 Elevated higways
1 Highway tunnels

This classification is relevant since it is used by the Prddatggory Rulén the EPD® Systefsee Annexl.5)
to define its scope.

1.1.3 Categorization of roads

The purpose of the categorization of roads is the identification of thasarpeters that characterize a road

and that are critical in the activities obrstruction and maintenance. A second step wouldhmeedefinition of
ranges of those parameterspeaning the "categories", in such way that each category implies different
technologies, materials, maintenance frequencies, etc., of the ro@tls aim of the categorization is depicting
different roads that can be considered representative samples and therefore useful in the forward chapter of
technical analysis.

The parameters thiaare potentially relevant a priori are the following:
1 Pavement layers
1 Type of construction
1 dimatic zones
9 Loading conditions

1.1.3.1 Categorizatioraccording pavement layers

The construction of modern paved roads proceeds along a number of stages. Initialigpttseil and the
vegetation are removed from the area to be paved. The depth of excavation will depend on the condition of
the ground, the sulgrade; more excavation with backfilling may be required, or the ground may require



compacting. The strength of ¢hsoil is dependent on its composition of solid matter, water and air. If
necessary, where the soil is weak, lime or cement can be used to stabilize the upper part of-iradeiland
reduce the maintenance requirements of the road during its lifetimdWRA, 2006). Advanced materials can

be brought in to provide extra strength if water tables are high, or subsoil is weak. Alternatively, if the road
already exists buis to be resurfaced or reconstructethen layers of the existing road will be removedisiat

this stage the drainage systems must be dug and installed.

Once construction begins, roads are built in layers. There are three main types of road cons{iSicéomood
P, 2001)

1 Flexible pgement roads

1 Rigid(concrete) pavements

1 Composite pavemes
Flexible pavementayer system

Flexible pavements reduce the level of stress being transmitted vertitaly the surface down to the soil
below the roadas a vehicle passes. Flexible pavements are built using a number of layers built on top of each
other. The actual number varies depending on local conditions and methods of description. The layers
comprise compacted granular material such as crushed rock, gravel or sand that is bound together by bitumen
based binders in some layers. The thickness eflétyers depenslon expected traffic volumes more traffic

means greatefayerthickness is required.

In Figurel.1l an example diagram of a road illustrates the roles of the various layers as described below:

1. Thesubgrade: theupper surface of a roadbed upon which the pavement structure and shoulders are
constructed. The purpose of the sgjade is to provide a platform for construction of the pavement

and to support the pavement without undue deflection that wBul A YLJ OlG G KS LI @S\

performance. For pavements constructed-grade or in cuts, the sufrade is the natural isitu soil
at the site. The upper layer of this natural soil may be compacted or stabilized to increase its strength,
stiffness, and/or staltity (FHWA, 2006)

2. The subbase:Thiscan be the first layer to beonstructedand is placed directly onto the stgrade. It
is built from aggregates compacted together. The-baBe can be unbound or stabilized with one of
various binders such as cemetitne or other chemical additives to achieve an acceptable level of
stiffness and bearing capacity. The purpose of the layer is to assist the spread of weight from a vehicle
over the subgrade, and to allow drainage into the sgbade. A sulbase course isot always needed
or used.

3. The roadbase: This is the main load bearing element of the flexible pavement structure. The
materials may therefore vary depending on the expected volume of traffic. Materials are based on
granular aggregates. The layer can loeifed as well as unbound. If the road base is treated with e.g.
cement the pavement becomes a composite system.

4. The base course: The main function of this layer is to provide support for the top layer of the road and
to provide protection for the underlyintayers of the road.

5. The surface course and binder course: The surface course constitutes the top layer of the pavement
and should be able to withstand high traffiand environmeninduced stresses without exhibiting
unsatisfactory cracking and rutting arder to provide an even profile for the comfort of the user and
at the same time possessing a texture to ensure adequate skid resistance. Depending on local
conditions, functional characteristics such as skid resistance, noise reduction and durabilifyear
required for surface courses. In some cases, for example where spray from vehicle wheels in wet
conditions could be hazardous (FHWA, 2009), rapid drainage of surface water is desired through a
porous surface while in other cases the surface costemild be impermeable in order to keep water
out of the pavement structure.

The binder course is the layer between the surface course and the base course.



Surface course + binder course
(bituminous bound)

Base course
(bituminous bound)

Road base
(bound or unbound aggregate)

Sub-base
(bound or unbound aggregate)

Sub-grade
(soil)

Figurel.l: Diagram illustration the flexible pavement layer system

Depending on the local conditions, the bearing capacity of thegsalde, the amount oéxpectedtraffic and
available road building materials, the rcadsemay consist of two layers (a lower and an upper layer) and the
same applies fothe subbase.

Rigid pavement layer system

Rigid pavements are so named due to thdf siature of the pavement. It is possible to overcoat the rigid
pavement with a bituminous layer that can be replaced when worn out which enhances the riding quality of
the road and contributes to noise reduction. However, thin asphalt overlays over concrete structures tend to
crack (reflective cracking) as a result of movement of the underlying concrete slabs (changes in moisture
contentor temperatureof the subgradecan cause slab movement).

Rigid pavements are usually made of concrete, and typically consist of two or three layers above-the sub
grade: the concrete slab and the sbhse, as shown iRigurel.2. In addition, reinbrcing materials, such as
longitudinalsteel bars (typically used in continuously reinforced concratej dowels (used to provide load
transfer between slabs), can be used in the concrete slab to prevent thermal and load cracking. Likewise slip
membranesmay be used between the slab and dodise to prevent moisture entering into the lower layer,
facilitate movement of the concrete layer and thus accommodate thermal expansion and contraction.

<« Reinforcing materials

Concrete slab

Sub-base
(bound or unbound aggregate)

Sub-grade
(soil)

Figurel.2: Rigd pavement layer system

In some cases rigid pavements are given a bituminous surface cdtiggeg1.3) either when the road is
constructed or later when a new pavement surface layer is needed. In both caséiexide surface course
can provide improved evenness, noise reduction or skid resistance. If the concrete surface is deteriorated but
the concrete layer itself is structurally sound, a new thin bituminous surface course is often constructed.



Surface course
(bituminous bound)

<4 Reinforcing materials

Concrete slab

Sub-base
(bound or unbound aggregate)

Sub-grade
(soil)

Figurel.3: Rigid pavement layer system

Pavements with a composite layer

A composite pavement is a mixture between a flexible and a rigid pavement. The most common types of
composite pavements are a flexible pavemerith a cementtreated base course and a rigid pavement with a
bituminous surface courseFigurel.4). A stakeholdehas specifiedhat in the case of composite pavement
layer systems, a layer thairevents crackig can also be included between the base course (hydraulically
bound) and the srface course; depending on the type of the base course, this layer can consist of a
bituminous product, eventually completed by a reinforcing mésée Annex.1). The cement inreases the
stiffness of the road.

Surface course + binder course
(bituminous bound)

Base course
(hydraulically bound)

Road base
(bound or unbound aggregate)

Sub-base
(bound or unbound aggregate)

Sub-grade
(soil)

Figurel.4: Composite pavement layer system

Material types used for the hydraulically bound base course can be found in EN2IH7 and 13282:2013.
Inclusion of the dainage system

Drainage systems are often included in a paesindesign (as shown in Figuré) In questionnaire feedback,
several stakeholders have underlined the importance of includimg drainage system in the overall
evaluation of pavement systen{see Annex.1). The permeable base drainage layer is provided to remove
infiltrated water quickly from the pavement structure. Suitable features, including ettgens and drain
outlets, must be included in the pavement design for collecting and remanggccumulated water from the
drainage layer. In order to function properly, the layer below the drainage layer must be constructed to grades
necessary to promote positive subsurface drainage (i.e., no undulations and reasonable crown or cross slope).
Fiter materials (e.g., geotextiles) may also be required to prevent clogging of the drainage layer and collector
system.



Surface Course Shoulder

Cermeable base .t
Subbase layer O

Edgedrain
Figurel.5: Pavement system with the drainage system (FHWA, 2006)

1.1.3.2 Categorization accating to type of construction
Pavements can also be categorized based on type of constry&itwA, 2006

w New construction The design and construction of a pavement on a previously unpaved alignment. All
pavements start as new construction.

w Rehabilitation: The restoration or addition of structural capacity to a pavement. Overlays (either asphalt
or concrete, crack and seat and full or partial depth reclamation are examples of rehabilitation
construction.

w ReconstructionThe complete removal of an exigjipavement and construction of a new pavement on
the same alignment. Except for the demolition of the existing pavement (usually done in stagese
lane at a time) and traffic control during construction, reconstruction is very similar to new oaotistr
in terms of design.

1.1.3.3 Categorization according to climatic zones

The different weather conditions that are characteristic of different climatic zone across Europe determine
both road construction and maintenance activiti@epending on the climateonditions, weather constraints

can consist bvery cold winter conditions and frequent freahaw cycles, intense precipitation karge diurnal
temperature fluctuations in hot arid areag/eather constraintsanbe particularlyimportant for maintenance
operators.For example &fety requiremens can stipulatespecific road pavement and asphalt design in case of
frequent intense rainfalls and frequent freezing dég€ JRQ012a).

Frost effects on road pavement represent the most important source ofidieton in regions experiencing
cold winter conditions. Two main effects are deep or moderate frost depth and ftezecycles (FTC). The
effects are also influenced by precipitation conditions.

In the case of regions exposed to extreme summer tempestit should be considered thatet type of
asphalt and asphalt binder required to sustain certain temperature conditionsigpendent on the high
temperatures andlefined in current standards.

JRC IPTS repdBEC JRC, 2042presented the estimated damge costs associated with weather conditions in
transport infrastructuresfor seven zones characterized by broadly similar climate conditiegsre 1.6),
based on the WEATHER projelobl({ and Sieber, 2011
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FHgure 1.6: Climate zones in WEATHER project

The climate zones considered iretiVEATHER ojectwere the following:

1 UK and Ireland
Iberian Peninsula
Mediterranean regions
France
Middle Europe
Alpines regions

Scandinavia

= -4 -4 -4 - -2 -

Eastern Europe

1.1.34 Categorization according ttraffic conditions

One of the main functions of a road is thead distribution,therefore the loadingconditionsexpected to be
borne by the road might comprise several parameters that determine lathstruction and maintenance
activities Many typesof distress in asphalt pavements are laadated, such as ftigue cracking patch
deterioration, plishedaggregate potholes, water bleedingitting and dippage cracking Besides, one of the
key paraneters to define the bearing capacity of a roae the axle loads expected to occur on it.

Some examples of categorizaticare based on trafficconditions(flow, average speed, share of heavy goods
vehicles) Theseare used in GPP criteria, statistics qrdjects related taoad transportenergy consumption.
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Dutch criteria for the sustainable procurement of roads

The Ministry of Housing, Spatial Planning and the Environment in the Netherlands has developed criteria for
the sustainable procurement of roadlL Agency, VROM, 201They defingoadsas follows

1 Main road network (motorway, trunk road, urban motorway);
1 Heavilyloaded road (urban motorway, provincial road);

1 Moderatelyloaded road (water board road (busy), city access road);

1 Lightlyloaded road\water board road (quietpeighborhoodaccess road, service road, agricultural road);
1 Road in residential district (residential area, car park, residential street);

1 Road in accommodation area (shopping precinct, square);

1 Cycle paths;

1 Footpaths.

Italian Geen Public Procuremerfprocurement of docalpublicauthority)

The following categories are considered within tBpecifications Special Contract Typmigersita di Pisa et
al., 2013 to set different requirements dependant on the traffic load of tload:

1 PP: very heavy (> 3000 commercial vehicles per day)
1 P :heavy{1100- 3000 commercial vehicles per day)
1 M : medium (450 1100 commercial vehicles per day)
9 L : light (< 450 commercial vehicles per day)
A commercial vehicle is defined as those ones&i® ¢ SAIKG Aa xo (@

CEDRConference of European Directors of roads)

CEDR defines different categories to build up its statistiesut the TENI road network(CEDR, 2012)
accordingaverage traffic flowgraffic density, proportion of heavy goods vehiclasd heavy goods vehicle
traffic flow.

Average traffic flow is expressed as Annual Average Daily TreffiaT)and the rangessedare:
1 <5000 vehicles

5000¢ 20000 vehicles

20000¢ 40000 vehicles

40000¢ 80000 vehicles

80000¢ 100000 vehicles

I >100000 vkicles

f
f
f
f

Traffic density is expressed as Annual Average Daily Traffic per lane, and the ranges are the following:
1 <3000 vehicles
9 3000¢ 6000 vehicles
9 6000¢ 12000 vehicles
 12000c¢ 18000 vehicles
1 > 18000 vehicles
MIRAVEC

MIRAVEGs a project aimed at determing the most important road infrastructure characteristics which
influence vehicle energy consumption
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The investigated effectare categorised into the following groups A tdHaider et al 2012)

A. Effects of pavement surface charactersstifrolling resistance, texture,longitudinal and transversal
unevenness,racking, rutting, other surfacenperfections)

B. Effects of road design and layout (overall desithndards, road trajectoriegiradient and crossfall, lane
provision)

C. Traffic propertieand interaction with the traffidlow (e.g. free flowing traffizs. stopand-go, speed limits,
and accessestrictions)

D. Vehicle and tyre characteristics including thégntial effect of technologicathanges in this area
E. Meteorological effects (e.temperature, wind, water, snow, ice)
The groups have been chosen because the effectadh ef the groups share certaiommon characteristics.

Group C comprises several parameters, but just the following ones might be considered of interest for
categaization of roads:

1. Traffic volume (AADT) and composition

The road traffic emission and fuel consumption tool HB@®Mer, 2010istinguishes the following road
categories for nofurban driving in descending order of expected traffic volume:

1 Motorway
1 Sem-motorway

9 Trunk/Primary road

1 Distributor/Secondary road
1 Local/Collector road

1 Access/residential road

The traffic composition, defined as the relative shares of the individual vehicles categories, also plays an
important role, as the fuel consumption offdrent vehicles can differ considerably. The relative share of heavy
goods vehicles (HGVs) is especially important due to their large impact on overall energy use. For the purposes
of modelling traffic volume has to be subdivided into the individualitratflumes of the vehicle categories. A
distinction between passenger cars and HGVs is the minimum requirement, however, for improved accuracy
more vehicle classes need to be used. HBEFA distinguishes the following vehicle categories:

i Passenger car
9 Light duty vehicle (< 3.5 t, including e.g. minibuses, trucks, camper vans)
1 Heavy duty vehicles (> 3.5 t), subdivided into
o Single truck
0 Truck with trailer
0 Articulated truck
1 Coach (tour coach, holiday coach)
1 Bus (urban bus, public transport bus)

1 Motorcycle

2. Traffic flow

The traffic flow describes the average travel profile of the vehiollective on a specific roagction. Free
flowing traffic is the situation where it is pos&blo travel at a constant speedithout being forced to
accelerate or brake. The opgite sfuation is stopandgo traffic, where frequent idling, acceleration and
deceleration phases dominate avehases withconstant speed. Stegnd-go traffic results in a low\aerage
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speed and increased fuebnsumption due to the idling, acceleratiand deceleratia phases. IIHBEFAand
Artemis project (Joumard et al2007)four a f S@St a 2F &aSNBAOS¢ I Ozmadddll2y RAY 3
traffic capacity, aradistinguished:

w Freeflowing traffic (constant high speed)

w Heavy traffic (constrained babnstant speed)

w Saturated traffc (heavy and unsteady traffieariable speed, possible stops)
W

Stop and go (congestion, low speed, frequent stops)

3. Other parameters to categorize roads

MIRAVEC project studies other parameters in Group A and B that cotddtiptly be used as categorization
base:

A. pavement surface characteristics (rolling resistance, texture, longitudinal and transversal unevenness,
cracking, rutting, other surface imperfections)

B. road design and layout (overall design standards, reagedtories, gradient and crossfall, lane provision)

ARTEMIS

The Artemis project "Assessment and reliability of transport emission models and inventory systems" proposes
to combine the experience from different emission calculation models and ongoirgctede order to arrive

at a harmonised methodology for emission estimates at the national and international level. It addresses the
Competitive and sustainable growth programme of the 5th framework programme of the European
Commission, Key Action KA 2st3inable mobility and intermodality, Task 2.2: Infrastructures and their
interfaces with transport means and systems, Sector 2.2.2: Environmerd{TaSkb2.2.2/2: Monitoring
emissions from transport including particulates. The project develops a harmosisission model for all
transport modes, which aims to provide consistent emission estimates at the national, international and
regional leve(Joumard et al, 2007

In order to identify Reference Test Patterns, Artemis project establishes a sbaiateristicsthat should be
defined for this purpose:

w Area:
o Urban
o0 Rural

w Road Category and speed lirgiigurel.7):

5 Speed |
Man function Characreristics Poed: et
J (km/h)
} . Sa - Motorway 80-130
National and regional network - Through-traffic
5b — Non-motorway 70-100
4a - Motorway (ring, etc.) 60-110
) Agglomeration pnmary network - Pnmary distnbutor ——
Urban 4b - Non-motorway 50-90
Dastniets distributor 3 - Road 50-80
Local distnbutor- Inner exchange. local traffic 2 -Road 50 - 60
Access road - Local waffic 1 - Road, side road, etc. 30-50
National and regional network - Through and 5 - Motorway 80-150
distnbution traffic $ “Tronk roed 60-110
Rural Distnbutor 3-Road 50 - 100
Local distributor - Inner exchange, local traffic 2 -Road 50-80
Access road - Local traffic 1 - Road, side road, etc 30-50

Figurel.7: Road category and speed limit in Artemis project
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w Gradient, sinuosity:
o flat, nonsinuous;
o hilly, sinuous;
0 mountainous, sinuous
w Traffic condition:
o Freeflowing traffic (constant high speed)
o0 Heavy traffic (constrainebut constant speed)
o0 Saturated traffic (heavy and unsteady traffic, variable speed, possible stops)

0 Stop and go (congestion, low speed, frequent stops)

1.2 Legislation on public procurement

1.2.1 Directives on public procurement

The public procurement directive2004/17/EC and 2004/18/EC set requirements for the manner in which
certain public contracts above specified value thresholds must be awarded. The essential requirement is the
use of a competitive procedure (tendering) with conditions and processes thatnanediscriminatory,
proportionate, transparent, verifiable and applied in a consistent manner. The directives allow the use of
various tender procedures ranging from an open procedure through to competitive dialogue, which may be
used in the case of partidarly complex contracts. For the public sector, use of the negotiated procedure is
only possible in exceptional circumstances, whereas in the utility sector the negotiated procedure may be used
more freely.

The scope of the directives is limited to cortt®iabove certain values because it is assumed to be particularly
relevant in the context of economic activities between EU Member States. Concession agreements and other
forms of publieprivate partnership are also not subject to the full application lo# tirectives; however the
general Treaty requirements and principles apply.

This broader application means in practice that the EU procurement rules must be considered for all types of
public contracts for the realisation of road construction, whethegticover the design and construction only

or also include operation and investment activities. Such contracts are thus subject to competitive procedures
based on EU legal principles of equal treatment and transparency. The requirements relate to thésaudyert

of contracts as well as the way in which competition is structured and the formulation of technical
specifications, selection and award criteria. The directives explicitly allow environmental considerations to be
included at different stages in thergcedure and in this connection the directives explicitly refer to the
requirements under EU environmental arrangements concerning environmental management atabelso
However, to ensure transparency and equal treatment, products that fulfil the reménts under the eco

label without having the label must also be accepted. The various options in this respect are further outlined in
Annexl.2.

1.2.2 Communication on GPP

In 2008, the European Commission adopted a Communication on(@PHR400, 2008 which, & part of the
Sustainable Production and Consumption Action Plan, introduced a number of measures aimed at supporting
GPP implementation across the EU. Its key features are:

EU GPP criteria

To assist contracting authorities in identifying and procuringegez products, services and works,
environmental procurement criteria have been developed for 19 product and service groups, which can be
directly inserted into tender documents. These GPP criteria are regularly reviewed and updated to take into
account tre latest scientific product data, new technologies, market developments and changes in legislation.
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Helpdesk

The European Commission established a Helpdesk to disseminate information about GPP and to provide
answers to stakeholders' enquiries. Contact dista are available on the GPP website at:
http://ec.europa.eu/environment/gpp/helpdesk.htm

Monitoring

The European Commission has commissioned several studies aimed at monitoring the imatemesftGPP
at all governmental levels. The most recent study was published in 2011, and the results can be found on the
GPP websitehttp://ec.europa.eu/environment/gpp/studies_en.htm

Information

The GPP website is a central point for information on the practical and policy aspects of GPP implementation.
It provides links to a wide range of resources related to environmental issues as well as local, national and
international GPP informain. This includes a Newfert featuring the most recent news and events on GPP,

a list of responses to Frequently Asked Questions (FAQs), a glossary of key terms and concepts, studies and
training materials. All are available for download from the website

http://ec.europa.eu/environment/gpp/index_en.htm

Legislative principles

GPP criteria must take into consideration the specific principles of EU environmental policies, namely the
precautionary principle, the principle of preventive action, the prireipf rectification at source, and the
polluter pays principlé These principles are not mere political declarations. They play an important role as
guidance in cases where the detailéekt of a piece oflegislation does not provide the full answer. The
precautionary principle would for example speak in favour of design and construction of infrastructure that
can easily be upgraded e.g. roads with lower rolling resistance even in cases where the reduced environmental
impacts are not entirely certain andul might be difficult to justify from the point of normal planning and in

the context of a local political context. On the other hand there can be practical and economic reasons for the
use of traditional materials.

Similarly, rectification at source (theansport vehicleshemselve3 may lead toa situationwhere a procuring
entity insiss on strict emission requirements even when the required quality levels in force, in the
environment surrounding the infrastructure, allow some slack.

Approactes for implementing sustainable public procurement (SPP) in both developed and developing
countries developed by the Marrakech Task Force on Sustainable Public Procurement (MTF on SPP) is reported
in Annex.3.

1.2.3 National GPP criteria for road construction in EU Countries
1.2.3.1 TheDutchGPFeriteria on roads

The Ministry of Housing, Spatial Planning and the Environm#&ROM has developed criteria for the
Sustainable Public Procurement of Roads in 204D Agency, VROM, 201Q)he criteria apply to new
construction, reconstiction and also to management and maintenance of existing roBdsthworks, and
specifically embankments, are included within the criteria. Road markings and traffic signs are not included in
the criteria becausthere is little sustainability gain to bmade here, particularly in relation to other aspect of

the roads product group. Criteria for crash barriers will form part of this product group in due churse.
includes requirements for the following aspects:

() Minimum requirement: pocessing/removal ofeleased substance@vith reference to crushed rock,
tar-containing asphalt, waste storage and management)

w Award criteria forsustainable roads

2 The principles are included in Art.191 of the EU Treaty but with the precise definition left to ECJ case law
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0 Sustainable materials usagéhe lower the environmental impagctthe higher the tender will be
scored. Environmental impacts have to bealculated using an environmental life cycle analysis

o Closed sil balance the lower the quantity of soiltransported offsite(which is suitable as a secondary
building materia), the higher the tender will becored.

0 The use of rad infrastructure as energy source
w Contract provisions

0o Management and maintenance plathat should describethe means of management and
maintenance, necessary to maintaime sustainable aspects of the road.

Two tools have been developed for encouragidgasti I A Y I 6 f S LINR-PedidviBancslgddeYandi K S / h i
Dubocalé.

CKS t/SIINF2NXYIFyOStF RRSN) Syl ofSa (GKS tdzofA0 ! dziK2NRAGASaE
use it as an award criterion for calls to tender. It is @ @@nagement tool usedt organisational level, but

also applied in the procurement of projects, as it is compatible with European regulations and the Public
Procurement Directive.

Dubocalc is a LCA based tool basedustainable materials and construction and energy efficiestallations
and it is related to the 7th basic requirement for construction works of the CPR, which regards the sustainable
use of natural resources in the design and construction of a building

1.2.3.2 The Frenclvoluntary commitment between USIRRnd Minigry of Ecology

Ly al NOK wHnngpZ GKS CNBYOK aAyArAadaNr 2F 902f23& FyR (K
voluntary commitment, aimed at improving savings in fienewable materials; a reduction in energy
consumption; the preservation of diliversity and increased safety of local residents and road users, workers

and maintenance staff who are exposed to traffic during construction sites. It was agmedesoftwaretool

for all businesses to promote other environmental solutions amongipwointractors.

Finally, all the stakeholders involved in the operations of construction, maintenance and repair of roads,

streets and other infrastructure mobility, decided to create an Institute to enable the development of a

doctrine shared by all, toagher feedback and disseminate comprehensive documentation useful to everyone,
GKSOGKSNI NB3dzf  G2NEBS y2NXYIFGADBST GSOKYyAOIlIf 2N SYy@ANRYY
Infrastructures for Mobility.

The quantified indicators assessed gvgear sinc009 are

w progression of warm mix asphalt,

w reduction emissions of greenhouse gases,

w Increased use of recycled materials to conserve natural resources, including aggregates and bitumen.
This agreement shows a similar approach to the oneiagph GPP.

A specific LCA tool, the ecomparator SEVE, has been developed by USIRFaim of these ecsystems
comparators is to compare the environmental impact of contractéscording to stakeholder feedback,is
now used by 80 companigisicludng 66 entities by more than, P60 users irfavour of 3,280 projects studied.
Its use implies direct and positive tenderthe owners can introduce objective indicators common to
contractors and businesses.

1.2.3.3 The draft Italian GPP criteria on road constriart and maintenance

The ltalian Ministry of Environment are currently developing GPP criteria for Road construction and
maintenance together with The Italian Authority for public procurement (CONSIP) and other stakeholders.

3www.skao.nl

4 http://www.rijkswaterstaat.nl/zakelijk/duurzaam/duurzaam_inkopen/duurzaamheid_bij contracten en_aanbestedingen/dubocalcéagex
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According to stakeholder feedblacthe criteria will refer to all public local roads aack in the final stage of
development.Traffic signsand lighting systemare excluded from the scope.

It is proposed that the GPP criteria will include the following aspects:
w Use of ratural resoures
0 use of norrenewable energy
o0 use of recycled/secondary materials andypducts
o reduction of the transportation distances
o re-use of excavated soll
0 durability
w Naturalecosystems protection
o Emissions decrease
0 Waste reduction and waste management
o Avoidinguse of hazardous substances
o Water run off management
0 re-use of excavated soil
0 durability
®w Human health
o Temperature of workability of road materials
w Innovative engineering technologies

The Trentolocal administraibn established in 2010Pfovincia di Trento2011a- DGP 885/2010) new
categories for GPP criteria development, including the category Materials for building and road construction;
technique and environmental standard for recycled aggregates production andPusér(cia di Trento, 2011b
-DGP 1332011). The aim is to promote GPP criteria development for this category.

1.2.3.4 CEEQUAMating system

CEEQUAR NA I A y I £ (il B@jindefingERvironnkeStalQliaity Assessment and Awards Schénme A & (K S
Assessment and Awards Scheme for improving susbéity in civil engineering, infrastructure, landscaping

and public realm projects, based in the United Kingdom. It is promoted by the Institution of Civil Engineers
(ICE) and several civil engineering organisations including CIRIA, CECA and AGtedlaisimiproving the
environmental and social performance in project specification, design and construction.

Through the development of Version 5 of the Methodology, originBEQUAL has turned into the
Bustainability Assessment and Awards for Civil Eeging, Infrastructure Landscaping and Public Realm

2 2 NJ B&ify evidenckased, it provides a sustainability rating system for project and contract t€¢awesrd
thresholds: 25% pass, 40% good, 60% very good, > 75% excélten§EEQUAL Project Assesgmeocess is
applicable to all types of civil engineering, infrastructure, landscaping and public realm projects, including the
infrastructure associated with building developments, whether the project is located in the UK & Ireland or
anywhere else in th world. CEEQUAL for Term Contracts has been specifically created for the assessment of
civil engineering and public realm works that are undertaken through contracts over a number of years and in
a geographical or operational area. Additional informati®provided in Annex.4.

1.2.4 National GPP criteria for road construction in non EU Countries
1.24.1 Australian rating system

In Australia most state road authorities are requiring carbon/Git@ssioncalculations for their future road
constructions (Lehtiranta etla2012).
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Some of the states require other environmental data to assess several aspects e.g. the use of green materials,
fuel consumption, GH@missionreduction initiatives.

The road authority in the state of Victoria, VicRoads, has developed a took$essing the sustainability
aspects of road projects including sustainability rating system. The tool is named INVEST (Integrated VicRoads
Environmental Sustainability Tool).

This system comprises 11 categories to be dealt with when a road is plannedrasicucted:
w Air quality (dust monitoring and mitigation)
w Behavioural change & capacity building

w Biodiversity (especially creation of additional habitat through revegetation and reuse of natural material
removed during construction)

w Cultural heritage

€

Commurity engagement

€

Energy management (energy consumption, substitution of electrical energy sources, purchase of green
power and carbon offsets)

Noise management

Resource management

€ € ¢

Urban design
w Water management

Based on the above mentioned aspects all sekbaigad projects are awarded with credits and an overall
sustainability score is provided for all bidders. These results serve as the basis for the ranking of all projects.

The assessment tool also includes a verification process where designated peopttakadhe assessment
and verify compliance and documentation.

The following are examples of where VicRoads has already embedded environmental requirements in
procurement.

w Continually improving Site Environmental management controls for managing envintahmmpacts on
construction sites.

w The use of energy efficient luminaires (LED lighting) and voltage regulation devices (active reactors)
within road construction.

w The ability to more easily incorporate and encourage the use of recycled materials wathih
construction. This includes warm mix asphalt, the inclusion of Reclaimed Asphalt Pavement, crushed
concrete and bricks and the use of glass fines.

As a part of this sustainability and climate change action plan, VicRoads is also piloting the avalfiati
'sustainability attributes'. A relative assessment of value for money from the tender responses is made, and
award points are given to the road construction contract based on this assessment. It does this by assessing
costs, initiatives within the &as of pavement mtarials, norpavement construction materials and sustainable
technologies.

1.2.4.2 United Stategrating system

DNBESYNRIFRan |GGSYLIWGAa G2 YSFad2NBE LISNF2NXYEFyOS 2F adzal
performance metric was developed byteam headed by the University of Washington (UW) and CH2M HILL
(Greenroads2011). ThReDNBSY NP Raun LINRPINI Y FdGSyLwiia G2 ljdzryaate 0
project and is a tool for the following:

w Defining project attributes that contribute tmadway sustainability

w Accounting for sustainabilityelated activities
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w Communicating sustainable project attributes
w Managing and improving roadway sustainability
w Certifying projects
¢KS DNBSYNRBFRau LINRPANIY KlFa (62 yand@AuNandg S&2 3G LINF OGAOS (

DNBSYNRI Ran I LIXASa 2yfe G2 NRIFIRgle& RSaAdRedtyR O2Y:
Requirements provide the minimum level of sustainable activities and each must be met as part of this

metric. The voluntary practicesVoluntay Credits are the optional attributes which show how the project

has moved toward a truly sustainable endeavour.

For a roadway project to be evaluated, the project team overseeing the work will document how the Project
Requirements have been met and wiic + 2 f dzy G F NB / NBRAGa N8B o0SAy3a LJzNEdzS
the application and the point totals and assigns the certification level. The levels include those shegurén

18.

Cartification Project Voluntary
Level Requirements Credits
Cenrtified All 32-42

Silver Al 43 -53

Gold Al 54 -63
Everurér‘_‘!‘ All 6dran-3 greater

Figurel8:DNBSY N2 I Raun / SNIATAOI GA2y [ S@St a
Project Requirements
The Project Requirements are as follow:

1 Environmental review process, which requires the project team to perform an environmental review
of the project

f Lifecycle cost analysis p&fNY SR F O0O2NRAyYy 3 (2 GKS CSRGb&ast | AIKGI
Analysis in Pavement Design

1 Lifecycle inventory of final pavement design (reporting global warming potential and total energy
only) using PaLATE v2(DCA excel tool developed ke Consortium on Green Design and
Manufacturing or approved equal

1 Quality control (QC) plan that lists responsibilities and qualifications of QC personnel and QC
procedures during construction

1 Noise mitigation plan needs to be established and implementeéhdwonstruction
1 Waste management plan needs to be established and implemented during construction

91 Pollution prevention plan for storm water that meets EPA Construction General Permit or local
requirements, whichever is more stringent

1 Lowimpact developmehhydrologic analysis must be considered for storm water management in the
right-of-way

1 Pavement management system to maintain and operate a pavement including evaluation and
documentation of preservation actions

1 Site maintenance plan for roadway maintercan storm water system, vegetation, snow and ice,
traffic control infrastructure, and cleaning

1 Educational outreach to the community as part of the operation of the roadway
Voluntary Credits

The optional Voluntary Credits are the attributes which show hiw project has moved beyond the
minimum requirements(Greenroads, 2011)There are 37 voluntary practices which are scored from one to
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program forup to an additional ten points. The voluntary credite grouped into the following categories:

1 Environment and watefenvironmental management system, storm water, habitat, light pollution
and vegetation)

1 Access and equitymodal access, culture, aesties and safety)
1 Construction activitiegconstruction equipment, processes, quality etc.)

1 Materials and resource§naterial extraction, processing and transport). In this topic, it is possible to
include credit points for the conduction of a detailed LiBAthe entire project. Furthermore there
are credits for the use of recycled and/or regional material.

1 Pavement technologie@avement design, material use and function). The topic allows the user to
include credit points for the pavement (life time, pesability etc.). No credits are provided for
reduced rolling resistance.

1 Custom credit

An example of the Greenroads rating system applied to the real case of the US 97: LAVA BUTTE project
(Scarsella, 2010) is reportedfigurel.o:

Point Totals Certfication Levels

‘A = Achieved by -his C=Certified (All PR's Met + At Least 32 Paints
i e e S=Silve- (AllPR's Met + At Least 43 Poi ;

P = Potient ally achievable with low add tional effort =Silve | shiet+ €as oints)

N M = Maximum achievzble reguardless of additional G=Gold (AllPR's Met + At Least 54 Points)
Credit Scorecard E = Evergreen (All PR’s Met + At Least 64 Foints)
Pro Requirem PR ossib A P M 0 on A i b A P M
PR-1 Environmental eview Process Rea X| x| X CA-1 Quelity Management System 2 2
PR-?  |iferycie Cost Analysic Rea xa X X (A-? Frvaranmental Training 1 & 1
PR-3 Lifecycle Inventory Rea X| X CA-3 SiteRecyding Plan 1 1 1
PR-4 Quality ControlPlan Rea X| x| X CA4 Fossil Fue Reduction 1- 2 2
PR-5 Noise Mitigation Plan Rea X| X CA-5 Equipment Emission Reduction 1- 2 2
PR-5  Waste Management Plan Req X| X CA-6 Pawing Emission Reduction 1 3 1
PR-7 Polution Preveation Plan feo [ X ]| X | X CA-7 Warer Use Tracking 2 2| 2
PR-3 Low-Impact Development Rea | X | X | X CA-8 Cortractor Warranty 3
PK-3  Pavemert Management System Ree [ X | x| X lotal 14 [ 1] 514
PR-10 Sit= Maintenance Plan Rea | X | X | X
PR-11 Eduativiel Ouseah Rea X X X ates dals & Possib A P M
Total i | s|nnfun MR-! Lifecycle Assessment 2 2
MR 2 DPavement Reusc 4 5 4 1 5
0 & Wa ossib A P M MR-3 Earthwork Balance 1
EW-1 Environmental Managemen: System 2 2 MR-4 Recycled Materials -5 2 s s
EW-2 Runoff Flow Control 1- 3 3 MR-5 Regonal Materials 1-5 41 51|5
EW-3 Runoff Opality 1- 3 3 MR-5 Fnergy Fficiency 5
EW-4  Stormwater Cost Analysis 1 111 Total 23 [ 10]14] 17
EW-5 Sit= Vegetation 1- 3 3133
EW-§ Habitat Festoration 3 AP M
EW-7 Ecologicel Connectivity 1- 3 3]3]|3 PT-1 Long-Life >avement 5 51 5]5
EW-8 Light Pollution 3 3 PT-2 Permeable Pavement 3
Total 21 61 7|18 PT-3  Warm Mix Asphait 3 313
PT4 Cocl Pavement 5 5
Access & Equity (A ossib A P M PT-5  Quist Pavament 2-3
AE-I  Satety Aud 1- 2 2 PT-6 Pavement Performancs Tracking 1 1
AE-2  Imelligert Transportation Systems i-5 - S S Total 20 5] 8|14
At-3  Context Sensitive Soiutions 5 - S S
AE-3  Traffic Emissions Reduction 5 o S| S Custom Credit (CC) YT A P M
AL-3 Pedestrion Access -2 = 3 -2 CC-1/2 Custom Credit Titie 1-5 S5i) S 5
AE-6  Biycle Azcess 1- 2 1] 1] 2 CC-3/4 Custom Credit Titke 1-5 21215
AF.7 Trancit & HOV Accacc 1. § Toral 10 7 7 10
AE-3  Scenic Vizws 2 21 2] 2
AE-3  Cultural Outreach 1- 2 ) 2 No| Yes| Yes
Total 30 17]118] 25 oad v 46| 59 | 98
ertificatio -1 G| E

Figurel.9: Example ofGreenroadrating system
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1.3 Relevant European legislation
1.3.1 Mandatory legislation
1.3.1.1 Construction Products Regulation

The Construction Products Regulatic@@PR 305/2011/Ethat has repealed the Construction Product Directive
CPD 89/106/EE® aimed at creating a single market for construction products, through the use of the CE
marking. It defines the essential requirements of construction works (buildings, civil engineriksg) which
indirectly determines the requirements for construction products (in function of the works design and the
climatic and geological conditions in the place where the construction works are situated).

Construction products must declare theirngf@mance for mechanical strength and stability, fire safety, health
and environment effects, safety of use, sound nuisance and energy economy if EU or national regulatory
requirements exist.When harmonised standardsleveloped by CEMNre not available, d@gting national
standards applyStandards related to road ostructionwill be analysed in section 1.4.

With the introduction of the Construction Products Regulat{885/2011/EU) standardisation activitieaeed

to take into account environmental requimgents if national requirements have created barriers to trade for
products covered by harmonised European standarfsis is due to the expansion of the basic safety
requirements of the Regulation to cover sustainable use of natural resources, includyaatality, durability
andemissions.

The regulation ensures the free movement of all construction products within Europe by introducing a
common technical language consistinghafrmonised European standards (hEdd European Assessment
Documents (EAD)in which manufacturers carstate product performance on the European market
(http://ec.europa.eu/enterprise/sectors/construction/declaratieaf-performance/index_en.htm#hd). There

are four main elementto the CPR

1 a system of harmonized technical specifications

1 an agreed system of attestation of conformity faxad product family
1 aframework of notified bodies
1

the CE marking of products

1.3.1.2 Strategic Environmental Assessment (SEA) Directive

The Strategic Environmentahssessment Directive 2001/42/EC airas introducing the assessment of
environmental impacts of sttagic land use related plans and prograrB&rategic Environmental Assessment

is a preliminary process for reviewing and evaluating policies, plans and programs, as well as other draft
proposals for largescale projects and initiatives. ls8mis to detemine potential environmental impacts and

help include them in the decisiamaking process. It entails three mabasks advocating sustainable
development, determining environmental impacts and conducting the environmental assesshygitally

the SEA iperformed for regional and local plans e.g. waste plans, traffic @adsirban plaming.

It is mandatory to perform a SEA for plans and programmes which are:

1 prepared for agriculture, forestry, fisheries, energy, industry, transport, waste/ water managem
telecommunications, tourism, town & country planning or land use and which set the framework for
future development of projects listed in the EIA Directive.

1 orif the project is required to perform an assessment adew to the Habitat®irective92/43/EEC

1.3.1.3 Environmental Impact Assessment Directive (EIA)

The Environmental Imget Assessment (ElADirective 2011/92/EU ensures that the environmental
consequences of projects are identified and assessed before authorisation is given. The need for the
devdopment of an EIA is determined by the local or national authorities in the individual Member States. The
EIA Directive outlines which project categories shall be made subject to an EIA, which procedure shall be

21


http://ec.europa.eu/enterprise/sectors/construction/declaration-of-performance/european-standards/index_en.htm
http://ec.europa.eu/enterprise/sectors/construction/declaration-of-performance/assessment-documents/index_en.htm
http://ec.europa.eu/enterprise/sectors/construction/declaration-of-performance/assessment-documents/index_en.htm
http://ec.europa.eu/enterprise/sectors/construction/declaration-of-performance/index_en.htm#h2-1

followed and the content of the assessmeiseé section 1.1.2). New motorways and expvesgs must be
assessed by an EIA. Other roads and expansion of existing roads must be screened for EIA requirement and
then possibly assessed through a full EIA depending on the result of the EIA screening.

TheBHAmust coverthe direct and indirect effects of a project on the following factors:
®w Human beings, fauna and flora.
w Soil, water, air, climate and the landscape.
w Material assets and the cultural heritage.
w The interaction between the factors mentioned in tfiest, second and third indents.

The assessment has tmnsider whether any alternatives would have lesser impacts. The other important
requirement of the directive is public consultation and information.

A distinction is made between categories of pigwhere assessment is mandatory and other categories
where an assessment is only required if a significant environmental effeigtily likely or certainLarge roads
that servie areas with populations beyond a certain size are covered by the fitsgogy, whereas other
roads are covered by the second category.

An EIA must be performed before a project can be approved. Thus the EIA becomes relevant at the earliest
phases of the planning of a project. For projects where an EIA is not automaticaliatogn the competent
national authorities must establish procedures for screening of projects to check for likely environmental
effects that would require EIA.

It depends on the specific circumstances of the project to what extent EIA relevant actiwiigmrt of the
planning and design phase. Such activities should in any case be made subject to separate procurement
covering the design phase exclusively. To have EIA activities included as part of a tender for an entire road
construction project woulddy the procurement process open to criticism due to the obvious conflict of
interest that the appointed operator would inevitably find itself in.

1.3.14 Waste framework directive

The Waste Framework DirectisFD 2008/98/EC sethe basic concepts and definitisrrelated to waste
management and lays down waste management principles such as the "polluter pays principle" and the
"waste hierarchy". The key aspect is to prevent waste in all activities. The ways to administrate resources and
thus reduce the consumptioof natural resourceand generation of waste can be seerFigurel.10:
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Figurel.10: Scope of waste prevention (EEA, 2007)
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According to art.4, the waste hierdrg shown inFigurel.11 shall apply as a priority order in waste prevention
and management legislation and policy.

e —
| WASTE | PREPARING FOR RE-USE

RECYCLING

N\

RECOVERY

3 DS PO s A’.L/

Figurel.11: The waste hierarchy

The Directiveprovides clarification regarding the definition of waste and other concepts such as recycling and
recovery.With regards tomaterials for road constructigrarticle 2 excludes the followingfrom the scope of
the Directive ((e. doesnot consider them agvaste):

M X8 land (in situ) including unexcavated contaminated soil and buildings permanently connected with land

(c) uncontaminated soil and other naturally occurring material excavated in the course of construction
activities where it is certain that thmaterial will be used for the purposes of construction in its natural state
on the site from which it was excavated

2. Waste resulting from prospecting, extraction, treatment and storage of mineral resources and the working
of quarriescovered by Directe 2006/21/EC

This information will be helpful in the development of GPP criteria related to earthworks aschpéoyment
of excavated soil. Moreover, mineral waste from quarry excavation can be classified-amsie.

According to art. Sectionl, a sulstance or object, resulting from a production process, the primary aim of
GKAOK A& y20 GKS LINRPRdzOGAZ2Y 2F GKFG AGSY-podyctaaly 6 S NBE 3|
if the following conditions are met:

(a) further use of the substance alvject is certain;

(b) the substance or object can be used directly without any further processing other than normal industrial
practice;

(c) the substance or object is produced as an integral part of a production process; and

(d) further use is lawfuli.e. the substance or object fulfils all relevant product, environmental and health
protection requirements for the specific use and will not lead to overall adverse environmental or human health
impacts.

According to art. &ectionl, certain specified wste shall cease to be waste when it has undergone a recovery,
including recycling, operation and complies with specific criteria to be developed in accordance with the
following conditions :

(a) the substance is used fospecific purpose;
(b) a market odemand exists;

(c) the substance fulfils the technical requirements for the specific purposes and meets the existing legislation
and standards applicable to products; and

5 http://ec.europa.eu/environment/waste/framework/
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(d) the use of the substance will not lead to overall adverse environmental omhhgadth impacts

In this area it is alsohelpful to mention the ECCommunication of 21 February 2007 on the Interpretative
Communiation on waste and byproducts

In order to move towards a European recycling society with a high level of resource effidiemdVFD has
designed the following target on feése and recycling (art. 11.2Jp) by 2020, the preparing for-ese, recycling

and other material recovery, including backfilling operations using waste to substitute other materials; of non
hazardous costruction and demolition wast€C&DW)excluding naturally occurring material defined in
category 17 05 04 in the list of waste shall be increased to a minimum of 70 % by weight.

C&DW has been identified as a priority waste stream by the European Uniondeetteere is a high potential

for recycling and raise of this waste type. Furthermore, the technology for the separation and recovery of
C&DW is well established, readily accessible and in general inexpehisé&/@otential is assessed to be large
due tothe existing level of recycling and-use of C&DW which varies greatly (between less than 10% and
over 90%) in the Member States. (EC, 2013h}s target is significant for road constructi@mnce it isone of

the main drivers for the employment of redgd aggregatederivedfrom C&DW.

By 2014 the European Commission will be publishing a report examining this target and suggestions for the
revision of the WFD.

1.3.15 Environmental liability

Directive 2004/35 on environmental liability is focused on environtakidamages and provides for, in

principle, strict liability for the polluter. The directive allows room for special national rules as regards, for
SEIFYLX Sz OFrasSa 6KSNB GKSNB s61+a& y2 TFldAd 2N yS3tAa3asSyo
insurance should be compulsory. Depending on national solutions, the requirements of the directive could be
reflected in contractual terms for the operator concerning strict liability for certain environmental damages

and/or obligations to take up environméal damage insurance.

1.3.1.6 Other EU legislatiorand voluntary schemes

A number of other directives and regulations are or could be relet@rdad construction including:
I The European Waste Catalogy®irective 2000/532/EC
1 The Landfill Directive (31/99/EC)

9 Directive 2006/21/EC of the European Parliament and of the Council of 15 March 2006 on the
management of waste from extractive industries

9 Directive 2002/49/EC relating to the assessment and ag@ment of environmental noise

9 Directive 2005/88/EC of the Euyean Parliament and of the Council of 14 December 2005, and
Regulation (EC) No. 219/2009 of the European Parliament and of the Council of 11 March 200,
amending theDirective 2000/14/EC on the noise emission in the environment by equipment for use
outdoors

1 The Water Framework Directive (Dir. 2000/60)
9 Thelndustrial emissions Directive 2010/75

1 The Seveso Il Directive (Directive 96/82 on the control of regoident hazards involving dangerous
substances being replaced by the SEVESDirdttive 2012/18/EU0o be transposed into national
legislation by June 2015

1 Environmental quality standards in the field of water policy (“The EQS Directive"), Directive
2008/105/EQa daughter directive under the Water Framework Directive)

1 Directive 2011/76/EU on the charging of heavy goods vehicles for the use of certain infrastructures

1 Regulation 1907/2006 concerning the Registration, Evaluation, Authorisation and Restriction of
Chemical substances (REACH), 1st of June 2007 (EU, 2006)
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1 Regulation 1272/2008n classification, labelling and packaging (CLP regulation)

Besides from this»asting, relevant legislation there is a proposal for the Soil Framework Directive (COM(2006)
232).

1.3.2 Voluntary environmental legislation, ecolabels and other schemes
Voluntary legislation

1 EU Ecolabel Regulati@6/2010

1 Ecemanagement and audit system (EMAS2gulation 1221/2009
Additional informationisincluded in Annex 5.
Ecolabels
Information about national ecolabels can also be consulketitional informationisincluded in Annex5
Type Il labels, EPD

Additional informationisincluded in Annex5

1.3.3 Stakeholder feedback on national legislation

From stakeholder consultation, comprehensive information about legislation that is reletantoad
construction was providedparticularly how this applies in the countrieselevant to each respondentThe
information received covers differemeéquirements that are split in two main areas

1 Legislative requirements.
1 Relevant legislation banning the use of speatibstances in materials favad construction

The results of the survey in this field are ga#ekin Annexl.6.

1.4 Standards

{GFYRFNRa NS Iy AYyRAaALISyalroftS LINI 2F I NRIR RSairdy
of materials, processes, quality assurance etc. The goal of the standards is thus to provide risk minimization for
the Public Authorities by ensuring quality and safety.

The European standardization system has developed a strategy with strategic objectives for 2020 enabling the
European standardization system to:

91 deliver costeffective, timely, efficient, flexible, marketlevant standards, standards solutions and
related services;

i1 create standards that are used globally through our relationship with international and regional
standardization bodies;

i use standardization to consolidate and strengthen the European Siraylieck]
1 remove technical barriers to trade and supports economic growth andhvegtig;

1 anticipate future market, social and environmental trends, and identifies emerging opportunities and
innovative or convergent technologies that would benefit from gacbherent standardization;

1 reflect the breadth of interests in standardization and the diversity of its stakeholders and engages
with them in an inclusive and collaborative way to develop standards solutions that meet their
particular needs;

1 value andinvest in awarenesbuilding and education and European technical expertise to maintain
and improve the higiguality of standards.
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1.4.1 CEN Technical Committee related to road constriction

There are many CEN Technical Committees developing EN Standardsethelegant for the activity of road
construction. The most important technical committees are listeAnnex|.7:

More information about the technical committees and standards can be found on the CEN Weinsitén
Annexl.13where the stakeholder feeditk about national standards is also collected.

1.4.2 Relevant standards for materials in road construction in the EU
Road construction involves a number of different materials. The major materials can be listed as:
1 Asphalt
1 Cement
I Concrete (Cement concrete oshalt concrete)
9 Aggregates

All of these materials are well covered by harmonised EN standards and come under rtieu€mn
Products Regulation CPRhich came into force in July 2013. Two big issues with CPR are conformity
assessment / constancy of germance and the requirement for a declaration of the potential release of
dangerous substances to the environment.

Conformity assessment tasks and related responsibilities of the manufacturer are normally provided in Annex
ZA of the relevant EN standafdhay not yet appear in older standards). This is linked to verification and
auditing systems which are very useful for GPP.

The declaration required for the potential release of dangerous substances to the environment is an area that
is still evolving. May construction materials that are known to contain dangerous substances do not yet have
test methods agreed upon that would measure potential release of such substagaesst specified limits

Relevance standards for materials in road construction @Bk are reported in Annex | Sectidh

1.4.3 Relevant standards on sustainability of construction works

The technical committee undeZEN TC 35fas been mandated to develop voluntary horizontal standardized
methods for the assessment of the sustainabilitgspects of new and existing construction works and
standards for the environmental product declaration of construction produtke European standardisation
approach mandate is based on a lifecycle assessment methodology covering production (mandatory),
construction, use (including maintenance) and end of life stages (all optional).

Relevance standards for materials in road construction in the EU are reported in Annex | B&ction

144 Relevant standards on construction products i Assessment of
release of dangerous substances

The technical committee und€2ENTC 35lwas established in 2005 under the framework of the Construction
Products DirectiveCPD It deals with the emission of dangerous substances from construction products that
may have harmful impacten human health and the environment.

Relevance standards for materials in road construction in the EU are reported in Annex 1.10.

6 http://www.cen.eu/cen/Sectors/Tehnical CommitteesWorkshops/CENTechnicalCommittees/Pages/default.aspx
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1.45 Relevant standards related to noise management in road
construction (and use) in the EU

Legislation and standards regamdinoise is split into two distinct categories:
1 Noise exposure in places of work (regarding workers and employers).
1 Environmental noise (regarding the general public).

During the construction phase, significant noise will be generated by heavy machioeyaction equipment

and the movement of large quantities of raw materials. Noise exposure to workers is generally complied with
thanks to the appropriate use of personal protective equipment and is covered by relevant Occupational
Health and Safety legigian that is outside the scope of GPP. However, environmental noise levels expected
to be generated during construction works should be detailed in the Environmental Impact Assessment (EIA)
for the project. More detailsegarding EIA's are included in deot1.3.1.3Environmental Impact Assessment
Directive (EIA)

Relevance standards for materials in road construction in the EU are reported in Annex I.11.

1.4.6 Standards for drainage performance of roads

Road surfaces are generally impermeable and the sheer scale of road infrastructure means that during rainfall
events, they have a significant impact on the natural flow of storm water. Adequate drainage of roads is
required kecause they are not designed to perform their function, which is to permit the safe passage of
traffic, while standing water remains on the road surfadeelevance standards for materials in road
construction in the EU are reported in Annex 1.12.

1.5 Scope and definition proposal

151 Definition of road

According to the common definitions used by OECD and EUROSTAT, it is proposed to define "road" in the same
wording as EUROSTAT:

“"Line of communication (travelled way) open to public traffic, primarily for the Udsmad motor vehicles,
using a stabilized base other than rails or air striggirésta 2009)

152 Definition of road construction and road maintenance

The previous GPP f&bad construction andraffic signsdefined "road construction"ad § KS LINB I NI G A2y
building of a road using materials, including aggregate, bituminous binders and additives that are used for the
subbase, roaeb &S | YR & dzNJF I OA y Fhis fdéfigitrNia prabdsed oK refdiBed i éthe

framework of the current revisignbut adding the comments receive from the consultation related to the

cement:

Road construction: the preparation and building of a road using materials, including aggregate, bituminous
and hydraulic binders and additives that are used for thelsage, roaebase and surfacing layers of the road

Other additional definitiors of maintenanceare also proposed, based on the definitiopsovided by the
Australian Asphalt Pavement Associatidi\PA 2010:

Routine maintenance is concerned with minor activities reguto slow down or prevent deterioration of a
road pavement. It tends to be preventive as well as corrective and includes such activities as:

cracksealing

1

1 pothole repair
1 minor correction of surface texture deficiencies
1

minor shape correction.
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Periodic matenance primarily involves preservation of the asset usingstinifacingto restore texture or ride
quality, protect the surface against entry of moisture, or prevent deterioration through ravelling and
weathering.

Rehabilitation includes major work ¢ad out to restore structural service levels. As such, the treatments are
corrective in nature and include:

1 nonstructural overlays
9 structural asphalt overlays

1 reconstruction or recycling of pavement materials, etc.

15.3 Classification of roads

The sources alysed set differentlassification®f roads, but there is shared classification among Eurostat
and IRF as shown in ti@ablel.2:

Tablel.2: Classification of roads

Eurostat IRF

Motorway / freeway Motorways

Express road Highways, main or national roads

Road outside a builtp area Secondary or regional roads
Other roads; Rural

Road inside a builip area: urban road Other roads; Urban

The market analysis carried out in T&lkf the project showed that thenain source of market data is IRF,

which provides the figures for the main statistics published by the European Comn{ig€§idz013a)For that

reason, it is proposed to use the IRF classificatibhas to be underlinedhat in this statistics other roads

ONHzNI f 0 YR 2G$KSNJ NRIFR& O6dzZNDIFyo FNBE F3INBIALGSR Ay 2y¢

154 Categorization of roads

Themain categorization parametetsave been identified according to their influence in raamhstruction and
maintenance (materials, technologies, pavement lifetime, maintenance frequency aitvities). The
following ones have been evaluated as the most appropriate to set road categorizations

1 Pavementonditions
1 Type of construction
M Climatic zones
9 Traffic loadingconditions
1 Road gradient
The categorization according pavemeainditionscomprises the following categories:
1 Flexible pavement roads (which can incorporate composite pavements)
1 Rigid (concrete) pavements
1 Composite pavements
The categorization according the type of construction comprises the following categories:
w New construction
w Rehabilitation
w Reconstruction

The categorization according climatic zones comprises the following categories:

28



Roads located in UK and Ireland
Roads located in Iberian Peninsula
Roads located in Mediterraneaegion
Roads located in France

Roads located in Middle Europe
Roads located in Alpines regions

Roads located in Scandinavia

=A =4 =4 =4 -4 -4 -4 -4

Roads located in Eastern Europe
1 Roads located in France
The categorization accordingaffic loadingconditionscontainsthe evaluation ofthree parameters
1 Traffic density, expressed as Annual Average Daily Traffic per lane
1 Traffic composition, specially the share of heavy goods vehicles
1 Speed limit
The categorization according road gradients includhesfollowing categories:
1 Flat
1 Hilly

1 Mountainous

155 Scope

An initial proposal on scope and definition was discussed during the GPP Advisory Group meeting of March
2013. In this proposal it was recommended to include all phases of the road constructiornpirothet scope:

The raw materials phase

The production phase (manufacturing of materials for the road, transport of materials to the
construction site etc.)

The road construction phase

The use phase

The maintenance and operation phase

The endof-life phase

To To To P To Io

Furthermore, in addition to the road itself, it is suggested to include earth mounds (noise barriers aricsoil
geosynthetickin the product scope as they are an integrated part of the earth works during construction of a
road, for a closed loop soil tzice.

Also the drainage and run off systems must be included as it was also the case in the previous EU GPP for Road
Construction and Traffic Signs.

A first questionnaire on scope and definitions and market data has beerirséfdarch 2013, together witkthe

scope proposal, to the stakeholders involved within the project. 23 feedbacks have been collected from
different stakeholders (Member States representatives (13% of the total number of replies), Public Authorities
and Environmental Agencies (22%), Resk centres and Universities (17%) and Industry Association (48%)).

80% of thestakeholdersagreed on the appropriateness of the approach. Moreover they have suggested to
base the analysis on the procurement practise and to include a performance basedaelppwithin the
process.

60% of tle stakeholders have suggested includatber aspects within the scope of the project. In detail, they
have suggested to include:

A Design routes, alignment, dimension (height and depth), design speed and flows
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o Do > Do

Transportaton of the raw materials from the extraction/processing site to the construction site
Recycling phase, since a part of the asphalt is reuse in maintenance activities
Ground works and earthworks

Obstruction of traffic during construction and maintenance woifconsidering also the use of hard

shoulders)

)

Drainage and water run off systeinsonsidering alspollution control(particularly, accidents during the

operation phase, as they can cause a major pollution of water couasekclimatic resilience (floodsk)

Noise:noise reducing surfasethe role of had shoulders in noise reduction

A In addition ofearth mounds (noise barriers of soipise barriers (and fencing and vehicle restraints
systems).

These suggestions have been taken into consideratiothén Technical and Environmental analysis (see
Chapter 3jand are included in the scope of the projeBased on the comments and a literature revjenfinal
description of the road phases to be included in the product scape is

1

il

Materials production inclding raw materials extraction This phaseconsists of the processes
needed to manufacture construction materials and products and includes the entire upstream supply
chain needed to produce each material (for examples extraction and production of aggegate
refining of crude oil for the production of bitumen). Transportation needed to move pavement
materials to and from production facilities and to the project site are included in this phase.
Transportation distances can vary widely based on project locatffsite equipment used in the
materials production is accounted for in this phase. This phase also includes the employment of by
products, recycled/secondary materials and recovered waste materials.

Construction This phase usually includes clearantéhe construction site (removal of infrastructure
and vegetation), earthworks including the possible construction of earth mounds, ground works
including the stabilisation of the stdrade, onsite equipment (as pavers, dozers, millers, etc.),
constructon of the pavement layers, construction and laying of the drainage and water run off
systems, placement of road furniturAnalysis of angestion is included.

Use This phase includes the daily traffic on the road pavement and thus vehicle fuel consumption
during the road service life. It has to be considered thgtawement and its properties are only
responsible for a fraction of the vehicle fuel consumption, namely those associated with its structural
characteristics and surface texture (influencing tb#ing resistance).

Maintenance (and operation)Thisphase runs in parallel with the use phase, ending when the road is
decommissioned. Some maintenance operations share the same materials, and hence impacts, with
the construction phase. In detail, it gically includes repair (for example filling potholes in the
surface), rehabilitation (resurfacing and sealing of entire sections of road surface), winter
maintenance (ddcing, road salting/gritting) and substitution of lighting or road furniture elements
Analysis of angestion is included.

Endof-life (EoL)In this phase it is possible to include EoL of pavements and EoL of the road itself.

Finally, it has to be specified that noise has been included in the project scope, considering noise reducing
surface and noise abatemerheasures Noise barriers are implicitly includedside the noiseassessment

even though the focus will be on theperationand not on materials used for their production, particularly if

they are done by steel or wood. Thereddow significance of material use and potential environmental
impacts from theproduction of noise barriersompared to allbother impacts $tripple, 2001; SUSCON, 2006;
Loijos et al., 2013 Therefore, the production, also including recycled materiafsnaise barriersdoesn't

appear one of the main hegpots in a LCA perspective

156

Exclusions

During thestakeholder'sconsultation, a set of exclusions wasggestedvithin the questionnaire

1 Road markings
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Street lighting and traffic signals
Traffic signs

Information systems

1
1
1
1 Foundations or lighting of traffic signs

1 Other types of road furniture (pedestrian walkways, bollards, overhead gantries and central reservations)

Road markingsare products quite similar to paints and varnishes and for this reasonwliépe included in
the EU GPP criteria for paints and varnishes

The reason for exclusion sfreet lighting and traffic signalss that these products are covered by separate EU
GPP criteria (EC, 20d4)2

It was recommended thatraffic signsincludingfoundations are excluded from the product scope because
traffic signs are of minor importance to the total potential environmental impg&sipple, 2001 SUSCON,
2006; Loijos et al., 20).3See Chapter 3 Technical Environmental Analysis and AnnegrHturi review. The
conclusion is based on the results from the literature review where Strif0€1)indicate approximate
influence of the traffic signs below 1% of the phases raw materials extraction, construction, operation and
maintenance. If the diy traffic is taken into account (including the fuel consumption of cars and trucks), the
traffic signs only contribute to less than approx. 0,1% of the total potential environmental impacts during the
full life cycle of a road. This exclusion was likewsgttled within the Criteria for the Sustainable Public
Procurement of Roads developed by the Dutch Ministry of Housing, Spatial Planning and the Environment in
2010 (NL Agency, VROM, 2010). Moreover, traffic signs are not taken into consideratioiGipRheiteria for

road construction actually under development by the Italian Environment Mifistry

Typically,information systemsare energy efficient and therefore use relatively small amounts of energy
compared to the energy consumption through the fiifié cycle of a road. Furthermore, information systems
are of varying importance depending on the energy sources used for electricity production. It is thus
recommended that information systems are excluded from this product scopeat it can be relevanto
develop specific criteria for these products to ensure public green procurement for information sySteens.
final energy consumption used by the information systems is really low. For example, accordtrgppde
(2001) during40 yearsof serviceife of alocalroad, the total energy consumption of lighting is approximately
5%of the total energy consumption during the road life cydidormation system only use a small part of this
energy consumption, therefore these systems don't appear on efrtiain hotspots within the environmental
analysis. Information systems have great relevance related to safety
(http://ec.europa.eu/information_society/activities/esafety/doc/studigsnergy/energy_eff_study_final.pgif

Foundations and lighting of trafficignsare of minor importance to the total environmental impact. Lightning
of traffic signs are energy effective and therefore use relatively small amounts of energy compared to the
energy consumption through the full life cycle of a road (Stripple, 20Btueh et al., 2001).

Other types of road furniture (pedestrian walkways, bollards, overhead gantries and central reservations) are
based on the literature review typically of minor importance to the total potential environmental impacts
(Stripple, 2001). fferefore it is recommended that these products are excluded from the EU GPP criteria for
road construction.

The criteria will be developed for roads in general and thus apply for all typical roads in all EU Member States.

Overall, it is thus suggested tocus the project resources on what is clearly indicated to be the major source
of environmental impacts not covered by other criteria: The life cycle of the road construction itself.

Further, given the diversity of roads, it is already challenging to Idpvesable and clear criteria for road
construction. Adding further issues to the scope would add further complexity, possibly resulting in separate
criteria for those additions within the GPP criteria to be developed (as was the case in the previous GPP
criteria for road onstruction and traffic signs).

7 http://susproc.jrc.ec.europa.eu/paints/
8 Personal communication
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As a result of the survey, the stakeholders showed their disagreement on the exclusion of;

9 Traffic signalsThese products (traffic sighals and noise barriers) could be manufactured using recycled
plastics,so it could be an opportunity to foster the plastic recycling.

1 Road marking not painted (LED marking)

1 Foundations for lightning and gantrieas they might be integrated into concrete barriers in the central
reservation.

1 Metallic safety fences, as theyesa to be implicated in pollution due to their corrosion.

1 Road furniture since this category of productbiowsa very interesting raticcostbenefit so the potential
criteria on them could bring an environmental improvement with low efforts.

The commentseaceived concerning these exclusions are collectedninex 1.1

The first approach of the scope proposal is to exclude some elements that seem to be less relevant in relation
to the main environmental issues involved in the road construction and maintenasetwithstanding, the

output from the stakeholders survey shew concern about these exclusigrand the consequent potential
improvement thatmight be ruled outat this stage of the project. In order to achieve the broadest view of the
sector, these @ments are part of the technical analysis carried out in Byskee chapter 3)and the results of

this analysis, together with the stakeholders feedback, will constitute the ground for the discussion along the
project.
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2 MARKET ANALYSIS
2.1 Introduction

The am of the market analysis is to update and/or collect key data which will enable the economic relevance
of the product group at micro and macro level to be quantitatively assessed. The data will also provide
information on the functioning of the market fahe product group, facilitating the identification of relevant
trends, drivers, innovation and initiatives, which could impact on the formulation of GPP criteria.

First of all,the general economic situation for Europe is presented to quantify and afisestate and trend

of the market. Secondly, the road construction sector is analysed to provide a sound basis for assessing the
size of this sector. This includes economic indicators and data on employment. Furthermore, the total road
length in all MembeiStates is provided to describe the current situation and provide a basis for assessing the
consequences of any expected future growth in road construction. Finally, data regarding the production and
availability of construction materials/products is proed as a basis for the assessment of the current market
and of the potential for future improvements with respect to materials used for road construction.

The primary sources of information are Eurostat, the International Transport Forum, the Statistikattibok

2013 for EU transport (EC, 2013a), contributions from European stakeholders and existing knowledge from
other projects. In some cases the data is retrieved from the European Road Statistics from 2012 developed by
the European Road Federation, whave summarized most of the relevant data regarding roads from various
sources.

2.2 Economic indicators

In this chapter economic indicators are provided to describe recent development in Europe via key indicators,
such as inflation, Gross Domestic Produd@Ppand unemployment rate.

2.2.1 General economic indicators for Europe

The economic situation in Europe will, to some extent, reflect the need for and investment in road
construction. In an expanding economy with high inflation, reduced unemployment raténarehsing GDP,

the construction sector will be boosted by demand for new housing and commercial/industrial parks and
facilities. New road infrastructure is generally required with such developments. However, certaitetong
investments in infrastructurand roads may be considerably decoupled from economic growth.

The link between road construction and economic growth is underlined by Siim Kallas, theedcent of
G§KS 9 dzNR LIS| y Rdad travspait Sish & wor fordreviving growth through thehancement of
competitiveness and thereation of jobs E@201D).

The economic indicators for the Member States are summarise@inimex I, Tab. A.2.1n 2011 GDP was
marginally positive (1.6% overall), but then shrank by 0.4% in 2012. Every singleMgtate showed either
a negative change in GDP from 2011 to 2012 or a reduction in the rate of GDP growth.

Concerning the investment component of GDP (the Gross Fixed Capital Formation) the trend in 2013 is a
negative oneg; implying that consolidated ecamic recovery consolidation after the financial crisis has not yet
occurred. The inflation rate in Member States is positive, which is an indication of the European Central Banks
success to control the prices and ensure growth is aligned with countrisgdeudf Europe.

The average unemployment rate has reached 10.9% across Member States, and is especially significant in
Spain (26.4%) and Greece (26.9%), whose economies have traditionally been very dependent on the jobs in
the tourism and construction seats.

In summary, the economy is unstable and has not yet shown a consolidated economic recovery. However, the
economic situation in itself is not directly related to the need for new roads as economic stagnation could also
trigger increased public investmes in infrastructure/road construction in an attempt to stimulate growth.
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222 General economic indicators in the transport sector

Roads facilitate a very important mode of transport in Europe. Some 45.9% of goods transport takes place by

road (seeFigure2.1). Over 80% of the passenger transport within Europe occurs on roads, as shéiguia
2.2.
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Figure2.1: Model split intra-EU goods transport i2010 (EC, 2012b)
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Figure2.2: Modal splitintra-EU passenger transport in 2010 (EC, 2012b)

These figures indicate the importance of road transportation in Europe. General turnoverafbipassenger
transport and road freight transport is approximately 368 billion Euro in th E(flata from 2009 from ERF;
2013), accounting for 32.4% of total turnover in the transport sector.

However, while growth in freight transport kilometres wasported as 5.3%, during the same period
passenger transport kilometres were shown to drop by 1.0% (ERF; 2013).

The importance of the road transport sector is supported by employment data in Europe. In 2010, 2.93 million
people were employed in road freigltransportation and 1.93 million in road passenger transportation. This
accounts for around 46.5% of all employment in the transport sector (EC, 2013a).
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2.2.3 General economic indicators for the construction sector in Europe

The construction sector is splittd two main categories: buildings and civil engineering work. Civil engineering
g2N]la Aa GKSY adzo RAGARSR A Y @chstricthd soNdassified bnd&madsh S&a I+ y R
for examplerailways roads, bridges, highways, airport runways and damso6 9 / } The daka@résented in

Figure2.3 shows that production for constructichin Europe is at its lowest level during the last 10 years

(data from Eurostat, 2012[Economic indicatorsn EU28 for2011and 2012 are@eported inAnnex Il, Tab. Il

The recession is affecting many Member States. Ten Member States experienced negative rates of change
during 20082011. Three countries In particular (Denmark, Spain and Ireland) experienced an even longer
period of downtun which lasted for 4 consecutive years. In contrast, seven Member States recorded an
increase in construction output in 2010.

N \"\*\/\
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Figure2.3: Index of production for construction, EQ7, 200111 (trend cyclesestimates) (Eurostat, 2012)
2005= index 100

Production value

The production value of the construction sector is a picture of the dominating activities occurring in Europe
leading to employment and trade.

Production value for the construction sector it)-28 for 2008, 2009, 2010, 2011 and the trend 2Q10are
reported inAnnex Il, Taldl.2. In2011, the production value for the construction sector inEJwas 1,555,007
Million Euro. The production value of the construction sector in Europe from 2020%a indicates that the
overall value is decreasirgightly ¢1.5%). By analysing the data from the previous years the tendency is that
the degree of the recession is reduced significantly from 2008 to 2011 and thus indicates a stabilization of the
marke.

Nevertheless the data from individual Member States shows a very heterogeneous situation in national level
markets. Changes in production value between 2010 and 2011 have ranged3t®#o (Belgium) to +33.7%
(Estonia).

Number of employees

The number 6construction sector employees in Member States between 2008 to 2011 is reporfathax I,
Tab.l1.3. The total number of employees in 2011 is about 10.2 million people. Overall the number of people
employed in Europe decreased by 2.4% from 2010 td.26tbwever, this overall figure masks the variation in
trends between different member states which ranged fretB.0% (Spain) to +24.6% (Ireland).

2.2.4 General economic indicators for the road construction sector in
Europe

Several publications (ERF and [BI®7; ERF, 2013) stress the significance of the road sector and consider it as
being one of the most important in Europe.
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The data in this section refer specifically to the road construction sector. If data for indirect activities, such as
raw material praluction, constructiorrelated investment revenues and activities prior to construction are
considered, the importance of the sector increases significantly.

Number of enterprises in the road construction sector

In 2011, the number of enterprises in the £8 was 33,186. The trend in the number of enterprises in the
road and motorways construction sector from 2008 to 2011 if2Bldnd in the Member States is presented in
Annex Il, Tabl.4. The overall trend between 2010 and 2011 was a moderate incre&se¥tn Et27) in the
number of enterprises. However, as with other indicators mentioned previously, this masks a large degree of
variation in individual Member States.

Turnover or gross premium written

The turnover in the roads and motorways constructgector is significant and data from 2008 to 2011 in EU

28 are reported inAnnex Il, Tabll.5. "Gross premiums writténshall comprise all amounts due during the
financial year in respect of insurance contracts regardless of the fact that such amountelatayn whole or

in part to a later financial year, and shall include inter alia reinsurance premiums received from other
insurance undertakings. The above amounts shall not include the amounts of taxes or charges levied with
premiums.

In 2011 the turneer in EU28 was 108,050 Millions Euro. The general trend iRREWurnover from 2008 to
2010 was negative10.9%) but then rose in 20111 (+5.5%). As with the data on the number of employees
and enterprises in the roasector @nnex Il, Tahl.3 and Téa. 11.4), the trends differ significantly for individual
Member States, ranging from +34.5% in Polane2&3% in Slovenia.

Production value

Large quantities of many different materials are used for the construction of roads including bitumen, cement,
asphalt, concrete, fuel and aggregates. In 2011 the production value for the road and motorway contruction
sector in the EL28 was 108,785 million Euro. Data on production value irR&End in individual Member
States from 2008 to 2011 areported inAnnexll, Tab.ll.6. It can be seen thawhile in 20082011 the trend
indicated a declining market for Europe in general, in 2010t shows an improvement (+6.7%). Once again,
the overall trends masked wide variation in individual Member States.

2241 Gross investrent in machinery and equipment

The gross investment in machinery and equipment for the roads and motorways construction secte28n EU
and the Member States from 2008 to 2011 is reporteddimex Il, Tabll.7 (some data for certain Member
States was nopublished). For many countries the trend in gross investment in machinery and equipment has
been clearly affected by the financial crisis. The situation for individual Member States again varies widely,
from -65,8% (Slovakia) to +82.9% (Romania).

2.24.2 Number d employees

The number of employees is directly linked to the economic performance of the road construction sector. In
EU28 the numbers of employees working in the roads and motorway sector in 2011 was 635,900. Specific
data for individual Member Statesgarding the number of employed people in th@eads and motorway
construction sectoin EU28 from 2008 to 2011 is provided Annex Il, Tall.8.

The data show an overall decline in the number of employees in road and motorway construction during the
period 20082010. Between 2010 and 2011 however, the overall number remained stable. Again, there was no
common trend amongst individual Member Statesome experienced a positive trend, and others a negative
one.
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2.3 Market data on road construction

2.3.1 Total length of the road network in Europe

The total length of the road network in different Member States is reportedable2.1, according to data
provided by EC (2043 Pocketbook and the European Road Federation ,(EBRE3). According to the ERF
(2013), the definition of road types indicated Table2.1 varies from country to country. Therefore data are
not directly comparable between different Member States.

Nonetheless, arapproximate comparison can be made between most countries. The total length of the EU
road network is abous.3 million km, of which around 8z I N8 Y20i2NBl ead ¢KS OF G§53;
accounts for the largest share of road network length.

Table2.1. Length of total road network by category and country (EC (2013) Pocketbook and ERF, 2013)

Member State Motorways Main or national Secondary or Other roads Total
roads regional roads
(km) (km) (km) (km) (km)

Belgium 1,763 12,760 1,349 138,000 153,872
Bulgaria 418 2,975 16,044 n.a. n.a.
Czech Republic 729 6,198 48,791 74,919 130,637
Denmark 1,130 2,707 69,737 73,574
Germany 12,813 39,887 178,269 413,289** 644,258
Estonia 100 3,893 12,427 41,911 58,331
Ireland 663 4,780 11,631 78,958 96,032
Greece 1,103 10,189 30,864 75,600 117,756
Spain 14,021 11,621 139,833 501,053 666,519
France 11,163 9,768 377,986 642,256 1,041,173
Italy 6,661 19,375 154,513 312,100%** 492,649
Cyprus 257 2,136 2,834 4,203 9,430
Latvia n/a 1,653 5,327 58,668 65,648
Lithuania 309 6,358 14,591 50,680 71,938
Luxembourg 152 837 1,891 n/a 2,880
Hungary 1,273 6,802 23,303 166,142 197,520
Malta n/a 184 665 1,379 2,228
The Netherlands 2,631 2,445 7,836 123,914 136,826
Austria 1,696 10,003 23,653 88,666 124,018
Poland 849 17,928 28,403 221,826 269,006
Portugal 2,705 5,976 4,431 63,900** 79,513
Romania 321 16,182 65,210 81,713
Slovenia 747 911 5,117 32,225 39,000
Slovakia 391 3,496 14,050 25,942 43,879
Finland 765 12,563 13,537 51,295 78,160
Sweden 1,891 13,462 83,131 122,378 220,862
United Kingdom 3,674 49,040 122,542 244,340 419,596

Data are mainly referred to 2009; **data referred to 2006; ***data referred to 2009
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2.3.2 Data on production and trade of road construction materials and
products

Numerous construction materials and products are used in the road construction sector. The analysis is
focused those materials that are used in the largest quantities and/or have significant improvement potential
in accordance to the feedbaclkwovided by stakeholders to the sent questionnaire. Possible GPP criteria
related to such materials would therefore constitute relevant improvement potentials in road construction.

2.3.2.1 Aggregates
General data

Aggregates are an important constituent in road staction since they constitute the bulk volume of the
road pavement structure. They are employed in unbound and bound mixtures in different road layers.

A necessary background is the definition of Sustainable Supply Mix (SSM) of aggregaresufemen of
aggregates from multiple sources, according to criteria of economic, environmental and social efficiency
(Blenginiet al., 2012). SSM can therefore be regarded as a blend of natural aggregates, quprogbgts and
recycled waste, which together manise net benefits of aggregate supply. SSM goes beyond the need to
ensure a secure supply of aggregates to the economy by adding the requirement that the selected blend must
be produced and transported in an eefficient manner that minimises total netige impacts and maximises
overall benefits to society (Blengiet al., 2012). SSM therefore requires procurement from multiple sources,
each of which must be selected based on a comparison of their environmental andesociomic impacts

and benefits. fie promotion of recycling and the encouragement of SSM policies was one of the main
OKIFffSy3aSa 2F (KS 9! LINB2SOGa {! wal wifjdaimaprdiegteyt S ! 33
andSNAP SEE (www.snapsee.eu/).

Aggregates are granular materials dsa construction and, according to the source material, can be classified
as:

1 natural aggregates, produced from mineral sources; sand and gravel are natural aggregates resulting
from rock erosion; crushed rock is extracted from quarries;

1 recycled aggregas, produced from processing material previously used in construction;

1 secondary aggregates, secondary materials arising from industrial procgsstbe CPR 2011, this
OFiS32NE A& OflFraaAFASR Fta WYl ydzZFlI OGdzNBR F33aNB3IIGS

However, in some cases, this sddication could be seen as not fully comprehensive, for instance, it might be
unclear in which category excavated soil and stones would fall, as well as recycled mining waste and, finally,
quarry/mine ceproducts. In the SARMa project, the following fotypes of recycling were therefore
considered as potential sources of unconventional aggregates:

1 R recycling of byproducts, waste and residues from extractive activities;
1 R2recycling of C&DW;,

1 R3 recycling of excavated soil and stones from civil works

1

R4 recycling of industrial waste (e.g. slag from ferrous metal production, bottom ash from Municipal
Solid Waste (MSW) incineration, ash from coal combustion)

As it is shown iTable2.2, in EU28, approximately2.8 billion tonnes of aggregates were produced in 2010,
representing a value of 20 billion Euros (UEPG, 2012). Specific data for individual Member States and other
relevant countries are reported iAnnex Il Tabld.9.

Table2.2. Production of different typologies of aggregates for 2010 in-EUCountries (UEPG, 2012)

Member Total Total number | Sand | Crushed| Marine Recycled | Manufactured Total
State number of | of extraction | gravel rock aggregates| aggegates| aggregates* | Production
producers sites (Mt) (Mt) (Mt) (Mt) (Mt) (Mt)
EU27 13,221 22,377 1,168 1,323 58 180 55 2,784

*secondary aggregates (e.g. pulverised fly ash PFA and slag)

Total aggregate production is dominated by sand and gravel (42%) and crusle8&36). Recycled and
manufactured aggregates only account for 6% and 2% of total production respechiglye@.4). However, it
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is expected that the contribution of unconventional aggregates to the SSM iy tikehcrease by a large
extent in the future

6% 2%

R

m Sand gravel

B Crushed rock

= Marine aggregates

B Recycled aggregates

m Manufactured
aggregates

Figure2.4. Origin of the aggregates in Europe (UEPG, 2012)

Aggregates are primarily produced by small and medium sized companies operating in about 22100 s
across Europe. The number of employees is approximately 250,000 people including contractors.

The manner in which produced aggregates are used across the different construction sectors in Europe is
shown in Figure 2.5. Around 20% of aggregates arel useroads, runways, railways and waterways.
According to the UEPG, some S800Mt of aggregates are used in roads, runways, railways and waterways,
accounting for around 20% of all produced aggregates in the EUF{gee2.5). Of this quantity, at least half

is considered to be used in road construction and maintenance in the EU. The type of aggregates most
commonly used in roads are of the crushed rock type.

Crushed Rock Ready mixed Residential
from Quarries Concrete Buildings
E20K 25%) v (Houses,
Apartements)
Precast e
Concrete )
N Commercial
Sand & Gravel ale Buildings
from Pits {Offices,
2404 Architectural New Factories, etc,)
Addrigates Concrete Construction 200
regd Products Contracts
Extraction, £ Social
Processin i 13
Recycled ' Off-Site & Buildings
Aggregates Stockpilling, Structural On-Site (Hospitats,
from C&D Transport (Unbound) \ Schools, etc.)
Materials Materials Repair, 200
SN Concrete £t 40%, lMamtenancet.
Asphalt Plants b Infrastructure
Recyclin i . }
Marine ;'::;59 Railway Demlition & :?:,ggﬁ? etc)
last Recyelin o o
Aggregates B‘gl bk Offshore
(Sea or Lake = plants Pipeline
Dredged) k stabilization
% Armour 154
) Stone >
Manufactured e Roads,
Awrgg;teg Runways,
(Crushed, Stag, > Asphait Railways,
Fly-ash) Products Waterways
o 109 ¥ 20M%

Figure2.5. The use of aggregates in Europe (UEPG, 2012)
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For a general idea of how much aggregate is used for road construction on a per km basis, the following figures
can be considered:

1 20,000 t/km for a twelane road (EC, 20L
1 10,000 m3/km of two laneaad (OEC,997) which equals approximately to 20,000 t/km.
1 30,000 t/km for a motorway (EC JRC, 2009).

Data from EU statistics
According to Eurostat the following data for aggregates are available f@8EU
Construction sands

Construction sands consisf olayey sands; kaolinic sands, feldspathic sands (excluding silica sands and metal
bearing sands) (PRODCOM 08.12.11.90).

In 2012 the produced quantity of construction sand in-EJwas 380 Mt. Data on production, import and
export of construction sandsrdm 2009 to 2012 in the ERB are reported inAnnex Il Tabll.10. The
production of construction sand, quantities important and quantities exported all decreased between 2011
and 2012. It has not been possible to obtain data about the share of constnusdod used for road
construction in EL28. Very little data at national level are available although in Denmark, approximately 55%
of construction sand was used for road construction (Statistics Denmark;NeOC2Rastoffer, 2013).

Gravels and pebbles

Accading to Eurostat this group contains gravels and pebbles of a kind used for concrete aggregates for road
metalling, for railway ballast or other ballast; shingle and flint (PRODCOM 08.12.12.10).

In 2012 the produced quantity of gravels and pebbles in B8 was 472 Mt. Data on production, import
and export from 2009 to 2012 in E28 are reported inAnnex Il Tabll.11. During the period 2012012, the
produced quantity amount was reduced by 50 Mt while exports decreased by 2 Mt and imports incregsed by
Mt..

It has not been possible to obtain data about the share of gravels and pebbles production used in road
construction in the E28. At the national level however, Denmark state that approximately 55% of the gravels
and pebbles production is used favad construction. (Statistics Denmark, 20NZC Rastoffer, 2013)

Crushed stone

Crushed stone includes all stones of a kind used for concrete aggregates, for road metalling, for railway ballast
or other ballast (excluding gravel, pebbles, shingle of) {fRRODCOM 08.12.12.30).

In 2012 the produced quantity of crushed stones in theZBUvas 808 Mt. Data on production, import and
export from 2009 to 2012 in ERB are reported inAnnex Il Tabll.12. The produced quantity has declined
significantlyg though still maintaining the approximately same price per produced tonne of crushed stone. The
export quantity and price per tons crushed stone has decreased from 2011 to 2012.

Crushed stone is mainly used for road construction as aggregate for asphalt amwbfarnd base layers. In
addition to this, they are also used in paving blocks (Statistics Denmark, 2012). It has not been possible to
obtain data about the share of crushed stones used for road construction iB8EWt the national level,
Denmark reporthat approximately 80% of crushed stone production is used for road construction (Statistics
Denmark, 2012).

Precoated aggregates

Precoated aggregates can be used for several reasons specific for the individual projects (PRODCOM
23.99.13.20).

Precoated aggregates are typically crushed aggregates enveloped with bitumen or similar for improved
adhesion to another pavement layer. The fm@ated aggregate is spread on top of an unbound base course as
a thin surface layer or on top of asphalt pavements (r@wold) as a sealant and friction course. The-pre
coated aggregate is already accounted for in the production of sands, gravels and pebbles.
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In 2012 the produced quantity of preoated aggregates in E28 was 21 Mt. Data on production, import and
export from 2009 to 2012 in E@8 are reported inAnnex Il Tall.13. Produced, imported and exported
guantities of precoated aggregate all dropped between 2011 and 2012.

Silica sands

¢KS INRdzL) ¢aAit A0l alyRaé¢ O2yairad 28721168 8dndisusédyoRa | y R
several pavement layer types in roads.

In 2012 the produced quantity of silica sand inZJwas 71 Mt. Data on production, import and export from
2009 to 2012 in E28 are reported imlAnnex Il Tabll.14. While imported, expded and produced quantities
rose significantly during the years from 2009 to 2011, during the period-2@lthe total quantities involved
decreased.

It has not been possible to obtain data about the share of silica sand production used for road darsiruc
the EU28. A reasonable estimate based on limited information would be that only 5% of the total amount of
silica sands produced in Europe are used for road construction.

2.3.2.2 Bitumen
General data
Bitumen is distilled from crude oils and representsawmerage 2% of refinery production.

There are 115 oil refineries in Europe (EU 27) of which 74 produce bitumen. Of the 1,300+ types of crude oils
that exist, only approximately 10% can be used to produce bitumen that meet the stringent engineering
requirements of end users today.

The European bitumen industry (EU 27) produapproximately 20 Mt of bituran each year. (Eurobitume,
2013). Asphalt mixtures contain approximately 5% of bitumen Eurobitume (20Mdwified bitumen, whose
rheology is altered Y the use of chemical admixtures, can account fo20@ of bitumen markets according
to EAPA (2012).

In the pastyears another type of binder, coal tar (often referred to simply as tar) was used in the paving
industry. The tar is produced by the destrivet distillation of coal, and consequently contains PAHSs. It has
been widely recognized that the PAH content in coal tar is far higher than the PAH content in bitumen (NAPA
and EAPA, 2011n Europe, by the early 1990s, the use of coal tar in road pdadgbeen generally phased

out.

Data from EU statistics
Natural bitumen and natural asphalt
Natural bitumen and natural asphalt includes asphaltites and asphaltic rocks (PRODCOM 08.99.10.00).

In 2012 the produced quantity of natural bitumen and natural fedp in EU28 was1.9 Mt. Data on
production, import and export from 2009 to 2012 in 28 are reported inAnnex Il Tabll.15. While the
guantities involved in production, import and export increased between 2009 and 2010, the latest trend
between 2011 ad 2012 has been a decrease.

2.3.2.3 Asphalt and other bituminous mixtures

In the first part of this section, the data from Eurostat regarding production, import and export are presented.
Furthermore, data from the European Asphalt Pavement Association (EAPA)ebasreceived via the
stakeholder questionnaire distributed in 2013 will also be presented. In the last part of the section, specific
data are collected to describe specific aspects such as warm mix, reclaimed asphalt pavements.

General data

According to he EAPA (2012324 Mt of hot mix asphalt (HMA) and warm mix asphalt (WMA) asphalt were
produced in 2011Production data of hot mix asphalt (HMA) and warm mix asphalt (WMA)-@7Etdm 2006
to 2011 are reported innex Il Tabl.16.The trend from 206 to 2011 is represented in Figure 2.6.
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In EU27 from 2007 to 2010 the amount of used warm and hot mix asphalt declined to a low level of approx.
310 Mt in 2010. This trend also reflects the price of oil, which caused the decreased production of dsphalt.
many Member States the economies are kitarted by the governments investing in public works of which an
example is road construction and maintenance, in order to stimulate the public economy. This appears to be
the case according to the rise betwe210 and 2011 ifigure2.6.

L 2
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Figure2.6: The trend in the use of warm and hot mix asphalt (EAPA, 2012)

Warm Mix Asphalt is defined as mixtures produced by using special tegménd/or additives to reduce the
production temperature. The production temperature is between 100 and 150 degree Célgiagypes of
warm-mix asphalt are available, one using foaming of the bitumen and one using polymer additives. According
to EAPA (212) 3.0 Mt of warm mix asphalt were produced in 2011 in the EU. When extrapolated to include
countries for which data are missing, this figure can be estimated to rigeltivt.

According to EAPA (2012), cold bituminous mixture production3xhd/t (evabated on 17 Member States).
The main applications are in France, UK and Spain. In terms of quantities produced, by far the most important
type of asphalt is hot mix asphalt.

Bituminous mixtures (according to EU statistics)

Bituminous mixtures are all bed on mixtures with natural and artificial aggregate and bitumen/natural
asphalt as a binder (PRODCOM 23.99.13.10).

According to Eurostat, in 2012 the production of bituminous mixtures was 79 Mt, less than half the level in
2009. Production, import and erpt data for bituminous mixtures in ERB from 2009 to 2012 are reported in
in Annex Il, Tall.17

The exported and imported quantities are naturally quite low due to the rapid hardening properties of the
material. Thus the bituminous mixtures must bedlajuite quickly after production. This practically limits
export and import to neighbouring countries. The trend in produced and exported quantities was negative
from 2011 to 2012. But still the price per imported tonne is decreased from 2011 to 2012,.

Acording to the European Asphalt Pavement Association approx. 300 Mt of bituminous mixtures (including
aggregates) are used for road construction in Europe per year. This indicates that the Eurostat PRODCOM
group 23.99.13.10 statistics only represent a prthe total actual production of bituminous mixtures used in

the EU.
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Asphalt material used in Europe

According to the stakeholder feedback to the questionnaire distributed in 2013, in Europe the main pavement
layer type is the flexible one. The UK Rdatininistration has reported that in the UK, 96% of pavements are
flexible. The Danish Road Directorate has reported that that 100% of all pavements are flexible and in the
Netherlands 97% of all pavements are flexible. It is uncertain if this simply tefetgface courses or to all
types of courses involving binders.

There are three generic types of asphalt mixture that can be used: hot mix asphalt (HMA), warm mix asphalt
(WMA) and cold mix asphalt (CMA). The dominant binder type is HMA, accountingefaB@0 Mt each year

in the EU since at least 2006. Annual production of WMA and CMA are around 3 Mt each, totally only 2% of
total asphalt production combined (EAPA, 2012). Therefore trends in HMA are the most important to report.
The split between use ¢1MA in different road courses is as follows:

1 Surface courses account for an averd@&oof total annual HMA production (variable from 20 to 95%
in the different MS) (elaborated from EAPA, 2012).

91 Binder courses account for an averéfeoof total annual HM\ production (variable from 0 to 58% in
the different MS) (elaborated from EAPA, 2012).

1 Base courses account for an aver&§8oof total annual HMA production (variable from 4 to 70% in
the different MS) (elaborated from EAPA, 2012).

A detailed look intotie materials used for surface courses reveals that the percentage of different materials in
the different Member States are:

1 Surface courses with Asphalt Concrete EN 131t08n average of 40% of total HMA and WMA
production in 2011 (variable fromB6%)(based on data for 21 MS from EAPA, 2012).

1 Surface courses with Stone Mastic Asphalt EN 1&t0#h average of 9% of total HMA and WMA
production in 2011 (variable from19%) (based on data for 19 MS from EAPA, 2012).

1 Surface courses with Asphalt concréoe very thin layers EN 13188 an average of 3% of total HMA
and WMA production in 2011 (variable from 0.04 to 8%) (based on data for 7 MS from EAPA, 2012).

1 Surface courses with soft asphalt EN 13B08igures of 5% and 13.5% of total HMA and WMA
production in 2011 are provided for Finland and Sweden (EAPA, 2012).

1 Surface courses with hot rolled asphalt EN 13408gures of 5% and 10% of total HMA and WMA
production in 2011 are provided for Portugal and Romania (EAPA, 2012).

1 Surface courses with mastasphalt EN 13168: an average of 1% of total HMA and WMA production
in 2011 (variable from 0.02%) (based on data for 12 MS from EAPA, 2012) (Mastic pavements result
in mixing and placement taking place at 1-8@%0° C, higher than the temperature ftypical asphalt
pavements according to NAPA and EAPA, 2011).

1 Surface courses with surface courses with porous asphalt EN 43188 average of 2.4% of total
HMA and WMA production in 2011 (variable from-0.2%) (based on data for 10 MS from EAPA,
2012.

The figures listed above are for the production in EU countries in 2011 (EAPA, 2012). These figures indicate
that there is no clear, general preference of the material for the surface course of theloagkver, it seems
that surface courses using asghconcrete are preferred in several countries

Reclaimed asphalt pavement (RAP)

When focus is directed towards the degree of recycling, the approaches vary greatly from Member State to
Member State. The production of RAP in different Member States isrtegh in Annex Il Tablél.18. A total
production of 49 Mt is shown for 2012. The range of recycled materials is from approximately 4% of the
available RAP in Poland to 100% in Hungary. Furthermore, the percentage of the new hot and warm mix
production tha contains RAP varies from 0.01% to 80%. The wide range expresses the fact that the Member
States have very different approaches towards the use of recycled materials.
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The latest data (EAPA (2013) reported show that 56 Mt of RAP is now available in &wtdhat more than
85% of the available RAP is reused in Europe (EAPA, 2013).

These figures indicate that there is a significant potential to be exploited by increasing the share of recycled
asphalt since asphalt is 100% recyclaBearébitume, 2013 Inaeased recyclability entails reduced extraction
of virgin materials for road construction.

Structure of the asphalt sector

The asphalt sector is dominated by relatively few companies dedicated solely to the production of asphalt,
totalling 690 in EuropeHAPA, 2012). A total of 2,141 companies are involved in both the production and
actual laying of asphalt, while >7,952 companies in Europe are involved on in the laying of asphalt. The
companies producing and laying the asphalt are generally small andumeslzed enterprises (NAPA and
EAPA, 2011).

2.3.2.4 Cement
General data

CEMBUREAU countries accounted for approximately 6% (220 Mt) of world production (3.6 billion tonnes)
whilst the proportion of world production from the EU Member States fell to around 4. EMBLUREAU,
2012). Compared to 2011, and according to the latest data available, 2012 cement production in the
CEMBUREAU countries recorded a considerable decreade3%f down to 228.4 Mt, a record low. Major
European markets recorded sharply negative perfances, most notably Spair39.5%) and Italy-20.8%),

whilst the drop was more moderate in German¥.8%) and France7.3%). Decreases in cement production
were also observed in Eastern European countries, such as the Czech Republic and Polamgsviafr 1%

and -16%, respectively. In the EU27, cement production feH206, yeawon-year, in 2012 i.e, from 195.5 to
156.3Mt. Data are represented Figure2.7.
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Figure2.7: The trend in cement production in CEMBUREAU Countries and EU 27 (CEMBUREAU, 2012)

European roads are roughly 90% flexible (asphalt) and 10% rigid (concrete) according to 'The Asphalt Paving
Industry (NAA, EAPA, 2a). The stakeholders also confirm thictfan the questionnaires that only approx.

5% of the roads are rigid and 95% are flexible roads . It is uncertain to whether this information refers simply
to surface courses or also to underlying binder and bound base courses.

In 2011 production of asphavas approx. 324 Mt. It can be assumed that virtually the entire production of
asphalt was dedicated to road construction and maintenance. If the 90% share of asphalt corresponded to all
courses in road construction and maintenance, then the quantityeaient concrete used in the same sector

can be assumed to be somewhere around3® Mt. Comparing this data with the overall production for
ready-mix concrete of around 550 Mt in the EU in 2012, we could say that road construction and maintenance
accounts ér around only 6% of total ready mix concrete demand in the EU. However, we must state that this
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percentage will depend on whether the 9626% split between asphalt and concrete only refers to surface
courses or not.

Cement (according to EU Statistics)

The Eurostat statistics include several categories for cement. In this report focussed only on Portland cement
and any other hydraulic cements used extensively on road construction.

Portland cement

As per EN 191, Portland cement is classified under 27atiént categories and 5 different groups based on
the precise composition of the cement and the degree of blending with supplementary cementitious materials
such as slags, fly ash etc.). Cements are further classified according to strength developmentfated
resistance.

In 2012 the quantity of Portland cement produced was 146 Mt. Production, import and export data for
Portland Cement (PRODCOM 23.51.12.10) i2&fdom 2009 to 2012 are provided Annex Il Tabld.19.

The produced volume of Portlanmement has declined from 2011 to 2012. The exported quantity in 2012 is
higher than the level in 2009. The import quantity has decreased from 2011 to 2012. The reason for the
decline is primarily the financial crisis which has set a stop to many produatitivities¢ especially in the
construction sector for buildings.

GhiKSNE KE@RNIdzZ AO OSYSyia
Hydraulic cements can be used for a variety of purposes, including road construction.

LY HAMH GKS LINRPRdAzOUGAZ2Y @It dzS 27T o imkdddtddd expartRatd fatzf A O
other hydraulic cements (PRODCOM 23.51.12.90) #2&fdom 2009 to 2012 are provided Annex Il Table

11.20. The produced quantity has declined from 2011 to 2012 but in terms of produced value, thanks to
increased pricedas actually risen slightly.

Due to lack of available data specifically regarding the use of other hydraulic cements in road constitustion
uncertain how important this sector is to the "other" hydraulic cement industry.

2.3.2.5 Concrete

Analagous to bituran with asphalt, cement is rarely used alone, but instead constitutes the binder used in
conjunction with aggregates, to produce concrete. Concrete is used in many different types of construction,
including road construction.

Solid concrete components aqtoducts can either be produced under controlled conditionsin a factory- (pre
cast concrete) or added in carefully controlled batches to trucks and mixedwge to the construction site
where it is poured into place (ready mixed concrete). The latteugris by far the most relevant to road
construction.

Concrete (according to EU Statisatics)
Ready mixed concrete

Ready mixed concrete can be used for a variety of purposes such as building foundations, floors and structural
columns poured into moulded forwork onsite. Road construction is just one of the many sectors that require
the use of ready mixed concrete.

Due to lack of available data specifically regarding the use of ready mixed concrete in road construction it is
assumed that 2% of the producedagy mixed concrete is used for the construction of roads. This assumption

is based on the assumptions made for Portland cement which is described in the previous section. See if | can
find out anything here

General production, import and export data forady mixed concrete (PRODCOM 23.63.10.10) in th28EU
from 2009 to 2012 are reported idnnex Il Tabld.21. The imported and exported quantity has declined from
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2011 to 2012. As with bituminous mixtures, the exported and imported quantities are natqraty/ low due

to the rapid hardening. The ready mix concrete must thus be placed within several hours after dispatch.

/ 2YaARSNRAY3I GKIFIG OGN yaLR2NI Aa oe& (GNHzO1X GKA&A fAYAGaA
borders.

2.3.2.6 Lime

Data from thefirst questionnaire to stakeholder has resulted in respongesne of them being from the
European Lime Association.

In 2008, 4 Mt of lime (dry material) were used in general across Europe. This figure has since been reduced by
approximately 20% in the oent years due to the financial crisis.

Specifically for road construction, approx.-18% or 400,008600,000 tonnes of hydrated lime were used in
2008. In line with general lime demand, it is also assumed that the consumption of lime for road construction
is reduced by approximately 20%.

2.3.2.7 Waste-derived materials and industrial byproducts

LY wanmmXI (GKS 9/ A&dadzsSR G2 /2YYdzyAOFIidA2ya 2y Wl NBa:
9FFAOASY (G 9dzNRPLISQd (KS 2 @S Nlcycle of kxeBofrte udeaso as2to mukeQiey & A RS |
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COM(2011) 21A resourceefficient Europe; Flagship initiative under the Europe 2020 Strateg®M(2011)

571, Roadnap to a Resource Efficient EurppEhere is a strong connection with the Directive 2008/98/EC, the

so- called (Waste Framework Directive), which revised the legal framework for waste based on the entire life

cycle, from generatioto disposal, with emphsis on waste prevention, reise, recycling and recexy.

Member States in Europe have developed individual guidelines and regulation regarding the use of waste
products in EuropeHC JRC, 2009). THést prohibits a general listing of waste products uded road
construction at the European level. Nevertheless, examples of used waste products and indugirdsts

are:

1 C&DW.
1 Reclaimed asphalt pavement (described in paragra8t2.3.
91 Ash (coal fly ash and coal bottormhgss
1 Municipal solid waste inceneration MSWI bottom ash.
1 Slag from iron and steel production (blast furnace slag and steel slag).
1 Reclaimed rubber from tyres.
These materials can be used as:
w fill on-site for constitution of landscape hillocks and amtiseembankments;
w subgrade or sukbase and base courses of roadways with the addition of binders;
w wearing courses which can be regenerated in place, hot or cold;
w pavement which can be treated in place by mixture with binders;
1 pavement which can be treated dhe spot by crushing or screening before reemployment;
w fill with or without prior treatment.

The use of waste products (or industriakfpsoducts) in road construction depends on numerous factors. The
most important are (EC JRC, 2009):

1 Taxes on natural agegates.

1 Taxes on landfilling.

46



91 Availability of natural aggregates.
1 Costs of natural aggregates.

I O0O2NRAYy3I (2 GKS 3INRdzZIA Ay 9dzNRPadl iQa adraradaardoas af
product group contains mixtures of slag and simitadustrial waste products, whether or not incorporating
pebbles, gravel, shingle and flint for construction use.

23271 Construction and demolition waste (C&DW)

C&DW has been identified by the EC as a priority stream because of the large amounts that are deretate

the high potential for reuse and recycling embodied in these materials. For this reason, the WFD requires MS

to take any necessary measures to achieve a minimum target of 70% (by weight) of C&DW by 2020 for
preparation for reuse, recycling and othenaterial recovery, including backfilling operations using -non

hazardous C&DW to substitute other materials. The above target excludes naturally occurring material,
RSTAYSR dzyRSNJ O2RS wmT np nn +a Waz2iat yR atz2ySaqQ y (f¢
Constructon and demolition waste (C&DW) is a possible source of unconventional aggrelgadesding to EC

JRC 2003he mineral fraction of C&DW is seen as a potential material for producing recycled aggregates.

Depending on the generation of the waste, the doling differentiation for C&DW could be established
(Umweltbundesamt, 2008):

1 construction wastewaste arising from the construction of buildings and/or civil infrastructure;

1 demolition waste: waste arising from the total or partial demolition of buildingsd/or civil
infrastructure;

M road construction and maintenance wastead construction material and associated materials
arising from road maintenance activities;

1 soil, rocks and vegetatiomaste arising from land levelling, civil works and/or genayahfiations.

Data from EurostatHurostat, 2013pindicates that the total mineral C&DW in the BWis341 Mt per year
However, according to BIOIS (BIOIS, EC, 2011) the total amount of C&DW generat&y iis Bpprox531
Mt per year. Total C&DW produimn and recycling rates in the E2F and in the Member States are reported
in Annex Il Tabld.22 (BIOISEC2011).

1 The ranges are assessed to be between 309 Mt per year (low estimate, referred to 2005) and 697 Mt
per year (high estimate, referred to @8).

1 According to the recycling ratd, is important to note that inAnnex Il Tabl#.22 recycling rates are
AYGSYRSR Fa WIdniSSla NNRIGe20/f ARZENIINER 20 KSNJ F2Nva 2F Y
the WFD. An average recycling rate for-EUof 46% is shownOther sources provide an higher
overall recycling rate across the 2@ of 71% (ref) of all mineral waste is recycled..Although on
average the E{27 countries are doing well, there is a large discrepancy between the best performing
countries such as the Netherlands (99%) and Denmark (94%) and many countries in Southern Europe
(e.g. Spain: 14%, Portugal: 5% and Greece: 5%). Consequently, there is still significant potential for
improvement, simply by other countries following examples e$tbpractice already established in
some European countries.

1 A major source of uncertainty in reporting is inclusion/exclusion of excavated soil and stones. Analysis
of the table shows that the quantities reported in national statistics include high ansooft
excavated material, which is not included in the definition of C&DW for the purpose of the 70% target
set by the WFD. This flow represents up to 80% (e.g. in France) of the total amount of construction,
demolition and excavation waste.

1 The inclusiorof excavation waste would significantly increase the quantities involved, fron6341
Mt to a total of 1,3562,900 Mt of C&D and excavation waste per year.

1 Based upon Eurostat (Eurostat 2@},2a total of 62 Mt of mineral waste is estimated to have been
landfilled in 2010.
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The importance of waste products is also reflected in stakeholder contributions to this project via the first
guestionnaire.

The average composition of C&DW reported in BI€{F2011) is reported iTable2.3.

Table2.3: Ranges of composition of C&DW for some MS (Netherlands, Flanders, Denmark, Czech Republic,
Ireland, Germany, Spain) (BIOEZ2011)

Million Million

Ranges % - Min % - Max tonnes - tonnes -
Min max
Concrete and Masonry - total 40,0% | 84,0% 184 387
Concrete 12,0% 40,0% 55 124
Masonry 8,0% 54,0% 37 ?4.:
Asphalt 4,0% 26,0% 18 120
Other mineral waste 2,0% 9,0% 9 41
Wood 2,0% 4,0% 9 18
Metal 0,2% 4,0% 1 18
Gypsum 0,2% 0,4% 1 2
Plastics 0,1% 2,0% 0 9
Miscellancous 2,0% 36,0% 9 166
2.3.2.7.2 Coal combustion byroducts

The inorganidmpurities in coal remain as ashes or slag after combustion and are periodically removed from
the system. The three main combustion-psoducts are coal fly ash, coal bottom ash and boiler slag. The
production of these byproducts was estimated to total BOMt in 2004 (Umweltesbundesamt, 2008). Specific
data for member states in 2004 is included in Annex Il T&3.

Of these,coal fly ashis invariably produced in the highest quantities (77 Mt in 2004). It is a fine powder that
exits the furnace with th exhaust gases. The fineness of the ash owes to the fact that coal is pulverised prior
to being fed to the furnace to improve burning efficiency. Not all coal fly ashes are equal. The physical and
chemcial characteristics are largely dependant on the s®woal used, any coal pteeatment employed, the

mode of operation of the power plant (e.g. running at base or peak load) and the nature of the ash separation
technology employed (e.g. electrostatic precipitators with or without ammonia dosing or cy}lone

The use of coal fly ash in blended Portland cements (as per EN)I@presents the highest value reuse
option that is widely used today. For use in such applications (cement and concrete) in Europe, fly ash must, as
a minimum, comply with the speafitions in EN 450. There is strong demand for good quality fly ash and
many companies specialise in the benficiation of fly ash in order to improve its marketability. Lower quality fly
ash can be used in lower value applications such as fine aggregalleranfoound and unbound materials in

road construction.

According to EC JRC 2008p@ximately 33 % of the total fly ash produced in Europe is used as cement clinker
raw material (low value), as a constituent in blended cements (high value) andias agfjregate or filler
addition for the production of concrete (low value). Some 23% was employed in road construction and filling
application (see Tab. 2.4).

On a global scale, coal fly ash production is estimated to be around @00 Mt/yr with China415 Mt) and

India (200Mt) the main producers. Ash production is only moderately linked to coal power generation since
ash contents in coal can vary from- 30%. Reuse rates in different countries tend to lie in the range of 40
70%. Data reported for codlly ash reuse in the EWB ocuntries in 2009 showed a 44% reuse rate. However, if
other debatable types of reuse such as land restoration and land reclamation are considered, the reuse rate
for 2009 rises to an impressive 93%. In many EU countries laogp&pdes of coal fly ash that have
accumulated over decades are available and thus this material could be important in future road construction
materials, either as fill, fine aggregates or in blended cements.

Coalbottom ashis produced as a granulamaterial and removed from the furnace bottom. It is much coarser
than fly ash and is too heavy to be carried away by exhaust gas currents. A production of 11 Mt of bottom ash
is reported in 2004 Annex Il Tabll.23). The inherent properties of coal bottom tagnake it useful as a
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lightweight aggregate. Despite this fadhe European Coal Combustion Products Associatb@OBA
reported that only 45% of coal bottom ash was reused in 2009. The case is similar in the US where the ACAA
reported bottom ash reuseates of 39%. Of the bottom ash reused in the EU, around 48% was used as fine
aggregate in preast concrete blocks, 33 % in road construction and about 14% in other cement and concrete
applications (sedrable2.4). There is clearly potential for increasing the total quantities of coal bottom ash
used in road construction.

Coal boiler slagsa glassy material produced in much smaller quantities (about 3 Mt) that is removed from the
boiler area. ECOBA reported thad@Pb of this byproduct was reusedn the EUL5 ocuntries in 2009. It is a

glassy material of which about 55% was used in road base while around 31% was used as blasting grit and
smaller amounts as aggregates in concrete and grout.

Table2.4: Reuse data for different types of coal combustion-pyoducts in construction (based on EC JRC,
2009).

Applications Fly ash Bottom ash Boiler slag
(% of total reuse)| (% of total reuse)| (% of total reuse)

Road constructin and filling application 23 33 47

Raw materials for clinker production 26

Concrete addition 28 4 8

Cement 10

As a costituent of blended cement (EN 197 11

Precast concrete blocks 6 48

Blasting grit 31

Grouting 6

Infill 3

Others 3 5 8

2.3.2.7.3 Slag from iron and steel production

The Iron and Steel industries are intimately linked. Som&&% of all Iron production is used as a feedstock
for steel production and most sites possess facilities for both processes. Slag from Iron produtgioned
blast furnace slag (BFS) and can either be:

9 air cooled (norreactive and crystalline phases) or
1 rapidly quenched (reactive neecrystalline glassy phases).

The latter type is particularly useful as a supplementary cementitinaterial (high vala) and is ground to
produce ground granulated blast furnace slag (GGBFS). Demand for GGBFS from the Portland cement industry
generally outstrips supply. In particular, PortlaB&BFS cement (i.e. CEM Il according to EN1I87seful in

the pouring of &rge concrete slabs in road construction due to its low heat of hydration.

Air cooled BFS is also useful, but as lower value aggregates, that can be usedifasesutaterials for roads

with mediumlevel traffic The USGS estimate global production db Bkircooled and GGBFS combined) to be

in the region of 27820 Mt in 2012 (USGS, 2012Vhether GGBFS or @iooled BFS is produced depends on
the ancillary facilitates available at the plant. In the EU, EUROSLAG (20e stated that BFS productian i
Europe(evaluated on 13 Member Stateis) 2010 was25.6 Mt. Approximately 66% of BFS was used directly in
the cement industry while the remainder was employed as aggregates, especially in road construction
(EUROSLAG, ).

Steel slag can be produced ffinoeither electric arc furnaces (EAF) or basic oxygen furnaces (BOF) and also
include secondary slags too. The USGS estimate global production to be arougd0150 in 2012. At the
European level, EUROSLAG reported that 21.1 Mt of steelvsiggproducedin 2006 of which almost 100%

was reused. The dominant reuse application was in road construction (55%).

Feedback from stakeholders in the questionnaire stated that currently around 44% of slag produced in Europe
is used in road construction. The main usésron and steel slags in the Elsisnmarised irFigure2.8.
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Figure2.8: Utilisation of slags from the iron and steel industry. (HRC2009)

The reuse apphtions shown irFigure2.8 inmply that there is only a limited potetnial for increasing the
guantities of slag used in road construction. Use in cement may indirectly already be reused in road
construction via typ Il Portland cement. At most, slag utilisation in roads could increase by some 10%.

23274 Municipal Solid Waste Incineration Bottom Ash
According tdBirgisdottir(2005),MSWI residues can be classified as:

1 Bottom ash: is a product of the combustion processl consists of the nenombustible and un
combusted fractions of the waste. It is formed while the waste is transported on the moving grate
through the combustion chamber. Bottom ash is the largest residue stream from the incineration
process, typically 30-300 kg/t of waste incinerated and accounting for-8% of all the residues
generated.

1 Fly ash: is also a product of the combustion process and consists of relatively fine ash particles that
are entrained in the flue gas from the boiler and recovereceliectrostatic precipitators or fabric
filters. Depending on the Air Pollution Control (APC) equipment used in the incineration plant, fly ash
is either collected separately or mixed with other APC residues from gas scrubbing.

1 APC residues: are reactionggiucts from the neutralization of acidic components and desulfurisation
of flue gas with lime and consist of the reaction product and anyeaated lime. Spent powdered
activated carbon particles will also end up in this waste stream if used in the ABESpr

f hiKSNJ NBaARdzSayY a3INIGS aAFhiAy3aI&aéd A& YFGSNALFE GKI(
because of the small size of the material or because it melts. This fraction is usually collected and
mixed with bottom ash. Boiler ash (approxirebt 5 kg/ton waste) consists mostly of larger ash
particles that are removed from the flue gas in or immediately outside the boiler.

MSWI bottom ash produuction has been estimated at 20 Mt/year in Eyrapshown irFigure2.9 (Muchova,
2010). The largest MSW bottom ash producers in theZBUare France and Germany. The Netherlands
estimate thatthey produce 1 Mt per yeaAccordingto the Danish EPA (2005), in Denmarikual production

of MSWI residues of approxately 0.73 Mt, with bottom ash constituting approximately 88% of this total
amount Birgisdattiret al., 2007).
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Figure2.9: Amounts of municipal solid waste landfilled and incinerated in-24 IN 2005 (Mucbva, 20D)

2.3.2.75 Reclaimed rubber

Reclaimed rubber can be used for a variety of purposes, including road construction. Many studies indicate
lots of potential advantages, but also challenges, from using rubber in road surface courses. This research is
still very much under development and mapange significantly once the main challenges are overcome and
confidence in longerm performance is gainedgéandberg et a12010).

Reclaimed rubber is used as an additive to asphalt products in many European Mstatesr The amount is
relatively low due to other cheaper alternatives on the market according to information from the Danish Road
Directorate (Olesen, 2013). It has not been possible to quantify the amount of reclaimed rubber used in roads.

Production, importand export data for reclaimed rubber (PRODCOM 22.19.10.00)-28Edm 2009 to 2012

are reported inAnnex |l Tahl.23). This product group includes reclaimed rubber in primary forms or in plates,
sheets or strips. The production in 2012 was 0.5 Mth&lgh the quantities involved are small reative to
other materials in road construction, reclaimed rubber is clearly a high value product, with a value in the range
of 290530 Euro per tonne and possibly much higher depending on the specific grade oheetctabber.

The produced quantity has risen by around a factor of 6 between 2010 and@itlicating a new market
opportunity for the European producers of reclaimed rubber products.
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2.4 Market segmentation of road construction

Public investment intranspali A Y F NI} & G NHzOG dzZNB Ay GKS 9dzNRLISIHY ! yAz2y F
than 1.0% in 2004, which constitutes an amount of roughly EUR 95 billion for ti&.BMhen compared to

the estimated amount of all the fiscal revenues of EUR 346 bdkmerated by the road sector in the H3 in

2004 the aggregated expenditure on road transport infrastructure in the EU today indeed looks very small.

This translates into an annual shortfall of billions of Euros every year with road investment pastitwaled!

hit.

According to the European Investment Bank (EIB), road construction loans to {h& Bember States are
constantly declining to the advantage of railways. Between 2000 and 2003, EIB loans earmarked for building or
modernising roads fell from BUJ2,582 to EUR 2,326 million, representing a decrease of 10%. In 2003, the rail
sector received more loans from the EIB than the road sector even though rail represents only about 8% of
freight transport (in tkm) and 9.5% of passenger transport (in biflilkm) in Europe. A report published by the
French Senate in the year 2000 paints an alarming picture of the distribution of public investment in transport
infrastructure.

Out of an estimated EUR 8 billion allocated by the government, 60% was earmarkeg twssmaking rail

sector, with perhaps 25% invested in road infrastructure development. During the same fiscal year, tax
perceived on the road sector in France alone was estimated at EUR 50 billion against EUR 730 million for the
rail sector. Converselyiot investing in road maintenance costs road authorities and users money. According

to the PIARC report entitled "How road transport gets countries moving," for every EUR 1 not invested in
preventive road maintenance, road users waste EUR 3 on extrgptvensosts and road authorities will spend

EUR 4 on asset reconstruction costs.

Roads are important and very valuable assets to societies, providing users with the mobility they require and
the EU member states with important tax incomes. A survey of atirread maintenance expenditures
conducted in recent several European Union countries (Denmark, France, Spain, Germany, Finland, Sweden,
Belgium and Portugal) revealed that the budgets currently spent on road maintenance are grossly insufficient.
In the aralysed countries, the budgets actually available represented only around 76% of the required
expenditure ERF, 2006
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Figure2.10: Investment in road maintenance (% of Total Road Network Value)

In this sedbn a market segmentation is provided to provide a solid evidence and knowledge base for the
development of GPP criteria for Road Construction.
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241 Road types

The distribution of roads types in the single Member States varies significantly. A comparisorerbetwe
countries is complicated because different countries have different definitions for each road type. With
regards to raods defined as motorways, the proportion compared to the total road network span varies from
approx. 0.1% to more than 5% (ERF, 2013).

The distribution of roads by classification with individual Member States is also shéiguie2.11:

United Kingdom []

Sweden

Finland
Slovakia
Slovenia
Romania
Portugal

Poland

Austria

The Netherlands
Hungary

Luxembourg

Lithuania
Latvia
Cyprus
Italy
France
Spain
Greece
Ireland
Estonia
Germany
Denmark

Czech Republic

Belgium
T

OMotorways BHighways, main or national roads B Secondary or regional roads B Other roads

Figure2.11: Distribution of roads types within the MembeS$tates of Europe (based on dataTrable2.1)

The road classifications from left to right are in descending order of width or traffic volume in general as per
each Member State's definitionFigure 2.11 shows that no "other" roads were present in Romania,
Luxembourg and Denmark. However, this is simply due to the definition system in these countries. In general,
it is clear that the smaller "other"roads are by far the caiggthat accounts for the longest length of road in
each country.

2.4.2 Road pavement layer system

According to the stakeholders input from the first questionnaire, between flexible (asphalt) and rigid
(concrete), flexible pavements were constructed (90%). (@usite pavement layer systems were not
mentioned by the stakeholders.

It is uncertain if the stakeholders simply referred to surface courses, or also binder and base courses when
mentioning flexible (asphalt bound) and rigid (cement bound) materials.

2.4.3 Density of roads and motorways

With regards to the density of the total road network (km road per km? land area) densities range from
approx. 0.1 to just above 7 km road/km? land area (Begure2.12). The highest desities were in Malta and
Belgium (ERF, 2013).
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Figure2.12: Density of the total road network in km road/km?2 land area (EC, 283

The high road density in Malta is simply due to a lack of availablediatioe island and can be considered as a
non-typical scenario. As a general rule, there is a correlation between road density and population density, as
shown by the plot ifFigure2.13.
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Figure2.13: Correlation of road density and population density for EU Member states

A reasonable linear correlation coefficient of 0.779 was found between road density and population density.
Other factors that are likely to be imp@nt include the maturity of the road network, the economic history of
the country, the historical development of rail transport and the existence of any strategic trasnport routes
between different countries and ports.

244 Climate zones
The impact of the @hate zones on the choice of road type is describegeition1.1.3.3
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A generalised attempt to break down road lengths into different region types in Europe is sh&wguia2.14

[7] Alpines regions
@ Eastern Europe
@ France

[ Iberian Peninsula
[ Mediterranea

@ Middle Europe
[]Scandinavia

[ UK and lreland

Figure2.14: Road lengths in Europe split into different geografic regions

Although such a distribution is interesting, road construction needs to account for highly localised conditions
such as rainfall, gmperature, topology, etc., and the materials used need to meet any local standards
required. Climate conditions can change dramatically even in local areas due to changes in land elevation.

The general consensus amongst stakeholders is that the maters&ld in road construction are similar
throughout different climate zones in the Member States. However, their application, in terms of volumes and
costs, may differ. One clear example of this is the widespread use of Asphalt in general across theh&t) but t
Soft Asphalt (EN 13168 only tends to be used in the Nordic countries.

Based on the above mentioned evaluation it is concluded that no clear universal categorisation of roads can be
made based on specific climatic zones or countries that could bkeapip the development of GPP criteria
for road construction.
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2.5 Maintenance needs

The need for maintenance varies significantly depending on numerous aspects e.g. traffic volume/density,
heat stress, type of road (rigid, composite or flexible), undargbconditions, proximity to the coast, intense
precipitation, share of heavy vehicles in traffic flow, frost depth, freibzev cycles etc.ECJRC, 2012)

251 Statistical data

Data from the European Road Statistics (ERF, 2013) reveals that the relavalitx@ on maintenance in
2009 can vary significantly between different countries (Bigire2.15).
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Figure2.15: Road maintenance share of total road expenditu(ERF, 2013)

As it can be seen in the figure, the encompassed countries spend a sizeable share of the total road expenditure
on road maintenance (approx. BD%).

The total expenditure in road maintenance for all Member States is also assessed to ategstigtrend and
is presented irTable2.5. The data presented here is from the International Transport Federation, summarised
in the European Road Statistics (ERF, 2013).

Table2.5: Maintenance expenditure (Million EUR) in road infrastructure in selected countries (ERF, 2013)

2005 2006 2007 2008 2009
Bulgaria n/a* 108 215 203 69
Czech Republic 350 544 590 584 587
Denmark 763 701 728 712 866
Estonia 26 28 32 38 39
Ireland 53 54 50 55 45
France 2,189 2,235 2,294 2,184 2,207
Italy 12,549 13,452 9,764 10,756 n/a*
Latvia 80 129 213 227 135
Lithuania 122 125 161 125 134
Luxembourg 35 24 23 27 n/a
Hungary 283 1,255 1,367 444 453
Austria 443 495 486 n/a* n/a*
Pdand 1,265 1,670 1,515 2,007 2,340
Portugal 177 203 192 n/a* n/a*
Romania 426 1,041 1,338 n/a* n/a*
Slovenia 99 140 139 148 155
Slovakia 100 130 156 161 192
Finland 600 612 611 673 684
Sweden 788 810 836 858 n/a*
United Kingdom 5,953 6,155 6,272 5,425 4,944
TOTAL 26409* 29911 26982 26157 26021

*where data was not available n/a, no change from the data for previous or following year was assumed.
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Confidence in the data from 2009 is not so good because data for Italy, the country with the highest road
maintenace costs included in Table 2.5, was not available. Assuming no sudden changes from previous
available data, the trend in road maintenance expenditure appears to be relatively stable acrassutitries

listed inTable2.5

Concluding remarks

The countriedisted inTable2.5 do not include some of the major European Member States such as Germany,
Spain, Belgium and the Netherlands. The trends between 2005 and 2009 indicate aatdgssiable overall
investment in road maintenance. However, since 2009, the effects of the economic crisis across Europe may
have had a significant effect on maintenance budgets. This is discussed further in the forecast section (2.8.3).

Complicationsri compiling maintenance expenditure data arise due to the highly fragmented distribution of
budgets and responsibilities between local authorities in each country in particular for "other"roads which
accounts for the biggest share of road length in Eig(seeTable2.1).
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2.6 Key manufacturers and procurements entities

Major impacts of road construction include earthworks, the production of the pavement materials, transport
to site and laying of the materials on site.

2.6.1 Construction companies

The ten largest construction companies in Eurdpegsed on sales, are: (Construction Europ®8p0
1. Vinci (France)

ACS (Spain)

Bouyges' Construction Division (France)

Hochtief (Germany)

Eiffage (France)

Strabag (Austria)

Skanska (Svaen)

Saipem (Spain)

FCC (Spain)

10. Balfour Beatty (UK)

© ©® N o g & w N

Of the ten companies, nine are involved with infrastructure projects, including road construction. Number 8 on
the list, Saipem, is involved with energy. The nine companies all operate internationdllgoare are not only
involved in construction work but also in motorway concessions, quarries, etc. These companies both produce
and lay pavement materials.

2.6.2 Earthworks

Equipment is key to earthworks. The material is either already present at the sitésdnauled in from, say,
gravel pits in the vicinity of the construction site. The task for the contractor is often simply to move materials
from one place to another within the construction site. Earthworks are oftencautiracted to companies
specialisd in earthworks. The trend in this sector goes towards larger national companies that can afford
investment in modern (computer controlled) equipment usually applied at larger construction projects. Only
rarely are earthwork projects carried out by foreigontractors.

2.6.3 Production of pavement materials

The production of sand and gravel is limited to geographical regions where they can be economically exploited
and where permits are issued by relevant authorities. Due to the low bulk value of aggregatebptbe of
location is dominated by where aggregate is in demand in order to minimise transport costs. In Denmark for
example, it is difficult to obtain permission to extract natural resources and as a consequence there has been a
concentration of compangin the sand and gravel producing sector to currently two primary players.

Bitumen for asphalt materials is produced at specialised oil refineries and in certain countries without refinery
capacity, transport may be significant. Portland cement kilnsl@acated according to suitable sites for raw
materials, in particular limestone, which makes up 80% of raw material requirements. Where cement has to be
transported long distances, the cement clinker may be transported due to its higher stability befoig bei
ground with gypsum and any other materials in a smaller plant located nearer the client. The higher bulk value
of bitumen and cement has meant that production capacity has become concentrated between relatively few
companies in Europe.

Key European himen manufacturers are (membeos Eurobitume): API, BP, CEPSA, ENI, ExxonMobil, Galp
Energia, Nynas, OMV, Q8, Repsol, Shell Bitumen and Total (Eurobitume, 2013b).
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The European Cement Association, CEMBUREAU, has more members than Eurobitume. In maag, countr
however, there is only one company producing Portland cement.

Production of asphalt (bitumen plus aggregate) and concrete (cement plus aggregate) can take place in many
places. The European Asphalt Pavement Association (EAPA) lists more than 4tiitargteasphalt
production plants in Europe owned by 690 companies (EAPA, 2011). Equivalent information is not available
from the concrete paving industry, but it is likely that the picture is similar. Both asphalt and concrete should
be laid within a linted time (a few hours) after production, necessitating the high number of geographically
spread production sites.

2.6.4 Laying of pavement materials

In most cases, especially for asphalt pavements, the asphalt is laid by the same company that produced the
material. But, there are no major technical constraints to prevent any contractor from buying and laying
material produced from a different company. Most European national standards within the pavement sector
take their starting point in common European standsthus easing crogsorder trade. With concrete, most
contractors that put concrete in place are completely independent of the cement manufacturer.

2.6.5 Conclusions on manufacturers

Today, European road construction is characterised by a large number dfsmadium sized national road
construction companies.

Only a limited number of very large companies exist that operate in several European countries. These large
companies are invariably involved in very large construction projects, including roade taitd) tunnel
construction and involving several technical disciplines (earthworks, bridges/tunnels, and pavements). These
projects require major financial commitments. The large companies then take charge of the projects,
tendering subcontracts to smalleand more specialised/local contractors where necessary.

Earthworks and the laying of pavement material are prime examples of the type of work thatéssinacted

to smaller and local companies. They have a competitive advantage due to either theflepalcialisation

(i.e. in heavy equipment) or logistical advantages . The trend in these sectors is that companies are getting
larger, retrieving markets shares from the smaller contractors.
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2.7 Public Procurement volumes and expenditure

Most European road wrks are tendered by public authorities at the state, regional or municipal level. In some
cases, new tendering schemes like Public Private Partnerships, Build Operate Transfer etc. are applied. This
usually means that a consortium consisting of a numbgrpavate companies is hired to finance the
construction and possibly the operation of one or more roads for a period of years. In some cases, the roads
are turned over to the public after a certain period. In any case, the procurer is still the puldiautzority.

In case an investor would take over responsibility for financing the construction and operation of a road on
behalf of a public body, then the investor would subsequently procure the construction and operation of the
road. This method is nobemmon in Europe today though.

The investments made in the European road infrastructure in the years 2007 to 2010 are listdalaR.6:

Table2.6: Gross investment spending in roadfrastructure in selected countries (ERF, 2013)

Millions of Euro 2007 2008 2009 2010
Albania 253 497 486 242
Bulgaria 134 169 101 281
Czech Republic 1,493 2,043 1,987 1,720
Denmark 1,029 936 714 937
Germany n.a. n.a. n.a. n.a.
Estonia 131 162 133 140
Ireland 1,425 1,319 1,173 841
Spain 7,770 8,099 8,692 6,858
France 12,489 12,623 12,648 11,942
Italy 13,664 13,051 5,641 n.a.
Cyprus n.a. n.a. n.a. n.a.
Latvia 241 265 135 140
Lithuania 312 437 448 422
Luxemburg 157 138 138 n.a.
Hungary 646 979 1,566 840
Austria 802 n.a. n.a. n.a.
Poland 3,443 4,508 5,340 6,510
Portugal 1,453 1366 951 1,511
Romania 2,806 3,891 3,105 2,850
Slovenia 666 694 406 221
Slovakia 520 567 662 342
Finland 802 973 922 890
Sweden 1,423 1,604 1574 1,653
United Kingdom 6,341 6,137 6,610 6,555

Across Europe there is a drive for shifting towards Green Public Procurement (Directives 2004/17/EC and
2004/18/EC). Significant progress has been made in some of the more enviornmentally conscientious
countries. For example, The Netherlands state that by 2010, 100% of public procurement should be
"sustainable".The Dutch Rijkswaterstaat has decided that sustainability should complement price and quality
as criteria in procurement of road construction pgots. The sustainability criterion rates the durability of
business operations of a bidder as well as the durability of the product offered. The use of the sustainability
criterion has been applied in a case study with positive results.
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2.8 Forecast

A foreast of future construction of new roads and maintenance of existing roads in Europe is difficult to make
in light of the lack of concrete data on such a matter. Furthermore road construction projects can also be
subject to political influences and changesallocated budgets.

2.8.1 Construction of new roads

Due to the lack of data available, estimates for planned new road construction was one of the questions
included in the stakeholder questionnaire. The responses received are summarised below:

w The Highwaysdency in England report of approx. 190 lane km of road per year in average during the
last 3 years.

w Regarding Turkey the Istanbul Technical University reported a an average of newly constructed roads
of 1,250 km per year.

2.8.2 Waste materials/residues including waste derived materials in road
construction

The use of waste materials are an important aspect of recent European legislation as depicted in the Waste
Framework Directive (sectiot.3.1.4 etc. The Directivaaims to faciliate the increased use of recycled
materials or industrial byproducts and to distinguish between "waste" and “pgoducts” - this matter is of
particular importance to the road construction sector.

At the European level, and as per the relevaninmariesn sectionl.3.1.4 there is considerablpotential to
increase the use of coal fly ash and bottom ash in road construction, although there is only a limited potential
to increase the use of Iron and steel slags in road conttrucThe use of MSW bottom ash may increase
although this will largely depend on attitudes of individual Member States and the local availability of such
ash.

It is likely that recycled C&DW, reclaimed asphalt and secondary/manufactured aggregategooitheb
increasingly important in sustainable road construction in the near future. In some countries, the use of
reclaimed asphalt is already near the maximum possible, but in others a major improvement is possible.

2.8.3 Maintenance needs

Maintenance needs cawmover various tasks that may or may not be covered under the same budget,
depending on the responsible parties. Tasks can range from the maintenance and inspection of road drainage
systems, filling of potholes to replacing entire sections of surface ceurse

It is very difficult to obtain information on maintenance requirements. Hence the inclusion of this question in
the questionnaire to stakeholders in March 2013. Responses were only with regards to motorways and
highways (main or national raods) and &ap to be specifically about the need for resurfacing:

1 The Iltalian National Agency for New Technologies, Energy and Sustainable Economic Development
stated that the maintenance of 1,341 km of road for 2012 (5.1% of total road length).

1 The National Road Adnistration in England expressed a need for maintenance of 1,500 lane
km/year (2.8% of total road length). This percentage may actually be higher since it is uncertain
whether this figure only corresponds to highways in England or also in Scotland, \WdlB®ahern
Ireland, whose road lengths are included in the total road lengffaible2.1.

1 The Ministry of Infrastructure & Environment in the Netherlands is in charge of about 3,000 km
motorway. They resurface approx. 10% adittroads every year.

Maintenance of roads is indeed a very variable cost among European road agencies. The agencies see road
maintenance as a very important aspect, but it is often difficult at the political level to attract the funds that
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the agencies seas necessary for maintaining a satisfactory level of service for their users. Road maintenance
is linked to level of service provided to the users of the roads, but there is often a significant time lag between
lack of investment in road maintenance aadsisible decrease in perceived level of service or safety. Here are
four specific examples of trends for the years 2010 to 2013:

w Spain: Has seen a reduction of 38% on maintenance of roads since 2009 (Eurorap, 2013).

w Sweden: Funds for road maintenance arising. Trafikverket has heavy focus on efficient
administration, and savings should boost maintenance of roads (and railways). (Trafik2edt

w Denmark: The Danish Road Directorate has seen a historically high level of maintenance in the period
becaug they were able to demonstrate a significant backlog in investments in maintenance of roads
and bridges.

w UK: The Highways Agency is required to improve its efficiency and to steadily improve its
performance. As a result, maintenance budgets are beingaedHighways Agency, 2013).

Other studies have assessed the need for future maintenance due to climate ch&w@HsG2012). On the
one hand, milder winters are expected to result in reduced maintenance requirements but on the other hand
heavier locaBed rainfall may result in the need for modifications to drainage systems.

2.8.4 Concluding remarks

Many countries in the EU have a "mature" road infrastructure, which requires relatively low levels of new road
construction each year. In countries where roaffastructure is still being developed, for example Turkey, the
scale of new road construction is huge by comparisae (sectior?.8.1).

As with construction, there is no information available for maintenance aspects forrtmms and only limited

data for national roads (motorways and highways). Clearly maintenance needs will increase in line with any
new construction. However, maintenance costs will also increase for any section of road as a function of its
age and any prewus history of undeinvestment. These factors are impossible to calculate and often even
unknown by relevant local authorities.

Regardless, maintenance is a fundamental aspect in the sustainability of roads and well designed and
constructed roads will geerally require less maintenance in the long term. The decoupling of construction and
maintenance responsibilities creates the risk of lower quality (and cheaper) construction, at the expense of
increased maintenance costs and all the associated envirotah@npacts of traffic delays and the need for
additional repair materials etc.
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3 TECHNICAL AND ENVIRONMENTAL ANALYSIS

3.1 Life Cycle Assessment literature review

When thecurrent9! Dtt ONARGSNALF F2N aNBI R O2 g ammzevedalz y | yR
environmental studies had been analysed. From that analysis it resulted that the main environmental issues of
relevance for road construction are related to the combustion of fossil fuels: the emission,adn@NQ,
contributing to GHGs emissioasd global warming, atmospheric pollution (ground level ozone creation and
acidification) as well as nutrient enrichment. The materials used in the construction of the road have varying
impacts. When bitumen is used, asphalt was found to have the lamgegribution to the environmental
impacts above, due to the inherent or feedstock energy of the bitumen. When cement concrete is used,
cement binders and aggregates are responsible for the largest contribution on the environmental impacts. The
use of natual aggregate and crushed rock is highlighted due to their consumption efeT@wable materials,
quarrying impacts and transportation for road construction. During road maintenance, the study also found
that road salting could pollute large amounts of gnalwater/surface water in the area near the road. For
traffic signs the greatest environmental gains canaobieved through ecdesign by selectingraterials that

are durable and recyclable at their end of useful life.

The key environmental impacts idéfied for the definition of the current GPP criteria can be listed as:
1 Extraction and consumption of raw materials.
Energy required to process raw materials to form suitable products.
Energy consumption by plant equipment and transport vehicles duringahstruction of the road.

1
1
9 Pollution of air, land and water due to the use of fossil fuels to power machinery/transport vehicles.
1

Generation of waste material, including hazardous wastes.

1 Noise and visual impacts.

For the current revision of the EU GPRerid, anew comprehensive review of available Life Cycle Assessment
(LCA) studies for road infrastructure and pavements has been performed. LCA studies allow the identification
of potential environmental impacts of road construction along all life cyblesps. This analysis in particular
aims at identifying main environmental areas of concern and life cyclespats for road construction and at
estimating the environmental improvement potential of applicable measufée goal of the GPP criteria for

road construction is basically to define environmental criteria that could or should be included in an invitation
to tender (ITT) for the construction (and the maintenance) of road infrastructure. This goal has been kept in
mind during the review of the seltad LCA papers.

A review of LCA studies covering road construction, including aspects such as construction materials and
products supply chain (particularly of recycled/secondary materials angrducts) has been carried out.
However, the analysis hatsa been extended to some aspects of the use phase, such as the yednielment
interaction (rolling resistance). In order to establish a robust basis for the criteria revision process, the LCA
studies have been screened by means of methodological antityjstandards. Screeningiteria consisted in

the collection of the available literature and the further selection of studies through a set of criteria covering
issues as methodology used, relevance of scope, environmental indicators considered anuesutbbain

results and outcomes were analysed carefully and common conclusieresdrawn for this study.

311 Selection of the LCA studies
3.1.11 Description of the LCA studies

Many examples of studies dealing with the LCA of road construction or other issues teldledroad sector
are available in the literature. From a preliminary review of the literature, 43 documents are potentially
related to LCA of roadonstruction (listed irsection3.11.2). The informatiorgathered includes:

9 Papers and reports on the einonmental performance of the transport sector in which road construction
and maintenance is mentioned.
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1 Papers and reports on the environmental performance of the road life cycle, including raw materials
extraction and materials production, constructionse) maintenance and end of life. Some of these
papers refer only to the environmental performance of some phases, i.e. construction and/or
maintenance phase.

1 Papers and reports focused on specific lifecycle stages (e.g. employment of recycled materiays and
products in road construction, use of reclaimed asphalt pavement, end of life).

A brief analysis of Environmental Product Declarations (EPDs) and Product Category Rules (PCRs) available for

road infrastructure and construction products (according t® 1%34025:2006), 1ISO 21930:200and EN
15804:2012that provide core rules for PCR for Construction Products) was carried out. Only one PCR for
NER | RaX (CRGE3AR Highyays (except elevated highways), streets and roads. 2013:20 versich 1.01
was found (published on 21.11.2013 by the International EPD®syssaa ENVIRONDEC, 2013. It is based on
0KS NBIdANBYSy(iad yR 3IdzARStAYySa 3IABSY Ay GKS at/ w
(version 1.0 October 2013). Available PCR3sdpecific construction products have been compil®ddAnnex

lll. Tablelll.1). The first EPD on road infrastructure has been publishedtgiona(2013) on 14.01.2014
(Annex Ill Tablelll.2).Moreover, examples of EPDs for construction products (agptticrete, cement) have

also been listed in Annex.|TMablelll.2.

3.1.1.2 Screening of LCA studies

The quality and the applicability of the above mentioned LCA studies to the revision of the GPP criteria for
road construction have been analysed. A generalhmeéology has been defined for the LCA screening in order

to select the LCA studies and gather the information that would be used in the technical analysis. Three steps
have been followed:

Step 1: Preliminary identification of key environmental issaiast of key environmental indicators to focus on
were identified based on preliminary screening of studies, the available PCR and other pieces of literature
providing scientific evidenceuch identification is not based on a comprehensive assessment, tugrran

key environmental issues perceived as relevant by the authors of the studies available in the literature

Step 2: Screening of studieStudies that do not satisfy minimal eoff requirements (scope, impacts, and
outcomes) were disregarded. A soay system was used to evaluate the quality of the studies that passed the
first level of screening. Studies have been ranked according to the screening rules.

Step 3: Findings related to the key environmental issues identdi#domes from studies of safactory
quality were described by road phases and by key environmental indicators.

3.1.1.21 Step 1: Preliminary identification of key environmental issues
In the first screening stage, a set of key environmental indicators of relevance to road constructobdesv
identified based on the available PCR and the observation of relevant documents of reference.

¢CKS AYLI OG OFG§S3aI2NASa yR OKFNIOGSNRAFGAZ2Y FIF OdG2NA

(except elevated highways), streets and raads 6 9 WNBHCW2013) have beeansidered, as shown ifable
3.1. The PCRecommends using the IPCC method (20f@7)the assessment of the impact on climate change
and the CML2001 (reference) method for the characterizatad other impact categories. The PCR also
requires data on the use of resources (primary energy -remewable and renewable, MJ) as a flow indicator.
This PCR requires also providing additional environmental informatiorAfseex 11l Tabldl.3)

Table3.L:L YLI OG OF §S32NRASa FOO2NRAY3I (2 GKS t/w 2y 64!b
AG0NBSGa FYR NRIFRaé¢ 69bxLwhb59/ 3% HAMOU

Environmental impacts Impact category Characterisation
Emission of greghouse gases Global warming potential (kg G&) GWP100, CML 2001
Emission of acidifying gases Acidification potential (kg S©) AP, CML 2001
Emissions of gases that contribute to| Photochemical oxidant creation POCP (high NOx), CML
the creation of ground level ozone Potertial (kg GH,e) 2001

Emission of substances to water Eutrophication potential (kg PG°) EP, CML 2001
contributing to oxygen depletion
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With reference to the reviewed LCA studies, all of them include either energy consumptiony(maimnl
renewable energy consumption) or GHGs emissions, provided as metrics. Some 40% opstwitiesa LCIA
assessment, the majority according to the CML2Q04titute of Environmental Sciees, University of Leiden,

2002 method and a few according ®8DIP9{Hauschild and Wenzel997. As it is shown iffable3.2, Global
Warming is included in all the studies providing a LCIA. Around 50% of these studies consider also acidification,
photochemical ozone formation and eutrogiition Human toxicity and ectoxicities are relevant impact
categories particularly when assessing the environmental impacts of the use of recycled/secondary materials
employment in road construction.

Table3.2: Impact categories analysed in the selected LCA studies

% of the 8 studies on| % of the 3 studies on the | Overall % inclusion in
road infrastructure supply chain that provide a the studies on
that provide a LCIA LCIA average

Indicators

Energy consmption (nonrenewable and renewable) 100 100 100
Impact categoriesaccording to the (EC JRC, 20)12

Climate change 100 100 100
Acidification 50 100 64
Photochemical Ozone Formation 33 67 42
Eutrophication 33 67 42
Ozone depletion 33 0 24
Resourcs depletion (minerat; fossil) 25 0 18
lonizing radiation 12.5 0 9
Human Toxicity 0 100 27
Ecotoxicity 0 100 27
Stored ecetoxicity 0 100 27

On the basis of the analysis done, it is considered that the key indicators and impacts category of edi@renc
screening the LCA studies were:

1. Energy consumption
2. Global warming
Other impact categories to be considered were:
3. Acidification
4. Photochemical ozone formation

5. Eutrophication

3.11.2.2 Step2: Screening of studies

LCA studies have been screened in order taniifie those that satisfy minimal requirements for quality and
robustness and to select and rank the most relevant ones. The evaluation has concerned 43 studies and it has
been performed in two steps.

1) In order to select the LCA studies to be evaluatdadjmal cutoff requirements have been set for:

9 Scope: functional unit properly defined and relevant for this revision, scope coherent with goal analysis,
respect of ISO 14040andard

9 Impact assessment: satisfactory broadness or quality of the indicatmisjdered in the analysis.
1 Outcomes (relevant and applicable).

Studies not passing these criteria have not been used to analyse the life cydpdistof road construction.
Nevertheless, the disregarded studies have been used for dealing with somes igdavant for the revision
process (e.g. best available technologies, improvement potential and recycling).

2) The quality of the studies passing the first level of screening has been evaluated through a scoring system,
according to the screening rulesported in Annex ITablelll.4.
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9 Six parameters have been taken into account: scope, data, impact assessment, outcomes, robustness of
the study and critical review.

1 For each parameter a score from 1 to 5 has been assigned as described in the taldediovAnnex Ill
Tablelll.4.

1 Quality of the studies has be@wonsidered satisfactory when the sum of the scores is higher than 15.

The Recommendations of the ILCD Handbook (EC JRIB) B@te been consulted in order to evaluate which
assessment methodare more appropriateto quantify impacts for each of the environmental categories
identified in paragraph 3.1.2.1. Impacts assessment methods are classified from A toAhifeselll. Table
[1l.5). The above mentioned classification has been appliedht® impact categories of each paper, where
available.

Each of the above mentioned studies has been analysed in order to checkoiff catjuirements on scope,
impact assessment and outcomes are matchgd 6r not {V). The results of the assessment are repd in
Table3.3.

From the 43 studies found:
1 35 have been considered to satisfy the minimalacfitcriteria set,

1 8 have been considered to have limited application in the revision process.
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Table3.3: List of studies dealing with LCA of road construction

Categor References [red (disregarded study)] Cutoff _Cut—off Cutoff Reasons for
y scope | impacts | outcomes exclusions
Treloar G. J., Love P. E. D. and Crawford R. H)(200%id LifeCycle Inventory for Road Construction and Use. Journal of Construction X X X
Engineering and Management © ASCE, pp493
- Chester M.V. (2008). Lifg/cle Environmentdhventory of Passenger Transportation in the United States. Dissertations, Institute of X X X
g Transportation Studies, University of California, Berkeley http://repositories.cdlib.org/its/dsIDEBS2008 1
& Chester M. V. and Horvath A. (2009). Eonwinental assessment of passenger transportation should include infrastructure and supply ch| X X X
E Mithraratne N. (2011) Lifetime liabilities of land transport using road and rail infrastructure. NZ Transport Agency repeatet62. 100pp X X X
Hill N., Brannigan C., Wynn D., Milnes R., van Essen H., den Boer E., van Grinsven A., Ligthart T.and van Gijlswik Hiré23p2)yt GHG:
Routes to 2050 Il The role of GHG emissions from infrastructure construction, vehicle manufacturing, and ELVs in cpendlseetor X X X
emissions
Hakkinen T., Makele K. (1996). Environmental adaptati@oncrete. Environmental impact of concrete and asphalt pavements. VTT Reg X X X
notes 1752, 61 p. + app. 32 p.
Mroueh UM., Eskola P., Laindijoki J., Wellman K. (2000jfe cycle asses®nt of road construction. Finnish National Road Administratior X X X
Finnra Reports 17/2000 http://alk.tiehallinto.fi/tppt/Ica3.pdf
Mroueh UM., Eskola P., Laindijoki J. (2001).ife-cycle impacts of the use of industrial-pyoducts in road anéarth construction. Waste X X X
Management 21, pp. 27277
Stripple H. (2001). Life Cycle Assessment of Road. A Pilot Study for Inventory Analysis. Second Rev. Ed.. IVL X X X
Chappal M., Bilal J. (2003). The environmental road of the futurecyidfe analysis. Energy consumption and greenhouse gas emissions. X X X
report
Hoang, T., Jullien, A. & Ventura, A. (2085)lobal methodology for sustainable roaépplication to the environmental assessment of Fren X X X
highway, 18/ DBMC Intenational Conference of Building Materials and Components, Lya20L&pril, 2005
o SUSCON National Technical University of Athens (2006). Life Cycle Assessment of Road Pavement. SUSCON LIFEO5. X X X
3 Zhang H., Keoleian G.A. and Lepech M@M&R An integrated life cycle assessment and life cycle analysis model for pavement overlay
5 systems. LifeCycle Civil Engineering, pp. 9912 X X X
g Huang Y., Bird R., Heidrich O. (200@velopment of a life cycle assessment tool for constructiahranintenance of asphalt pavements. X X X
= Journal of Cleaner Production 17, pp. 2836
"é Santero NJ, Horvath A. (2009) Global warming potential of pavements. Environ Res Letts;4:034011 X X X
& ECRD (2010). Energy conservation in road pavement design, maintenance and utilisation, Intelligent Energy Europe, Feb 2010, X X X
www.roadtechnology.se/ecrpd.eu/
Sayagh S., Ventura A., Hoanga T., Franc D. & Jullien A. (2010). Sensitivity of tbedti®A ptbcedure for BFS recycled into pavement X X X
structures, Resources, Conservation and Recycling, 543388
Milachowski C., Stengel T. and Gehlen C. (2Qif&)cycle assessment for road construction and use. EAfiAegpublication X X X
Carlson A. (2011). Life cycle assessment of roads and pavements. Studies made in Europe. VTI rapport 736A X X X
Santero N.J., Masanet E., Horvath A. (20lifg-cycle assessment of pavements. Part |: Critical review. Resources, Conservation and Re¢ X X X
55, pp. 80£809
Santero N.J., Masanet E., Horvath A. (201ife-cycle assessment of pavente Part II: Filling the research gaps. Resources, Conservatio W W X ;izc;/nd part V\c/)i];ha
Recycling 55, pp. 8€6818 .
recommendations
Finnveden G., Brattebg H., Birgisdéttir H., Potting J. and Toller S. (2012). LICCER Life Cycle Consideratiohfoad Infrastructure W X W Ongoing project.

ENR2011 ENERGSustainability and Energy Efficient Management of Roads

No final outcomes
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http://repositories.cdlib.org/its/ds/UCB-ITS-DS-2008-1
http://repositories.cdlib.org/its/ds/UCB-ITS-DS-2008-1
http://eutransportghg2050.eu/cms/assets/Uploads/Reports/EU-Transport-GHG-2050-II-Task-2-draftfinal1Mar12.pdf
http://eutransportghg2050.eu/cms/assets/Uploads/Reports/EU-Transport-GHG-2050-II-Task-2-draftfinal1Mar12.pdf
http://eutransportghg2050.eu/cms/assets/Uploads/Reports/EU-Transport-GHG-2050-II-Task-2-draftfinal1Mar12.pdf
http://alk.tiehallinto.fi/tppt/lca3.pdf
http://alk.tiehallinto.fi/tppt/lca3.pdf
http://www.roadtechnology.se/ecrpd.eu/
http://www.roadtechnology.se/ecrpd.eu/
http://www.eupave.eu/documents/technical-information/inventory-of-documents/inventory-of-documents/eupave_life_cycle_assessment.pdf

Yu B, Lu Q. (2012). Life cycle assessment of pavement: Methodology and case. Transportation Resedrchppad8g388

Giustozzi F., Crispino M., Flintsch G. (20WRjti-attribute life cycle assessment of preventive maintenance treatments on road pavemen|
achieving environmental sustainability. Int. J Life Cycle Assess 17, @809

Huang Y., Spray A., Parry T. (2012). Sensitivity analysis of methodological choices in road pavement LCA. Int. 3da8fesCycle A

Theoretical study

Tatari O., Nazzal M., Kucukvar M. (20)mparative sustainability assessment of wamix asphalts: A thermodynamic based hybrid li
cycle analysis. Resources, Conservation and Recycling 58; pp.18

Not an LCA study

Wang T., Lee$., Kendall, Harvey, LedBEKim C. (2012)ife cycle energy consumption and GHG emission from paver@eabilitation with
different rolling resistance. Journal of Cleaner Production 336

x| 2|g 2 |X

SIS

X XX X [ X

Wang T., Lee$., Kendall, Harvey, LeBEKim C. (2012JICPRC Life Cycle Assessment methodology and Initial Case Study on Energy
Consumption and GHG Essions for Pavement Research Preservation Treatment with Different Rolling Resistance. Research Repert:
RR2012-02 at the Pavement Research Center at the University of California

X

X

Wayman M., Parry T., AnderssBkold Y., Raaberg J., BergmarERell A. and Huang Y. (2012). Life Cycle Assessment of reclaimed aspl
ReRoad project. Deliverable 3.4

X

Taylor P., Van Dam T., Fick G., Gress D., VanGeem M., Lorenz ES(®&@ifable Concrete Pavements: A Manual of Practice. Repii ¢
NCPTC National Concrete Pavement Technology Center, lowa State University Funded by the Federal Highway Administration

Manual of
practice. Not an
LCA study

Buyle M., Braet J. and Audenaert A. (2013). Life cycle assessment in the construtiton/Aseeview. Renewable and Sustainable Eng
Reviews 26 (2013), pp.37388

=

=

Theoretical study
on  construction
sector

Barandica. J.M., Fernand8anchez G., Berzosa A., Delgado J.A. and Acosta F.J.ARPL&)g life cycle thinking to reducesgnhouse gas
emissions from road projects. Journal of Cleaner Production 57 (2013)-9p.79

Loijos A., Santero N., Ochsendorf J. (20i8).cycle climate impacts of the US concrete pavement network. Resources, Conservation ai
Recycling 72, 6¢ 83

Lilienstrom C. (2013). Life Cycle Assessment in Early Planning of Road Infrastructure. Application of FhdéCGERter of Science
Thesis at KTH Royal Institute of Technology, Sweden

PE EC DEBNV (2013). Assessment of Scassadnd Options towards a Resource Efficient Europe. Topical Paper 4: Validation of te|
improvement options for resource efficiency of buildings and infrastructure

LCA study not ye
available

Supply chain

Birgisdottir H. (2005). Life cycle assment model for road construction and use of residues from waste incineration. Ph.D. Thesis. DTU
University

Olsson S., Karrman E. & Gustafsson J.P. (2006). Environmental systems analysis of the use of bottom ash from indimenatipal ofate
for road construction, Resources, Conservation and Recycling 48 26

X | x| S| x|x]|x

X | x| S| x|x]|x

X | X | X| X|X]| X

Birgisdottir H., Bhander G., Hauschild M.Z., Christensen T.H. (2007). Life cycle assessment of disposal of residuesgedrsofidiniaste
incineration: Recycling dfottom ash in road construction or landfilling in Denmark evaluated in the RREE®model. Waste Management
27, pp. S7584

X

X

X

Carpenter A.C., Gardner K.H., Fopiano J., Benson C.H., Edil T.B. (2007). Life cycle based risk assessment of netyahec athtay
construction. Waste Management 27, pp. 146864

Carpenter A.C., Gardner K.H.(2009). Use of IndustrBf@jucts in Urban Roadway Infrastructure Argument for Increased Industrial Eco
Journal of Industrial Ecology, 13 npf, 965977

Korre A. and Durucan S. (2009). Life Cycle Assessment of Aggregates. WRAP Report (EVA025)

Blenghi G.A. and Garbarino E. (2010) Resources and waste management in Turin (Italy): the role of recycled aggregatesimatiie sustal
supply mix. Journal of Cleaner Production 18, TaPB0

Chowdhury R., Apul D., Fry T. (2010). A life cycle basém®mental impacts assessment of construction materials used in road construd

Resources, Conservation and Recycling 54, pg,2550

X | X |X]| X | X

X | X |X]| X | X

X | XX X | X
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http://www2.wrap.org.uk/downloads/EVA025-MIRO_Life_Cycle_Assessment_of_Aggregates_final_report.414207d5.8879.pdf

3.1.1.2.3 Qualitative scoring and summary of the selected LCA studies

Quality of 35 LCA studies satisfying the presdmjuality cutoff criteria have been analysed comprehensively
using the screening criteria presentedAnnex Ill Tabld8l.4. Five studies refer to the transport sector, 22 deal
with the LCA of a road infrastructure while 8 deal with the LCA of the gughalin of construction materials,
especially considering the employment of recycled/secondary materials aipddolyicts.

The complete results of the LCA studies literature review are reporte@inimex Ill LCA literature review
Studies obtaining an ovetacore above 15 have been considered to present a satisfactory level of quality and
relevance to this study. Of those that passed, 20 LCA studies were about road infrastructutalfie®4)

and 7 LCA studies wefocussed on the supply chain (SEable3.5).

Table3.4: Selected LCAs studies on road infrastructure

LCAs on road infrastructure

Loijos A., Santero N., Ochsemfdd. (2013)Life cycle climate impacts of the US concrete pavement network. Resources, Conservation and Recycliqg
83

Santero NJ, Horvath A. (2009) Global warming potential of pavements. Environ Res Letts;4:034011

Santero N.J., Masanet E., Hativ A. (2011)Life-cycle assessment of pavements. Part I: Critical review. Resources, Conservation and Recycling 55,
809

Wang T., Lee$., Kendall, Harvey, LedBEKim C. (2012)ife cycle energy consumption and GHG emission from pavementifigdizon with different rolling
resistance. Journal of Cleaner Production 33986

Wang T., Lee$., Kendall, Harvey, LeeBEKim C. (2012)CPRC Life Cycle Assessment methodology and Initial Case Study on Energy Consumption
Emissions for R@ment Research Preservation Treatment with Different Rolling Resistance. Research ReporRBZIPRO?2 at the Pavement Researc
Center at the University of California

Barandica. J.M., Fernand&anchez G., Berzosa A., Delgado J.A. and Acosta E3). Applying life cycle thinking to reduce greenhouse gas emissions f
road projects. Journal of Cleaner Production 57 (2013), pp179

Hakkinen T., Makele K. (1996). Environmental adaptation of concrete. Environmental impact of concrete and aspmalhisa VTT Research notes 1752,
p. +app. 32 p.

Stripple H. (2001). Life Cycle Assessment of Road. A Pilot Study for Inventory Analysis. Second Rev. Ed.. IVL

Milachowski C., Stengel T. and Gehlen C. (2Qif¢)cycle assessment for road construstand use. EAPA dime publication

Yu B., Lu Q. (2012). Life cycle assessment of pavement: Methodology and case. Transportation Research Part D;388pp. 380

Sayagh S., Ventura A., Hoanga T., Franc D. & Jullien A. (2010). Sensitivity of the tioA ailtmzdure for BFS recycled into pavement structures, Resour
Conservation and Recycling, 54, 3388

Wayman M., Parry T., Anderss8kold Y., Raaberg J., Bergman R., Enell A. and Huang Y. (2012). Life Cycle Assessment of reclaimedRasplpatijcRe
Deliverable 3.4

Carlson A. (2011). Life cycle assessment of roads and pavements. Studies made in Europe. VTI rapport 736A

Mroueh UM., Eskola P., Lainglijoki J. (2001).ife-cycle impacts of the use of industrial-pyoducts in road and eahntconstruction. Waste Management 21
pp. 273277

Zhang H., Keoleian G.A. and Lepech M.D. (2008). An integrated life cycle assessment and life cycle analysis model toovEaismestems. L{€ycle
Civil Engineering, pp. 96712

Mroueh UM., EskoleP., LaineYlijoki J., Wellman K. (200Q)fe cycle assessment of road construction. Finnish National Road Administration Finnra R
17/2000

Liljenstrom C. (2013). Life Cycle Assessment in Early Planning of Road Infrastructure. ApplicatiorC&BReotEl. Master of Science Thesis at KTH Rc¢
Institute of Technology, Sweden

SUSCON National Technical University of Athens (2006). Life Cycle Assessment of Road Pavement. SUSCON LIFEQS.
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3.1.2 Life cycle phases

Many ste-specific factors such asegional climate, local design practices, geological and geotechnical
conditions, budget, service life, material availability, sensitivity of the localr@mment, daily traffic load,
distribution between heavy vehicles and cars, rolling resistance and many other factors play a role in the
choice of road type and in the design of the road construction.

Road constructions are thus a complex web of parangetehich are tailored for each individual project. The
complexity and diversity of road projects makes the assessment of potential environmental impacts
challenging. The results of an LCA on road construction are related to the different design chaiestise

road project. A representative number of case studies have been assessed in an attempt to derive consistent
conclusions.

A first outcome of the review of LCA studies is that the sources of the environmental impacts and their relative
importancecan vary greatly within a single phases of a roads life cycle. In general, a road life cycle can be
divided into five phases, as shownRigure3.1:

1. Materials production including raw materials extractiornrhis phaseonsists othe processes needed to
manufacture construction materials and products and includes the entire upstream supply chain needed
to produce each material (for examples extraction and production of aggregates, refining of crude oil for
the production of bituma). Transportation needed to move pavement materials to and from production
facilities and to the project site are included in this phase. Transportation distances can vary widely based
on project location. Ofite equipment used in the materials produanti is accounted for in this phase.

This phase also includes the employment ofpogducts, recycled/secondary materials and recovered
waste materials.

2. Construction This phase usually includes clearance of the construction site (removal of infrastructure
and vegetation), earthworks including the possible construction of earth mounds, ground works including
the stabilisation othe subgrade, onsite equipment (as pavers, dozers, millers, etc.), construction of the
pavement layers (seSectionl.1.3.]), construction and laying of the drainage system, placement of road
furniture (astraffic barriers bollards lighting systems,traffic lights traffic signsetc.). An important
consideration in the design of street furniture is how it affeatad safety This phase can also inde
other specific necessary activities during the entire period of thesiten construction works, such as
remediation of polluted soil and ground water, protection of wildlife, winter precautions, etc..

3. Use This phase includes the daily traffic on tlead pavement and thus vehicle fuel consumption during
the road service life. It has to be considered thataavement and its properties are only responsible for a
fraction of the vehicle fuel consumption, namely those associated with its structural ¢bestics and
surface texture (influencing the rolling resistanc&he majority of fuel consumption is attributable to
stages ofvehicle life cycleéhat are independent from the roathfrastructure Therefore only the impacts
that are caused by the pavemeitself can be allocated to the road infrastructure. The use phase is a very
significant life cycle stage from an environmental point of view. The possibility of affecting the
environmental impacts during the design stages is reflected in this section.

During the feasibility and overall planning stage when road alignment is evaluated and chosen, the length
of the road construction is the most important parameter reflected in the use of fuel for the vehicles
using the road. Examples are alignments of roadstructions from point A to point B. At the feasibility
stage there may be several alternatives of varying lengths. The alignments and many other decisions are
assessed in the EIA. At this stage the length of the road is the most important paramédierliie tcycle

of a road construction because the fuel consumption causes the largest potential environmental impacts.
When the alignment of the road has been decided upon, the following stages (conceptual, preliminary
and detailed design) of the road consttion will ultimately influence fuel consumption too.

Fuel consumption is affected by rolling resistance, weather conditions (wind, snow, rain etc.), weight of
the vehicle, types of tyres, engine size and aerodynamic performance etc. As traffic inofevelsicle

types is not within the scope of this report, emphasis is placed on the aspedsreievant to GPP for

road construction. These are primarily the rolling resistance of the road surface and the choice of
materiak and the construction methods

4. Maintenance (and operation) Thisphase runs in parallel with the use phase, ending when the road is
decommissioned. Some maintenance operations share the same materials, and hence impacts, with the
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construction phase. In detail, it typically includes a@p(for example filling potholes in the surface),
rehabilitation (resurfacing and sealing of entire sections of road surface), winter maintenana@ngle
road salting/gritting) and substitution of lighting or road furniture elements.

5. Endof-life (EoL)In this phase it is possible to include EoL of pavements and EoL of the road itself. In EoL
of pavementsrecycling is handled through a materials feedback loop during maintenance (for example
reclaimed asphalt pavements RARYith reference to the EoLfoentire road sectionsjt has to be
considered that a road not usually entirely demolished and removed. For example, if a new road with a
different alignment substitutes an old road, this latter one is usually downgraded (change in
classification) to dower level of importance with reduced traffic volume. In this case new materials are
used for refurbishment to expand the service of the road construction.

Landfilling

Extriction and —P Transportation -«

production

o
Wy

Onsite equipment

Carbonation
Lighting
7 Albedo
g Iraffic delay ' Rolling resistance
Leachate

Construction End-of-Life

Materials

Jwpnau

Maintenance

Figure3.1: Phases and components of a road lfgcle (according to Santero et al., 2011a)

A general conclusion from the LCA literature review is that each phase of the road life cycle includes various
components, that each represent a unique interaction between the road and the wider environment.
Acwording toSantero and Horvath (2008e impacts from road infrastructure extend far beyond the materials
production, construction and maintenance phases (as a repeated sequence of operations), as it is usually
evaluated. Other aspects should be also ideld, such as:

- Congestion: specifically traffic delagfsat occur when construction and maintenance activities change
the normal flow of traffic (e.g., lane closures, detours). The impact from congestion can be measured as
the difference between conditions dzy RSNJ &y 2 NXY I f ¢ OANDdzyaidl yoSa
construction/maintenance activities take place. Congestion varies widely based on location and time of
day (e.g. traffic volume, capacity) and pavement design parameters (e.g. frequency of necessary
maintenance perations).

- Vehiclepavement interactionthe rolling resistance (related to the pavement structure and roughness) is
one of the forces resisting vehicle movement. Both the pavement structure and the pavement roughness
affect the rolling resistance, thusltaring the fuel consumption, and thus GHG, of vehicles. Rolling
resistance is linked to three main factors:

w Roughness (evaluated by means of the International Roughness Index IRI),

w Structure: macrotexture measured as mean profile depth (MPD) for asplaaéments or mean
texture depth (MTD) for concrete pavements.
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w Deflection: describes the movement of the pavement surface due to traffic loading. Two aspects are
associated with deflection and rolling resistance: the fact that traffic load creates a bothlei
pavement surface, which requires more fuel to pass and energy dissipation in an asphalt pavement.
The relationship between pavement deflection and rolling resistance are still being researched.

- (oncrete carbonationa naturally occurring phenomenomadt occurs in concrete pavements where a
portion of the atmospheric CQs sequestrated. The carbonation rate varies based on the permeability of
concrete, relative humidity, temperature and exposure to the atmosphere.

- Pavement albedobasically the solareflectance capacity of a pavement. Solar reflectance values range
from O (indicating aperfectly nonreflective material)to 1 (if material is totally reflective). Solar
reflectance has the greatest importance in urban areas as it is known to contributetformation of
urban heat islands (local areas of elevated temperature located in a region of cooler temperatures).
According to Taylor et al. (2012), pavements with higher albedo reduce Global Warming by mitigating the
urban heat island effect and biycreasing the radiative forcing of the surface. It is also relevant to
evaluate the effect of pavement albedo on the reduction of the need for lighting.

According to Santero et al. (2011a), the abowentioned elements are rarely fully incorporated inta@ad

LCA and their allocation rules are under discussion in the scientific literature. Nevertheless, several Authors
have suggested that these omitted elements could have significant impacts on the overall road lifé-aycle.
example, according to Santerand Horvath (2009), rolling resistance and congestion could be orders of
magnitude more important than construction materials and equipmditterefore, it is suggested to evaluate

a road infrastructure by means of a more comprehensive approach, tryirgc¢ount for all interactions
between pavements and the environment. The scale of the project is also relevant in order to decide to what
extent to include these aspects. For example with projects at macro level it would be advisable to include
aspects adighting, carbonation and other components; at micro level decision, such as the comparison of two
construction products, the exclusion of these aspects could be justifiable (EC, 2010).

Moreover, the inclusion or exclusion of different life cycle phasesa abad construction is still under
RAaOdzaaAz2y Ay GKS AO0ASYGATAO fAGSNI GdzNBod C2NJ SEIl YLIX
KAIKgleaos aagNBSdia FyR NRBIRaé 69bxLwhb59/ 3 HaAamMoO KI
infrastructure (see the flowchart aEigure3.2).
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Figure3.2: Flowchart of the product system for road infrastructure (ENVIRONDEC, 2013)

Via the LCA screening process, we have tried to amalys critical way all the life cycle phases of a road
infrastructure, trying to identify the key environmental areas for the development of GPP criteria.
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All of the life cycle phases for road construction have been considered important for the analgsis a
description of the technical/environmental aspects and the improvement potentials. Thus, these phases are
also relevant to consider in relation to development of GPP criteria.

The GPP criteria should be developed with an approach to make it simpleef@ublic authorities to obtain

large environmental gains via the procurement process. Since environmental impacts occur in all phases, but
can be influenced differently during the feasibility study, the conceptual design or the detailed design, it is
desrable to focus GPP criteria on those specific aspects with the largest environmental benefits at the design
and planning phases throughout the life cycle of a road construction. This approach will require some specific
GPP criteria for the planning and d@s stages as well as some general criteria.

3.1.3 Assumptions in the selected LCA studies
3.1.3.1 Scope and method

As summarised iable3.6, the analysed LCA studies differ in scope and method, due to the fact that specific

rules have not been yet developed for this sector. Three studies have providedeavrof existing LCAs on

roads and pavements (Carlson, 20Furopean subJNE 2S04 o Ay alLwL!ayY G[AFS Oeé Of
pavementsca G dzZRA S& Ay 9 daNRQLG¢Baranditayétials RE3) &nd the selection of literature in

the current review has been inspired by them.

Several authors have investigated the need of expanding the current view of the LCA of road pavements to
other aspects such as rollingsistance andongestion (Santero and Horvath, 2008jjos et al., 2013). A large
number of papers assess tlmvironmental impacts of asphalt and concrete road pavemedtikkinen and
MakeB, 1996, Stripple2001, SUSCON2006, ECRRR2010,Milachowski Cet al. 201). Other authors have
analysed thesustainability of pavement overlays and maintenance strateglbarig et al., 2008juang et al.,

2009, Yu and Lu2012; Wang et al., 2012a; Wang et al., 20)2Furthermore papers analysing the
sustainabiliy of the supply chain of construction materials have also been considered, particularly for
comparing the use of conventional materials-fmpducts and recycled and secondary materidfsdueh et

al., 2000, Mroueh et al., 2001; Birgisdéttir, 2005; Olssoal., 2006; Birgisdéttir et al., 2007; Carpenter et al.,
2007; Carpenter and Gardner, 2009; Korre and Durucan, 2009; Blengini and Garbarino, 2010; Chowdhury et
al., 2010; Sayagh et al., 2010). Finallye paper has evaluated the recycling of reclaimsphalt pavement at

the EoL stage (Wayman et al., 2012).
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Table3.6: Scope and methods of the selected LCA studies

References Asphalt pavement Concrete Alternative Maintenance and  rehabilitdon
pavement materials strategies
Hakkinen and Méakele, 1996/ SMA pPCC 2-3 grindings for concrete
Mroueh et al., 2000 HMA FA,CC, BFS
Mroueh et al., 2001 HMA FA, CC,BFS
Stripple, 2001 HMA PCC
CMA
SUSCON, 2006 HMA
Zhang et al., 2008 PCC 3 overlay systems: PGEMA- ECC
Huang et al., 2009 HMA Effects of speed of delivery of th
roadworks
Santero and Horvath, 2009
ECRPD, 2010 HMA + application o - hot method recycling in asphalt plar|
adhesion layer (tack coat - hot in place method of recycling
Syagh et al., 2010 BFS
Milachowski C. et al. 2011 | MA¢ PA Recycled materiall SMAq PA
PCC for frost blanket | tc- EAC
Yu and Lu, 2012 PCC 3 overlay systems: PGEIMA- CSOL
Wang et al., 2012a HMA¢ RHMA CAPM with HMA or RHMA
PCGCSA CPR withPCC or CSA
Wang et al., 2012b HMA¢ RHMA CAPM with HMA or RHMA
PCG CSA CPR witlPCC or CSA
Wayman et al., 2012 SMA RAP
Loijos et al., 2013 PCC
Supply chain
Birgisdéttir, 2005 MSWI
Olsson et al., 2006 HMA MSWI
Birgisddttiret al,, 2007 MSWI
Carpenter and Gardner, 20( FA, foundry slag
and sand
Korre and Durucan, 2009 RA, CC, Rasphalt
Blengini and Garbarino, 201 RA
Chowdhury et al., 2010 FA, BA
Abbreviations:
FA fly ash HMA hot mix asphalt PCC Portland cement concrete CAPM: Capital Preventi
BA bottom ash SMA stone mastic asphal CSOL crack, seat and overlay Maintenance asphalt overlay
CC crushed concrete MA mastic asphalt ECC engineered cementitious composit§ CPR:  Concrete = Pavemg
BShblast furnace slag CMA cold mix asphalt | tC pavement with textured surface Restoration

RAP  reclaimed
pavement

MSWI municipal solid waste|
incineration bottom ash

RA recycled aggregates

asphg

Rasphalt

PA porous asphalt
RHMA Rubberized HM

EAC exposed aggregate concrete surf

layer

CSA calcium sulpkdduminate cemen

concrete
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3.1.3.2

As can be seen ifable3.7, the functional units used in the reviewed LCAs studies show a lot of variability.
Usually a unit of 1 km per average seeviife is used. The papers related to the supply chain usually refer to a

Functional units

functional unit of 1 ton of material.

Table3.7: Functional units in the reviewed LCAs studies

References Functional unit Location Sewice life Width Traffic
(year) (m) (AADT)
Hakkinen and Méakele, 1996 1 km motorway Finland (Tampere) 50 8.5 20,000
Mroueh et al., 2000 1 km motorway Finland 50 12 7,000, 14%eavy
Mroueh et al., 2001 1 km motorway Finland 50 12 7,000, 14%eavy
Stiipple, 2001 1 km road In Sweden 40 13 5,000
SUSCON006 1 km urban road Cyprus 50 12
Zhang et al., 2008 10 km freeway us 70,000, 8%heavy
Overlays: PCCHMA-ECC 20-20-40
Huang et al., 2009 2.6 km dual carriageway UK 40 7 (ane) different in the2
carriageway
12,410- 14,083 per lane
Santero and Horvath, 2009 1 lanekm us 50 3.6 (ane)
ECRPD, 2010 1 km motorway Czech Republic, 9.5 20,500, 41% heavy
1 km dual carriage France, Ireland, 11.5 18,500 30% heavy
1 kmwide single carriageway Portugal, Sweden 25.5 15,500, 25% heavy
1 km single carriageway 27.5 7,500, 12% heavy
Sayagh et al., 2010 1 km pavement 30 3.5
Milachowski C. et al. 2011 1 km motorway Germany 30 2 lane on each| 52,000, 19% heavy
carriageway
Carlson, 2011 functional unit ofeach reviewed EU
paper
Santero et al., 2011a functional unit of each reviewed us
paper
Yu and Lu, 2012 1 km of overlay system US, Florida 11.1 70,000, 8% heavy growth
PCC, HMA,CSOL 16-16-16 of 4% a year
Wang et al., 2012a 16.1 km of rural road2 lanes, flat, US, California 5 34,000, 35% trucks
HMA/RHMA
8 km of rural road, 4 lanes, flat, 5 3,200, 15% trucks
HMA/RHMA
16.1 km rural road, 2 lanes, flat, 10 86,000, 25% trucks
PCC
8 km rural road, 2 lanes, flat 10 11,200, 29% trucks
PCC
Wang et al., 2012b 16.1 km of rural road, 2 lanes, fla; US, California 5 34,000, 35% trucks
HMA/RHMA
8 km of rural road, 4 lanes, flat, 5 3,200, 15% trucks
HMA/RHMA
16.1 km rural road, 2 lanes, flat, 10 86,000, 25% trucks
PCC
8 km rural road, 2 lanes, flat 10 11,200, 29% trucks
PCC
Wayman et al., 2012 1 nf highway, 1 lane EU 60
Barandica et al. 2013 30.36 km highway, 4 lanes Spain 50
9.7 km highway, 2 lanes
6.2 km highway 4 lanes
29.2 km conventional road, 2 lane|
Loijos et al., 2013 1 km,12 different traffic loadings us 40
Rural roads (interstate, arterial, (rehabilitation 177-22,074
collector, local) at 20 and 30)
Urban roads (interstate, 980-78,789 s
expressway, arterial, collector,
local)
Liljenstrom, 2013
Supply chain
Birgisdéttir, 2005 4,400 t ash (1 km road) Denmark 100 17.25
Olsson et al., 2006 1 km road Sweden
Birgisddttiret al., 2007 4,400 t ash (1 km road) Denmark 100 17.25
Carpenter and Gardner, 2009 1-tonne-km
Korre and Durucan, 2009 1t of mateial
Blengini and Garbarino, 2010 1t of material
Chowdhury et al., 2010 1 km long section 20-100- 25
infinity
HMA hot mix asphalt CSOL crack, seat and overlay
PCC Portland cement concrete ECC engineered cementitious composite
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The follaving comments can be made regarding the content$atle3.7:

9 Different types of road are evaluated, including motorways, highways and main national roads,
secondary or regional roads or other roads (urban and rural). Thisasreflected in the traffic level
(AADT average annual daily traffic) and is considered in each study.

1 The service life of the road infrastructure usually varies from 30 to 50 years.

1 When maintenance operations are investigated, the service life of the rpame overlays varies in
relationship to road type and materials. In the reviewed papers, a service life of asphalt overlays vary
from 5 to 20 years and a service life of concrete overlays vary from 10 years to 20 years with reference to
the different chara&teristics of the projects. Maintenance and rehabilitation strategies are related to the
practices of relevant road directorates and public authorities and on local conditions.

3.1.3.3 System boundaries
The system boundaries analysed in the reviewed LCA studiesienmarized iTable3.8.

Table3.8: System boundaries in the reviewed LCAs studies

References Production Construction Use Maintenance End of

(including raw life
materials
extraction)

Production
Transportation
Earthworks
Pavement
Road equipment (barriers,
road markings, traffic signs)
Congestion
Traffic (general values)
Rolling resistance
Carbonation
Lighting
Albedo
Leaching
Repair
Rehabilitation
Road equipment ( barriers,
road markings, traffic signs)
Congestion
On site
Transportation

Hakkinen and Makelg
1996

Mroueh et al., 2000

Mroueh et al., 2001

Stripple, 2001

SUSCON, 2006

Zhang et al., 2008

Huang et al., 2009

Santero and Horvath
2009

ECRPD, 2010

Sayagh et al., 2010

Milachowski C. et a
2011

Yu and Lu, 2012

Wang et al., 2012a : . . . Lo e

Wang et al., 2012b . - . . o | .o
Wayman et al., 2012 . . . .

Barandica et al. 2L

Loijos et al., 2013

Liljenstrom, 2013

Supply chain

Birgisdattir, 2005

Olsson et al., 2006

Birgisddttiret al., 2007

Carpenter and Gardne
2009

Korre and Durucan, 2009

Blengini and Garbaring
2010

Chowdhury et al., 2010

° | Excluded routine maintenaec
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Raw material extraction / materials production processes are the only components taken into consideration in
each paper. Material transportation is less studied; but is still included in several studies (21/25). The
construction of the road pavement Bccounted for in most of the studies. Six papers consider congestion
(Hakkinen and Makela, 1996; Zhang et al., 2008; Huang et al., 2009; Santero and Horvath, 2009; Yu and Lu,
2012 and Loijos et al., 2013).

The use phase is considered in 12 papers. 4 oflwimiclude fuel consumption and emissions from the traffic

over the road pavement, but providing absolute values (Hékkinen and Makele, 1996; Mroueh et al., 2000;
Mroueh et al., 2001; Stripple, 2001). These values reflect the total traffic rather thamtér@adtion between

the pavement surface and the vehicle. The other 8 papers consider rolling resistance during the use phase and
some of these (Zhang et al., 2008; Huang et al., 2009; Santero and Horvath, 2009; Milachowski C. et al., 2011;
Yu and Lu, 2012/ang et al., 2012a; Wang et al., 2012b; Loijos et al., 2013). Some of the papers discuss other
components such as albedo, carbonation and lighting (Hakkinen and Méakele, 1996; Stripple, 2001; Santero and
Horvath, 2009; Yu and Lu, 2012; Loijos et?8l1,3)

Although included in more than twthirds of LCA studies, pavement maintenance could be far more
complicated than a series of simple procedures that are repetitively carried out over the service life.
Maintenance has the potential to be a significant sdyutor to the overall environmental impact. Accurately
forecasting future maintenance and restoration strategies is a challenging task, as it is investigated in 5 papers
(Zhang et al., 2008juang et al., 2009, Yu and Lu, 20A2ng et al., 2012a; Wang al., 2012.

3.1.34 Emissions inventory data and impact categories

Several reviewed studies were found to contain only-d§ele inventories (LCIs) of the emissions and do not
provide a complete impact assessment LCIA Tsd#e3.9).

Each of the reviewed papecentainsenergy consumption as a metric for the evaluation of the environmental
impacts of a pavement. Nine studies added an inventory of various conventional air pollutants (e G50

CO, particulate matter), and anath 10 added GHGs. Seven studies report environmental impacts not directly
associated with energy consumption or air emissions, including nitrogen releases into water, hazardous waste
generation, heavy metal releases, and other environmental indicators.

Other studies have considered impact categories, mainly according to CMLRGfifufe of Environmental

Sciences, University of Leiden, 200Balfle3.10) and few according to EDIP9Taple3.11), as ithas been

discussed in paragraph 3.1.2Global Warming is included in all thestudies;about 50% of them consider
also acidification, photochemical ozone formation and eutrophication

Table3.9: Emissions inventory in the reviewed LCAs studies

References Energy Feedstock GHG

consumption CQ|CH|[NO|NQ [ SQ | CO| VOC|PM| HC Other
Hakkinen and . . . . . . . Heavy metals, waste generation, wate|
Makele, 1996 releases, dst, noise (land use)
Mroueh et al., 2000 : : : : : : : Heavy metals (As, Cd, Cr, Cu, Mo, Ni,

Pb, Zn), waste generation, resource u
effluents to water bodies, leaching intg
land, Cl, S©-land use, noise and dust

Mroueh et al., 2001 . . . . . . . Heavy metals (As, Cd, Cr, Cu, Mo, Ni,
Pb, Zn), waste generation, resource u
effluents to water bodies, leaching intg
land, Cl, S@-land use, noise and dust

Stripple, 2001

Zhang et al., 2008

Huang etl., 2009 . . . . . . Aggregates, bitumen, solid waste

ECRPD, 2010

Yu and Lu, 2012

Liljenstrom, 2013

Supply chain

Olsson et al., 2006 . . . . . . . . . . emission to water (COD -fdt, Qil,
Phenol, As, Cd, Cr, Cu, Ni, Pb and Z

natural aggregates
Carpenter and . . . . . . . . Hg, Pb, Hazardous Waste, human toxi
Gardner, 2009 potential (HTP) cancer HTP non canc
(Horvath 2004)
Sayagh et al., 2010 . . . . . . NMGOC, HCI, HEOD, metals
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Human toxicity and ectoxicity are relevant impact categories particularly when assessing the environmental
impacts of the use of recycled/secondary materials ofpbyducts in road construction, particularly where
MSWI bottom ash is cortgred.

Table3.10: Impact categories (CML2001) in the reviewed LCAs studies

- LCIA according to CML2001 and GWP according to IPPC, 2007 -
K] o >
538 g £
g E s |5
5 g Nk
5 5 =
o P4
GWP | AP | POCP| EP| ODP| ADP| HTP| FAETH MAETP| TETP RAD | FSETR Land
100 use
years
SUSCON, 2006 .
Env..
Score
Santero and Horvath, 2009
Milachowski C. et al. 2011
Wang et al., 2012a
Wang et al., 2012b
Wayman et al., 2012
Barandica et al. 2013
Loijos et al., 2013
Supply chain
Korre and Durucan, 2009
Blengini and Garbarino, 201
Chowdhury et al., 2010
Abreviations:
GWP 100 years Global Warming Potential ODP Ozone Layer Depletion €wtial FAETP inf. Freshwater Aquatic Ecotoxicity Pot.
AP Acidification Potential AP Abiotic Depletion TETP Terrestric Ecotoxicity Potential
POCP Photochem. Ozone Creation Potential HTP inf.Human Toxicity Potential RAD Radioactive Radiation
EP Eutrophication Potential MAETP Marine Aquatic Ecotoxicity Pot. FSETP Aquatic sediment ecotoxicity potential
Table3.11: Impact categories (EDIP97) in the reviewed LCAs studies
- LCIA according to EDIP97 -
] k] o
55 g | £
g E £ £
5 g -
s |3
GW AF POF | NE| HTa | HTw| HTs| ETw| ETs | SETh SETs
Supply chain
Birgisdattir, 2005
Birgisdéttiret al., 2007 . . . . . . . . .
GW Global Warming impact HTa Human toxicity air ETw Ecotoxicity water
POF PhotoChemical Ozone Formation HTw Human toxicity water ETs Ecotoxicity soil
NE Nutrient enrichment HTs Human toxicity soil SETw Stored ecotoxicity water
AF Acidification SETs Stored ecotoxicity soil
3.1.35 Closing remarksn the assumptions

According to Carlson (2011) ardantero et al., (201, it is impossibleto perform straighforward
comparisons of the results in reviewed LCA studies due to the differences in approach, scope, functional units,
analysis periods, system boundaries, regional differences, input data (LCIs).

A common result is the conclusion that all roads are uaignd have their own specific conditions, which
means that a flexible method is needed that can be adjusted to suit the road that you want to study. Some
papers have compared the use of primary and recycled/secondary materials in road construction,tie¢hers
construction and maintenance of asphalt and concrete pavements.

Differences have been highlighted also in the service life and functional unit considered, as it has been
summarised irmable3.7.

Some authors have used difart databases regarding the input data needed and some have gathered
primary information from manufacturers. Differing electricity mixes, production practices, pavement designs,
available materials, local maintenance practices, and other regpatific edments will create different
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results depending on the location under study. Moreover, data refers often to a single EU Member State or to
a nonEU Country (i.e. US) and therefore, due to the local validity of these data, it has to be carefully evaluated
if they can be applied to the whole of the EU or only to particular Member States.

The extents to which studies were carried out differed somewhat. Some of them make an inventory where
resource use and emissions are presented; others have gone further bgrireg the resulting environmental
impacts of such emissions and resource (s&=Table3.9, Table3.10, Table3.11).

With reference to thetoxicity impact categorierom a GPP criteria perspectiieappears more important to
consider how local potential impacts related to toxicity (leaching from construction materials) could be
controlled and mitigated during a road use phasée main area of improvement is the optimisation of the
water runoff and drainage system, in order to design effective leaching control and water management.
These topics will be addressed in a specific paragraph (see paragaghin the section related to impacts

not detected by means of a LCA.

Feedstock of bitumen

Environmental impacts of bitumen need to be allocated amongst a multitude of petroleum products, such as
gasoline, diesel, and plastitwo potential allocatin solutions could be proposed: the first uses mass and the
second the economic value of the product. According to Wayman et al. (2012), a combination of the two
methods could be used: allocation by mass could be applied to crude oil refining and traasgatonomic
allocation could be applied once crude oil reaches the refinery.

Moreover, asa hydrocarbon, bitumen has a certain amount of feedstock (or inherent) energy associated with

it. ByISO 1404Gtandards, this chemical energy needs be includechinenergy assessment. There is active

debate amongst the pavement LCA research community regarding the appropriate accounting tecmdque
ASOSNIf FdzikK2NBR aSSvya adza3asSaidiay3da GKIFIG oAlddzySyoa FSSR
energy andthus should be treated differently from that of consumed energy and thus they have to be

reported separately (Santero, 2011a).

3.14 Identification of key environmental impacts and hot-spots for road
construction

As mentioned in the previous paragraph, itrigpossible to compare the results of the reviewed LCA studies
due to their differences in approach, functional units, boundaries and LCIs. The more important results of
several papers will be summarised in order to provide evidence of how the main eméraal hotspots of

road construction could be identified for the development of the GPP criteria. Reading the following summary
paragraphs, one should bear in mind that all results are related to a specific project and they cannot be
generalised. The cHahging exercise consists of trying to draw some general conclusions to be used as a basis
for the development of the GPP criteria.

The results of the literature review are fully reportedAnnex IR LCA. iterature review

3.14.1 Key environmental impacts ithe use phase

31411 General consideration

The main environmental impacts arising from daily traffic during the use phase of a road are illustrated in
Figure3.3. Emissions related to road construction, maintenance and EoL may ramgéufst a few per cent to
typically 1015% of total road life cycle emissions (Hill et al., 2012).

According to the study by Santero and Horvath (2009)arge range of impacts are possible for all the
components of the pavement life cycle. These authaieged thatgreenhouse gas emissionsuld range from
negligibly small values to 60,000 t of £@er lanekilometre over a service life of 50 years. Moreover, in the
review by Barandica et al., (2013), the range of variation of the emissions,efi€&bo provided (sedable
3.12). Additional results from the current LCA literature review have also been includ€abie3.13. Both
literature reviews show a huge variabjlin results.
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Table3.13: Other results from our literature review

References Functional unit Service life t CQe/km Comments
Hakkinen and Makele, 1996 1 km motorway 50 560-940 condruction and maintenance
Santero and Horvath, 2009 1 lanekm 50 Up to 60,000

Milachowski et al., 2011 1 km motorway 30 230,905 including use phase

Yu and Lu, 2012 1 km of overlay system 16 6361219 including use phase
Loijos et al., 2013 1 km, 12 dferent road categories 40 4046670
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Ignoring potential effects of different road surfaces, absolute values of energy consumption and emissions
during the use phase angp to 2 orders of magnitude higher than the other phases (i.e. materials production,
construction, maintenance and EoL) (Hakkinen and Méakele, 1996; Mroueh et al., 2000; Mroueh et al., 2001;
Stripple, 2001Huang et al., 2009; Milachowski C. et al., 20&EeAnnex Il Literature reviéwlt seems that 2
orders of magnitude is applicable motorways (Hakkinen and Mékele, 1996), while lower values are shown
for local roads. For examplin the study of Stripple (2001), these phase energy consumption from traffic is
roughly evaluated in 229.2 TJ/km for 1 km of a local road over a seifeicg #0 years and results in a 1 order

of magnitude increase in energy consumption compared to construction, maintenance and operation phases.

In other studies, the interaction between vehicle and pavement have been considered and allocated. For
example,in the study by Milachowski C. et al. (2011), the evaluated impact categories (GWP, ODP, POCP, AP,
EP) in the use phase are 1 order of magnitude higher than the construction and maintenance categories. The
same results are presented in the study by Huahgl. (2009)with reference to energy consumption and £0
emissions.

3.1.4.1.2 Rolling resistance
According to the study by Santero and Horvath (2009) on pavement GWi#Pgea range of impacts are
possible for all the components of the pavement life cycle.

Rollingresistance (associated to the pavement structure and roughness) has the higipesit potential,

while components, such as onsite equipment and carbonation, appear to be relatively small contributors to
the overall impact, as shown Iigure3.4. According to the results of this study, material types and volumes,
their transportation, congestion (traffic delay), albedo and maintenance operations are important factors,
even though they present a huge variability. The impact ofnaividual component varies in relationship to

the project details (such as pavement location, structure) and to the traffic levels. Because of this variability
and uncertainty, it is not possible to define which component has more impact than anothexllover

Materials = —

Transportation  l—-— —

Onsite Equipment I—f——l

Traffic Delay ]

Carbonation I—[ —

Roadway Lighting —

Albedo: Urban Heat Island —

Albedo: Radiative Forcing —

Raolling Resistance: Structure —

Rolling Resistance: Roughness ] 1

10° 10' 0’ 10° 10 10°
Global Warming Potential (Mg CO.e/lane-km)
Figure3.4: GWP impact ranges for components of the pavement life cycle (Santero and Horvath, 2009)

Note: Two ranges are provided: 1) variability of pavements: a probable range of values based loesthe
estimates (grey bars); 2) uncertainty: an extreme range of values based on outlying data and less likely
scenarios (black lines)

3.1.4.1.3 Influence of the traffic flow and road categories

According to the LCA literature review, rolling resistance and comge@taffic delay) are potentially the main
components for highraffic pavements (i.e. example motorways, highways, main national roads.), but their
impacts diminish significantly for low traffic pavements (i.e. secondary and other roHios)categorizéin
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according traffic loading conditions, (i.e. traffic density and traffic composition), plays an important role in the
results associated to rolling resistance.

For lowtraffic roads,materials production and transportation have at least a comparableaghpo that of
rolling resistance (sedigure 3.5). The decrease in impact for rolling resistance would be even more
pronounced if a very lowtraffic road is considered. These results should be carefully taken into consideration
in the development of the GPP criteria.

OHigh Traffic OLow Traffic

|
Materials 1
[ ]
Transpertation [ |
Chsite Equipment |:|:I
Teaffic Delay
Carbonation E
]
Roadway | ir'_"lli'l_]:'l ]
Albeda: Urban Heal Tsland
) |
Albedo: Radiative Forcing |
_ . |
Faolling Resistance: Structure |
]
Raolling Resistance: Roughness |
10° 10 1ot 10 10 10°
Global Warming Potential (Mg CO,e/lane-km)

Figure3.5: Comparison of GWP ranges for low and hitghffic pavements

Note: In this case, the low traffic scenarion®delled as 425 AADT, 8% heavy

3.14.14 Main resultsregarding the use phase from the reviewed studies

Rolling resistance associated with pavement structure and roughness appears to have the-imglaest
potential. Hakkinen and Makele (1996) have evaluated that a reduction of vehicle fuel consumpticountiar
0.1-0.5% due to the concrete pavement properties would bring energy consumption savings of the same order
of magnitude as those used for materials production and construction of a concrete pavement and savings in
CQ emissions of 50% compared to thasem materials production and construction of a concrete pavement.

Milachowski C. et al. (201hgave analysed 1 km of asphalt and concrete motorway over a service life of 30
years and theyhave considered different scenarios of decreases in fuel consompitue to road surface
properties. They concluded thdtiel consumption could be reduced by28% when the road surface is
optimized, i.e. with reduced unevenness (mateature) and increased stiffness. The authors provided
examples of relationships beten fuel consumption and impact categories, (Sedle3.14). The data in table

show a directly proportion relationship between emissions and fuel savings of 0.5% or 2.0%, but emission
savings were calculated to be much less whensidering high fuel savings for heavy vehicles.

Table3.14: Use phase scenarios for 1 km of motorways with a service life of 30 years presented in the study
of Milachowski C. et al. (2011)

Scenario GWP ODP POCP AP EP
tCQeq | kg CFGeq| kg GHaeq, | kg SQeq | kg PQ ™
Scenario A: Standard fuel consumption 230,905 29.84 167,980 | 1,066,521 202,078
Savings in the environmental impacts (%) (%) (%) (%) (%)
Scenario B. 0.5% fuel savings 0.5 0.5 0.5 0.5 0.5
Scenario C: 2% fuel savings 2.0 2.0 2.0 2.0 2.0
Scenario D. 10% fuel savings for heavy goods vehicles 4.7 5.2 0.9 5.4 6.0
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Wang et al., 2012a analyseenergy consumption and GHGs emissions from pavement rehabilitation
strategies. Furthermore, case stiad are described in the study to evaluate the effect of rolling resistance on
the life cycle performance of the selected pavement. Concrete and asphalt pavements are included in the
study where the material production, construction, use (including roliegistance) and maintenance phases

of the road life cycle are addressed (see the functional unitdhle3.7 and the literature review in Annex

1.2).

It was concluded that traffic during the use phase domindkeslife cycle impacts of a road construction with
expected high traffic volume. The authors referred to studies indicating that a 10% reduction in the rolling
resistance can lead to-2% improvement in fuel economy (Evans et al, 2009, Tiax et al, 2003 an
Transportation Research Board, 2006). Furthermore, the paper identifies two main benefits of smooth
pavements: reduced fuel consumption and slower rate of pavement deterioration. The latter also causes
reduced materials consumption due to less need faimenance and repair of the road surfaces.

The study also concluded that there a great potential for reduction of environmental impacts exists by
reducing the roughness of the road surface to reduce rolling resistance ontrhifib roads (providing
exanples with 34,000, 86,000 and 11,200 AADT). For roads with less traffic volume the construction quality
and the materials production become more important, due to the fact that the share of the potential
environmental impacts from the use phase naturallyctmes lower and because the total energy use from

the traffic is lower due to reduced number of vehicles. No general rule can be given concerning the size of the
potential environmental impacts caused in the use phase compared to the material and coiwstrpbases.
Nevertheless an example is provided in the paper where a smaller road with 3,200 annual average daily traffic
(AADT) is assessed. In this specific scenario, materials production and construction phase were calculated to be
three times higher tan the impacts during the use phase.

In Wang et al., 2012kotal energy use and GHG emissions from materials production, construction, use and
maintenance are evaluated. The paper also evaluated the effects of changing road surface roughness and
macrotexture on rolling resistance. Scenarios with low and high traffic volume are evaluated and the main
results are listed below:

w It is concluded that for roads with high traffic volume, when the roughnessmadro-textures were
improved, the reduction in eneygconsumption and GHG emissions can be significantly larger than the
emissions from materials production and construction. The reduced roughness contributed to the largest
savings in energy consumption and GHG emissions.

w The authors include another paramee, i.e. the increase adurface roughnessand consequently of the
rolling resistance, during the life cycle of the road. The relationship between roughness and surface
texture is described to be as follows: the most important factor for the fuel consiomps the surface
roughness. An increase in International Roughness Index (IRI) of 1 m/km will increase the fuel
consumption of passenger cars by about 2%, independent of velocity. For heavy trucks, this increase is
about 1% at normal highway speed (96/k) and about 2% at low speed (56 km/h). The third pavement
factor to influence rolling resistance deflection, but the authors excluded this factor from the study
because relations between pavement deflection and rolling resistance are still beiragcled.

w For roads with low traffic volume the share of impacts from the use phase is reduced overall compared to
the impacts from the material production and construction phases.

Loijos et al. (2013) have analysed the Global Warming Potential (GWPobfldoncrete pavement for 12
different structures of the US roadway network (from interstate to local roads in rural and urban areas) over a
service life of 40 years (functional units are summarise@lahle3.7). In this study,vehicle fuel consumption

has been allocated to the pavement based on roughness increase over the life cycle. Thus, the pavement
roughness at initial construction is taken as baseline parameter, and GHG emissions from fuel consumption are
calculated basedmthe progressive increase from that initial roughness. This means that only the fraction of
rolling resistance due to the increase of roughness, not its whole amount during the life cycle, is evaluated.

w The authors found thathte majority of emissions oce during materials production and transportation
(64%80% on all roads) (se€igure 3.6). In particular, cement production has the largest GWP
contribution on all roads: from 43% on urban interstates to 56% on rural local roads.

w The second largest contribution derives from fuel consumed due to the increase of the rolling resistance
for high traffic roads (both rural and urban). For local roads (both rural and urban) EoL disposal was the
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third largest contribution. In the analysedase studies, congestion (traffic delay) and construction
activities were less important.

w A sensitivity analysis has shown that the results were most sensitive to traffic flow (varying the results by
up to 60%), design parameters affecting cement emiss{oas shoulder width, lane width), aggregate
transport distances and the pavement roughness value. From smaller to larger roads the results become
more sensitive to rolling resistance. For smaller roads pavement design characteristics, carbonation,
albedoand aggregates transportation are more important.
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Figure3.6: Life-cycle GWP per km of new concrete pavements for 12 roadway classifications (Loijos et al.,
2013)

3.1.4.15 Hot-spots identified in the use phase
Depending on projecspecific features and the traffic levels, the following conclusions can be drawn:

1 Rolling resistance generally has the highest impact potential.
1 Congestion (traffic delay) are more relevant for motorways and highways

1 Materials productionand transportation is the third most important aspect to be taken into
consideration, but is more important in lower traffic volume roads.

With regards to rolling resistance, the main points from the literature are:

1 According to Milachovski et al. (2018gvings in fuel consumption in the use phase of 0.5% and 2%
could bring the same order of savings in global warming, ozone depletion, photochemical ozone
potential, acidification and eutrophication.

1 According to Wang et al., (2012a), a 10% reduction lfingoresistance could lead to-29% of
improvement in fuel economy.

1 Smooth pavements decrease rolling resistance and present a lower rate of pavement deterioration.

1 A preliminary relationship between roughness and fuel consumption is provided by Wang et a
(2012b): increase in International Roughness Index (IRI) of 1 m/km will increase the fuel consumption
of passenger cars by about 2% (not depending on the speed). For heavy trucks, this increase is about
1% at normal highway speed (100 km/h) and abouta2%w speed (50 km/h) (Wang et al., 2012b)

An important factor is the influence of traffic volume on the relative importance of the identifieepots:
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1 In high traffic roads, rolling resistance and congestion have the highest impactenergy
consumpton and emissions.

1 In low traffic roads: higher impacts on energy consumption and emissions come from materials
production, transportation, albedo and carbonation rather than from rolling resistance and
congestion. The relative importance of materials gwotion and transportation increases with the
decrease of the traffic volume. Therefore, materials production and transportation is extremely
relevant for local roads (urban and rural).

3.1.4.2 Key environmental impacts during the construction phasencluding naterials

production

In this section the main outcomes of the LCA literature review on materials production, construction and
maintenance are presented, bearing in mind each of their unique aspectg &#e3.6 on scope;Table3.7 on
functional units andrable3.8 on boundaries).

3.14.21 General consideration

In general, excluding the use phase, the second largest impacts are in the construction phase (including
materials production), wife maintenance shows a lower impact (Hakkinen and Makele, 1996; Mroueh et al.,
2000; Stripple,2001; Milachowski et al., 2011; ECRPD, 20lOhas to be underlined that in these cases,
maintenance is simply modelled as a sequence of routine (constryctotivities. All the results of the
literature review are reportedn Annex IIR.

Some examples coming from the single studies are summarised as following:

1 According toMroueh et al. (2000), in their case studiesraintenance has less importance than
construction (seelable3.15).

Table3.15: Average distribution of energy consumption and emissions in the construction and maintenance
phases in the study of Mroueh et al. (2000)

Castruction | Maintenance
Energy consumption | (%) 81-89 11-19
CQ (%) 89-94 6-11
NO (%) 9596 45
[Ye) (%) 99 1
[ele) (%) 97-98 2-3

1 Milachowski et al. (2011) have also analy$ieel impacts of the construction and maintenance phases of
1 km of asphalt andoncrete motorway over a service life of 30 years, excluding the use phase and have
found that for all the evaluated impact categories, construction has higher impacts with the exception of
eutrophication (EP) (s€Beble 3.16).

Table 3.16: Average distribution of impact categories in the construction and maintenance in the study of
Milachowski et al. (2011)

1 km of motorway over a service life of 30 yea] GWP ODP POCP AP EP

(%) (%0) (%) (%) (%0)
Construction 75 59 61 61 35
Maintenance 25 41 39 39 65

1 In the case studies evaluated within the ECRPD project (2010), energy consumption associated with the
construction phase (including materials production) of asphalt motorways and duégeways is about
9700 GJ/km (+/3%) and in the case of asphalt single carriageway is about one third of the previous value
(3200 GJ/km). These energy consumption values for the construction phase repres@m%682
(motorways/dual carriageways) and -B8% (single carriageways) of total energy consumptions for
construction and maintenance phases combined.

9 Stripple (2001) included lighting energy in the operation phase in the case studies of 1 km of a local road
(asphalt and concrete) over a service [ife40 years. In this case, the largest energy consumption and
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CQ emissions are in the operation phase, while construction accounts fat486 of the impacts and
maintenance only accounts for minor parts (Sesble3.17).

Table 3.17: Average distribution of energy consumption and CO2 emissions of construction and

maintenance (including operation) in the study of Stripple (2001)

Construction | Maintenance | Operation
Asphalt pavement | Erergy consumption| % 35 13 52
ofe) % 85 10 5
Concrete pavement| Energy consumption| % 44 7 48
CQ % 85 10 5

Similar results are shown in the recently published EPD 516 on a dual carriageway Spanish-34@d (N
(Acciona, 2013) where construction procesdead the highest contribution to the overall environmental
performance (5860%). Operation activities represent around-B0% of total impacts andnaintenance
around 30%L5% (sed-igure3.7).

In this case study, materials prodigr (upstream processes) and maintenance and operation (downstream
processes) contribute 890% of the total environmental impacts while construction activities (core procesess)
contributed only 1620% (sed-igure3.8).

The same gneral results have been identified in other studies tétiikkinen and Makele (1996); Mroueh et
al., 2000Huang et al., 2009; Wang et al., 2012b).

For example, in the case study evaluated by Huang et al. (20@®¢rialsproduction (asphalt and aggregate
represented an average 93% of total energy consumption, 90% of GHGs emissions and 70% of NOx and CO
emissions. Transport of materials represents the second largest contributor, while the pavement laying has a

lesser impactTable3.18).
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Figure3.7: CML impact categories of 1km of8#0 road according to different life cycle stages (Acciona,
2013)
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Table3.18: Average distribution of energy consumption and emissions in the construction, maintenance and
operation phases in the study by Huang et al. (2009)

Energy CO2 CO NOXx HC PM

Process (%) (%) (%) (%) (%) (%)
Aggregates 7.7 7.5 27.5 10.4 4.7 10.5
Bitumen 26.9 29.3 15.8 40.8 80.1 49.4

Emulsion 0.2 0.0 0.0 0.0 0.0 0.1

Asphalt 58.2 53.5 29.4 17.5 14.2 39.7

Production Total 93.1 90.4 72.7 68.8 99.0 99.7
Aggregates 4.5 7.1 20.2 28.3 0.0 0.0

Bitumen 0.9 1.0 2.6 1.1 0.4 0.1

Emulsion 0.2 0.2 0.4 0.3 0.1 0.0

Asphalt 0.9 1.1 2.5 1.0 0.4 0.1

Transport Total 6.5 9.3 25.7 30.7 0.9 0.1
Tack coat 0.1 0.1 0.5 0.2 0.0 0.1

Paving 0.1 0.1 0.6 0.2 0.0 0.1

Rolling 0.2 0.1 0.4 0.1 0.0 0.0

Placement Total 0.4 0.3 1.5 0.5 0.0 0.2

In their study, Wang et al., 2012ave analysed the impacts of the construction phase of 4 flat rural road
segments in CHbrnia, applicable to the highway network (see functional unit in Tab. 3.7), including an
analysis on material production and pavement construction.

w Asphalt production and asphalt pavement constructidhe feedstock energy of bitumen in asphalt can
be upto 3 times higher than the energy actually used in the asphalt mixing process. Ignoring the
feedstock energy,ite main contributors to GHG emissions in asphalt production are mainly from the type
of mixing process used and binder production, for exampiée Mix Asphalt (4850% mixing process and
15-30% binder production) or for Rubberised Hot Mix Asphalt§8% mixing process and-23% binder
production). In the construction phase, the transport of HMA and RHMA accounts for approx. 55 % of
both energy casumption and GHG emissions.

w Cement concrete production and constructiofhe Portland cement (PC) component accounts for 54
57% of the total energy consumption in the material production and construction phase,-456%7
where calcium sulf@luminate cemat (CSA) is used instead of PC. The remainder of energy consumption
is split between transport and construction equipment operation. Material production using Portland
cement accounts for 680% of GHG emissions in the material production and construptiase, or 50
75% where CSA is used instead of PC. Cement binder production accounts-7/% 76f energy
consumption and 892 % of GHG emission in the case of PC (the rest are from chemicals admixtures)
and approx. 5&/5 % for both impacts in the case@8A cement.
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3.1.4.2.2 Hot-spots identified in the construction phase
Materials production and selection of materials with lower impacts

Hot-spots in the construction phase are related to the materials production and transportation. The main
environmental impacts @& consumption of nowienewable resources, global warming, acidification,
photochemical ozone formation and eutrophication in the majority of the investigated studies. In particular:

1 In concrete pavements, cement production and concrete mix (including ggtee) are responsible for
the main impacts

1 In asphalt pavements, bitumen production and asphalt mix (including aggregates) are responsible for the
main impacts

1 Materials transportation could account up to 50% of the energy consumption and emissions in the
construction phase, depending on the local conditions (ECRPD, 2010; Wang et al., 2012b).

In the literature review no general rules have been found on the choice of the materials for the pavements
construction, for example asphalt or concrete. This chisceelated to the specific features of the individual
project. The environmental impacts could also differ greatly according to the energy mix used in different
countries. Some studies indicate that potential environmental savings can be reached:

1 By reduang the clinker content (i.e. the use of CEM IllI/A instead of Portland cemientoncrete
pavements. This measure has redudkd environmental impacts up to 21% in the case study evaluated
by Milachowski et al. (2011). According to Wang et al., 2012krggreavings could be obtained through
the employment of calcium sulfaluminate cement (CSA) instead of Portland cement.

1 By using recycled/secondary materials in different pavemianers, both forasphalt and concrete
(Milachowski et al., 2011; Mroueh at., 2000)

1 By selecting materials or activities with lowenpacts, for example choosing warm mix asphalt in
substitution of hot mix asphalt or selection of materials with higher durability. Some examples are listed
below:

o0 According to ECRPD (2010), sefgrt hotin-place recycling method instead of recycling by the hot
method at an offsite asphalt plant during maintenance, energy savings of about 30% could be
achieved for motorways and single carriageway.

0 According to Wayman et al. (2012), of use of mvanix asphalt has a substantial benefit across most
of the impact categories considered. Theighlighted that the benefits of using WMA were around
one third of the benefit achieved with moderate recycling (15%) of RAP. Any additives used for
lowering themixing temperature could further diminish the benefits of using WMA. In a minor way,
the moisture in RAP material may slightly reduce some of the benefits of recycling.

Use of recycled materials

According to the literature review, the increase in theyeling content of construction materials and products
generally lowers the environmental impacts as recycling processes are generally less energy and resource
intensive than primary production processes (Carpenter and Gardner, Z©Agini and Garbarinad201Q.

Some studies have assessed specifipioglucts and recycled/secondary materials that can be advantageous,
according to the specific nature of the project, such as the source of materials, transportation distances and
potential leaching of hazardrs substances.

The majority of studies include some consideration on transportation of recycled/secondary materials in
comparison to natural materials as well as other benefits like avoiding depletion of natural resources and
landfilling. In the LCA studs reviewed, different recycled/secondary materials have been assessed with
reference to their use in road construction, particularly in road-babe as unbound materials. A ron
exhaustive list is:

1 Recycled aggregates from C&DW, crushed concrete and etavsoil (evaluated inMroueh et al.,
2000; Mroueh et al., 200Blengini and Garbarino, 201Chowdhury et al. 201@ylilachowski et al.,
2011). These materials preseméduced potential environmental impacts compared to natural
aggregates. According ®Blengini and Garbarino, 2010, referringythe whole recycling chain (waste
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collection, recycling, avoided landfill, transportation, and avoided quarrying), the avoided impacts are
higher than induced impacts for all the selected indicators (see exarimpkégure3.9).
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Figure3.9: Impact indicators (norrenewable energy and global warming) considering within the evaluation
of the production chain of 1 t of recycled aggregates (MAtural aggregates, RA recycled aggregates, RS
recycled steel) (Blengini and Garbarino, 2010)

1 Reclaimed asphalt pavement (RAR)ccording to Wayman et al., 2012, the main benefits coming
from the reuse and recycling of RAP are related to avoiding thd farebitumen production. Results
demonstrate that greater benefits are achieved by means of bound RAP recycling rather than
unbound. With reference to the potential hazardous substances arising from the use and stockpiling
of RAP, the study indicates thaigher levels of PAH could be associated to the use of RAP in
comparison with the use of natural aggregates and bitumen.

1 Ashes(evaluated in: Carpenter and Gardner, 2009; Mroueh et al., 2000; Mroueh et al., 2001).
According to Mroueh et al., 2000, usinly fish to substitute natural aggregates in road -tase
would lead to similar levels of emissions and energy consumption. According to Chowdhury et al.
(2010), the employment of coal fly ashes or bottom ashes in roaebasbk in substitution of natural
aggregates was not beneficial in all the evaluated categories. Furthermore, the transport distances
are very influential on results. On the contrary, in another study (Carpenter and Gardner, 2009), the
impacts of road sulbase constructed by means of a comdtions of byproducts (foundry sand and
slag) and natural aggregate mix had half the environmental impacts oflvasd using only natural
aggregate. This means that the benefits of the employment of recycled/secondary materials have to

be evaluated casby case(seeFigure3.10)

1 Blast furnace slag (BESAccording taViroueh et al. (2000), themployment of BFS in road siase
reduces potential environmental impacts compared to a reference construction with ee o
natural aggregate. This result cannot be generalized to other studies since transport distances can

alter the conclusion.

1 Municipal Solid Waste Incinerator (MSWI) bottom agbvaluated inBirgisdottir 2005; Olsson et al.,
2006; Birgisdottir et al2007).

o According to Birgisdottir (2005), the difference between a road with and without MSW!I bottom
ash as a baskyer is insignificant in all environmental impact categories. The largest potential
environmental impacts occur from the combustion of fibggels during all phases of the road
construction. In terms of risks to groundwater quality, it is considered that impacts from road
salting are more significant than those from MSWI bottom ash leaching during service life.

0 According to Olsson et al. (@6), the use of MSWI bottom ash instead of natural aggregates in the
subbase of a road would lead to less energy use and energy derived emissions. On the other
hand, leaching of some metals cdoe expected to be larger if MSWI bottom ash is used.
Transpotation distances influence results. The authors emphasise that results depend on several
assumptions and estimates used in the case; in particular the leaching estimates are uncertain.
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Figure3.10: Impact an energy use by substituting crushed rock aggregates for bottom ash

Transportation

In many studies the influence of transportation distances of recycled/secondary riaterhighlighted as one
of the main hotspots Mroueh et al., 2000; Olsson et alQ@5;Blengini and Garbarino, 201CGhowdhury et al.
2010 and it is linked to their sustainable use.

9 According tdBlengini and Garbarino (2010), transportation distance of recycled aggregate can increase 2
3 times with respect to the transport distance mditural aggregates before the impacts of extra transport
outweigh the avoided impacts in the recycling chain. The ratio of transportation of natural aggregates
versus recycled aggregates is therefore up to 1:2 or 1:3.

1 According to Chowdhury et al., (2010yhen the ratio of transportation distance of natural aggregate
versus industrial byroducts is narrower than 1:3, the industrial -pyoducts have an advantage over
natural aggregate with regards to energy use, global warming and acidification.

1 Accordingto Chowdhury et al., (2010), when the ratio of transportation distance of natural aggregate
versus RAP is narrower than 1:4, the natural aggregate has the highest impacts related to global warming,
energy use and toxicity. Overall, it is important to assthe transport distance of the potential materials
for road construction before decisions are made regarding the choice and origin of the aggregates.

Earthworks

In the literature review some papers (7 of 28) have considered the impact of earthwottke oonstruction

phase. In Barandica et al. (2013), the environmental impacts related to the construction and maintenance of 4
different real highway and local road projects in Spain have been analysed over a service life of 50 years (see
the functional uiit in Fig. 3.7). In these particular studies, the impacts related to earthworks accounté@-for

85% of the total emissions and dominates the materials production impacts. The authors justify these huge
values due to the compx Spanish orography and thtiee need for embankments and ground works in the
sub-grade. Earthworks also accumulated the highest percentage of road project costs (between 20 and 40% of
total road construction cost in the 4 case studies). The authors suggest that when the orography is
complicated, the exclusion of the earthworks from the LCA of a road construction could lead to an important
underestimation of the environmental impacts. The same results are also reported in the study by Hampson et
al., (2012) in which for major roadworksne of the most significant components is the mass movement of
materials on site (soils, aggregate, rocks). They state that mass haulage/earthworks operation can cost up to
30% of the project.

From a GPP development perspective, the information in gkigion highlights the potential importance of
planning a closedbop reuse of excavated soils in or near the site in order to minimise environmental impacts.

Mroueh et al. (2000) also included the evaluation of earthworks in their study, in particulatésnative
foundations for the sulgrade (a weakly bearing and compressible soft clay extending to a depth of 5 m). For
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the shallow layer of weak soil they evaluated two options: replacement with a better soil and stabilization of
site soil with cement.Energy consumption and emissions were greater by factors of about 10 and 4,
respectively, when cement stabilisation was used.

3.1.4.2.3 Focus on traffic signs and road furniture

Traffic signs are specifically analysed in 2 of the 28 papers (Stripple, 2001; SZSW&)NStripple (2001)
estimated the influence of traffic signs to be <1% of the impacts of materials production, construction and
maintenance phases. If the use phase with traffic is taken into account (including the fuel consumption of cars
and trucks) traffic signs contribute to <0.1% of the total potential environmental impacts during the full life
cycle of a road. Traffic signs were not identified as$pmit in SUSCON (2006) either.

In Loijos et al., 2013he following elements are considered insifigant (i.e. <1% of impacts) to the road life
cycle: capital goods production, traffic signs, road paint production and application and joint sealant.

3.1.4.3 Key environmental impacts in the maintenance phase

With reference to the results of the market analysisd the stakeholder consultation, it can be highlighted

that nowadays maintenance is gaining an increased relevance due to decreases in new road construction.
Maintenance has to be evaluated not as a simple repetition of restoration and repairing aestititit on the
contrary as a complex network of design strategies including evaluation on rolling resistance, congestion and
durability of road surface materials.

3.14.31 Congestion (traffic delays)
Congestion izaused by lane and road closures necessary fod @struction and/or maintenance. It can
greatly influence vehicle fuel consumption due to queues and associated slowdatol P. et al., 2012)

{FYyGiSNR SG Ftftd SHnmml 0 KeLRGKSaAl S GKIG O2y3Saitrzy
envirormental impact than construction materials and equipment and conclude that énvironmental

impacts associated with congestion are dependent upon the project and site characteristics. For low traffic

rural and local roads, the impacts of congestion arelyiko be negligible. Conversely, on motorways and
highways, the extra fuel consumption and related air emissions can easily become a prominent component of

the pavement life cycle. From an environmental perspective, alib@gpavement with high durabil has less

need for lane closure and thus reduces the impacts of congestion.

According to Huang et al., (2009),drder to reduce the environmental impacts of road maintenance works,
effective traffic management (lane closure, traffic diversion) and jpigasf the roadwork into ofpeak hours
(night shifts) have to be planned.

3.1.4.3.2 Maintenance and rehabilitation strategies

Zhang et al., (2008), have analysed the environmental performance of a high performance concrete (ECC)
overlays with a service life of 4@ars in comparison to the environmental performance of traditional concrete

and HMA overlays (with a service life of 20 years) (see the functional unitabie 3.7). Maintenance is
dominated by material production energy (forMA the larger amount of energy is due to the feedstock
energy), congestion related energy (traffic delay) and roughnelssed energy (se€igure3.11).

In the case study analysed, compared to concrete and HMA, ECC reducesithiéetcycle energy by 15% and

72% and the GHG emissions by 32% and 37%, respectively. The three overlays have been compared also by
means of a LCC model, which enables the long term evaluation of pavement projects. Despite higher initial
construction osts, the lower maintenance frequency over 40 years results in an accumulated cost savings for
ECC compared to concrete and HMA overlay systems 40% and 58%, respectively.
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Figure3.11: Energy consumptionad CO2 emissions of the maintenance study of Zhang et al. (2008)

The results of Yu and Lu (2012), also concerning pavement maintenahown inFigure3.12 show a similar
degree of importance ofnaterial producton, congestion andoughnesselated energy(respectively 13219%,

11-18%, 60876% on the energy consumption and-31%, 1320% and 4&8% of theGHGemissions) as Zhang
et al., (2008) irFigure3.11 above.
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Figure3.12: Energy consumption by life cycle phase in the study of Yu and Lu (2012)

PCC Portland cement, HMA hot mix asphalt, CSOL crack and seat

Wang et al., 2012a have compared the impacts and resource corgumyf two reference scenarios where

the minimum level of maintenance work is performed annually to keep the pavement condition deterioration
rate very slow: one where a rehabilitation involves a rougher surfeaa;se with an IRl of 1.67 m/km, and one
‘where a smoother surface course is used in rehabilitation, with an IRl of 1.00 m/km (considering also a 3% of
increased traffic growth). The study concludes that large savings in GHG emissions and fuel consumption are
obtained when the roughness of the rdas reduced: a 10% reduction in the rolling resistance gemerally

lead to 22 % improvement in fuel economy. Also in maintenance strategies, the energy consumption in the
materials production phase is very small compared to the use phase with hidit tvafume. In the low
volume traffic cases, the materials production phase gains increased importance.

3.1.4.33 Hot-spots identified in the maintenance phase
1 Evaluation of congestion, particularly for motorways and highways

1 Selection of materials with a lower irapt during the life cycle

1 Maintenance strategies
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3.2 Conclusions of the LCA literature review

A common result of the LCA literature review is the conclusion that all roads are unique and have their own
specific conditions. According to Carlson (2011) and e8an¢t al., (2014), it is impossible to perform
straightforward comparisons of the results in reviewed LCA studies due to the differences in approach, scope,
functional units, analysis periods, system boundaries, regional differences, input data (E€ks3dison xxxx

and Annex Il Literature Review). This means that a flexible method is needed that can be adjusted to suit the
road that you want to study.

Alarge range of impacts are possible for all the components of the road life Seiéero and Hemath (2009)
statedthat GHG emissionsould range from negligibly small values to 60,000 t ofeG@r lanekilometre over

a service life of 50 year$he main environmental impacts arising from daily traffie{ consumption by cars

and heavy trucksiluring the use phase of a roatigkkinen and Makele, 1996; Mroueh et al., 2000; Stripple,
2001; Huang et al., 2009; Milachowski C. et al., 2011, Wang, 2012a). According to Wang et al. (2012a)
b ¥mission of the use phase can lead to a major error in the deaf/the alternative pavement activities

Rolling resistanceassociated to the pavement structure and roughness generally has the highgstt
potential, because it is directly related to the vehicle fuel consumption. According to Wang et al., (2012a),
10% reduction in rolling resistance could lead 8% of improvement in fuel economy.

Congestion due to traffic delay, both in the construction and maintenance phasssyials production and
transportation are the other important factors, even though has to be considered their huge variability
related to the project details (such as pavement location, structure) and the traffic levels.

Congestionis caused by lane and road closures necessary for road construction and/or maintenance. It can
greatlyinfluence vehicle fuel consumption due to queues and associated slowdosth in the construction

and in the maintenance phasd@he environmental impacts associated with congestion are dependent upon
the project and site characteristics. For low traffiads, the impacts of congestion are likely to be negligible.
Conversely, on motorways and highways, the extra fuel consumption and related air emissions can easily
become a prominent component of the pavement life cyateotder to reduce the environmeat impacts of

road maintenance works, effective traffic management (lane closure, traffic diversion) and phasing of the
roadwork into offpeak hours (night shifts) have to be planned and will be considered as a GPP criterion.

An important factor is the indience oftraffic flow on the relative importance of the identified hajpots:

1 In high traffic roadsif. example motorways, highways, and main national rpadsling resistance and
congestion have the highest impacts on energy consumption and emssditaterials production and
transportation is the third most important aspect to be taken into consideration.

1 In low traffic roads i(e. secondary and other roafshigher impacts on energy consumption and
emissions come from materials production and trpogation rather than from rolling resistance and
congestion. The relative importance of materials production and transportation increases with the
decrease of the traffic volume.

Internationally, roads with a traffic volume of up to 2000 vehicles perataydenoted as low volume roads
(AASHTO, 1993).

Road alignmentis also a prevailing parameter on the fuel consumed by traffic during the use phase.
Alignments are decided upon in the preliminary phase of the procurement route, specifically during road
planning and environmental impact assessment. Therefore, road alignment should not be considered as a
possible GPP criterion. Anyhow, it is recommended that the public authorities are aware of the importance of
this parameter and include this knowledge whemoosing the alignment of the road construction. There are
also tools that enable Publ&uthorities in this evaluation

The road life cycle stage with the second largest environmental impacts is indicated to be the construction
phase, in which the hetpas are related to thematerials production and transportation The main
environmental impacts are consumption of noenewable resources, global warming, acidification,
photochemical ozone formation and eutrophication in the majority of the investigatediss. In particular:

1 In concrete pavementg;ement production andconcrete mix (includingaggregate are responsible for
the main impacts
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1 In asphalt pavementdiitumen production andasphaltmix (includingaggregate are responsible for the
main impacts

1 Materials transportation could account up to 50% of the energy consumption and emissions, depending
on the local conditions.

In the literature review no general rules have been found on the choice of the materials for the pavements
construction, for examig asphalt or concreteThe choice of materials depends on the uniqueness of the local
conditions, as geotechnical and hydrogeological conditions, common practices of the road administrations,
climate conditions, availability of natural resources and rémyfsecondary resources and {pyoducts,
transportation distances, prices, weather conditioftshas to be underlined that the final choice of materials

will be based on the project specific characteristics and on the needs and indications of the ptiaiitya As

a guidance of the main results from the literature reviewnen-exhaustive list of the different possible
materials with lower environmental impacts highlighted by some studies is reported below:

1 Warm mix asphalin substitution of hot mix gshalt
1 Fly ash or calcium sulfaluminate cement (CSApstead of Portland cement

1. Recycled/secondary materials and fproducts. According to the literature review, the increase in the
recycling content, both for asphalt and concrete, generally lowers ther@nmental impacts as recycling
processes are generally less energy and resource intensive than primary production processes (Carpenter
and Gardner, 2009; Blengini and Garbarino, 2010; Milachowski et al., 2011; Mroueh et al., 2000). The
majority of studies include some consideration on transportation of recycled/secondary materials in
comparison to natural materials, as well as other benefits like avoiding depletion of natural resources and
landfilling. Moreover the hazardous substances leaching has ako évaluated A noexhaustive list is:

- Reclaimed asphalt pavement (RAPThe main benefits from the reuse and recycling of RAP,
especially bound, are related to avoiding the need for bitumesduction (Wayman et al., 2012).

- Recycled aggregates from C&DW/rushed concrete and excavation safMroueh et al., 2000;
Mroueh et al., 2001Blengini and Garbarino, 201Chowdhury et al. 201Milachowski et al., 2011)
particularly used in road subase as unbound materials

- Ashes(Carpenter and Gardner, 2009; Mrelu et al., 2000; Mroueh et al., 2001, Chowdhury et al.,
2010),particularly used in road subase as unbound materials

- Blast furnace slag (BESMroueh et al. 2000), particularly used in road swse as unbound
materials

- Municipal Solid Waste Incinerar (MSWI) bottom ash(Birgisdottir 2005; Olsson et al., 2006;
Birgisdottir et al., 2007). The use of MSWI bottom ash instead of natural aggregates in 4hassudf
a road would lead to less energy use and energy derived emissions. On the other hahithglexic
some metals can be expected to be larger if MSWI bottom ash is used.

Transportation of materials during the construction and the maintenance phase is also important when
natural aggregate is compared to recycled or secondary aggregates-mrotiyds (Mroueh et al., 2000;
Olsson et al., 200@lengini and Garbarino, 201Chowdhury et al. 20)0and itis linked to their sustainable

use. According to the literature reviewansportation distance of recycled aggregate can increa8etitnes

with respect to the transport distance of natural aggregates before the impacts of extra transport outweigh
the avoided impacts in the recycling chain. The ratio of transportation of natural aggregates versus recycled
aggregates is therefore up to 1:2 or 1:3

Accordng to the literature reviewin complex orography condition, when embankments and ground works are
needed, the impacts related tearthworks can accounted fothe main part of the total emissions. Moreover,

the mass movement of materials on site (soilggeegate, rocks) and earthworks can cost up to 30% of the
project. From a GPP development perspective, the information in this section highlights the potential
importance of planning a closddop reuse of excavated soils in or near the site in order taimise
environmental impacts.

With reference to the results of the market analysis and the stakeholder consultation, it can be highlighted
that nowadaysnaintenance and rehabilitatioris gaining an increased relevance due to decreases in new road

construcion. Maintenance has to be evaluated not as a simple repetition of restoration and repairing

activities, but on the contrary as a compleetwork of design strategies including evaluation on rolling
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resistance, congestion and durability of road surface ariats. This has been highlighted in several studies
particularly focused on the study of the maintenance phases (Zhang et al., 2008; Yu and Lu, 2012; Wang et al.,
2012a), this phase dominated by material production and congestion, similarly to the trmesion phase.

Several studies indicate that there is a clear connection between durability and sustainability aspects including
environmental impacts. Thus when durable materials are used, the need for maintenance is reduced.

Summarizing the conclusiordeveloped based on th&CA literature review the main parameters can be
prioritized:

il

f
f
il

Interaction between pavement and the environment during the use phase (rolling resistance)
Congestion due to traffic delay
Sustainable construction materials includingyeled materials

Transport distances of materials used for road construction
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3.3 Tools for the LCA of road construction

According to the literature review, several LCA tools have been developed in Europe to be applied in the road
infrastructure sector; most fothem are carbon footprint calculation tools aimed at identifyinglow CQ
emission solutions in road constructiand norexhaustive list of tools is proposed Trable3.19: Example of

tools for the LCA of road constructidfrom a first screening, it appears that the existing $cale more
focusedon construction and less in maintenanamne of these tools is taking into consideration the use
phase.Database ormaterials, mixing operation, equipmentransport dstances, electricity generatiarlated

to single Member Statare used It has to be mentioned that the EU research project CEREAL (CO2 Emission
Reduction in roAd Lifecycles) in the ERANET network (CEREAL, 2012) is developing a tool that will be
concentrded on maintenance and rehabilitation activities in Européis tool is supposed to usexisting
databases and calculation rules from the existing models, with available country specific databases on e.g.
maintenance measures, asphalt mixes, transportadiees, electricity generation and particularly will be
designed to calculate carbon footprints forojects in NortAWestern Europe.

Table3.19: Example of tools for the LCA of road construction

Tools*

asFECT (asphalt Pavement Embodied Carbon Tool)

Resuling fromthe 200811 collaborativeresearchprogramme. Collaborative research is a joint initiative
of the Highways Agency, Mineral Products Association, Refined Bitumen Association and TRL Limi
project was further endorsed by the WRAP Waste & Resources Action Programme and Adept.
http://www.sustainabilityofhighways.org.uk/

Region in UK

which the

tool is

suitable

GHG PAS 2050

emissions

protocol

Program Free download
Program language: MS excel

Database Accessible database. Available in the published project report

Pavement Flexible pavements

types

Road lifecycle| Construction and maintenance and rehabilitation measures

phases

Inputs Typesof bitumen, cement, fibres, hydrated lime and water for the UK market. Yearly data on electrig
other fuel, water usage, emulsion, explosive

Results Total GHGemission per tonne (kg CO2e). calculated for different phases of the project: masarials

processing, transport to plant, asphalt production, transport to site, laying and compacting

AfwegingsModel Wegen

Software developed by CROW. The use of this tool is also allowed in the Dutch GPP criteria for rog
http://www.crow.nl/publicaties/afwegingsmodelvegen(amw-1-1)

Region in Mainly the Netherlands

which the

tool is

suitable

GHG CML2baseline, GWP100

emissions

protocol

Program Downloadby paymentProgram laguage: MS excel
Database DuboCalc database

Pavement Flexible pavemat, concrete and block pavement

types

Road lifecycle| Construction and maintenance and rehabilitation measures
phases

Inputs pavement design or pavement maintenance both in amounts o&sgymeters and layer thickness and

materials amounts

Results
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Aggregain

The toolgivesan estimate of the climate change contribution saved by selecting different constructio
techniques and supply alternatives (use of primary or recycled and segoadgregates). It has been
developed by TRL Limited, (UK's Transport Research Laboratory) and funded by WRAP Waste & R
Action Programme

http://a ggregain.wrap.org.uk/sustainability/try _a_sustainability tool/co2_emissions.html

Region in UK

which the

tool is

suitable

GHG

emissions

protocol

Program Free download (AggRegain CO2e emissions estimator tool, version 2.0, May 2010)
Program languageMsS excel

Database Accessible databas®#/here possible, UK specific data is used. The ECRPD report is used for data o
equipment operation and some references still remain to the EAPA/EuroBitume Life Cycle Inventory
ECRPD report was compiled by Euappartners representing The Netherlands, Czech Republic, Fra|
Ireland, Finland, Portugal and Sweden. Data from the EAPA/EuroBitume LCI

Pavement Types of construction applications: bitumen bound, concrete, hydraulically bound, unbound

types

Road lifegcle | Procurement phases for materials and construction technique

phases

Inputs Amount of materials (concrete, bituminous mixtures etc.) and components used (coarse and fine
aggregates, binders and minor constituents), distances travelled and processks use

Results CO2 emissions

Changer
CHANGER is a tool which has been developed by The International Road Federation (IRF) to asse
potential environmental impacts of road projects by estimating the total amount of greenhouse gas
emissions released dimg selected phases of a road construction project
http://www.irfnet.ch/environment.php?id=47

Region in

which the

tool is

suitable

GHG IPCC2007

emissions

protocol

Program

Database

Pavemen

types

Road lifecyclel CHANGER currently contains two modules:

phases 1) Preconstruction including

a. Clearing and piling: based on the ground surface area cleared per unit of road surface, an
estimation can be generated for both machine use and fuel woymion. Transportation of
trees removed is also taken into account (the tool does not account for either the loss of C
absorption by the removed trees or for their replacement with new or replanted trees in the
areas concerned).

b. Cut exports and fill iports transport to and from the road site: based on a simplified diagrar|
the user selects the relevant sites and enters the respective distances, tonnages and trang
modes (road, rail or inland water).

2) Pavement

a. Onsite impacts: electricity and fuebnsumption on the construction site as identified and
evaluated.

b. Pavement construction materials: this section encompasses several menus (unbound mat
hydraulically bound materials, bituminous bound materials, metals, rubber and plastic, etc.
from which the user can easily select the materials required for construction of the differen
layers of the given pavement.

c. Materials transport: A simplified diagram has been set up to help visualise and assess the
emissions generated by transportation ¢t materials identified:

d. Construction machines: The total consumption of fuel is determined on the basis of the nu
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of working hours per type of machine and type of pavement layer.
Work is underway on complementing the existing-pmnstruction and pavaent modules with a new
module devoted to maintenance activities.

Inputs
Results kg of CQ
Dubocalc and CO2 ladder

Rijkwaterstaat (RWS) funded and developed the LCA tool Dubocalc based on materials and energy
The objective of DuBocalc is the compari of tendetbids or variants, by mean of the calculation of t
environmental effects of the different infrastructure designs, based on material en energy use duri
whole lifecycle. It can be used according to these options:

1) As a awarding critem in MEAT. The bidder with the lowest ECI (the most sustainable desi
awarded.

2) As a process requirement: optimizing during the design process

3) As a optimizing desing tool and verification tool

4) As a minimum performance requirement (expressegcCl).

¢KS /hi LISNF2NXYIFIyOS fI RRSNI Syl ofSa (KS t dzof A
and use it as an award criterion for calls to tender. The CO2 ladder is a CO2 management tool
organisational level, but also applied time procurement of projects, as it is compatible with Europeg
regulations and the Public Procurement Directive. There are five levels reflecting the state of maty
the company involved in the project. At the first stage insight is gained about neegg flows and
LRGSYdGAlf &l @gAy3ae 14 GKS ySEG &a6dSLi 2F GKS
gradually. The public and private sector organisations in the Netherlands use the tool to rewa
tenderers in the call for tenders pcess by giving the tenderers with high score an advantage. (S
2013). The effort is rewarded by giving tenderers a nominal discount on the tender pil@84%®n level
5).

Region in The Netherlands
which the
tool is
suitable
GHG the Dutch standardNEN 8006:2004 Environmental data of building materials, construction products
emissions building elements for inclusion in an environmental statemétermination method according to the
protocol life cycle analysis (LLAnd ISO 14040
Program Unclea if it is free download
Database LCA database and an Environmental cost calculator. According to CEREAL (2012), the database is
by SBK (Stichting Bouwkwaliteit), data layer is owned by Conesco and RWS is the main user and o
manager
Pavemen All kind of pavements
types
Road lifecycle] w. dzA f RAy3 6 SEOI Gl A2y X LINRPRAZOGAZ2YI o6dzZAf RAy 30
phases w! as
walAyiaSylry0o$s
w58Y2tAlGA2Y
Inputs The project information, meaning tons of materials, transport distance, etc, is the input of the tool, w
applies a CA calculator built
Results The outputs of the tool are the CO2eq emissions of the project and the Environmental Cost Indicatq
MilieuKostenIndicator (MKI) for materials and processes, which takes into account environmental ¢
related to:
w Effect on ozoa layer
w Human toxicity
w Ecological toxicity, sweet aqua
w Ecological toxicity, salt aqua
w Ecological toxicity, land
w Photochemical reactivity (smog)
w Acidification
w Over fertilization
w Depletion of non renewable materials
GreenDot

GreenDOT was requested by thenerican Association of State Highway and Transportation Offi
(AASHTO), and conducted as part of the National Cooperative Highway Research Program
Project 2525. GreenDOT was developed by the ICF International and Venner Consulting.
http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectiD=2621
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Region in us
which the
tool is
suitable
GHG
emissions
protocol
Program Free download at: NCHRP website. Egpatadsheet
Database GreenDOT calculates emissions in four separate modules:
w The Electricity Module
w The OrRoad Module calculates emissions from cars and trucks, based on either fuel
consumption or detailed data on VMT and vehicle types
w The OffRoad Modle calculates emissions from construction and maintenance equipment
w The Materials Module calculates emissions embodied in roadways, based on volumes and
of materials used. Embodied emissions are associated with energy used in the extraction,
processng, and transportation of materials. The module estimates the impact of mitigation
strategies including using recycled materials and warm mix asphalt
Pavement Concrete panels, asphalt, Cement Treated Aggregate, Base Aggregate
types
Road lifecycle| GreenDOT calculates carbon dioxide (CO2) emissions from the operations, construction, and maint
phases activities
Inputs 1 Electricity module: Input electricity use in MWh OR Input detailed data on type, number, and
of electrical appliances
1 Materialsmodule: Metric tonnes of the different materials OR Alternative mixing ratios
T Onroad module: Fuel use OR Vehicles miles travelled
1 Off-road module: Aggregate data of fuel use OR Aggregate data of fuel use by equipment typ
Input detailed data on actiwtby equipment type.
Results tons of CQ
JOULESAVE
JouleSave is a specific software product of an earlier European program 'ECRPD Energy Conserva
Road Pavement Design, Maintenance and Utilisatiorfunded by the EC and undertaken by Waterfor:
County Council, Ireland arudher partners from the Czech Republic, Finland, France, PortS8gaiden
and the United KingdonThe project stopped, the website included and it is not possible to find other
information
Region in EU
which the
tool is
suitable
GHG
emissions
protocol
Program JouleSave software developed Bgntley Systems Europe B.Metherlands. lbperates with their MX
Road design packadpy detailed (road) designers. The accessibility to this program is limited
Database Machinery Energy and Materials Energy data was gathered from site @sitstities of aggregate and
bitumen per kilometer (tonne/km)and ttal Material Energy per kitoeter were calculated
Traffic using the roads was split into three categories: cars, trucks and trucks with trailers.
Road geometry, road surface, road surface conditions, meteorological conditions, vehicle details an
driving behavior were input into #hVeto program. Standard weather and road surface conditions we
used for all routes. Current and predicted traffic data was known for each route.
Pavement JouleSave calculates the amount of energy used in the construction of a particular rogul atesialso
types the energy which would be used by vehicles on thadrover a 20 year lifetime.
Road lifecycle| The construction energy is divided if#achinery Energy and Materials Energy.
phases
Inputs predicted traffic volumes, speed limits, type of aoé
Results energy, not CO2q.
PALATE
LCA tool of environmental and economic effects of pavements and roads developed by the Depar
of Civil and Environmental Engineering, University of California, Berkeley (Prof. Arpad Horvat
funded by the Recycled Materials Resource Center of the University of New Hampshire and the Un
of California Transportation Center
Region in us
which the
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tool is

suitable
GHG
emissions
protocol
Program Excelbased tool
Database The data is for the US
Parement Concrete and asphalt pavement
types
Road lifecycle| Different sheets for: design, initial construction, maintenance, equipment, and costs
phases Materials production, construction, transportation, and maintenance of asphalt and portland ce
conaete pavement, subbase, embankment and shoulders materials
Inputs 1 the general design of the roadwayitial construction materials
1 material transportation distances
f  modesmaintenance materials
1 on-site construction equipment (e.g., asphalt paver) andsitf processing equipment (e.g.,
rockcrusher)
1 life-cycle economic costs
Results 1 energy consumption
1 CO2 emissions
T  NOx emissions
T PM10 emissions
1 SO2 emissions
1 CO emissions
1 Leachate information
ROADRES
The model has two purposes: (i) to evaluate theiemmental impacts and resource consumption in
different life cycle stages of road construction with virgin materials and residues from waste incinerg
(i) to evaluate and compare two disposal methods for waste incineration residues, namely landiitich
utilization in roads. It was developed by the Technical University of Denmark, in collaboration with t
Danish Road Directorate, Amagerforbraending (incineration plant), Vestforbraending (incineration p
and Aalborg Portland A/S
Region in The Nordic Regions
which the
tool is
suitable
GHG EDIP97 (also Edndicator 99 and CML2001)
emissions
protocol
Program C++and PARADOX database
language
Database Unit process datasets: including environmental exchange data for production of materialadinggof
residues, road construction, landfilling, transport etc. Leaching profiles for construction mat¢
including leaching data for both monolithic and granular residues as well as conventional mg
(asphalt, concrete and gravel pit materialyansfer coefficients for the distribution of the constituen
into different environmental compartments are a part of the leaching profiles. LCA databases: ing
impact categories, characterization factors and assessment methods
Pavement Scenaio-modules: Road (Motorway, Primary road, Secondary road, Urban road, Gravel road), parki
types area, embankment
Road lifecycle| Gonstruction phase, operation and maintenance phase, and demolition phase
phases
Inputs
Results
SEVE
Software for all busiessesparticipating in the French voluntary agreement between USIRF and
Ministry of Infrastructureo promote other environmental solutions among public contractors.
Each company can use SEVE on tenders to compare the iofgamlogical technical @tnatives with
the intial specificationsThe aim othe eco-systems comparators is to compare the environmental imp.
of contractors. SEVE has been developed by USIRF. It is now used by 80 companies including 66 ¢
more than 2 160 users in favof 3 280 projects studied.
http://www.usirf.com/site/Laroute-et-le-Grenelle/EcecomparateurSEVE
Region in France
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which the

tool is
suitable
GHG
emissions
protocol
Program Available on line to all members USIRF
Database 1 Central dathase for resource@naterials, equipment, etchanaged by USIRF
1 al G§SNXI f &abdse fodfasplali an@corRrhoii data base
1 asphalt mixing plants database and hot and warm agphalt formulations for each plant
1 Pieces of equipment and equipment spreads
9 Transport modes : trucks (9, 14, 24 tons double haul or not), triaier, transport, sea transport
Pavement
types
Road lifecycle ! Raw materials and energgroductionofr 3aNB 3+ 154X 0AYRSNHEXU
phases 1  Manufacturing (asphalt plant, concrete plant, cement plants) and transportation
f  Construction
1 Recycling at End of life.
1 Use phase is not taken into consideration
Inputs
Results 1  Energy consumption (MJ)
T tCO2eq.
1 natural resources atsumption (t)
1  Valorisation of reclaimed asphalt pavement (t)
9  Transportation (tkkm)
CO2nstruct
A database and Web application called CO2NSTRU®@Edrasleveloped starting fromm@search,
analysis and data collection.
Region in
which the
tool is
suitable
GHG
emissions
protocol
Program
Database
Pavement
types
Road lifecycle
phases
Inputs w Planned operations: reaming,tack2 I 1> SI NI Kg2NJ] = ol asS tlFe&s§
w Planned quantities of materials in tons to be used inwoeksite
w Pieces bequipment or spreads and the duration (daysptainned works
1 Types and distances for transport to the work#ited put one or several variants
Results

* Some data are taken from CEREAL, 2012
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3.4 Technical analysis

As illustrated in the previous chapterroad construction is a very complex process involving numerous
decision parameters making generalisations difficult since several parameters are determined by factors
related to the local environmental/geographical situation, traditions in the individdamber State or local
municipality. However, some generic environmental impacts/parameters relevant for almost all road types can
be identified.

3.4.1 EU projects considered within the study
Table3.20: EU projets considered within the study

OVERALL ROAD ASSESSMENT

2006 ERANET for transport
In 2006 11 European, national road administrations (ERA) acknowledged a common need to shg
road research initiatives:

1 ERANET ROAD | (20@2©09)

1 ERANET ROAD Il (282011)

1  Continued work (no framework has yet been defined)
Several research projects have been finished within-ERA from 2006 to 2011. Selected projects are:
LCA of opemgraded asphalt
Performance management for lomoise pavements
Optimization of thinasphalt layers
Rapid and durable maintenance methods
Sustainability and energy efficient management of roads

= =4 =4 =8 =4

From 2008 to 2012 ER¥ET has submitted yearly call for crésder funded joint research programme
Especially interesting for EU GPP for RBadstruction is the call in 2011 which focused on three subje
mobility, design and energy.
These subjects are described in detail at the homepage ofNERAfWww.eranetroad.ory. Especially
interesting is the kf f T2 NJ 9y SNHe& a{daAadGlAylroAtAde IyR
programme is based on three objectives:
A. Sustainability: Develop a common understanding of sustainability and development of a
system
B. Provide an Energy Efficient Road&structure (construction, maintenance and operation)
C. Determine the most important Road Infrastructure Characteristics which influence Ve
Energy Consumption
Four projects were selected to fulfil the objectives of the Engngygramme:
1 SUNRA Suwstaimability ¢ National Road Administrations
1 CEREAL.Ch iBmissionReduction in raad Lifecycles
1 LICCERLife Gycle Gonsiderations irHA ofRoad Infrastructure
1 MIRAVEG ModellingInfrastructure influence oRoad VehicleEnergyConsumption

2010 HEROAD_ Road_sesssment

Partners in ERNET ROAD (ENR) are United Kingdom, Finland, Netherlands, Sweden, Germany,
Switzerland, Austria, Poland, Slovenia and Denmark (www.eranetroad.org).

2011 SUNRA_Sustainable Road Administration
During the SUNRA project suisiability measurements will be developed including a rpadject level
rating system. The project ends in 2013.

2012 LICCER EIA

The LICCER projdatalises in December 2013. It is expected the output of the project is antease
model for analysing@nergy use and GHG emissions from road infrastructure during the full life cyclg
road. The model will be developed on the basis of existing models and processes e.g. the Enviro
Impact Assessment (EIA) and the Strategic Environmental AssedSaé)t(Finnveden, 2011).

LCA

CEREAL project

The CEREAL project was planned to be finalised in May 2013. During the project time a tool for ass
2T /hi SYArAaarzya FNBY LI @GSYSyd O2yaidaNMzOGAzyYy
writing this preliminary report the tool is not ready for use but will be ready at august/September
(Snoek, 2013).

The project also provides guidé®ic F2 NJ G KS yIlI GA2y I NRBIFIR FdzikK2N
construction, maintenance and rehabilitation must be reduced.
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COOEE

¢KS /hh99 &/ hi 9y SNHEe 9FFAOASYyOe&ly LINRa2SOG A
performed in coll@oration between the Danish Road Directorate, Roskilde University, The Tec
University of Denmark and NCC Roads (Schmidt, 2013).

The objective of the project is to exploit the emission reduction potential of rolling resistance modell
pavements.

During the project duration measurements of rolling resistance and a number of other pararn]
predicting the rolling resistance will be carried out to assess the strengths and weaknesses
measurement equipment. Furthermore, the collected data Ww# used for modelling of the tyread
contact zone which is very important for developing a robust model of the rolling resistance.

During the project duration it has been estimated that 25% of the €@fiitted on the roads is caused K
rolling resistanceFurthermore, assessment has shown that appro%%s on fuel consumption can b
saved (Schmidt, 2013).

Sustainable highways

Sustainable highwayhttp://www.sustainablehighways.dot.goy/is an initative which supports program
and activities to enable the decision makers to balance among environmental, economic and
aspects. Sustainable Highways are financed by the Federal Highway Administration in the U.S. Def
of Transportation.

To failitate relatively easy evaluations of transportation projects, Sustainable Highways has devel
selfevaluation  tool, Infrastructure  Voluntary  Evaluation = Sustainability = Tool (IN
https://www.sustainablehighways.org).

The tool assesses the environmental, social and economic sustainability of highways. The enviro
assessment includes resources, emissions and ability to recycle materials.

Acknowledging that transportation projects differ gy of road, location, sustainability goals, grou
conditions etc.) the user of INVEST can tailor a project specific list of relevant criteria based on a grg
list of criteria developed by Sustainable highways.

ROLLING RESISTANCE

2007 Tyre and Roadurface Optimization for Skid Resistance and Further Effects (TYROSAFE)
TYROSAFE is a Coordination Action funded by the European Community's Seventh Framework Pr
(FP7/20072013).0One of the main objectives of the project is to optimise the asseasiaued management
of essential tyre/road interaction parameters in order to reduce greenhouse gas and noise emi
(Haider, 2013)

The two following aspects are assessed in relation to environmental effects:
1 The influencethat the provision of harmonisFoptimised skid resistance could have on t
environment.
1 The effect of climate change on skid resistance.

2010 MIRIAM
MIRIAM (http://miriamco2.net/ ) is a project for investigating rolling resistance initiated by 12 part
from Europe and USA.

The2 62S0UAPS 2F GKS LINR2SOG Aa (2 4GLNROARS | 4§
RSGSt2LAY3A Iy AYGSANIGSR YSGK2R2f 238A &F2MN2 i&dd
The first phase of the project (202D11) investigateshie characteristics of pavements. This inclug
investigations, tests, literature review etc. of the following aspects:

w Measurement methods (review of existing methods and planning of new measurements)

w Investigate the influence of pavement characteristicsemergy efficiency (determination of th

parameters which causes energy losses)

w Investigate the importance of rolling resistance

w External funding and raising awareness

w Constraints/requirements to implementation projects to reduce rolling resistance
The results from this work are published via 10 papers and several presentations at workshops etc.
(Schmidt, 2009)
The main papers to be included in the development of GPP criteria have been described in chapter 4

2011 MIRAVEC Modelling Infrastructure on RoAe@hicle Energy Consumption

Modelling Infrastructure on RoAd Vehicle Energy Consumption (MIRAVEC ) is a project run by the R
European National Highway Research Laboratories (FEHRL) (FEHRL, 2013).

The project aims at assess the relative importancediffierent road infrastructure characteristics fq
different settings (topography, network type etc.). Furthermore, MIRAVEC assesses the parameter
road infrastructure which effects the vehicle energy consumption etc.

The project ends in October 2013

Report on the road infrastructure effects contributing to road vehicle energy consumption and
governing parameters
This publication is published in 2012 by Manfred Haider and Marco Conter as a deliverable to the M
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project under the ERAet initiative.
The aim of the publication is to describe the road infrastructure parameters which affect the e
consumption of the vehicles. Five groups of parameters were identified:
A. Effects of pavement surface characteristics (rolling resistance, textlmegitudinal and
transversal unevenness, cracking, rutting, other surface imperfections)
B. Effects of road design and layout (e.g. road curvature, gradient and crossfall, lane provision
C. Traffic properties and interaction with traffic flow (e.g. free flagitraffic vs. stomndgo, speed
limits, access restrictions)
D. Vehicle and tyre characteristics including the potential effect of technological changes in thi
E. Meteorological effects (e.g. temperature, wind, water, snow, ice)
It is concluded that malg A and B are under the control of the road administrations.
The properties described in A are believed to be easier to chgreyed can be done in a shorter tim
frame than B.
The publication also described methodologies to test the rolling resistaocerding to 1ISO 28580. Sti
there is no standardised method for determining the pavement contribution to the rolling resistance
on-going projects MIRIAM and COOEE investigated the possibilities of using trailers for measur
rolling resistance.
Overall, this paper supports that addressing rolling resistance in relation to developing GPP criteria f
construction seems relevant.

RECYCLING

2009

REROAD

The REROAD project aims to develop knowledge and innovative technologies for enhandeof dife
0N GS3IASE F2NI FALKEETG NRBFR AYTNI &dGdNUzOG dzNB & ©
Framework Programme.

The project will cover the following aspects which are needed before an end of life strategy is develg
Dismantling Bategies

Characterization strategies for the waste types

Handling strategies and optimization of recycling (avoiding downgrading of materials)
Environmental criteria. LCA will be used as a tool for this assessment

Costeffective recycling

Industrial procsses (reduction of environmental impacts during recycling).

{SOSNIf NBLRNIaA KI@S 0SSy LlzmtAaKSRT 2yS 27
a A E A yMagjan dusar et al from 2012. In thisiblication the barriers for recycling aigentified and a
Best Practice guide was produce to enhance surface course recycling.

= =8 =4 =8 -8 =4

2009 SARMa Aggregates
2012 SNAPSEE
MAINTENANCE
2009 ERAnetl_Climate_Change
P2R2C2
RIMAROCC
2009 ERAnetl_PO3_Maintenance
2011 ENR
2013 POTHOLE
NOISE
2005 SILVIAPororoelasticAsphalyNoise
2006 SPENS Noise Atmission
2007 ERAnetNOISHow-noise pavements
2009 PERSUADHRoise
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3.4.2 Pavement-vehicle interaction
3421 Rolling resistance

Description of the effect of rolling resistance due to pavement surface conditions

For the purpose of this study, the focus shall be on the pavement contribution to rolling resistance. The
features of the road surface which influence the rolling resistance are road surface irregularities in the macro
and megatexture andnevenness ranggseeFigure3.13) (Haideret al, 2012)

i Tyre wear '

Rolling resistance '

‘ Tyre/road Inction .

‘ Extorioc tyroiroad noilol
\

’No&ﬂ in vehicles

Discomfort & wear in vehicles

Mega- | 3 . 4
f Unevenness o oxture 1 Macrotexture —s Microtexture
S0m 5m 05m 50 mm § mm 0.5mm Texture wavelength
0.02 0.2 2 20 200 2000 Spatial frequency [m" |

Figure 3.13: Texture and unevenness wavelengths and spatial frequencies with the most significant
anticipated effects (Haideet al, 2012)

The rolling resistance forcg.f-depends on the tyre load and weight and is expressed as a rolling resistance
coefficient G by relating it to the force component;formal to the pavement, which is pressing the tyre
against the pavementusface:

ol =GR

The differences in rolling resistance induced by different pavement types can be measured if all other
influencing parameters can be kept sufficiently constant or are accounted for. These include e.g. tyre type,
tyre loads and presses, temperatures, gradients, or wind speed.

Formulas for the determination of rolling resistance from other road surface properties typically take the
following form:

One possible model has been used in the ECRPD project:
Foo=m (e = (28=T)+ ptg - MPD+ v MPD + G - [RT+ 2y v - 1RI)
Where
MPD is the macrotexture easure (mm)
IRI is the road roughness measure, as International Road Index (mm/m)
m is the vehicle mass (kg)
v is the velocity (m/s)
T is the air temperature (C)
do, Mo, M1, | 0,1 o are constants coefficients

Methods to measure the rolling resistance

The rolling resistance of tyres is typically determined as a-dpexific property by testing on a steel drum
FOO2NRAY3A G2 L{h HypynI &tMethodsDinkssiingdoliNgresistaibeSiigle | y R
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point test and correlation of me & dzNB Y S y ((ISONBoaQFhei réstilting values characterize the tyre
itself, but cannot be used to make a statement about the pavement influence on rolling resistance. Rolling
resistance on a real road surface can be measured using one of the fglaovéthods:

a) Force or torque measurements in specialized trailers

b) Force or torque measurements in the wheel suspension or transmission

¢) Coastdown measurements of vehicles including precise measurements of the (negative) acceleration
d) Measurement on drums fitted with a replica road surface

e) Fuel consumption measurements in closely controlled drive cycles

The trailer method (a) conducts measurements of rolling resistance using special tyre(s) mounted on a
dedicated trailer. The trailer may bewad by a passenger car, a van or a truck as illustrat&igure3.14 and
Figure3.15.

Figure3.14: Trailer method¢ equipment from The Technical University of Gdansk (picture from Sandberg,
2011).

Figure3.15: Trailer methodg equipment from IPW, Germany (picture from Sandberg, 2011).

In the coastdown method (c), a vehidteallowed to roll in neutral gear from one velocity to a lower velocity.
During the movement, deceleration and other parameters are measured and the rolling resistance can be
derived. The coastdown method can be performed by speeding a car up to anceritahg velocity, shift to
neutral gear and then let the car run (coast) until it comes to a halt. An example of the coastdown method is
given inFigure3.16.

106



Figure3.16: Coastdown method; Nokian Tyres, Finlanicture from Sandberg, 2011)

The laboratory drum method (d) has test tyres rotate on drums. The drums may be equipped with sandpaper
or asphalt/concrete, or the tests may be conducted using the steéhsearof the drum. An example of a large
steel drum is the tyre/pavement interaction facility at BASt in Germany (showigure3.17).

Figure 3.17: Laboratory drum¢ Tyre/pavement interaction test facility at BASt, Germany (picture from
Sandberg, 2011).

The fuel consumption method (e) uses cars with speciabaard monitoring devices, which allow the
calculation of rolling resistance.

Methods a) and b) are in principle suitabler frolling resistance monitoring of pavements for longer road
sections. The MIRIAM project has compared rolling resistance trailers from Germany, Poland and Belgium and
has concluded that although the principle is promising furttievelopment is needed §&dberg, 2011)

Primary parameters to feed rolling resistance models
1. Texture

The texture of a pavement is defined as the deviation of the pavement surface from a true planar surface
within certain specified spatial wavelength rangt®0 13474 & / K | Ndationid pavement texture by use
of surface profilegt F NIi MY 5S3GSNNAYL (Ad@fheszhE folloBitgyangedNE FAE S 5 S LJI K€
1 Microtexture: Deviations of the pavement surface from a true planar surface with a spatial
wavelength of less than 0.5 mmhdse surface structures are typically smaller than both tyre tread
features and pavement aggregate grain sizes.
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1 Macrotexture: Deviations of the pavement surface from a true planar surface with a spatial
wavelength between 0.5 mm and 50 mm. These surfaaegires are in the size range of tyre tread
features.
1 Megatexture: Deviations of the pavement surface from a true planar surface with a spatial
wavelength between 50 mm and 500 mm. These surface structures are comparable in size to the
tyres and wheels tbmselves.
1 Unevenness: Deviations of the pavement surface from a true planar surface with a spatial wavelength
above 500 mm.
The texture wavelength ranges that contribute to a deformation of the tyre and induce rolling resistance
losses are mainly in the aoro and megatexture. Texture parameters can be used in modelling rolling
resistance and other surface parameters. Texture measurements could potentially substitute the direct
measurement of several road surface properties like rolling resistance, skistaiece or noise emission if
sufficiently accurate models were available. Texture measurements are typically easier to perform than the
specific measurements for these individual properties, and some NRAs already include them in their pavement
monitoring.
The ISO 13478 series of standards covers the measurement of pavement texture with profilometers and
associated indices. All indices are based on filtered longitudinal height profiles of the pavement surface
typically recorded with a mobile or stationalgser profilometer.

The most commonly used parameter is the MPD (mean profiettd asdefined in 1ISO 134738 for an
evaluationover lengths of 100 mm (sed-igure3.18). It is designed to indicate the typical elevation of psofil
peaks above an average profile baseline.

Mean Segment Depth (MSD) =
Peak level (1s51) + Peak level (2nd)

- Average leve

[ Mean Segment Depth (MSD) |

{ first halt of baselina ) ( second half of baseline )

Basel l‘.r'(100 mm)

Figure3.18: : Derivation of the MPD (which is equal to MSD) from texture profil&aadberg et al., 2002)

As such it gives a certain indication of the possildegqtration depth of tyre features, but can also be used to
ensure sufficient skid resistance and surface drainage. Other methods for Infrastructure effects on vehicle
energy consumption analysis in the macamd megatexture ranges are based on the spédaralysis of the
profiles Figure3.19).
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Figure3.19: Example of spectral texture analysis using otiérd octave bands $andberg et al., 2002)

The correlation of road texture pfiles to rolling resistance can be improved by enveloping the texture profiles
(Figure3.20), which highlights the fact that tyres will not fully penetrate into the texture profile.
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Figure3.20: Enveloping of a texture profile to simulate the limited penetration depth ¢fres Sandberg,
2011

The investigatiorof this technique in the MIRIAM project (Sandberg, 2011) has shown a marked increase in
the correlation of MPD calculatefom an enveloped profile with the rolling resistance coefficient CR
compared to correlation analysis performed without enveloping. Further investigatidhis direction could

yield texture parameters which have even more significance for rolling aesist

The MPD is also the texture parameter most frequently used for modelling rolling resistance (Haider, 2012)
and pavement influence on vehicle fuel consumptibigure3.21 shows an example of modelling the impact

of changesri MPD on fuel consumption, which was found to be 2.8% per unit of MPD in the presented case
(IRI=1, v=90 km/h).
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Figure3.21: Modelling of changes in passenger car fuel consumption with MPD (MPD = 1,2,3imMETO
(Hammarstrém et al, 2012)

The COSTReport "Selection and assessment of individual performance indicators" (COST, 2008jed
information about MPD requirements in EU Countries. It is important to highlight that the limit values within
the Table3.21 are aimed at keeping a MPD safety level, since texture directly affects how well tyres stick to
the pavement in moist or wet conditions, and thereby indirectly affects skid resistance. Therefore, the limit
values are minimunMPD that the road pavement shall comply with:

Table3.21: MPD requirements irsomeEU Countries

country| nName | Performance | THRESHOLD | WARNING [ACCEPTANCE| TARGET
indicator | tp [inpEx| TP [INDEX [ TP [inDEX [ TP [ INDEX
CZECH
REPUBLIC |T€Xlure depth MPD 0,54 0,64
1 MPD
CZECH
REPUBLIC [Te¥lure depthf  yuppy 0.44 0.54
5 MPD
Sand patch
FRANCE 1|  value MPD 40 60
MPD

These thresholds and warning levels of MPD suggest that MPD is expected to decrease during the use phase,
so ust minimum values are foreseen, or that the monitoring of MPD is focus on the safety risks related to the
decrease of this indicator.

Further information about the evolution of MPD was found in the MIRIAbgat (Wanget al., 2012b) where
a function to nodel MPD along the road lifetime was defined taking into account the climate conditions,
particularly wet and dry freezes. An example of the results is showigire3.22.
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Figure3.22: MPD evolution along the road lifetime (Wangt al., 2012)

The study concluded that the MPD increases due to the road aging, and its progression is dependent on the
material (HMA is hot mix asphalt and RHMA is reclaimed hot mixgtb#ty and the heavy traffic that the road
bears (lane 2 bears more heavy traffic than lane 1, and thus the MPD is lower).

In the case of Sweden, COST 353 found that also maximum MPD thresholds wasess@iwn ifable3.22 :

Table 3.22: MPD thresholds in Sweden (under consideration)

90 - 110 km/h

Motorways and other primary 70 km/h
MDP interval roads Secondary roads
0-03 Not suitable/very poor Not suitable/very poor
031-05 Not suitable/very poor Bad/poor
0,51-0,7 Bad/poor Ok/very good
0,71-1,0 Ok/very good Acceptable/good
1,01 -1,50 Ok/very good Bad/poor
1,51 - 2,00 Acceptable/good Bad/poor
2,01 - Bad/poor Mot suitable/very poor

When COST 354 report was released, these limits were not in use in Sweden, but under consideration.

2. Longitudinal unevenness

Longitudinal unevenness defined as deviations from an ideally flat road surface in the range of spatial
wavelengths between 0.5 m and 50 Figure3.13).

Longitudinal unevenness is an important parameter for the ride comfort on road pavements.
It contributes to the overall road vehicle energy consumption via three mechanisms:

1) The longitudinal unevenness of pavements contributes to the rolling resistance of the tyre, albeit to a
smaller degree than texture.

2) Longitudinal unevenness induces vibratoin the wheel suspensions. These vibrations have to be
dampened to ensure ride comfort, which results in a conversion of mechanical energy into heat energy.

3) High levels of longitudinal unevenness will induce drivers to reduce the vehicle speed.

The efect of longitudinal unevennessn rolling resistance is considerably smaller than the effect of texture.
This is to be expected due to the long wavelengths involved, which correspond to movements of larger
sections of the whole vehicle than tyre tread mlents(Haideret al., 20129.
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However, the vibrations in the wheel suspensitesd to energy conversion into heat, and thus they should be
considered when modelling the energy losses due to the interactiopaagment

Longitudinal unevenness of pavemenit closely related to ride comfort and is therefore a key parameter in
pavement managemenfThe European standar@&N 13036 dRoad and airfield surface characteristicest

methods - Part 6: Measurement of transverse and longitudinal profiles in theneess and megatexture
wavelengthranges s a4 LISOATASA GKS YSI adaNBYSyid 2F f2y3AddzRAYI §
indices. It requires the measurement of a longitudinal road height profile with a sampling interval of 0.05 m.

This profile ighe basis for the calculation of different possible unevenness indices. The most common index is

the IRI (International Roughness Index), which is intended to represent the reaction of a specific-qaarter

model (golden car) to the road Infrastructuréfects on vehicle energy consumption profileidure3.23). The

quarter-car model of the golden car includes a wheel with a tyre, a suspension spring with vibration dampener

and the associated masses.

Figure3.23: Golden Car model for the determination of the IREN 130365)

IRl values are given as m/km. The IRI includes transfer functions representing the action of a suspension
system; however, it is mainly designed as a measureéde comfort.

The IRl is used for modelling the unevenness impact on vehicle fuel consuntgiommi@rstrémet al., 2012).
Figure3.24 and Figure3.25 show an examples of modelling the impact of chanigelkl on fuel consumption,

which was found to be 0.8% per unit of IRI for a passenger car and 1.3% per unit of IRI for a truck (v=90 km/h
in both cases).

0,850

0,800 =
0,750 - -
0.700 = ——ii
g 0.650 o s
3 ;i / 1 _red

v'A
/ w—iri3_red
0,550

km/h

Figure 3.24: Modelling of changes in passenger chrel consumption with IRI (IRl = 1,3) with (_red) and
without IRI speedeffect in VETOHammarstromet al., 2012)
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Figure3.25: Modelling of changes in truck fuel consumption with IRI (IRl = 1,3) with () radd without IRI
speed effect in VET@Hammarstromet al., 2012

Apart from IRI, there are other types of technical parameters describing longitudinal evenness, albeit IRI is the
most widely used across theJ countries (COS2009):

1 wave length
evenness
longitudinal profile variance

)l

)l

1 longitudinal profile
1 spectral density
)l

standard deviation.

There are national requirements on the IRI value of roads across EU Countries, whicstugerd by COST
(2008)Road Performance Indicators. The results of this stedjarding the thresholds and classification based
on IRI are gathered ifable3.23, which does not comprise an -@ticlusive list of IRI requirements in all EU
countries:
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Table3.23: IRI limits across EU

CROATIA (HR) DEMMARK (DK} FINLAMND (FI) HUNGARY [HU) ITALY {IT) METHERLAMNDS (ML) PORTUGAL (PT) MDﬁEEﬁ:E?E?:SEECSJ
MAME OF TECHMNICAL | Intemational Intemational Internaticnal International Intemational Intemnational International Intermatiomal
PARAMETER roughness index roughness index roughness index roughness index roughness imdex roughness index roughness index roughness index
MOTORWAYS fes ‘fas fes fes ‘fas fes ez Tes
OTHER PRIMARY ROADS es ‘fas fes es ‘fas as Mo es
SECONDARY ROADS YES (") fas fes fes No Mo Mo fes
SECTION LENGTH 100 m 1000 m 100 m 100 m 20m 100 m MIA 25 m
MUMBER OF CLASSES 5 5 5 5 3 5
SCALE VERY PCOR 5 1 5 E 10
SCALE VERY GOOD 1 5 1 A 1
MAME CLASS 1 very good very good 1 A — Excellent Good very good
MAME CLASS 2 good good 2 B — Good Fair good
MAME CLASS 3 fair fair 3 C — Sufficient Poor fair
MAME CLASS 4 poor poor 4 D — Mediocre poor
MAME CLASS 5 VETY poar VEry poor 5 E — Poor VEry poar
Elﬁﬁiﬂﬂ?nou AADT < 1500
I ACATION AADT 1500 - 6000
CLASSIFICATION
CRITERIA 3 AADT = 8000
THRESHOLD TF 1 5 41 as
THRESHOLD TP 2 35
THRESHOLD TP 3 25
WARNING TP 1 3.5 206
ACCEPTANCE TP 1 25
TP LIMIT 1 (CRITERIA 1) 1 D o] D 0 1
TP LIMIT 2 (CRITERIA 1) 1.5 1.5 15 1.5 2 2.5
TP LIMIT 3 (CRITERIA 1) 25 25 22 2 3 3.5
TP LIMIT 4 (CRITERIA 1) 3.5 5 3 25 55
TP LIMIT § ([CRITERIA 1) 5 4.5 3 7

(*} information not in the COST database used for the analysis, obtained during the WG2 work. It is not included in the following distnbution analyses.
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Some countries use transformation to a dimensionless Index;THdIg3.24), which needs a transformation
functions from IRI to Index IRI (see rows "Classification functinfisble3.24)

Table3.24: Index IRI (dimensionless) limits across EU

AUSTRIA [AT) POLAND (PL) SLOVEMNIA (51)

HAME OF TECHNICAL | Intemnaticnal roughmess | Intemational roughness | International roughness
PARAMETER index index index
MOTORWAYS Yes Yes Yes
OTHER PRIMARY ROADS fes fes fes
SECONDARY ROADS No Mo fes
SECTION LENGTH 50 m 1000 m 100 m
INDEX NAME Index roughness Index roughness Index roughness
INDEX DESCRIFTION Index_[RI Representative IRI Index IRI
NUMEER OF CLASSES 5 4 5
SCALE VERY FOOR 5 D 5
SCALE VERY GOOD 1 A 0
HAME CLASS 1 1 — wery good A — good wery good
HAME CLASS 2 2 — good B — fair good
NAME CLASS 3 3 — fair C — poor fair
HNAME CLASS 4 4 — poor D - bad poor
NAME CLASS 5 5 — very poor VEry poor
cuassipcanion curera 1| LEZLRT e ©
CLASSIFICATION FUNCTION 1 1+0.7778"IRI 10"IRIp
THRESHOLD TF 1 4.5 57
THRESHOLD IND 1 4.5 57
WARNING TF 1 3 4.5
WARNING IND 1 35 44

= = - DT<
CLASSIFICATION CRITERIA 2 ;a':'egé—r; Flessd road s A[éfﬁfjwm or
CLASSIFICATION FUNCTION 2 1+0.5833" IR
THRESHOLD TF 2 il
THRESHOLD IND 2 4.5
WARNING TF 2 3.5
WARNING IND 2 3.5
INDEX LIMIT 1 1 D 0
INDEX LIMIT 2 1.5 20 1
INDEX LIMIT 3 25 44 2
INDEX LIMIT 4 3.5 57 3
INDEX LIMIT 5§ 4.5 4
INDEX LIMIT & 5 5
TF LIMIT 1 {CRITERIA 1) 0 D 0
TF LIMIT 2 {[CRITERIA 1) 1 2 1.2
TF LIMIT 3 {CRITERIA 1) 1.8 4.4 1.5
TF LIMIT 4 {CRITERIA 1) 3 57 22
TF LIMIT 5 {CRITERIA 1) 4.5 31
TF LIMIT 1 {CRITERIA 2) 0 0
TF LIMIT 2 {[CRITERIA 2) 0. 2.6
TF LIMIT 3 {CRITERIA 2) 2.6 3.5
TF LIMIT 4 {CRITERIA 2) 3.8 4.3
TF LIMIT 5 {CRITERIA 2) il 4.8
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| | Very good — Good Good — Fair Fair — Poor Poor — Very poor |

More restrictive group

ITALY (IT) 1.5 2.0 7.5 3.0
METHERLANDS (ML) 7.8 35
PORTUGAL (FT) Z.0 3.0

SLOVENIA (31} 1.2 15 7.2 EX
MIN 1.2 1,5 2.2 3.0
MAX 1.5 2,0 3,0 35
AVERAGE 13 1,8 26 32

Less restrictive group

AUSTRIA (AT) 1,0 1.8 2.0 45
CROATILA (HR) 15 2.5 3.5 5.0
DENMARE (DK 15 25 5.0
FINLAND (F1) 2.5 3.5 4.1
HUNGARY (HU) 1,5 2.2 3.0 45
POLAND (PL) 2.0 44 57
SERBIA AND

MONWTEMEGRO (CS) 1.0 2.5 3.5 5.0
MIN 1,0 1,8 3,0 4.1
MAX 15 25 4.4 57
AVERAGE 1.3 23 3.5 49

Although the majority of European countries use IRl as technical parameter describing the longitudinal
evenness of a pavemenime countries use other technical parameters:

1 Wavelength,
1 Evenness
1 Longitudinal Profile Variance

The same report also provideslassifications and criteriaf longitudinal unevenness based on these
parameters(other than IRIused in EU Countrieas shownn Table3.25

Table 3.25: dassifications and criteria of longitudinal unevenness based on these parameters (other than
IRI) used in EU Countries

NANE OF e mocx | WOWEEN | SCALE | SCALE TRANSTORMATION ]
COUMTRY TECHRRCAL wANE | ooscrrnom | OF VERY | VERV = T ” P 7 CMITEA 3 )P o cnow el
PARAMETER | CLASIES| FOOR | GOOO | CRITEMIA 1 | FUNCTION | | CRTEMIA 2| FUNCTION 2 | CHITEMIS 3/ FUNCTION 3| CITERSA 4 [FOMCTION 4|
Lowrrets i;;’_.'" | mtes avarnans s | Cotorenyy | LRUUSC Presan MU0 Secmtany | 1-VANADD
Tverness s | 3 A |
4 4 { !
Evermens P | E A |
D |Seennes ! lez
FRANCE FR) W wogn & L] ‘
rRANCE 2 Weowe wge b= : r 4 |
rougheess | nase |
Irew rocmeves
FRANCE FR) ) Wewe eagh Ay | g ' E ’
reugheess | 200
+ s . |
OERSIANY (D€} 2 Woss largs | | Spommalbinanonsont N
gt | Uneseneens
4
OTAMANY [D€) 3 Waes wngn |1 fry.. . e ' s
mugheess | Coanuton
+ . : . |
[ Tod = D
raTEL SOOM (UK o | 3 LMY it ‘ 4 4
s—
4
UNTED 3INTOOM (UK) 2 | protee o 1Om LPV Indes ‘. 4 s
P rens
Lowgtuens |, |
UNITED 3INCOOM (1) 3 | profie e oes | 29LPV loce a 4 s
oe =4

3. Transversal unevenness

In additin to the its intentionally designed crossfall, the road surface will also exhibit deviations from this
ideal transversal profile in the form of ruts, steps, ridges, bumps and edge sléigose3.26). Ruts typically
form in the wheel paths as a result of the action of the wheels on the pavement material.
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Figure3.26: Crossfall and transversal unevenness features

Both crossfall and transversal unevenness have the potential to induceincrease in vehicle fuel
consumption. Transversal unevenness can act similar to longitudinal unevenness by inducing increased tyre
deformation and suspension losses. This will especially be true if the lateral position of transversal unevenness
features changes considerably, which either introduces additional encountered longitudinal unevenness or the
need for frequent steering corrections. Transversal unevenness does also have a similar effect on driving
speed as longitudinal unevenness, inducing deve reduce speed with increasing transversal unevenness.

The measurement of transversal unevesseis defined in EN 13086and EN 13038. While no specific
measurement device is prescribed, typically a straightedge or a laser profilometeeds Theparameters

used to describe the transversal unevenness are the rut depth, the height of the different irregularities and the
theoretical water film depth for water accumulating in the ruts. These parameters are typically determined
every 5 to 10 m and avaged for longer intervals of e.g. 100 m. Crossfall and rut depth typically constitute the
major deviations from an ideal horizontal road surface and are therefore the best candidates for the inclusion
in models. The main parameter used for transversal en@ess is average or maximum rut depth.

4.  Surface irregularities

The presence of surface irregularities like joints or surface defects like cracks, ravelling, potholes, loss of
material may introduce additional features of longitudinal and transversal umse®s as well as texture. This
means that the impacts on fuel consumption can in general be described by the parameters associated with
these surface properties. However, in the case of severely damaged surfaces there may be additional energy
dissipation.These types of surfaces will in general have to undergo maintenance for safety reasons in any case.

In addition to the already mentioned parameters for longitudinal and transversal unevenness an area or
longitudinal density of surface defects could be defl. This would include the identification and classification

of relevant surface defects in the course of already performed crack detection surveys. The classification
would have to take the predicted impact of the identified type of surface defect ohdaesumption onto
account and determine the number of these defects per unit area or per km of road length. This can then be
converted into an indicator for the predicted additional fuel consumption.

3.4.2.2 Road strength and bearing capacity

Description of thanechanism

In the tyreroad contact zone the road surface will be deformed as well as the tyre. If the pavement material
exhibits a hysteresis, energy will be lost. It is in principle to be expected that this effect is larger for flexible
pavements than forigid pavements. The details of this effect will depend on the layer structure of the
pavement. However, the energy dissipated in the tyre deformation was found to be substantially larger than
that of the pavement deformation (Schmidét al., 2010).

The kearing capacity of pavements, which is a measure of the road strength, can be measured with a falling
weight deflectometer (FWD), deflectograph and other devices.
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It was found, that rolling resistance due to pavement deformation was only a few perceim afverall rolling
resistance, which is a much lower impact that the effect of e.g. texture. If very accurate models will be
available in the future, they may have to take this effect into account at least for very weak road pavements.

Regarding the measement ofthis parameter, COS2008 explored the methods applied in the EU countries,
resulting in thefolmuchovdowing onesgathered inTable3.26:

Table3.26: Methods to measure dftection used in EU Countries

7 Stondard Yechnical
PUREY [NS = natonal standard, IS = intemaonal standard TS = technical specficaton] Parameter
NS

Austria Evaluation according to RVS 11 066-Ted I, Deflektionsmeassung Benkelmanbatken, Deflaction
MWU\%M'W

Croatial") HRN U.E4 016 Equpment and methods of deflection measurements Defloction
HRN U.E4.018: Determinaton of relevant elaste daflecton for flexible pa s
Deflaction
velocity
Denmark NS:

Konstrukhon og vediigehold af vem og stier, Hoefle 4, Vedigehold af imrdselsarsalet, Deflecton
Juni 2004

NS:

Frence Méthode LPC n* 39 Deflaction
S Deflection
FWD measurements and evaluation: Draft report of NTUA for the Greek Public Ministry
Greace
Structural
number

1S
Hungary UT 2-2.120/2000 Dinamikus behajlasmérds mérstezéshez (KUAB) (Dynamic baanng E-Modulus
capacty medssurement by KUAB apparatis)

T8
laly ASTM D 4594.96. ASTM D 4595.95: ASTM D 5858-95 Deflacton
Portugal Deflochon |
Serbia and musams(mtﬁusuesownsm) Defiection
Montenegro >
NS :
Bovinls TSC 06630 Pavement w_?gzms Defiactions Residil e

Spain LT3MMeddadelasdsﬂmmsdeﬁnmcmdeﬂmmdelmpacw 631C Deflacton
Instruceidn para la rehabitacion de firmes

Deflection

NS:
Switzerland SN 670 3623 Poutro de Benkelman® Deflection
United Deflacbon

Kingdom Defiachon
* wformation not m the COST database used for the anadvss, obtuned dunng the WG2 work It = not mcluded in the
following distribution analyses.
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3.4.3 Asphalt

Standard asphalt is hot mix asphalt (HMA), which is produced by meatngiof and heating aggregates and
bitumen at temperaturebetween 120° and 190°C. Energy consumption required to produce 1 t of HMA about
400MJ and GHG emission of 22 kg CO2e according to Stripple (2001).

The scientific and technical community have developed a number of new technologies for asphalt materials,
generally referred to as warm mix asphalt (WMA), which require lower production testyoer than thehot

asphalt mixes HMAS Q! y3St 2 S | f ®X wnnyT |/ | [hededasphalbriixedchnddE HAMH T
classiied in terms of the manufacturing temperature used to produce thé&igre3.27):

1 cold mix asphalt (CMA), manufactured at a temperature lower than 60°C;
1 halfwarm mix asphalt (HWMA) manufactured at less than 100°, usually-2570;
1 warm mix asphalt (WMA) manufactured at temperatures of -140°(EAPA, 2010).
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Figure3.27: Asphalt mix classifications according to manufacturing temperature (Rubio et al., 2013)

The asphalt mixing temperature is reduced using organic additives, chemical additives and foaming bitumen
technologies (i adding small amount of cold pulverized water into preheated bitumahjch improve the
viscosity of the materialThe energy consumption in producing and transporting these additives is not known,
but it should be included in a full life cycle analysis.

3.4.3.1 Warm mix asphalt

WMA holds a potential for energy savings compared to HMA since the former requires less energy for heating
of the materials during production. According to the market analysis the production of WMA was around 7 Mt

in Europe (EAPA, 2012prresponding to about 2% of the total production of bituminous mixtures. The trend

in employing WMA is increasing. Frahbas increased the WMA production by 5 times in 2@082 (up to

2.6 Mt) and it account by 7.3% of the French production (againstih58wvitzerland and 30% in the United
States). USIRF reported that the goal of 10% reduction in CO2 emissions would be largely achieved through the
increased WMA production (as it is showrFigure3.28).

9 Personal communication of USIRF
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Figure3.28: CO2 emissions reduction due to WMA production
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A significant reduction on GHG emissions has been reported. Evaluations carried out in a number of European
countries made it clear the decreasing of wais emissions throughout the production process in plant, as

follows: 3@40% for C®and SG, 50% for VOC, 180% for CO, 6@0% for NQ and 2555% for dust (EAPA,

HamMnT 5Q!y3asSt2 S ItdX wnnyod wSRdzOG A 2 WeycliFaxdnatic o £ G 2
hydrocarbons (PAHSs) have also been reported.

Lowering the production temperature allows reducing the energy consumption typically in a range from 10 to
30%, depending on the WMA process applidespite higher values can be found in titedature 6 Q! y3Sf 2 S
al., 2008. EAPA (2007) states that on average an asphalt plant employlsl @%Wh to produce 1t of asphalt,

while a reduced mix temperature of 35°C may reduce energy consumption by approximately 10 kwh per 1 t of
asphalt. In additio, dry aggregates and optimized methods and equipment may help reducing energy
consumption at asphalt plant®\ccording to Rubio et al. (2013), HWMA consume up to 50% less energy than
HMA.

Laying and compaction operations are generally improved, as wditiadfi WMA is adequate and the release
of fumes and odours for workers is much lower. Even if paving conditions are challenging WMA is usually a
good contribution to help paving operations.

The WMA technique can be applied on all the traditional typessphalt and it can also be used with recycled
asphalt as aggregate. In the US, WMA is often used on mixtures containing rubber. In detail, according to
Rubio et al. (2012), thmain advantage of WMA is the potentially greater use of Reclaimed Asphalt Bavem
(RAP). Because of the increased workability of WMA mixes, it can contain a higher percentage of RAP
(Bonaquist, 2011; Brown, 2008). Certain studies even recorded RAP percentages of over 50% (Vaitkus et al.,
2009; mAngelo et al., 2008).

According to dferent | dzi K2 NBE 065Q! yaSt2 Si If®dX wnnyT J/etdlAdinz Si
2013) WMA and HMA show similar qualitworkability and mechanical performanceSAPA (2010) reports
experience from Germany and Norway with performance of WHhilar to HMA. Although originally
invented in Europe, WMA has primarily found use in the USA, where experience is building up (Jones et al.,
2009). Moreover, the generally good workability of WMA results in a lowered void content compared to
conventionalHMA Capitéo et al., 20)2Resistance to fatigue (evaluated according to the EN 12897&and

to cracking at low temperature of WMA is apparently generally good. WMA shows the benefit of being
employed in cold weather paving, stemming from the fact tmaix temperature is closer to ambient
temperature. In hot climates, permanent deformation performance (evaluated in Europe according to the EN
1269722 by means of the whedtacking test) is crucial: this performance behaviappears very dependent

on the production lowering temperature achieved. Rubio et al. (2012) have also indicates possible drawbacks
of WMA as followingjsted:

1 Rutting mainly caused by the less ageing of the binder because of the lower production temperatures, as
well as moisture sugptibility of WMA mixes

1 Cost effectivenessAlthough WMA promises a sifjeant reduction in energy consumption, initial costs,
in addition to royalties, could discourage contractors

1 Moisture susceptibilitythe lower compaction temperature used may incseathe potential for moisture
damage. To prevent this susceptibility, a proper mix design is thus essential. Of the many ways to prevent
stripping in a pavement, the use of astripping agents (ASASs) is the most common method
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1 Long term performancedue to the relative newness of these productigld test sections are still few in
number, and they also have a short life (seven years in the USA and over ten years in certain European
countries). For this reason, it is not as yet possible to talk almmgterm performance. To date, in the
USA no sigficantly negative longerm performance has been reported (Chowdhury and Button, 2008),
and in Europe the trial sections of WMA have performed as well as or better than HMA overlays
(D@ngelo et al., 2008)

3.4.3.2 Cdd mix asphalt

Another lowenergy option is CMA, which is produced without heating the aggregate and with a bitumen
emulsion as binder (EAPA, 200&ktcording to Rubio et al. (2013), even though these new technologies are
more environmentally friendly, CM#s not as yet a serious alternative to HMA since its performance is
somewhat less effective. CMA is thus limited to the rehabilitation of deteriorated pavement on roads with a
low vehicle trafic load.

3.4.3.3 Reclaimed asphalt pavement (RAP)

RAP is produced hyilling the overlay and demolishing the surface course and-isseel by adding to the
asphalt mix together with new aggregates and new bitum®AP can also be used as road base material, in
this case this case, recycled aggregates are stabilised witmén emulsion and/or cement. In some cases
sand and/or water are addedt can also be recycled as an unbound material in the roacbsisie. RAP grains
play a similar role as natural aggregates and binder and theirseeallows natural resources savingdan
environmental impacts reduction.

According to EAPA (2013), in Europe are nowadays produced 56 Mt of RAP and more than 85% of the asphalt
is reused back into pavement materials (EAPA, 2013). This higbefeecycling percentage is related to the
current trends and legislation stimulating reuse of materials (WFD 2008Sseton 1.3.1.4. It has to be
underlined that data greatly varies from member state to member statee range of recycled materials is

from approximately 4% of the available RAP in Poland to 100% in Hungary. Furthermore, the percentage of the
new hot and warm mix production that contains RAP varies from 0.01% to 80%. The wide range expresses the
fact that the Member States have very diféat approaches towards the use of recycled materiisnce®

has increased the rase and recycling of RAR: 2007 the percentage of RAP reintroduced into the asphalt
mixing plants was 24% and it has been increased up to 61.9% in 2012, compared stirtisges total stock

of materials resulting from the demolition bituminous roads (6.5 Mtly). The production of RAP has reached
therefore 4Mt in 2012 and it represents 12% of the aggregate need for HMA in France.

10Personal communication &fSIRF
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Figure3.29: Production of RAP in France

The EU research project Read http://re -road.fehrl.org)) focused particularly on the analysis of end of life
strategies of asphalt pavements (Kalman et2013) According to the outcomes of this project, in Europe the
experience in reusing RAP in new asphalt production is well consolidated, even if there is a significant variation
in the member states and the consequence is that nowadays a large amount of dieatblisphalt pavement

is still down cycled as unbound granular material in the-sabe layers, where neither the bituminous binder

nor special aggregates are used at their full potential. A RAP grain is composed by a natural aggregates grain
wrapped by ahin layer of bitumen; when including these grains in a new asphalt mix, less amount of bitumen

is needed in comparison to a mix without RAP, due to the fact that a quantity of bitumen is already wrapped
to the RAP grains.

Reclaimed
asphalt

QO+ -0

Figure3.30: RAP grain

Frosh bitumen Double-coated grains

It is reported that in offsite asphalt mixing plant, a percentage of-20% of RAP is usually employed.
Percentage up to 40% of RAP have been analysed in the project, but only for short time performances (3
years).With reference to the RAP reused in close cycle in situ, it is mentioned the example of 300 km of road
in Sweden, in which high content of RAP have not led to a decrease of the pavement performances. It is
concluded that optimum content of RAP in asphalktures varies from country to country, fro7 to 50% in

mass. In the Netherlands in wearing course optimum content of RAP is 30% and in the base course 50%.

From an environmental point of view, it has to be underlined thit pavements potentially codlcontain

unwanted materials. For example, in the project-iRad it is estimated that in Sweden at least 10% of the

yearly handled demolished asphalt pavement is contaminated. This figure could be representdtiestefn

Europe, while the problem withomtaminated RAP could be higher BasternEurope, due to the use of tar

dzyiAf GKS Wohpnad ¢KNBS LRAISYGAlIt a2dz2NOS 2F O2yidl YAy
infiltrate the road surface, have been analysed, by means of a rislssamsat analgis, within the Reoad

project

1 Contaminants in bitumen, aggregates and additives

1 Contaminants that built upmthe surface of the road during its previous pavement life

1 Contaminant that built up during the life of the newly laid pavement edmihg RAP
The highest leaching levels, exceeding the limit value considered in the project (guidelines of the
Environmental Protection Agency of Ireland, 2003. Towards setting guidelines values for the protection of
groundwater in Ireland) were associatéml RAP containing taAccording to the definition in the EURAL waste
fAadyY aAgghakicantkinr Rore than D% coal tar should be regarded as hazardous waste. In case of
asphalt containing tar, the waste is considered hazardous and the hotlimgyis not allowed. In some
countries it is allowed to rely on cold techniques with or without binders (emulsion, foam bitumen, and or
K&@RNJ dzt AO 0AYRSNREUVE 69! t! X HANTOD
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From a LCA point of view (see literature review Wayman et al., 2012), it has balelated that a low level
recycling (1830% of RAP in the bound course) is significantly more environmentally beneficial employing the
RAP in the subase courseRigure3.31). More advantages can be demonstratediteg into account that RAP

can substitute high specification aggregates (natural resources savings). Moreover, it is evaluated that RAP is
significantly more environmentally beneficial than WMA
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Figure3.31: Effect of \aryingrecycling routes and ratesn different impact categories
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344 Cement

Cement is basically a dry powder that, when mixed with water, forms a fluid paste that can be combined with
aggregates before setting and hardening into a solid cdeamgass with useful technical properties. There are
different types of cement available such as Calcium Aluminate cement (CAC) or €altfeAluminate
cement (CSA). However, by far the most dominant cement used in road construction, is Portland dé&@)ent (
Unless otherwise specified, the data in this chapter refers to PC.

Typical ranges of cement content are 2500kg/nt of concrete or, assuming a general concrete density of
2400kg/n?, cement accounts for ¥07% of concrete mass. Despite the relativilw content of PC, the
environmental impacts of concrete are dominatég the cement component (Marceau et al., 2007). The
precise cement content used in a particular application will depend on the concrete properties required and
the nature of the PC cagry (see section 3.4.4.3).

As avery general rule 1 tonne of GQOs emitted for the manufacture of 1 tonne of Portland cement.
Approximately half of this emission is due to decarbonation of limestone during firing and the other half is due
to energy consmption in heating the kiln and operation of other ancillary equipment. Traditign®Chas
consised of around 95% cement clinker and 5% gypsum (Ga88kD)¢ i.e. CEM | type formulatiorHowever,

the cement industry has improved significantly in a numbé aspects which has led to a reduction in,CO
emissions in modern plants. The main factors that affect the environmental impact of PC production are:

1 The kiln technology used to manufacture the clinker.
1 The fuel types used to fire the kiln (and praldner where relevant)
1 The clinker content of the cement.

When deciding on the best environmental choice of cement for a particular road construction, the transport of
cement may also be important.

3441 Portland cement production and kiln technology

Portland cenent manufacture involves burning ground mixtures of approximately 80% limestone and 20%
clay/shale at temperatures of 1450°C to form cement clinker. The clinker is then cooled and ground together
with a controlled quantity of gypsum to for Portland cemeAtl cement plants use a rotary kiln to fire the feed
material but these can be split into four broad categories of kiln:

9 Wet process (long wet kilns) where raw materials are fed to the kiln as slurry. The kilns had to be
very long to account for evapatiag all the water plus the later clinker formation reactions.

9 Semiwet process (long kilns) where the raw material slurry is dewatered to a "cake" before being
fed to the kiln.

9 Semidry process (long kilns) where dewatered "cake" enters a-eater ctamber before passing
to the kiln.

9 Dry process a)(short kiln with preheater) where "dry" feed material is dried and heated up by
contact with kiln exhaust gases.

1 Dry process h)(short kiln with preheater and precalciner) where "dry" feed material igidd and
heated up by contact with kiln exhaust gases and calcined prior to entering kiln.

The rotary kiln is théaeart of the cement production process and is where the majority (up to 90%) of primary
energy consumption occurs (Worrell, 2000). Histolycahe evolution of cement kiln technology worldwide

has been from wet to dry processes. Wet processes were favoured (in the UK at least) for many decades due
to use of wet raw materials (moisture content >20%) because the use of slurries as kiln fatiyg gireplified

the milling and blending of raw materials and avoided problems of dust-bfofrom earlier kiln designs. The
specific energy consumption is lowered as the kiln feed becomes "drier", for obvious thermodynamic reasons.
According Habert etla (2010), the followingpecific energy consumptions can be generally applied to each
kiln type.
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Table3.27: Specific primary energy consumption values for Portland cement production by different types
of kiln.

Semidry Dry process with|  Dry process with pre Theoretical minimum
Kiln type Wet process ) thermodynamic
process pre-heater heater and precalciner .
energy requirement
Specific energy|] 50006000 33004500 31004200 29003000 1800
consumption | (GJ/t clinker)| (GJI/t clinker) (GJ/t clinker) (GJ/t clinker) (GJ/t clinker)

It is generally accepted that there is littfotential to significantly improve the thermal performance of the
best available cement kiln techngg any further (Gartner, 2004According to Schorcht et al., (2013), there
were 377 cement kilns in the EXY in 2008 of which only 268 were in operation. They state that almost 90%
of PC produced in the EU was via dry process kilns, 7.5% vigasearisemiwet type kilns and just 2.5% via
wet kilns.

As fuel costs continue to rise, the shift towards dry kilns is inevitable. One reason why wet process kilns may
still be in operation in the EU is due to the lack of "dry" raw material availability. Antabtar is that cement

kilns are capital intensive and have long periods of return on investment (meaning they have to run for
decades to justify the original capital investment).

3.4.4.2 The use of wastes/industrial byproducts as alternative fuels

Traditionaly cement kilns were fired with fuel oil or natural gaguels of consistent quality and easy to
control. Following the OPEC oil embargo in 1973, the cement industry shifted more towards coal as a fuel
source and also underwent a period of rapid innovatioto not only more energy efficient kilns, but also the
potential for using alternative fuels.

In theory, any waste that possesses a calorific value can be used as an alternative fuel. However, it is better if
the calorific value is similar to those afditional fuels such as coal (B®@MJ/kg) and fuel oil (482MJ/kg)
(Williams, 200% In the EU, there is an increasing tendency of using alternative fuels derived from waste in
cement kilns. There are examples of both Hmarzardous and hazardous wast@se nature of the rotary kiln
process offers a number of advantages over traditional waste incinerators or energy recovery plants, which
can be summarised as follows:

1 Gas retention times of about 8 seconds at temperatures >1200°C. Maximum temperaturea3C20
in the primary burning zone of the main burner.

1 Solid material temperatures of around 1450°C in the sintering zone of the kiln.

1 Oxidising environment, which coupled with temperatures and residence times, can guarantee
thermal destruction of persisterdrganic pollutants.

1 Waste heat from kiln is efficiently +ésed in dry kilns with praeaters.

1 Any inorganic ash wastes from solid alternative fuels can be incorporated into the cement clinker (this
can be an advantage or a disadvantage).

According toCEMBUREAU, average of around 34% of fossil fuel requirements in the cement industry was
met by the use of alternative fuels in 2011. There was considerable difference between member states, where
some had exceeded 60% of fossil fuel requirements onaaeeiand some individual plants achieved 100%
reliance on alternative fuels. Pet coke is a very common fuel used in the cement industry although since it is a
by-product of crude oil refining, it is debatable whether it could be considered as an "altezhéitiel. Some
examples of alternative fuels are given below.

1 Rubber tyres (either whole or shredded).

1 Secondary liquid fuels (recycled inks, solvents, thinners, oils and residues).
1 Animal meat and bone meal.
1

Wood and packaging wastes (noecyclable papercardboard and plastics).
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1 Sawdust impregnated with hazardous substances (from industrial processes)

Whether or not these alternative fuels can be considered as "carbon neutral" or not is a matter for debate.
However it is certain that for many of these wes, their use in a cement kiln is the Best Practicable
Environmental Option and that a considerable difference may exist between one plant and another.

3.4.4.3 The clinker content of cement

In general, cement plants in the EU have already made much progréssshift towards lowering kiln energy
consumption and embracing the potential for using alternative fuels. Do to the relatively low bulk value of
cement, road transport is limited to 26800km before transport begins to significantly influence the product
price. However, longer distances may be possible where rail and boat transport is available.

Regardless, in a number of examples for road construction projects, it will be likely that, due to geographical
limitations, the choice of cement provider is lted to only a few different producers. In these cases, the third
major impact on the emissions associated with Portland cement becomes the most impqrthatclinker
content of the cement. It is envisaged that this factor will also be most relevanatey IGPP criteria
development.

Traditionally, Portland cement consisted of around 95% Portland cement clinker and 5% gypsum. However,
the content of clinker can be partially substituted by other materials which in many cases can improve the
cement/concreteperformance. Decades of experience in the use of coal fly ash (FA) and ground granulated
blast furnace slag (GGBFS) as clinker substitutes has led to the development of the Ebtaiti¥ard, which

was most recently revised in 2011.

The standard specifiesompositions for five broad categories of cement (CEM I, CEM II, CEM Ill, CEM IV and
CEM V). Amongst these groups, 27 specific categories are defined based on the composition. The table
presented in EN 197 isreproduced in AnneXl.3for reference Thepotential clinker substitutes specifically
mentioned are:

=

Blast furnace sla@{95%of total blended cement mass)

Silica fume@-10%of total blended cement mass)

Natural pozzolana55%of total blended cement mass)
Natural calcined pozzolan@-65%of total blended cement mass)
Siliceous coal fly asb-65%o0f total blended cement mass)
Calcareous coal fly ast-$5%of total blended cement mass)
Burnt shale @-35%of total blended cement mass)

Limestone @-35%o0f total blended cement mass)

=A =4 =4 =4 A4 -4 -4 -

Other minorconstituents 0-5%of total blended cement mass, including pigment etc.)

All of these materials present significantly lower environmental impacts in their production than that of
Portland cement clinker. Some occur naturally (e.g. natural pozzolana awedtdine) while others are
industrial byproducts (coal fly ash, blast furnace slag and silica fume).

As a general rule, the lower the clinker content, the lower the overall impact of the cement. This is highlighted
by example data from real life example$ cement produced in the EU provided Bgsa et al., 2004nd
represented in order of clinker content Figure3.32 below.

Manufacturers are not obliged to reveal the precise percentage of clinker in their cement formulaithces s

this may be commercially sensitive information. However, they must state which category the cement belongs
to, which will indicate which range the clinker content lies in (i.e106%, 8804%, 6579%, 4564% or 2834%

for example).
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Figure3.32: Real life energy consumption data for cement produced in Europe as a function of cement type
and clinker content (adapted from Josa et al., 2004).

The exact categories of cement available in one geographicidocatill also depend on the availability of
these substituting materials (e.g. blast furnace slag, coal fly ash, natural pozzolana etc.). However, one
material that shouldalways be available is limestone, given that it is a key ingredient in cement clinke
manufacture. Therefore it should always be possible to specify Portland cement concretes with up to 35% of
the clinker replaced by limestone.

3.4.4.4 Conclusions regarding cement technical specifications

The marketing of different categories of PC in the Bikls established and blended products are usually sent
directly from the same site as where the Portland cement clinker is produced. In some cases due to logistics,
cement clinker may be sent to an intermediary plant where it is blended (ground) witls@mglementary
cementitious materials and where tests with the aggregates to be used in the project may be carried out.

The final concrete product must be shown to comply with the technical specifications as per EN 206 and EN
13877 where relevant. Generalgpeaking, the requirements for road construction should not present any
obstacles to the use of many of the lower environmental impact blended cements listed in ENalit&dugh

this should always be confirmed with the supplier beforehand.

3.4.45 Aluminous cenents

The cement industry is dominated by Portland cement although niche applications and markets exist for
Calcium Aluminate cement (CAC) and Calcium @lliminate cement (CSA). It is uncertain if these cements
are commonly used in road construction oramtenance. Due to the smaller scales of production, they
generally cost considerably more per unit mass than Portland cement.

If the stakeholders state that these cements are indeed important in road construction, or especially in road
maintenance due tothe possibility of rapiehardening properties, then we will provide some degree of
technical analysis here in this section.
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3.4.4.6 Lime

The first point to make in this section is the distinction between Lime or Quicklime (CaO), hydrated lime
(Ca(OH) and Limegine (CaCg). Quicklime does not exist in nature but is formed by the decarbonation of
limestone in kilns at temperatures of 88®0°C. Hydrated lime is formed via a highly exothermic reaction
simply by adding water to quicklime under controlled conditidnserms of CQ like cement, emissions come
both from fuel combustion and decarbonation of limestone. However, much of the &@tted by
decarbonation will sooner or later be reabsorbed by the quicklime or hydrated lime depending on its final use.

It should be noted that limestone is generally regarded as GaBa@ in reality deposits can also contain
substantial quantities of MgG@dolomite) or clays. The purity and grade of a hydrated lime product in the EU

is assessed and classified according to4B8l Although both limestone and hydrated lime are used in road
construction, this section is dedicated solely to hydrated lime. According to market data provided by EULA, it is
estimated that around 300,00800,000 tonnes of hydrated lime are used inda=mnstruction each year. The

two main uses of hydrated lime are:

9 As a binder in soil stabilisation.
1 As a mineral filler/additive to asphalt

3.446.1 Hydrated lime in soil stabilisation

During road construction, soil has to be excavated (cut) for the pavementslayeto simply minimise the
longitudinal slope. In other cases the soil can be used as subgrade (fill), again to help maintain the desired
longitudinal slope of the road. Most road alignments are designed to minimise the net surplus or deficient of
earthworks (cut = fill). However, in many cases the soil will not be of a suitable nature for usegmdabfor
example soft clayey soils. In such cases three main options exist:

i) Send the unsuitable soil offsite and transport in suitable subgrade mateeial expensive).

i) Incorporate the unsuitable soil into stabilised embankments onsite and ship in suitable subgrade material
(less expensive).

iii) Stabilise the soil isitu so that it can be useful as subgrade (most economical option).

Lime in genaal is regarded as an extremely useful material for soil stabilisation, either alone or in combination
with Portland cement. Whether or not lime is suitable will depend on the soil properties. Where lime is used, it
will typically be in doses 0f-@% by mas of the soil to be stabilised. Quicklime (powder) or hydrated lime (as
powder or slurry) can be used in stabilisation processes. The choice will depend on the moisture content of the
soil to be treated.

The stabilisation reaction occurs at a highly afielpH (>12) due to the basicity of lime. It is considered that
stabilisation occurs via the physical flocculation of clay particles in the soil and possibly to some degree by
weak pozzolanitype chemical reactions between the soluble Ca from lime andlSind Fe species from the

soil minerals precipitate to form-SH or GA-H type cementitious gels. Carbonation will also be important
over longer time scales. The temperature on site is a very important consideration when using lime since
reaction kinetis are very slow in cold conditions.

A number of different standards for soil stabilisatioave been employed in the EU (VSS, 1987; CNR, 1992) but
a common approach is detailed in EN 14247

3.4.4.6.2 Hydrated lime as a filler in asphalt

The use of hydrated limim asphalt mixes owes its origin to the 1973 oil crisis and in particular in the United
States where innovative research was carried out regarding the use of additives to enhance the performance
of poor quality bitumen.

Mineral fillers are used in asphab help provide the optimum grading of solid particles amongst aggregates
added to bitumen binder, they are used as fine aggregates, typically <0.2mm. However, hydrated lime does
not simply behave as inert mineral filler, but has a number of chemicalpagdical effects on the bitumen

and aggregate interaction that change the properties of the asphalt mix.

Limetreated HMA is generally observed to exhibit higher stiffness at elevated temperatures, an effect that
correlates well with the degree of pordgiof the hydrated limdfiller (Vansteenkiste and Vanelstraete, 2008;
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Grabowski et al., 2009) and can be linked to the general reduction of rutting of pavements made with lime
modified HMA. Chemical reactions have been demonstrated to take place betweemcidic functional
groups of bitumen and the basic hydroxyl groups of hydrated lime (Sebaaly et al., 2006; Petersen et al., 1987).
Other effects such as the bonding adsorption of acidic functional groups to hydrated lime particle surfaces,
making them les prone to oxidation reactions have been postulated (Sebaaly et al., 2006; Petersen et al.,
1987; Plancher et al., 1976).

Lime can be added directly as a pure filler at the asphalt plant, as-miges filler including other inorganic
materials or premixd directly with the aggregate. When the lime is added as a powder, care has to be taken
with dosing systems to ensure that the correct quantity is obtained in the product due to the risk of loss as
dust. In terms of quantity of hydrated lime in asphalt esxtotal content is typically only around2% of the
asphalt mix mass. Comparing this level to the bitumen binder content (around 5% of total asphalt mass),
additions of hydrated lime can also be stated as arounél@® of the bitumen binder mass. Thedéng
country in the EU with liméreated hot mix asphalt is the Netherlands. However, even there, such binders
only represent around 7% of all hot mix asphalt (HMA) used (EULA, 2011).

The main reason for the use of lime treateldMA in the Netherlands ishé fact that it helps improve the
durability of bitumen in porous asphalt surface courses. This is especially important because in porous courses
the bitumen is more exposed to the atmosphere and thus also to degradation via oxidation, moisture and
freezethaw phenomena. Lime has been shown to reduce ttheetnical ageingof bitumen. In the laboratory,

this has been correlated with reduced rate of formation of asphaltenes (Petersen et al., 1987; Hopman, 1998;
Plancher et al., 1976; Verhasselte and Puia@iD4; Wisneski et al., 1996).

A significant quantity of research has shown that lime treated HMA exhibits a series of performance
improvements over normal HMA that can lead to increases in pavement lifetime -60%0 However, the
benefits of hydrated lira and the optimum dosing rate will depend on the specific chemical nature of the
bitumen used, its grade and crude oil source. Furthermore, it is uncertain how such filler material would
behave in WMA or CMA. Therefore it is not recommended to state articpkar criteria for hydrated lime but

to encourage investigations into the potential of this filler in enhancing asphalt pavement durability. In
general, there is much more experience with hydrated lime in HMA in the US than in Europe at present.
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3.45 Aggregates

Aggregates can be defined as granular material used in the manufacture ofwadimst products such as
readymixed concrete (made o€a. 80% aggregates), precast products andasphalt (made ofca. 95%
aggregags)

The EU Public Procurement Dirgetirequires public sector procurement specifications to use European
standards, such as those in the Construction Prod®egulation (CPR 305/2011, in forgiace July 2013),
which establishes EU wide minimum requirements on the performance of construgtioducts; with respect

to hygiene, health and the environment the construction work must be designed and built in such a way that it
will not be a threat to the hygiene or health of the occupants or neighbolicsording to the CRP, recycled
products andmaterials complying with the harmonized standards must be considered equal to products based
on primary materials. Indeedy ithe harmonised standards reporte Trable3.28, aggregates are classified as:

1 natural aggregates, proded from mineral sources;
1 recycled aggregates, produced from processing material previously used in construction;
1 manufactured aggregates (i.e. secondary aggregates), secondary materials arising from industrial

Table3.28: EN Standards for aggregates

EN 13242 | Aggregates for unbound and hydraulically bound materials for use in civil engineering work and road
construction

EN 13285 | Unbound mixtures specifications

EN 13043 | Aggregates for bituminous mixtures angrface treatments for roads, airfields and other trafficked area

EN 12620 | Aggregates for concrete

EN 13139 | Aggregates for mortar

Aggregates areften locally available, therefore during the planning phase of each road project, an important
activity s the definitionof the Sustainable Supply Mix (SSM) of aggregategrdcurement of aggregates from
multiple sources, according to criteria of economic, environmental and sffiiééncy (Blenginiet al., 2012)..

SSM therefore requires procurementofn multiple sources and try to foster the employment of recycled,
secondary materials and kyroducts.

As it is shown irigure3.33, aggregates can be used bound or unbound in the different pavement layers (road
sub-base (3) and road base (2)) or in embankments (5: shoulders, landscaping, berms) according to the
harmonized standards of referenck literature, data on the need of aggregates per km of road show that
20,000 t/km for a twelane road (BRE, EC, 2014§ 80,000 t/km for a motorway (EC JRC, 2009) are needed.
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Figure3.33: Use of aggregates in pavement layers
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3.45.1 Waste derived aggregates and {products

Member States in Europe have developed individual guidsliand regulation regarding the use of waste
products in Europe (EC JRC, 2009). This fact prohibits a general listing of waste products used for road
construction at the European levérhis is reflected in the differences in leaching criteria for wasig lay

product derived aggregates in different Member States as summaris@diiexlll.3 Leaching testsire, with

one small exception (the Catalunya region in Spain), based on EN 12457 or CEN/TS 14405 methods. However,
the limit values vary widely and somdember States have split limits into various different categories for
aggregates depending on the wastefpyoduct tested and/or the final use of the aggregaidevertheless,
examples of waste products and industrial-fmpducts used as unbound materials different pavement
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layers include C&DW, RAPcoal flyash,coal bottom ashmunicipal solid waste inceneration MSW!I bottom
ash, slags from iron and steel production @tlurnace slag and steel slay)dreclaimed rubber from tyres.

Recycled aggreges from C&DW, including crushed concrete, excavated soil andlegcgsphalt aggregates,
appear to behe waste derived materials with the highst improvement potential FREDGENYV, 2013).

According to UEPG (2012), 2.8 billion t of aggregates are prddpee year, 20% of which used inad
construction and railway©nly a fraction of this quantity is recycleggregategca.180 Mtly). At the same

time 531 Mtly of C&DW are generate®IOISEC, 2011). Approx. 40% of this amount of C&DW consisted of
conceete. The WFD has designed the following target omse and recycling of C&DW (art. 11@); by 2020,

the preparing for reuse, recycling and other material recovery, including backfilling operations using waste to
substitute other materials, of nehazardous construction and demolition wast€&DW)excluding naturally
occurring material defined in category 17 05 04 in the list of waste shall be increased to a minimum of 70 % by
weight. C&DW has been identified as a priority waste stream by the Europeéon because there is a high
potential for recycling and reise of this waste type. Furthermore, the technology for the separation and
recovery of C&DW is well established, readily accessible and in general inexpensive. The potential is assessed
to be lage due to the existing level of recycling anduse of C&DW which varies greatly (between less than
10% andover 90%) in the Member Stat¢ECIRC 2009). BIOIFEC(2011) has reporteén average recycling
percentage of 46%.

Within the construction sectoithe use of recycled aggregatéem CDW can potentially play a key role in the
delivery of environmental policy and green public procurement objectives ETC/SCR (2009):

w Mineral / aggregates used in construction are among the largest material consumptéamst in the EU
w Within Europe, CDW is the largest waste stream by volume. Recycling of CDW can significantly reduce the
demands on landfill capacity.
w A significant amount of energy could be saved by replapiimary material with recycled CDW. Life
cycle analyses show that, for example, concrete containing recycled aggregate has 20 to 30 % less
environmental impact than concrete made purely from primary raw materials (Kuemmel, 2000).
' O02NRAY3I G2 GKS 9dzZNRLISIY [/ 2YYRA & aANRyOQUaNSWI SV Rbe 20291/ 22 yH .
right to specify materialer the content of a product in public tendering also includes the right to demand a
minimum percentage of recycled or reused content where possible. In the Green Public Procurement Training
Toolkit (E2, 2008), the Commission also recommends that:

w Atleast 5 % of constructiamaterial should derive from recycled or-used content
w Recycled material must be accompanied by test documents indicating that they contain no hazardous
substances.
Within the gudelines of WRAP on recycledads (WRAP, 2005a) for localithority, several benefit are
highlighted by using recycleahd secondary materiala road construction:

w Economic benefits:
o0 the use of recycled materials for maintenance is often cost neutratagt| and in many cases can
deliver good financial returns. Specific cost savings include the avoidance of waste disposal charges
FYR [FYRFTAfE ¢lLE® a2NB20SNE &42YS YI A vidySogrhed OS (G SOF
bitumen asphalt mix and repcessing with hydraulic road binders have lower costs
0 The use of recycled products can shorten the time needed for maintenance work and, therefore,
cutting the costs. The consequent easing in traffic congestion will also help the local economy. For
example in situ recycling can reduce the duration of traffic disruption by around 50% and foamed
concrete can allow faster trench filling with fewer people
w Environmental benefit: the use of recycled materials and products can deliver clear environmental
advantags by substituting for virgin materials, decreasing energy consumption, and diverting waste from
fFyRFACLC ariSaod {2YS 2F GKS Y2aid &adz00Saafdz 20!l f
materials produced locally
w Social benefit: écycling leally delivers social benefits such as local jobs. Moreover reduces in road
haulage activities, congestion and, therefore, increase road safety and cut air pollution
According to WRAP (2005a), the recycled content could be required with confidence. Almogthighways
maintenance application can utilise recycled and secondary materials. These include aggregates for the various
layers of road pavement structure, fill material, drainage media and landscaping materials. Key actions are
identified in:
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w Use pequalification to encourage tenderers to define how they will help to deliver corparbjectives
on sustainability

w Set requirements and incentives for the use of recycled materials in your tender invitation and
specification

w Use tender evaluation to givaredit for greater recycling and the associated benefits

w Set targets and key performance indicators for the reduction of waste and the use of recycled content as
part of any highway works

w Consider early involvement of the supply chain in order to imprpredictability, time and quality,
reduce wholelife costs, and increase the opportunities for innovatigrsuch as increasing the use of
recycled materials

3.45.2 Examples of performance criteria set in EU Member States

Performance criteria for recycled CDW che subdivided into physical properties (such as particle size
distribution or frostsusceptibility) and chemical properties. The same physical criteria requirements are
applied to both recycled CDW and natural material, while chemical properties forledcgiggregates from
CDW relate to substances or elements, which if found in soil, ground or surface water, could potentially harm
the environment. Key criteria thus relate to possible contamination from recycled mineral CDW and the
associated potential teause pollution during construction and use. In order to ensure that this is minimised,
several Member States have defined limiting values in terms of chemical contamination in relation to possible
leachate. These often have an associated labelling /ifilzegton schemes and / or quality assurance to certify
that the recycled end product complies with these limits.

Austria

In Austria, there is avell-establishedmarket for recycled material for use in construction. However, there is

still considerable rgistance to using recycled material particularly in public procurement. Even when treated

FYR ljdzt t Adé& Fa&adNBRXI NBO&2Of SR YIFGSNAFE &dGAtf OF NNA Sz
procurement often are not confident in using these maads. In order to guarantee the quality of recycled

building materials and to assure their quality, assutieugh quality certification / marks, issued a series of

guidelines on recycled mineral CDW have been published (BRV et al., 2007a,b,c). Tireegddiblish the

minimum requirements (regarding the production and use of recycled construction materials and regarding
environmental compatibility) and to specify the kind and extent of tests required for recycled mineral CDW.

The environmental standds contained within these guidelines can be comprised as follows:

w Maximum contaminant concentration limits, which in turn determine a quality / use classification, as
indicated in Table below, and
w Maximum content for additional pollutants which could potetly leach from the material (see
chapter on leaching)
These qualityrelated use classifications are then used in conjunction with the leaching value to select the most
appropriate material for particular applications (s€able3.29).

Table 3.29: Fields of application of recycled construction material according to qualitgsses (BRV et al.,
2007ab)

Area of appli- | Hydro-geologically sensitive areas Hydro-geologically less  sensitive | On non-

cation areas hazardous
Allowed way | In unbound | In unbound | In  bound | In unbound | In unbound | In waste land-fill
of application form with- | form with | form form with- | form with | bound site / restora-
out cover | cover layer out cover | cover laver | form tion of existing
layer layer structure or
inherited dam-
. . . age
Class A+: 4 4 N N, N N N
Class A -\I' \.'I \.'I '\II \||' .\,'
Class B N N N N
Class C ~

Source: BRV et al. (2007a, b).
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Denmark

In Denmark, the use ofecycled road surfacing requiraso approval- it is accepted through the Danish
Environmental Act; Part 5 (cited byMontecinos and Holda, 20Q8or use as a subase and the paving of
roads, paths, public spaces etc., irrespective of whether the surface is waterproofed or not. leath20p0

the Danish Ministry of Energy and Environment stipulated Statutory Order No 655 regulating the use of
residual waste and soil in building matesiabllowing the use of recycleuaterial for the constructiorof

roads, paths, soundbsorbing wallsyamps, dykes, dams, railway embankments, pipe/cable trenches and
foundations if certain leachate values are not exceeded. These limiting values vary, depending on the potential
for penetration of rainwater. Based on a similar system to Austria, recycleeral CDW is classified on a scale

of 1 to 3, but based only on limiting leachate values, where:

1 Category 1, which contain only a limited concentration of heavy metals and exert only low leachate
values must be used in water sensitive areas;

1 Category 3, wh relatively high, but still restricted leachate values, can be used in all areas, provided
the surface is not porous, i.e. is not subject to rainwater penetration

Germany

In Germany the legal frame for the recycling CDW is providetthédKreislaufwirtshaftsgesetz 1994Acton

Closed Loop Economy), supplemented by a series of federal and regional ordinances and norms (Technische
l'yE SAlGdzyadSyood ! yiit GKS &Sk NI988)definediickréquiraniehty/ farlttdR & [ ! D!
recyclingofmineralGD Ay DSNXIyed Ly wnnu | NB@GAaAzy 2F (KS af!
environmental standards. An ordinance is planned for the application of mineral recycling material for building
construction (Henkes, 2008) aimed at facilitating the useeoycling materials while protecting specifically soil

and groundwater. The ordinance specifigBich parameters need to be analysed and which limit values must

not be exceeded. These limiting values are used to classify the material in terms of ittigldteure use, on

a scale of 1 to 3, in this instance based on both chemical content and limiting leachate values, where:

w RG1 material, which has to comply with the most stringent limit values, may be used in most
applications, even in hydrologicallgrssitive areas, and
w RG3 material, which has to comply with more lenient limit values, is much more restricted.

United Kingdom

The UK Waste and Resources Action Programme (WRAP) in conjunction with the Highways Agency and the
Quarry Products Associationstablished a Quality Protocol for Aggregates in 2004, with a revised edition
released in 2005W/RAP, 2005b The Protocol has two main purposes, to:

w Identify the point in the recycled material ceases to be classified as waste and
w Give adequate assuranceahrecovered aggregate products conform to standards common to both
recycled and primary products.
The Quality Protocol for the production of aggregates from inert waste has established a quality management
scheme for aggregate processing to defined staddaThis provides purchasers and users with assurance that
recovered aggregate products conform to the standards that are common to both recovered and primary
aggregates, increasing confidence in performance

The WRAP Quality Protocol for Aggregates placesponsibility on the producer of recycled CDW to:

w Define acceptance criteria in order to ensure thatiradoming waste which is not inert is rejected.

w Establish a factory production control system in accordance with the norms for recycled construction
material issued by the British Standards Institute (such as BS EN 13242 and PX). é&8@wing
initial type testing the producer is responsible for process control.

w Prove that there is a demand / market for his product, which must meet theaénaaste criteria
specifications defined in www.aggregain.org.uk/specifier/index.html.

w Test aggregate composition weekly, including organics and grading, although not necessarily through
a third party. Further parameters may be tested to either decide or illustratitability for a
particular end use.

w Provide test results, test procedures and outline details of the factory production control manual
(WRAP, 2005b), when requested.
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France

The Ministry of Ecology, sustainable development, transport and housingmeé-has also developed a
methodological guide for the assessment of the environmental acceptability of alternative materials produced
from waste andntended for road constructiofSetra, 2011)The guide can be used by road designers and
pubic authorities

3.4.5.3

In the practical method for greening road procurement proposedaynpson et al., (2012), one of the most
significant components in road works is the mass movement of materials (soils, aggregate, rocks) around the
site, as well as to anfilom the site. They state that mass haulage/earthworks operation can cost up to 30% of
the project. In this practical guidance it is recognized that mass haul, definetheasnovement of soll,
aggregate and rockis a significant producer of GHG emissioakted to fuel consumptionOne way of
reducing fuel consumption is to motivate and enable contractors to reduce both the amount of material
moved and the total distance the materials trav€urrently, as part of the tendering process for major road
projects, it is believed that contractors will undertake mdisall optimization and as part of their price
calculations, however the evidence suggest this is generally either not the case, or only to a limited extent.

Transportation

In the ITT, the Client requests plan wihtable of mas$aul information. The example of mass haul table
proposed byHampson et al., (2012) is reportedTiable3.30.

Table3.30: Example of mass haul téb (Hampsoret al., 2012)

Materials Source | Destination \ g d Eventually | Rolling Work
Volume density Transport udpolwlnﬁliw"d resistance "
distances m
Dz
) | o) | ™ )

W= gv* tzbmid) Where
W = work (MJ)
V = volume (1)

1
il
1 g=density (kg/r?) [stockpiled volume]
1 g specific weigh(N/m3)

1

Dz=gradient difference (m) [negativiethe elevation of the first point is higher than the elevation of the
destination point (downhill)

=

mr= coefficient of rolling resistance

9 d=transport distance (m)
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3.4.6 Excavated soils

Soil is a vulnerable and essentially remewable resource. Some ofd@hmost significant impacts on soll
properties occur as a result of activities associated with construction activities (DEFRA, 2009), which can have
adverse impacts on soil in a number of ways by:

1 covering soil with impermeable materials, effectively seglinand resulting in significant detrimental
AYLI Olia 2y a2rafaqQ LKeaAOlItx OKSYAOLIE FyR oA2f23IA0
w contaminating soil as a result of accidental spillage or the use of chemicals;
1 overcompacting soil through #huse of heavy machinery or the storage of construction materials;
w reducing soil quality, for example by mixing topsoil with subsoil; and wasting soil by mixing it with
construction waste or contaminated materials, which then
1 have to be treated before reise or even disposed of at landfill as a last resort
The use of soils is a strategic factor in the Waste Framework Directive WFD 2008/98/EC (EU, 2008) and will
consequently contribute to breaking the link between economic growth and waste growth with the du
benefits of reduced environmental impact and the preservation of natural resources. According toaagt. 2
excluded from the scope of the Directive (therefore are not wast€}) uncontaminated soil and other
naturally occurring material excavated the course of construction activities where it is certain that the
material will be used for the purposes of construction in its natural state on the site from which it was
excavated The reuse in the same worksite is, therefore, one of the main hint. Sidlet from the worksite,
excavated soil can be employed asgrgducts or recycled or recovered materials. There is no definitive lists
of what is waste and what is not. It depends on each Member States national legislation and technical
specificationsSorre examples are:

1 Iltalian technical regulation (decree n. 161 of 10.08.2012 on the use of excavated soils and stones as by
products (according to the WFD definition) in layer of fill materials, environmental filling, land leveling
and road base in civil wosk The regulation includes procedures of chemptalsical characterization
and investigation of the environmental quality of soils, referred to the land use and the remediation law,
and indication of the sampling procedures during the working phase anddpection and controls

1 DEFRA2008). Definition of Waste: Development Industry Code of Practice (DoWDICoP), a voluntary code
applicable to England and Wal&3EFRA2009). Construction Code of Practice for the Sustainable Use of
Soils on Constructiont8s

1 The Dutch Decree of 22 November 2007 containing rules with respect to the quality of soil (Soil Quality
Decree).

Data from BIOISB{OISEC, 2011) reveal thdhe inclusion of excavation waste in the statistics of the total
production of C&DW would sidfitantly increase the quantities involved, from 3831 Mt to a total of 1,350

2,900 Mt of C&D and excavation waste per year. This quantity has the same order of magnitude of the EU
production of aggregates (2,800 Mt in 2010) and shows that there ard goesibility of the reuse, recycling

and recovery of waste derived materials in the construction sector.

According to DEFRA (2009), although planning approval is-eequeésite to all development proposals and
consideration of the impact on soil is amegral part of the EIA process, there is no typical specific direct
planning control on the sustainable use and management of soil resources on construction sites or a
requirement for the monitoring of soil protection and sustainable reuse.

In general, acording to DEFRA (2009), three interconnected management plans can be required:

i Site waste management plgiSWMP), required for all construction projects exceeding £300k to reduce
the amount of waste generated. It must:
1. describe all waste types that arepected to be produced in the course of the project;
2. estimate the quantity of each different waste type expected to be produced;
3. identify the waste management action proposed for each different waste type, includingimg,
recycling, recovery and dispdsa
1 Materials management plaMMP) should form part of a remediation strategy or design statement
derived using an appropriate risk assessment. This plan should provide:
1. a description of the materials in terms of potential use and relative quantities ofi eategory
underpinned by an appropriate risk assessment;
2. details of where and, if possible, how these materials will be stored;
3. details of the intended final destination and use of these materials;
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4.
5.

details of how these materials are to be tracked,;
contingency arrangements that must be put in place prior to movement of these materials.

1 Soil Resource Plan (SRP) should be produced on all construction sites whsableereserves of topsaoil
and/or subsoil have been identified by a soil resource survey.cHmsorm a suksection of the MMP,
where implemented, and should be factored into the SWMP if surplus soils will be generated. The SRP
should include:

1.

N o

©

areas of soil to be protected from earthworks and construction activities;

2. areas and types of topsoil amtibsoil to be stripped, haul routes, stockpile locations;

3. schedules of volumes for each material

4,

5. methods for stockpiling: soil should be stored in an area of the site where it can be left unddturbe

methods for stripping (minimizing the damage of topsoil)

and will not interfere with site operations

methods for respreading and ameliorating the soils

expected afteruse for each soil whether topsoil to be used on site, used or sold off site, or subsoil to
be retained for landscape areas, used as structiilfadr for topsoil manufacture

identification of person responsible for supervising soil management

Method 1 of stockpiling¢ Dry nonplastic soils Method 2 of stockpiling, Wet plastic soils
Figure3.34: Methods of soils stockpilingDEFRA, 2009)
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3.4.7 Stockpiled fly ash/pulverised fuel ash (PFA)
3.4.7.1 3.4.6.1.Background

As mentioned earlier in the market analysis, ECOBA estimate that approximately 100 Mt of coal fly ash (FA) is
produced each year. Of this quiity, only around 44% is resed in normal raise applications although a

much higher reuse rate of 93% was calculated if use in land restoration and land reclamation projects is to be
included.

Regardless of current nagse rates, historically FA prodian has exceeded rase, leading to the accumulation

of huge stockpiles of FA in the vicinity of now abandoned and currently operating coal fired power plants. Due
to a lack of records, no estimates of the quantity of stockpiled FA in the EU exist.f Bvisnquantity were
known, it may be uncertain if the FA has been combined with other waste materials such amdlue
desulphurisation sludge at bottom ash.

In the EU market today, recently produced fly ash is often stored in rgbdy to be loaded it trucks for
transport to clients. Silo storage capacity may be tens of thousands of tonnes (Brennan, R{di@).is a
disparity between demand for fly ash in cement, which is highest in the summer (since most construction
occurs in the summer) and the mply of fly ash, which is normally highest in the winter (because energy
demand is higher in the winter).

Storage on larger scales may occur by mixing FA with water to form slurry, which is then pumped to purposely
created lagoons located next to the pomplant. Lagoon storage prevents the loss of fly ash as dust but will
also result in the dissolution of soluble ash fractiamsl elements. These elements may leach to surrounding
groundwater bodies in unlined or poorly lined lagoons (Choi et al., 200&{WJ@004) or simply dissolve and
re-precipitate or be redeposited elsewhere as the moisture content in the lagoon varies. Sedimentation of the
particles may lead to segregation of fly ash particles based on their density and fineness.

3.4.7.2 Use in blended ements

The reuse of lagoon stored or "conditioned" fly ash in blended Portland cements was generally not considered
until the last decade. This was following research that showed no major problems with the use of conditioned
FA so long as the water contemas accounted for correctly (McCarthy et al., 2000; McCarthy et al., 2001).

For use in cement or concrete, fly ash characteristics must conform to EN 450 requirements. Many small to
medium enterprises are now operating in Europe regarding the benebaiaif low value fly ash to higher

value fly ash that complies with EN 450 (refs). Such beneficiation processes may include milling, rinsing,
floatation or magnetically induced sedimentation.

Considering the recent introduction of the Waste Framework Divec (2008/98/EC), the fraction of
marketable fly ash formed after beneficiation processes could technically meet the End of Waste (EoW)
requirements of Article 6 so long as:

(a) The substance or object is commonly used for specific purposes;
(b) A marketor demand exists for such a substance or object;

(c) The substance or object fulfils the technical requirements for the specific purposes and meets the existing
legislation and standards applicable to products (e.g. EN 450, EN 197, EN)286ctc

(d) The use of the substance or object will not lead to overall adverse environmental or human health impacts.
The criteria shall include limit values for pollutants where necessary and shall take into account any possible
adverse environmental effects of thelsstance or object.

The only real concern with conditioned fly ash is the sulfate content, which should be verified prior to-any re
use, due to itself potential impact on cement hydration and stability.

3.4.7.3 Use as fine aggregateffiller

A lower value reuse isas a fine aggregate or filler in concrete or soil stabilisation applications. In terms of
aggregates, where the fly ash is not beneficiated, or specifically involves the unwanted fraction of fly ash after

137



beneficiation processes, Article 5 of the WastarRework Directive may be relevant regarding the definition
of this type of fly ash as a fproduct when:

(a) Further use of the substance or object is certain;

(b) The substance or object can be used directly without any further processing other than Inaduatrial
practice (e.g. blending with other graded aggregateger EN 13285 faxample);

(c) The substance or object is produced as an integral part of a production process; and

(d) Further use is lawful, i.e. the substance or object fulfils abvaht product, environmental and health
protection requirements for the specific use and will not lead to overall adverse environmental or human
health impacts.

The use of fly ash as fine aggregates and fine in concrete and in structural or engindenndilEU is well
established and therefore some legal precedent must exist that would enable the use of most FA to be used in
road bases.

3474 Concluding remarks

The market for high quality FA in the EU is well established and supported by a number dabsmedlium
enterprises that focus specifically on the beneficiation and marketing of fly ash for high valise f@s a
cement substitute). Lower value H#gse applications are well established for lower quality fly ash in the EU.
Overall, there is littleeason why fly ash, either recently produced or previously stockpiled, could be used in
road construction either in higher value applications (blended cements) or lower value applications (road base
fill and controlled low strength materials).
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3.4.8 Maintenance strategies

The maintenance of road network has become a highly important part of the road management since many
environmental impacts identified are related to this phase. For example, maintenance activities are
implemented to mitigate the noise due tadchage pavement, but they also might cause traffic congestion. The
road network is quite well developed, and preservation of the asset must be secured.

The objectives of maintenance are upkeep and restoration of road network condition to counterbalance its
deterioration due to weather, traffic, aging etc. The results of the maintenance effort must be measured to
assess to what degree the objectives are achieved and also to assess the effectiveness of maintenance. In
addition, the maintenance activities shidube planned and scheduled in time so congestion can be minimized.

Maintenance and maintenance objectives
Maintenance activities can be classified in 3 different groups (Wenidgeudil, 2009):

Routine Maintenancgalso called road operations): small nse@es to repair local deterioration (cracks,
potholes, repair of damaged guardrails etc.) and operational activities (e.g. winter maintenance / winter
operation). The objective of these measures is to keep the road (pavement and the othessets) in a
defined (minimum) condition level and to avoid progressive deterioration. They have a limited lifetime and are
normally performed on demand based on routinely periodic observations. They are not really planned and
therefore they are not taken into accourfior the evaluation of the maintenance backlog. These works are
either conducted by the road administrations themselves or are contracted out.

Planned (major) maintenancenaintenance measures with a long lasting improving effect to the condition of
the subasset or component (rehabilitation). The objective is to provide a better condition to the present and
future road users. These measures are conducted at components or sections close to or below an
unacceptable condition level. They are planned as sodh@asondition of the component falls below a given
warning level and they have to be conducted according to a priority rating (e.eanal@is)using the relevant
management system taking into account the given budget availability. These measures yenmaabmbined

to bigger construction sites and are contracted out following a tendering process.

Upgrade and extensionmeasures which upgrade the existing sagset or component or extend the
infrastructure to a higher level than the original new coiwlit (e.g. additional lane, strengthening, higher
requirements for retention systems etc.). These measures are also planned depending on the condition of the
existing road but taking into account the need and the timeframe for the additional upgrading wiogHnoth
objectives to one construction measure. Normally only the part of the works which is attributed to the basic
improvement (rehabilitation) of the existing part of the road is paid from the maintenance budget and thus
contributes to the calculatiomf the backlog. The extra costs of the upgrade and/or extension are covered by
the budget for investments.

Other additional definitions of maintenance are also proposed, based on the definitions provided by the
Australian Asphalt Pavement Associationérefce):

Routine maintenance is concerned with minor activities required to slow down or prevent deterioration of a
road pavement. It tends to be preventive as well as corrective and includes such activities as:

9 cracksealing

1 pothole repair

9 minor correctim of surface texture deficiencies
1 minor shape correction.

Periodic maintenance primarily involves preservation of the asset using thin surfacings to restore texture or
ride quality, protect the surface against entry of moisture, or prevent deterioratioougin ravelling and
weathering.

Rehabilitation includes major work carried out to restore structural service levels. As such, the treatments are
corrective in nature and include:

1 nonstructural overlays

9 structural asphalt overlays
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1 reconstruction or recyelg of pavement materials, etc.

Condition and Performance Indicators

For the characterization of the condition or functionality of a s#set or component performance indicators
should be used and should describe the different characteristics in a balavag. The selection of adequate
performance indicators is strongly dependent on the type of asset.

The following list is a general recommendation of indicators which should be taken into consideration for the
assessment of road infrastructure (Weningécudil, 2009):

1 Performance indicators for pavements according to the COST 354 REPOST, 200BErformance
Indicators for Road Pavements:

o User related single performance indicators to describe the safety and the comfort of the

pavement
A Skid resistancetexture
A Rutting

A Longitudinal evenness
o Structure related single performance indicators to describe the structural (technical) status
of the pavements
A Cracking
A Other structural defects (ravelling, bleeding, etc.)
A Bearing capacity
o Environment related indicats to describe at least the noise emission
o Combined performance indicators for:

A Safety
A Comfort
A Structure

A Environment
A General performance indicator to describe the overall condition of the pavement
1 Performance indicators for structures
o Component specificsgle performance indicators to describe the distresses as follows:

A Type
A Extent
A Severity
o Combined performance indicators to describe the following characteristics of the structures
A Stability
A Safety
A Durability

o General performance indicator to describe thesoall condition of the structure

Monitoring and data acquisition

Subject to the different types of sudssets the following investigations are recommended (Weniwyeudil,
2009):

1 Pavements
o0 Measurements for user specific performance indicators (skidstaste /texture, rutting,
longitudinal evenness), bearing capacity and environmental indicators (noise emission)
o Visual inspections in combination with videpstems or images for structural performance
indicators (cracking and other surface defects)
1 Strudures
Visual inspection of subomponents with videeor image documentation

w Road furniture
Visual inspection and functional testing

In addition, this study also recommends the intervals of monitoring be in coincidence with the local
requirements and the igen national and/or European standards (especially for bridges and tunnels). The
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following values are recommended as theaximum intervalsof measurement and visual inspections on
network level.

w Pavements: max. 5 years
w Structures: max. 6 years
w Road furniure: max. 1 year for functional testing
Additional information needed to find the optimum maintenance strategy of a certairasgkt or component
is also recommended to be collected, updated and checked in a certain interval. This information comprises:

w Inventory data (extent of assets, location and reference, construction types, maintenance history,
etc.)
w Input parameter for the definition of the maintenance objectives which are in coincidence with the
performance indicators in use (threshold values, patages of condition classes, etc.)
w Input parameter for finding the optimum maintenance strategy based on LCC analysis (cost, triggers,
performance prediction models, economic parameters, etc.)
The Figure 3.35, Figure 3.36 and Figure 3.37 show the indicators that HeRoad report Overall road asset
performance §jogrenet al,, 2019 identifies as those parameters actually used in the routine work. According
to this report, the detas in the strategic level are the common goals found in most countries, regions and EC.
Lower levels as functional and operational levels may differ much more between countries and regions. The
figures try to link the technical parameters to upper levetgttgically) indicators.
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Figure3.37: Highwaystructures technical parameters.

Maintenance Standard / Maintenance Goals

The main objectives of maintenance activities to be achieved must be expressed by parameters which are in
coincidence with theperformanceindicators in use. The following are suggested by Weniwyeudil(2009:

w Threshold values which define the border line between fulfilled and unfulfiled demands (e.g. in form
a condition related value or a maximum deterioration rate)
w Threshatls values which define the lowest acceptable condition (e.g. in form a condition related value
or a maximum deterioration rate)
w Target values which define the optimum condition to be achieved after maintenance measures (e.qg.
in form a condition related vak)
w Percentage of condition classes or ranges to be achieved (in case of given condition distribution
standards)
These values are related to functional and structural requirements and are laid down in the respective national
guidelines or manuals. Idealllgey are derived from an analytical relationship between the indicator and the
consequences to the road user, but in most cases they are adapted in some way to the given or accepted
condition distribution at the network and the related risk assessmerm. teaffic accidents).

Especially for pavements and structures these input parameters are widely available.

3.4.9 Main areas of innovation in road construction and construction
materials and products

According to the contributions from the first stakeholdaresgtionnaire, the following main areas of innovation
have been identified:

Asphalt

a. Warm mix asphalt Asphalt produced at reduced temperature (30 to 50°C lower than regular
production of bituminous mixtures). The constituents of the asphalt are not altdreis. results in:

o lower energy consumption and lower €€missions
o lower emission of fine dust particles

o reduced smell nuisance and increased comfort for workers and people living in the
neighbourhood of an asphalt production unit

o after installation the nev pavement reaches its service temperature after a shorter time
allowing the road to be opened for traffic after less time

o in the future, asphalt manufacturers will need to buy @@ission rights. Reduced emissions
can be a substantial economic advantage.
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0 This technology is proven and is being used for road construction.

b. Warm mix asphalt.New warm mix paving process that makes use of recycled plastic and of wax
obtained by recycled plastic. The temperature of the paving process is reduced to approx.viigii °C
AAIAYATAOFLYG NBRAzOGAZ2Y AY =+h/ FYR / hi SYrAaarzyao
reduces the aging of asphéit

c. Use of thin (20- 30 mm) and ultrathin (15- 20 mm) layersallow a lower consumption of materials
and energy.

d. Used ofhydrated lime in hot mix asphaltThere is evidence that the durability of road is increased
with 12 years in average (EULA, 2013)

e. Noise reducing asphalt

f. Photocatalytic Asphalt This type of asphalt is able to convert toxic subtances,,(MQ) into
harmless ompounds and thus improves the air quality

g. Cool Pavementlt is asphalt treated with nanooatings able to reduce surface temperature, so heat
island effect. Moreover, low temperature reduces asphalt aging. Tests argoiag and the
technology is not yveready for use commerciallyExperimentation in USA Arizona, Phoenix.
Moreover, low temperature prevent asphalt aging

h. Asphalt without bitumenis currently being studied and tested.
i. Incineration of tarand the aggregates are being used in asphalt, mrand base course materials.

j-  Rubber asphalt asphalt produced with powder from endf-life tyres (d > 1mm) which is
characterized by higher elasticity and wear resistance, lower maintenance cost, higher rutting
resistance and higher acousperformance This new type of product is under development and not
ready to be diffused into the market (Sandberg at al., 2010)

Concrete

a. Twolift paving (doubldayered concrete): in case of jointed slabs, recycled crushed aggregates can be
used in the bottom layerThe toplayer can be optimized in terms of rolling resistance and noise.

b. Selfhealing concretdor roads (FP7HEALCON project)
New pavement design
a. new asses
prefabricated road pavement&nglife pavement materials

c. RAP and increased use of secondawgterials.Promote the use of byroducts, such as slag, in the
public procurement sector, will avoid to smelters and refiners landfill this material. Someolducts
e.g. copper slags are being investigated to ensure that copper slags are a reliablefeupdosiuct
perfect to be used in rahconstruction and embankments.

Maintenance
a. Patching materials eg. pothole repair

Photovoltaic panels in/as the surface

Many of these techniques are promising from environmental point of view. Nevertheless care miadteine

to avoid compromising the durability of the road construction. If this would be the case, the initial advantage
could quickly have very important negative effects. Thorough research on the durability aspect of these new
evolutions therefore seems r@ecessity.

11 http://www.giteco.unican.es/polymix/Description.html

12http://ascelibrary.org/doi/abs/10.1061/(ASCE)MT.198333.0000613
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3.5 Environmental impacts non covered by LCA
3.5.1 Introduction

Life cycle assessments are defined by system boundaries. The key environmental impacts that have generally
been covered by LCA studies of roads have correctly focussed on the biggessithpacan be quantified to

some degree. Examples include the impacts on fuel consumption (via rolling resistance and roughness of road
surfaces) and the impacts associated with construction materials (i.e. aggregates, bitumen/asphalt and
cement/concrete).

However, there are a range of other impacts that are not so easily defined or quantified. Such impacts include:
1 Noise pollution.
1 Possible increased risk of flooding.
1 Pollution of watercourses (leaching from road materials and particulates).
1 Creation of bariers to wildlife.
9 Diverse social impacts.

In the following sections, we briefly discuss those impacts that may be relevant to GPP criteria to some extent.

352 Noise

Noise can be defined as levels of sound that are loud, undesirable and/or unpleasant. dftearbe a
subjective issue since not all people have the same level of hearing and not all buildings are equally sheltered
from noise from a given road.

The direct and indirect effects of noise pollution on the economy and human health are extrenfielyltdid

estimate, but according to a growing number of studies they represent a serious concern. Data from the
European Environment Agency estimate that more than 30% of the European population are exposed to 24

hour weighted average levels of road tiafhoise in excess &dB (EEA, 1999). Weighted night time noise

exposure levels above 55dB are considered to cause sleep disturbance by the WHO (WHO, 1999). Links
between road traffic noise and incidences of high blood pressure and heart disease havedmselated

(DEPA, 2003a). By estimating effects of noise pollution on factors such as health and property values, some

very significant economic benefits have been indirectly linked to noise reduction (EEA, 2003; DEPA, 2003a; CEC
1996; DEPA 2003b; Watt$ al., 2005).For example,K S ¢2NJ Ay 3 3INR dz2RI0& ¥y 3NVK OK! BYIR O
of the EU estimated that the reduction of noise perceived in households from road transport, within the range

of 55 and 75dB (L, values) would equate to economic benefitlop € kK K2 dza SK 2 {[RURG0SJOA 6 St k &
Road transport is one of the major sources of noise pollution that people are exposed on a daily basis and
merits further discussion in the background report for GPP criteria development in road construction. There

are two distinct categories of noise that can be considered: a) noise due to construction and maintenance
activities and b) noise due to normal use of the road.

3.5.21 The Environmental Noise Directive (2002/49/EC)

Environmental noise is a serious issue in theagl$ reflected by the implementation tDirective 2002/49/EC
relating to the assessment and management of environmental hol$e Directive is applicable to noise from
roads and requires the development of common assessment methods for environmesisal, mapping of

noise impacts in strategic areas and to develop action plans in areas of interest. For monitoring sites, the
common noise indicatorkse, (day-eveningnight) to assess annoyance) ahg (to assess sleep disturbance)

are specified. Thesare Aweighted longterm average sound levels as defined in ISO 1896987. Days
defined as 0700 to 1900, evening as 1900 to 2300 and night as@@@hours (local time).

Noise maps are required folafjglomeration$ (urbanised area of population 50,000) and rhajor road$
(more than 6 million vehicle passages per year) and should be reviewed at least every 5 years. The noise from
roads can be split into two broad categories:

a) Noise generated during road construction/maintenance activities
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Duringthe construction phase, significant noise will be generated by heavy machinery, compaction equipment
as well as the movement of large quantities of raw materials. Noise exposure to workers is generally complied
with thanks to the appropriate use of persdrarotective equipment and is covered by relevant Occupational
Health and Safety legislation that is outside the scope of GPP. However, environmental noise levels expected
to be generated during construction works should be detailed in the EnvironmenpaldinAssessment (EIA)

for the project. More details regarding EIA's are included in section _. The temporary nature of these types of
emission and the existing legal framework that is already in place mean that this type of noise lies outside of
the scopeof GPP criteria development.

b) Noise generated during normal road usage

In terms of total environmental noise emission, by far the largest impact occurs during the use phase of the
road. Noises from the use of roads are dominated by three main sources:

1. Ergine noise
2. Tyreroad surface contact noise
3. Air turbulence

3.5.2.2 Potential of road surface specifications to reduce noise from roads

For the management of roatyre contact noise, the obvious variable that could be controlled under GPP
would be the specificatio of the road surface.

The precise mechanisms behind the generation of noisa ftontact between vehicle tyres and road surfaces

are complex, although a concise analysis of the issue can be found in the FEHRL (2005). For greater theoretical
detail, the eader is referred to the tyre/road noise reference book (Sandberg and Ejsmont, 2002). A number

of physical properties of the road surface influence noise generation from tyre contact, namely:

M Texture
1 Porosity
M Stiffness
35221 Texture of road surfaces

The textureof a road is defined by changes in surface elevation that cause deviation from a perfectly smooth
planar surface. Texture can be classified based on the scale of such deviations, for exaicnplexture
(<0.5mm),macrotexture (0.550mm), megatexture (50-500mm) andunevennesg>500mm). Also texture can

be considered agpbsitive' whether the deviations are caused by upwardly protruding particlesvegative’,

where deviations occur as voids or grooves that are etched downwards into the otherwise pdgear |
Exposed aggregate concrete surfaces would be a clear example of positive texture. Texture of road surfaces
can be measured by laser methods as per ISO 13473 standsltdsugh microtexture cannot be measured
properly except in laboratories, techniga are constantly evolving. The influence of different textures on
certain road properties is nicely illustratedfigure3.38.
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Figure3.38: Influence of surface texture on roadusface characteristics (from FEHRL, 2005).
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3.5.2.2.2 Open porosity of road surfaces

The porosity of a pavement can be defined as the volume percentage ofapewids per unit volume of
pavement mix. The FEHRL consortium members have proposed classifying pameresnaccording to the
following porosity levelsdense layerq4-9% air voids)semidense layerg9-14% air voids)semiopen (14-

19% air voids) andpen layers(>19% air voids). The last category would be considered as "porous”. As a
general rule porousurface layers reduce tynmad noise emission due to the absorption of sound waves.
However, a number of other factors have influences such as the air flow resistance of pore surfaces and the
depth of the porouslayer. The measurement of road surface @sity will be according to the relative
standards for asphalt materials (EN 13108) or cement concrete materials (EN 13877 and EN 206).

3.5.2.2.3 Stiffness of road surfaces

Finally, the stiffness of a road surface is basically the degree of mechanical impedaheetyre. Since all

road surfaces are orders of magnitude stiffer than tyre rubber, during contact a slight compression of the
rubber in tyre treads is caused, which is an important factor in the propagation of sound waves during road

tyre contact. Thedwer the stiffness of the road surface, the lower the compression of tyre thread rubber and

the lower the noise genated. This is the main argument supporting the improved acoustic performance of
poroSt I aGA0 NRIFIR &dzaNFI O0Sa GKIG O2ydlF Ay xHm> NHzOoSN) oé
the mechanical impedance of road surfaces although efforts are undemwadevelop one Kuijpers and

Schwanen, 2005

3.5.2.24 Road surface types with potentially useful noise reduction performance
A number of different road surfaces have been developed that claim to reduce noise emissions fretyreoad
contact. Some examples are:

1 Porous Asphalt Concrete (PAMasically asphalt with gap graded aggregates and low proportion of
fines to produce an optimum open and connected air voids content e3@. Different grades can
be specified based on the upper limit for coarse aggregéeas 0/10, 0/14, 0/16 and 0/20) and each
country tends to have its own preference in this regard.

91 Double layer Porous Asphalt Concrete (DPACYnsists of an upper layer of finer textured porous
asphalt (grading from 0/3 to 0/8) laid on top of a coarssrer (grading from 0/11 to 0/16) of porous
asphalt. The upper layer effectively acts as a sieve protecting the lower layer from clogging but also
reduces tyre vibrations due to its finer texture.

1 Porous Cement Concrete (PCThe same principal as wittAB and DPAC applies where gap graded
aggregates are used to create a hardened structure with high open void content. Little or no mortar
sand is used in the concrete mix.

1 Thin wearingcourses (TWC) or Thin surfacings (TIHjn layers that can be as nawas 612mm
and up to 3640mm in thickness. Use gap graded aggregates and higher bitumen contents (possibly
modified bitumen) than traditional surface courses that result in improved durability but also
negative textures that reduce noise emission.

9 Stone Mastic Asphalt (SMA)Often considered as a sutass of the thin courses mentioned above.
Uses a high proportion of coarse aggregates (gap graded) and requires resistant aggregates. Voids
content can range from 1-:8%, much less than PA.

1 Exposed aggregatecement concrete (EAC or EACQ@riginally developed for improved skid
resistance, good noise reduction properties have been found when using carefully controlled gap
graded aggregates. Exposed aggregates of sB@m tend to provide optimum macrotexturend
unwanted megatexture can be limited by the use of longitudinal smoothing plates prior to exposure
and limiting the maximum aggregate size.

1 Epoxybound surface dressings (EBRIP).A number of commercially sensitive formulations have
been developed suclas: EFGRIP, GRIPROAD, ITALGRIP and PAVETEX. As with EACC, the original
motivation for these products was to improve skiesistance. The effect on surface texture also
happens to improve noise reduction. Uses a very narrow grade (2/4) of very resistapings.
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Application of the liquid formulation smoothens out any megatexture and forms a good and uniform
macrotexture for noise reduction. Far more expensive than alternatives and may be limited to road
sections where skid resistance is of paramount intpace.
1 Poroelastic road surface (PER®ossess a high degree of elastisicty relative to other road surfaces
RdzS (G2 GKS AyO2NLRNIGA2Y 2F xHn 660G 22 NHZoO6SNI | & |
voids is typically >20% volume. Additional binder or special epoxy resins may b lisgatove the
coherence of the mixture. Noise reduction in small trials pas/en to be promising (Sandberg and
Kalman, 2005).

3.5.2.25 Comparison of road surface performance

While all the road surfaces mentioned in the previous-sabtion can be considered tiffer enhanced noise
reduction to some degree, there are relatively few studies that directly compare these alternatives. One very
useful comparative study was included in the doctoral thesis of Schwarz (Schwarz, 1998hfcbrtheFigure

3.39is taken:
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Figure 3.39: Passhy noise from 18 different tyre/vehicle combinations on 6 road surface types (Schwarz,
1998).

The data in Figure 3.3&garding acoustic performance of the 5 testrfaces, compared to an 1ISO 10844
standard track, reveals that the Porous Asphalt Concrete (PAC) surface generally performed best.

However, data reported by SILVIA (2005) (summarisé&iginre3.40) show that suface acoustic performance
also depends on the speed limit of the road and the vehicle type.
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Figure3.40: Comparison of average SPB noise levels (ISO 18Xt roads as a function of vehicle speed
(passenger cars) and road surface type.

Note: Columns indicate the average value and error bars show the range between maximum and minimum
individual measurements. Abbreviations are as described in the previotsestidn. Additional abbreviations

are: CQ; Cament Concrete; CGburlap textured concrete; DACDense Asphalt Concrete; HRAot Rolled
Asphalt.

In Figure3.40 it is evident that there are other road surfaces that can perform even better than PAC, for
example DPAC and pexps PCC. However, it is extremely difficult to say whether or not one road surface has
a statistically significant better performance than another. When the speed limit of the road changes, so too
do the relative performances of the road surfaces. Funthere, this data was only measured for passenger
cars. Noise emission from heavy vehicles may respond differently to each individual road surface.

Although there is a certain performance advantage between traditional road surfaces (e.g. HRA, DAC and CC)
and more novel surfaces (PAC, DPAC, PCC and TSF) it would not be recommended to use GPP to specify or give
preference to one particular road surface in all road construction projects. Where noise is expected to be an
issue and noise barriers are not feasilolr practical, then perhaps GPP criteria should lend added weighting to

those generally lower noise surfaces, based on experimental data under controlled conditions. However,
where porous surfaces are preferred, other considerationsst also be taken iotaccount.

3.5.2.2.6 Additional considerations with porous road surfaces

These considerations apply especially to PAC, DPAC and PCC, where a large network of open and
interconnected voids exists. Tlaggregates are more exposed in such materials and so it is cartorgpecify

higher "polished stone valuésand other relevant abrasion resistance type properties (PIARC, 1995; Jacobsson
and Wagberg, 1995) A number of advantagesl disadvantages of porous surface courses are summarised
below inTable3.31:

Table3.31: Summary of the main advantages and disadvantages with PAC.

Advantages Disadvantages

Binder more exposed, likely to age quicker. May require

Reduced noise emission. of 0.3-0.4% ibres in mix for durability purposes.

Improved drainage and thus less splashing during we| Voids will eventually block with debris, requiring specialig
conditions. cleaning.

Increased need for apipation of deicing salts due to easg

Potential for stormwater filtration prior to discharge. - O )
of ice formation in any poorly drained pores.

Improved skid resistance in wet conditions. Patched repairs for potholes etc. may not knit well with
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overall drainage of rest of surface

Concernshave been raised witlPAC regarding reduced acoustic performance with ageing and weathering of
the surface (Sandberg and Ejsmont, 2002), with reduced performance during rainy weather due to pores being
full of water (Phillips and Abbot, 2001) and problems of clogging with deddis and even weed emergence

in poorly trafficked areas. The expected lifetime of PAC may be less than other surface types as well.

The most uniqgue maintenance problem for porous surface layers is the periodic need for cleaning, which could
well explainthe gradual loss of acoustic performance observed in some PAC surfaces. Considerable experience
with PAC cleaning has been gained in Japan and the Netherlands (Sandberg, 1995; Sanches, 1994; DWW, 1991,
Sanches, 2000). Surfaces can be cleaned using highyveswater jets or air streams coupled with a suction
capability. Cleaning needs can be estimated to be higher in poorly trafficked lanes due to a degree of self
cleaning action of passing vehicles. In Japan certain roads are cleaned on a weeklyHmasgyh atfrequency

of 2 years was suggested by the OECD (OECD, 1995).

With regards to ddcing treatments, the potential for ice formation in PAC may be higher since they can be
around 1°C colder than dense asphalt pavements due to differences in thermdlativity (Page, 1993;
Holldorb, 1997; Litzke, 1997). The use of gritdeficing is not advisable due to clogging of pores, instead
more expensive road salt (soluble) has to be used.

3.5.2.3 Potential of noise barrier specifications to reduce noise from roads

Apart from road surface specifications, the other major impact that GPP for road construction could have on
environmental noise emission from roads would be in the specification of noise barriers. These may be most
relevant to motorways and rural roads wigeland availability is less of an issue than in congested urban areas.

Aesthetics is a very important parameter to noise barrier design but is beyond the scope of GPP criteria. The
section will discuss some of the basic technical principles behind narsieis and then focus on the main
environmental impact of noise barriers, which is the choice of materials used in their construction.

3.5.231 Principles of noise barriers

The purpose of a noise barrier is to reduce the transmission of sound from a defined soeac® a defined
reception area. The placement of a suitable barrier can have the following effect on the transmission of sound
waves showrin Figure3.41 and Figure3.42

Figure 3.41: Basic principles of sound wave transmission in the presence of a noise barrier: a) barrier
absorption, transmission, reflection and diffraction and b) diffraction of frequencies (FWHA, 2000).

In general, the level of noise transmitted is very small compared to the level of diffracted noise reaching the
receiver. As a general rule of thumb, any solid and uniform material of mass Zbkgfn'er area will reduce

noise levels by at leastOdB (Hedricks, 1998).Thdigher the barrier, the lower the fraction of diffracted
sound that will reach the receiver, as illustratedrigure3.42
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