European
Commission

JRC TECHNICAL REPORTS

Revision of Green Public Procureme

Criteria for design,
maintenance of roads

construction ant

Technical report
Working document for tr
2" Ad-Hoc Working Groil
meeting

Elena Garbarino, Rocio Rodriguez Quintero,
Shane Donatello and Oliver W@IRC IPTS)

December2014




European Commission
Joint Research Centre
Institute for Prospective Technological Studies

Contact information

Elena Garbarino, Rocio Rodriguez Quintero, Shane Donatello
Address: Edificio Expo. ¢/ Inca Garcilaso; 81LE2 Seville (Spain)
E-mail: JRAPTSROADS@ec.europa.eu

Tel.: +34 954488318

Fax: +34 954488300

https://ec.europa.euljrc
https://ec.europa.eu/jrc/en/institutes/ipts
http://suspoc.jrc.ec.europa.eu/road/

The authorsare gratefurl to dr.Panayotis Christidiand dr. Hande Demirel fotheir support insections 3.3.2 and 3.3.3

Legal Notice

This publication is a Technical Report by the Joint Research Centre, the European §jommifshousg science servicét.aims
to provide evidencébased scientific support to the European potimaking process. The scientific output expressed doe:
imply a policy position of the European Commission. Neither the European Commissionynperaon acting on behalf of tt
Commission is responsible for the use which might be made of this publication.


https://ec.europa.eu/jrc
https://ec.europa.eu/jrc/en/institutes/ipts
http://susproc.jrc.ec.europa.eu/road/

Table of contents

TADIE OF CONTENES......civiiiiiree s 4 124441 ¢ s 55441 1 5 s £ 15428 ek
1 EXECUTIVE SUMMARY IDE PRELIMINARY FEER.O..........uuuuttt o s s oo 55555+ 5 oo 5515555 1.
1.1 Scope and definitions of road CONSIIUCTION................. o e e e eeeeee s s s ee s et e —— L 111
1.2 IMIAIKET @NAIYSIS. . .eeiiiiitiiee e st 2+ 4+ & s 5 154+ 4+« st 4+ 4 44 1 1 8 s £ 5555542+ st 4 44414111 5.
1.3  Theenvironmental impacts of road construction and MaINtENANCE............... o e e e eevres s mm—————r e s B
1.4 GPP criteria for road CONSIIUCTIAN . ............... e e s 54+ 11+ s 1242100 SEUPPPRR b
1.5  Applicability of the GPP criteria for road CONSIIUCTIQN. ............... o ceseree e o 41«4 242 13....
2 DRAFT CRITERIA PREFRO.......ocoiiiitt s 144+ 44 s £+ 4411 1 1+ st £ £ 5544+ £+ sttt £+ £ 411 1 1 4 s 14 1554+ 14.....
2.1 SEIECHON CIILEIIA. ...ttt o 4+ 144414+« et 444154 £ S £ £ 4544 4 8 S £ 4214441 14
2.11 Selection criteria on the competency of the project manager and the design team..............co..14
212 Selection criteria on the competency of the construction/ maintenance/ rehabilitation contractorss
2.2 PavementVehiCle INErACHION CIILETIAL ................ . o e+t st £+ 411+ ¢ s 4+ 4155« s 544115 17.....
221 Background technical aspects, discussion and rationale for rolling resistance.............commmme ... L7....
222 CrItEIA PrOPOSAL. ... .eeeeeee et oo 14+ 4 s + 155+ + 4 et £« 485444 4 st £+ 4154 4+ st 4441 30....
223 At what stage of the procurement process are the criteria relevant?..............comm e crneee 32
23 RESOUICE EffiCIENT CONSIIUCTION. ........eiii.ee e o e+t s 1+ 4+ 1 ¢ s 54+ 41 1 5 s 415 1544118 33
23.1 Introduction on the holistic performance apPrOAChL................ o seveeesns s e 33.
2.3.2 Life cycle performance requirements of the main road elements
2321 Background technical aspects, discussion and rationale for life cycle performance requirements of
the Main r0ad ElEMENTS.........eiiiiii s e s 44112+« 14421 S TPPPPRSOURROTE: |+ FOPPIN
23.2.2 ClItErTA PrOPOSAL. ... eeie et ot 41+ st £+ 241 1+« s 54+ 41114 ¢ s 4441210 49.
2.3.23 At what stage of the procurement process are the criteria relevant?..............commeeeee 84
233 RECYCIEU CONTENL. ...ttt it 4+ 4+ s £ £ 4+ ¢ ¢+ st £ £ £+ £ 4 & e £ £ 1555 £ 4 ¢ sttt £ £ 44 54...
2331 Background technical aspects, discussion and rationale for the recycled content..............54...
2.3.3.2 ClItEITA PrOPOSAL. ... eeie et o 441+ s £+ 241 1+ ¢« s 54441114 ¢ s 4441210 58.
2.3.3.3 At what stage of the procurement process are the criteria relevant?..............commmeeeeeo 800
234 MatErialS trANSPOITALION.. .......eiii ittt o e+ i £ £+ £ 44+ & s £ £ 5554 £ 4+ st £ 444414108 61
2341 Background technical aspects, discussion and rationale for CO2e emissions from materials
transportation61
23.4.2 ClItErTA PrOPOSAL. ... eeii e o 441+ st 42411+« s 54+ 41114 ¢ s 4441210 62.
23.4.3 At what stage of the procurement process are the criteria relevant?..............commmmeeeeee 83100
2.35 ASPINAIL ... s 4 £ ¢4+ £+ i £ £+ £ 41 1§ T £ 8554 £ 4+ St £ 44441118 63
2351 TarCcoNtAINING ASPNAIL..........ooi it e s £ £+ 44 & s £ £ 555 £ ¢+ s £ £ £ £ 4+ 41 63.....
2.3.5.1.1 Background technical aspects, discussion and rationale foctartaining asphalt...................! 63......
2.3.5.1.2  Criteria PrOPOSAL........uveeeitee s 44+ 1 54441+ & s £ 554+ 41 1 4 st 111 1544110 64.
2.35.2 LOW tEMPErature ASPRAUL .........coi et i e+ e s £+ 4+ ¢ st 5544+ £+ sttt £+ £ 2414 65.....
2.3.5.2.1 Background technical aspects, discussion and rationale for low temperature asphalt........ 65.....
2.3.5.2.2  Criteria PrOPOSAL......cciiii ittt o 444+ it £+ £ 4 1+ st £ £ 5554+ 4+ sttt £ 444411118 66.
2353 At what stage of the procurement process are the criteria relevant?..............commmeeeeeen 87000
2.3.6 Excavated materials and soils management and waste management.............. .o e e seveees 68..
236.1 Excavated materials and soil management plan................ o eeeeee s o s e eveees 68




2.3.6.1.1 Background technical aspects, discussion and rationale for excavated materials and soil

MANAGEMENT PIALL. ...ttt s 444+ 4+ ottt + £ 15+ £ ¢ st £ 5 5 £ £ £+ 4 4 4 ottt £ £ 445155 & sttt £ 5554444+ 68...
2.3.6.1.2  Criteria PrOPOSAL. ... .ceeeeiiieess o 22+ 4+« s 2+ 24411 1+ s 55554+« + st 42+ 422114 69,
2.3.6.2 Demolition waste ManagemMeENt PIAN................. o s e e e e i + 24411 1+ + s 5555222+ e 70....

2.3.6.2.1 Background technical aspects, discussion and rationale for demolition waste managjgae .70

2.3.6.2.2  Criteria PrOPOSAL........ueeeeeree s 44+t 154441 1 ¢ s £ 554411 1 8 st 111 1544110 12,
2.3.6.3 At what stage of the procurement process are the criteria relevant?...............

2.4 Water and habitat PrEeSEIVALION............... .. e e e+ s 2+ 4441+ & s 1555+ 2+« s 222+ 11110 4.
24.1 Background technical aspects, discussion and rationale for water and habitat preservation....... 74....
242 ClItEITA PrOPOSAL. ... .eeeueeete e cosmmon 14+ 121544+ £ 55 4+ £ 4 oS £ £ 415154 £ i 24111 76.....
243 At what stage of the procurement process are the criteria relevant?..............cowmmm e e 20

2.5 INOISE CITEEIIL ...ttt s 414 £ 4441+« st 154414+ 4 i £ 41114410 ceerere s e L
251 Background technical aspects, discussion and rationale for NOISE............. cummn e eseee st s 8L
252 CrItEITA PrOPOSAL. ... eeeuetet et oo 11444 s £ 554+ 4 s £ £ 45544 £ 4 i £ 444 154 ¢4 o 444 86.....
253 At what stage of the procurement process are the criteria relevant............... commeeeeeenes 20

2.6 Other €NVIFONMENTAI CIIEEIIAL ..........eio.ee et e £+ 251 ¢ s £ £ 54+ 41 1 5 st 411544110 al.
2.6.1 [T | 1] o PR a1

26.1.1 Background technical discussion and rationale for lighting............... commmreeeenne 9.,
26.1.2 ClItEITA PrOPOSAL. ... it oo 4+ 14+ it £+ 214 14« s 54441114 ¢ s 444110 91.

2.7 CONGESTION ...ttt e+ 1+ 4 s £ £ 445+ e £ 421555 £ ¢ £ 84441154 ¢ s 54441110 .92
271 Background technical discussion and rationale for CONGESLIQN. ............. commmmsteeeenses e oo 922....
2.7.2 ClILEIIA PrOPOSAL . .....eeeiieiiit s o 1 4+ s £+ £ 44 4+ st £ £ 5554+ £+ sttt £ £ £ 444 1 1 & st £ 154 94....
2.7.3 At what stage of the procurement process are the criteria relevant?.............. .o eeee e a5

2.8 Maintenance and rehabilitation StrAtEIES ..c......co.vv . e et e [EPUUPRUU © [ 1
28.1 DUFBDIIITY. ... 2+ s £ 54+ 4+ e £ £ 55 ¢ 4 £ e £ £ 41854 £ £ 4 o £ 44111040 96.

28.11 Background technical discussion and rationale for durability............... .« eee e 96.
2.8.1.2 CrILEIIA PrOPOSAL. ... .tteeeee e s 44+ ¢ st 554+ 4+ £ 4 ottt £+ £ £ 1 55 ¢ sttt 5544444+ 99.
2.8.1.3 At what stage of the procurement process are the criteria relevant?..............co........100...
2.8.2 Maintenance and rehabilitation strategies Strategy PIAN................commmmereeesss s o e 100...

2821 Background technical discussion and rationale for maintenance and rehabilitation stratedi€®
2.8.2.2 CrILEIIA PrOPOSAL. ... ..ttt s 41+ ¢ st 554+ 4+ £ 4 st £+ 44 155 ¢ sttt 5544444+ 104
28.2.3 At what stage of the procurement process are the criteria relevant?...............

29 General CONtract PEIfOrMANCE CIAUSES................ o et e s o 114+ & i 11154+ 4 1 1 s + £+ 106..

2.10 CONCIUSIONS. ...t i 4+ 4 s £+ 441554+ 4 et £ £ £ 1554 ¢ o 84441154 ¢ s 14441110 108

DEVELOPING GUIDANCE FOR THE PROCUREMENT OF ROAD CONSTRUCTION. ... vveee s e L 16

3.1 Background t0 thiS QUILANCE.................. e ettt 4444+ 4 ot 44 1 5+ ¢ sttt 5552241+ 116
3.2 Indicative sequence of ProCUreMENt ACHIVILIES................. o e e e e s et e s 5444+« st 224412108 116
321 Preliminary scoping and feasibility.................. e e eevveee s o e
3.2.2 Detailed AESIGN......ccoiuveeeiuee s e s s 4+ 11 st 124200
3.23 CONSIIUCTION. ...t o 4+ 1+ s £ 5+ £ 8 s £ 185544 & A £ £ 854 £ £ 4 o £ £ 411 1544 122....
3.24 U Sttt ettt st £ 54555+ £ ¢ St £ 55555555 £ SO £ 555555555 I £ 55555555 8 ——_—_ 111111518 123
3.25 MaINtENANCE ANU OPEIALIONL............eee . s+« 444 s £ 5 45 £ ¢ £ st £ £ £ £ £ 44 & s 4445 1550+ 124....




3.3 L e 2+ e £ £ £ £ 1 £ ¢ S 55 £ £ £ £ £ 4T £ £ £ £ 1 1 5 TR £ £ 1554 £ £+ e £ £ £ 44148 125...

331 Introduction to Life CyCle COStS (LCC).......eeeuure s e et e s 441114« s 1544110 125
3.3.2 European road network and maintenance iNVESIMENLS. .............. cumwmmmn s v veeeees i 2220 enes 125.
3.33 Total cost Of INfraStrUCIUIrE IN EUIOPE.........eiie et oo« s 2442+ 44 s 2211500+ 126
3.34 EXTEINAITIES ....eetteee e e 444« s £ 444 1+ ¢ s 15544151 & S 85444 18 S £ 1544110 128....
3.35 Life Cycle COSt ANAIYSIS (LCCA). ... .eiie et o 42+« st £+ 2+ £+ s £ 45 555 ¢ ¢ s 5 54 129..
3.3.6 LCC to support the development of GPP criteria for road construction and maintenance.......... 129...
3.36.1 Collection of cost data for road construction and maintenance of highways and motorwayls30
3.3.6.2 Collection of additional cost data for road construction and maintenance............... o 132
3.3.6.2.1  COSt Of rOAA CONSIIUCTION. ........eveee e s+ s £ 54+ £ & s 1554444 i 118 132.
3.3.6.2.2  COSt Of MAINTENANCE. ... ..eeeeei e s e+« 44+ s £ 555 £+ £+ st £ £ £+ 44 1§+ st £ 5 155444+ 135...
3.3.6.2.3 Cost of adaptation t0 ClIMALE CRANGES........... ... . et e oo 2411 124+ S et 4+ 2115 138...
RETEIEINCES ... oot i 41+ s £+ 412124+ T £+ 5 4 £ ¢ o 884441854 ¢ o 44441118 ¢ s 14441110 139
ANNEXES . ... s s+ 444 e £ £ 44444 s £ £ 4444444 4 st £ 54544444 4 st 1444444111
Annex 1. RoAd PAVEMEIBYET SYSTEIML.....cccuuvieute s e s 54+ 11+ s £ 18£8 creeeee e 11+ b
ANnex 2. Life CYCle aSSESSMENT METNOMS. ............... oot o 44111+« i 4+ 41154« s 4441110 ii...
Annex 3. Additional information on HMA, WMA, HWMA ANA.CIMAL ........... o eeeesenns ——— e s s s s oo 1111 iii.......

Annex 4. Guidance on materials with higher recycled content commonly used in road CONStEUCEION.......... commmm - IV

Annex 5. Additional background technical aspects on water and habitat preservation............ cowmm . ee e vii.
Annex 6. Additional background technical aSpPectS ON NODISE............. o s reeessss o e ceeeenne e XL
Annex 7 Additional background technical aSpects 0N LCC.............. e e esreees s s 211+ 2 o 2+ 111500+ XXiv




Abbreviations and Acronyms

AADT
ADC
ADP
AHWG
AM

AP

B

BoQ
BOT
C&DW
CEDR
CEN
CF
CMA
CPR
CRCP

DAC
DB
DBFO
DBO
DLPAC
ECI
EEA
EIA
EMAS
EoL
EP
EPD
EWC
Fc
GHG
GPP
GWP
HMA
HWMA
IRI
ISO

Annual Average Daily Traffic
Curvature

Abiotic Resource Depletion Potential
Ad Hoc Working Group

Asset management

Acidification potential

Build

Bill of Quantities

Build, Operate and Transfer
Construction and Demolition Waste
Conference of European DirectavsRoads
Comité Européen de Normalisation
Carbon footprint

Cold Mix Asphalt

Construction Product Regulation
Continuously Reinforced Concrete Pavement
Design

Dense Asphalt Concrete

Designand Build

Design, Build, Finan@nd Operate
Design, Build And Operate

Dual Layer Porous Asphalt Concrete
Early Contractor Involvement
European Environmental Agency
Environmental Impact Assessment
EceManagement and Audit Scheme
Endof life

Eutrophication potential
Environmental Product Declaration
European Waste Catalogue
Fuelconsumption

GreerHouse Gases

Green Public Procurement

Global Warming Potential

Hot Mix Asphalt

Half Warm Mix Asphalt

International Roughness Index

International Organization for Standardization

ITS
ITT
JPCP
LCA
LcC
LCCA
LCl
LCIA
M&R
MEAT
MPD
MSWI
NRA
ODP
OECD
PAC
PAHs
PED
PEDNR
PEDR
PEF
PFI
POCP
PPP
RAP
RF
RUT
scL
SEA
SMA
SSM
TC
TENT
TSL
WFD
WLC
WMA

Intelligent Traffic Systems

Invitation To Tender

Jointed Plain Concrete Pavements
Life Cycle Assessment

Life Cycle Cost

Life Cycle Cosf\ssessment

Life Cycle Inventory

Life Cycle Impact Assessment
Maintenanceand Rehabilitation
Economically Advantageous Tender
Mean Profile Depth

Municipal Solid Waste Incinerator
National Road Authority

Ozone Depletion Rential

Organfor Ecoromic Cooperation and Develop.
Porous Asphalt Concrete

Polycyclic Aromatic Hydrocarbons
Primary Energy Demand

Non Renewable Primary Energy Demand
Renewable Primary Energy Demand
Product Enviromental Footprint
PrivateFinance Initiative
Photochemical Ozone Creation Potential
Public Private Partnership
Reclaimed Asphalt Pavement
Riseand Fall

Rutting

Sight Class

Strategic Environmental Assessment
Stone Masic Asphalt

Sustainable Supply Mix

Technical Committee
TransEuropean Transport Network
Thin Surface Layer

Waste Framework Directive

Whole Life Cost

Warm Mix Asphalt



1 EXECUTIVE SUMMARY AQHE PRELIMINARY REFRD

Public procurement constitutes approx. 19% of overall Gross Domestic Product (GDP) in Europe (EC, 2011)
and thus has the potential to provide significant leverage in seeking to influence the market amadhizeve
environmental improvements in the public sector.

To reduce the environmental impact of public purchasing, it is important to identify and develop green public
procurement (GPP) criteria for products, services and works which account for a high shasublic
purchasing combined with a significant improvement potential for environmental performance.

The construction and maintenance of roads in an energy and resource efficient way is an important policy
objective for Europe. The Roadmap to a Resoiffecient Europe highlighted the significant impact of
construction on natural resources.

The development of GPP criteria for design, construction and maintenance of road aims therefore at helping
public authorities to ensure that road projects are proed and implemented with higher environmental
standards. In order to identify the areas with substantial environmental improvement potential it is necessary
to analyse the overall environmental impacts of roads but also to understand the procurement mesdsr

road construction and maintenance most commonly used and learn from the actors involved in delivering
successful projects.

For this reason, the European Commission has developed a process aiming at bringing together both
technical and procuremenéxperts to develop a broad body of evidence and to develop in a consensus
oriented manner, a proposal for criteria delivering substantial environmental improvements.

Green Public Procurement (GPP) is a voluntary instrument. The criteria are divideceiettion criteria,
technical specifications, award criteria and contract performance clauses. For each set of criteria there is a
choice between two ambition levels:

I The Core criteria are those suitable for use by any contracting authority across the Me8thtes
and address the key environmental impacts. They are designed to be used with minimum additional
verification effort or cost increases.

1 The Comprehensive criteria are for those who wish to purchase the best products available on the
market. Thesemay require additional verification effort or a slight increase in cost compared to
other products with the same functionality.

This technical report provides the technical background information and further details on the rationale
behind the proposed GR#iteria for road construction. The ultimate goal is to provide precise and verifiable
criteria that can be used to procure low environmental impact roads. It is an updated version of the technical
report prepared for stakeholder consultation prior to th& Ad Hoc Working Group (AHWG) meeting that took
place in March 2014 and include the discussion with stakeholders.

A preliminary report providing background information was also prepared for tHeAHWG meeting. It
provided background information relamt to the product group and a description of the factors underlying
potential GPP criteria.

Together with this technical report, the GPP criteria for road construction are also provided, supported by a
guidance document that provides orientation on how ¢ffectively integrate these GPP criteria into the
procurement process. These documents represent the latest updated version of the GPP criteria for the road
construction project.

Publically available information related to the development of the GPEeGa for road construction can be
found at (http://susproc.jrc.ec.europa.eu/road/) hosted by the Institute for Prospective Technological Studies
IPTS. It is also possible to register at this Internet page in order to be involved in the consultationgroces



1.1 Scope and definitions of road construction
Definition of road

A review of the main definitions used by relevant institutions was performed in order to set a unified
definition for "roads". In line with the common definitions used by the Organisation for Economic Co
operation and Development (OECD) d&tutostat it is proposed to define "road" by:

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

Classification of roads

The sources analyseset different classifications of roads, but there are shared classifications between
Eurostat and the International Road Federation (IRF) as shown in the following table:

Eurostat IRF

Motorway / freeway Motorways

Express road Highways, main or nationabads

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

Road inside a bulltip area: urban road Other roads Urban

The market analysis carried out in Task 2 of the project showed that the main source of market déR-is
which provides the figures for the statistical pocketbook on transport published by the European Commission
(EC 2013a). For that reason, it is proposed to use the IRF classification. It has to be mentioned that in these
statistics "other roads (rurdl)and "other roads (urban)" are aggregated in one class called "other roads".

Definition of road construction and road maintenance

Oc’ km>  gdj pn BKK ~“mdo” md\ ajm Mj\ _ ~jinomp”odiji \ i
preparation and builgig of a road using materials, including aggregate, bituminous binders and additives
that are used for the sukbase,road] \' n~ \i _ npmal\~*dib g\t mn ja oc” ™ mj\ _

retained in the framework of the current revision, but addittge comments received from the consultation
related to the cement:

Road constructianthe preparation and building of a road using materials, including aggregate, bituminous
and hydraulic binders and additives that are used for the shdse, roadbase ar surfacing layers of the
road.

An additional definition of Road maintenanceis also proposed, based on the definitions provided by
WeningerVycudil (2009) in the ERNET PO3 project:

Routine Maintenancesmall measures to repair local deterioration (ckes, potholes...) and operational
activities (e.g. winter maintenance/winter operation). The objective of these measures is to keep the road
(pavement and the other subssets) 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 observationsThese works are either conducted by the road administrations themselves or are
contracted out.

Periodic maintenancenaintenance measures with a lgnasting improving effect to the condition of the sub

asset or component. The objective is to provide a better condition to the present and future road users. These
measures are conducted on components or sections close to or below an unacceptableaoteligl. They

are planned as soon as the condition of the component falls below a given warning level and they have to be
conducted according to a priority rating (e.g. L&@lysis) using the relevant management system taking into
account the given buddevailability..

Upgrade and extensionmeasures which upgrade the existing sakBset or component or extend the
infrastructure to a higher level than the original new condition (e.g. additional lane, strengthening, higher
requirements for retentiosystems etc.)..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




Rehabilitationworks undertaken to extend the service life of an e¢ixig facility. This includes placement of

an overlay and/or other work necessary to return an existing roadway, including shoulders, to a condition of
structural or functional adequacy, for the specified service life. This might include the partial orleemp
removal and replacement of portions of the pavement structufée definition of rehabilitatiorhas been

taken from Caltrans (2013)

In Figurel, a graphic schemef routine maintenance, periodic maintenance and rehabilitation is provided.
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Figure 1. Scheme of maintenance activities (adapted from Caltrans, 2013)

Activities such as crack sealing, minor correction of surface defects ieuior shape correction could be
included in routine maintenance for flexible pavements, joint sealing for rigid pavements. According to the
World Bank (2014), periodic maintenannermally excludes those works that change the geometry of a road
by wideningor realignment. Works can be grouped into the works types of preventive, resurfacing, overlay
and pavement reconstruction... Periodic works are expected at regular, but relatively long, intBovals.
flexible pavements, activities such as milling and vefacing are included. For rigid pavements, activities
such as renewing longitudinal joints, (micro)milling, grinding, grooving, surface crack, filling,wigdp
replacement are includednly for JPCPjdinted plain concrete pavementsactivities suchas filling cracks,
dowelling and anchoring cracks and joints, repair of edge and brokercaffiers, replacement of slabs are
included only in case of JPCP; replacement of areas with punghonly in case of CRCRafptinuously
reinforced concrete pavemen{PIARC, 2013). Rehabilitation could include activities such asstrantural

and structural overlays, thin overlays.

Roads are built in layers and three main types of road construction could be identffiexible pavemert,
rigid pavementsand semkrigid pavementgSherwood, 2001). Segnnex 1. Road pavement layer system

Scope proposal

According to the information gathered in the Preliminamgport, it is recommended that the procurement
criteria cover the following scope:

1 Materials production including raw materials extraction. This phesesists of the processes needed
to manufacture construction materials and products and includes therentipstream supply chain
needed to produce each material (for example extraction and production of aggregates and refining
of crude oil for the production of bitumen). Transportation needed to move pavement materials to
and from production facilities andat the project site are included in this phase. Transportation
distances can vary widely based on project location.-€if€ equipment used in the materials
production is accounted for in this phase. Finally the employment epbyducts, recycled materials
and recovered waste materials is also included.

9 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 includinghe stabilisation of the subgrade, onsite equipment (as pavers, dozers,
millers, etc.), construction of the pavement layers, construction and laying of the drainage and water
run off systems and placement of road furnituréAnalysis of ongestion causedy the works is
included.



1 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 thapavement 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 the rolling resistance).

1 Maintenance (and operation). Thihaseruns 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 typically includes routine maintenance (for example filling
potholes in the surface and winter maintenance such as-idimg, road salting/gritting), periodic
maintenance and rehabilitation, and substitution of lighting or road ancillary elements. Analysis of
congestion caused by construction and maintenance is inallude

1 Endof-life (EoL). This phase can be applied to worn surface courses that are removesiteff
during maintenance and operation activities or, in rare cases, when an entire road structure is
decommissioned or replaced.

Finally, it has to be specifiechait noise has been included in the project scope, with noise reducing surfaces
and noise abatement measures being therefore considered.

The scope proposal has been shaped according to the main European legislative requirements and standards.
Analysis of &isting or draft GPP criteria for road construction in various countries has also been carried out.
For example the Dutch GPP criteria on roads, the French voluntary commitment between the road
constructor's federation and the Ministry, the draft ItaliaiP8 criteria on road construction and maintenance

and the Australian and United States rating systems.

A stakeholder suggested that also bridges and tunnels should be included in the scope proposal but
construction technologies and methods vary among diéfet infrastructures. Although it could be interesting

to wider the boundaries of the study to include other kind of civil works and infrastructures, it is suggested
that specific studies should be developed for different infrastructures, in order to leidentify the main
environmental impacts and hespots of each.

Exclusions
During the stakeholder's consultation, a number of exclusions were suggested in questionnaire responses:
1 Road markings
Street lighting and traffic signals

Traffic signs

1

1

1 Information systems

1 Foundations and lighting of traffic signs
1

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

Road markings are products quite similar to paints and varnishes and for this reason they wilchesled in
the EU GPP criteria for paints and varnishes

The reason for the exclusion of street lighting and traffic signals is that these products are covered by
separate EU GPP critetidReference to the existing GPP criteria is made in the crifgrigosal.

It was recommended that traffic signs including foundations are excluded from the product scope because
traffic signs are of minor importance in the overall potential environmental impacts (Stripple, 2001; SUSCON,
2006; Loijos et al., 2013, also see Chapter 3 'Technical and environmental analysis' of the preliminary
report and Annex Il Literature review of the supporting documeinthe preliminary reporft This conclusion

is in particular supported by the findings of Stripple, who calculatee #pproximate influence of the traffic
signs below 1% of the environmental impact when considering only raw material extraction, construction,
operation and maintenance. Traffic signs were also excluded from the Criteria for the Sustainable Public
Procurenent of Roads developed by the Dutch Ministry of Housing, Spatial Planning and the Environment in

1 http://susproc.jrc.ec.europa.eu/paints/

2 http://ec.europa.eu/environment/gpp/pdficriteria/street_lighting.pdf
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2010 (NL Agency, VROM, 2010). Furthermore, traffic signs have not been considered in the Italian GPP
criteria® for road construction currently under developnien

Typically, information systems are energy efficient and therefore use relatively small amounts of energy
compared to the total energy consumption throughout the full life cycle of a road. For example, according to
Stripple (2001), during 40 years of seice life of a local road, the total energy consumption of lighting is
approximately 5% of the total energy consumption during the road life cycle., Therefore these systems do
not qualify as a hotspots within the environmental analysis. However, considgthat a holistic approach

will be proposed, energy consumption and impacts from lighting could be included in the LCA analysis.

Foundations and lighting of traffic signs are of minor importance to the total environmental impact. Lighting
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, 2001; Mroueh et al., 2001).

Based on a review of the literature, other types of road furnituigedestrian walkways, bollards, overhead
gantries and central reservations) are typically of minor importance to the total potential environmental
impacts (Stripple, 2001). Given the diversity of roads, it is already challenging to develop usable and clear
criteria for road pavement construction alone. Expanding the scope to road furniture would add further
complexity to the criteria whilst only delivering comparatively small environmental improvements. Therefore
it is recommended that these products areadxded from the EU GPP criteria for road construction.

The most dominant factors that affect the environmental impacts of a road during its service life will depend
on the unique characteristics of each road. The choice of relevant environmental critdfibemelated to
those aspects of road construction that are identified as most relevant based on the LCA of different road

types.

The initial approach of the scope proposal was to exclude some elements that seem to be less relevant in
relation to the mah environmental issues involved in road construction and maintenance. Notwithstanding,
the output from the stakeholders survey shows a concern about these exclusions, and the consequent
potential improvement that might be ruled out at this stage of the peot. In order to achieve the broadest

view of the sector, these elements were addressed in the technical analysis carried out in Task 3. Based on
the findings from the literature review on LCA, these elements result in environmental burdens that do not
reach the cutoff values considered in the studies, thus, they are not analysed within the boundaries of the
system. As a consequence, none of the initially excluded elements were examined in LCA studies and
therefore it is proposed to keep the exclusionggested at the beginning of the project.

1.2 Market analysis
General economic indicators in the transport sector

Roads facilitate a very important mode of transport. In Europe, about 46% of goods transport and over 80%
of the passenger transport occurs on roads. General turnover for road passenger transport and road freight
transport is approximately 368 billion Eurim the EU27 (data for 2009 from ERF; 2013), accounting for
32.4% of total turnover in the transport sector.

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

The importance of the road transport sector is supported by employment data in Europe. In 2010, an
estimated 2.93 million people were employed in road freight transportation and 1.93 million in road
passenger transportation, accotimg for around 46.5% of all employment in the transport sector (EC,
2013a).

General economic indicators for the construction sector in Europe

The construction sector is split into two main categories: "buildings" and "civil engineering work". Civil
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presented inFigure2 shows that "production for construction" in Europe is at its lowest level during the last

15 years @ata from Eurostat, 2014

3 Personal communication
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Figure 2: Index of price adjusted construction output, EU -28, 2000 -14 (Eurostat, 2014)

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

The production value of the construction sector is a picture of the dominating activities occurring in Europe
leading to employment and trade. In 2011, the production value for the construction sector i@&EWas
1,555,007 Million Euro.

Construction materials

Aggregates

Aggregates are one of the most important used materials in road construction since theytitdesthe bulk
volume of the road pavement structure. They are employed in unbound and bound mixtures in different road
layers and, according to the source material, can be classified as:

I natural aggregates, produced from mineral sources; sand and grauel natural aggregates
resulting from rock erosion; crushed rock is extracted from quarries;

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

1 secondary aggregates, which include manufactured aggregates, natural secprafjgregates and
extraction byproducts for construction and civil engineering (EC JRC, 2009; Bohmer et al., 2008; EC
JRC, 2014; WRAP, 2014) (see secfidhl).

In EU28, approximately 2.8 billion tonnes of aggregates were produced in 2010, representing a value of 20
billion Euros (UEPG, 2012). Total aggregate production is dominated by sand and gravel (42%) and crushed
rock (48%). Recycled and mafactured aggregates only account for 6% and 2% of total production
respectively. However, it is expected that the contribution of unconventional aggregates to the sustainable
supply mix (SSM) of aggregates is likely to increase by a large extent inthed.

Aggregates are primarily produced by small and medium sized companies operating in about 22,400 sites
across Europe. The number of employees is approximately 250,000 people including contractors.

Around 20% (some 50600Mt) of aggregate productiorsiused in roads, runways, railways and waterways

in the EU (UEPG, 2012). 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 reck typ
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 twolane road (EC, 2010).
1 10,000 m3/km of two lane road (OECD, 1997) which equals approximately to ZDt00n.
1 30,000 t/km for a motorway (EC JRC, 2009).



Asphalt material used in pavement

According to stakeholder feedback to a questionnaire distributed in 2013, in Europe the main pavement layer
type is the flexible one. The UK Road Administration hgsorted 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. Stakeholders feedbacks received after the 1AHWG cdnfirme
that more than 95% of main pavement layer type in Europe are flexible and that this data is referred to all
type of courses involving binders, not only to surface course. According to EUPAVE, the percentage of rigid
pavements for motorways can go from @ 50 % in different MSs.

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, accounting for over 300 Mt each year
in the EU since ateast 2006. Annual production of WMA and CMA are around 7 Mt and 3 Mt respectively,
accounting for only 2% of total asphalt production combined (EAPA, 2012). However, it is foreseeable that
WMA will become much more significant as experience increases thithlower energy consumption and

lower emission technique.

Concrete

European roads are roughly 90% flexible (asphalt) and 10% rigid (concrete) according to 'The Asphalt Paving
Industry (NAPA and EAPA, 2011). The stakeholders also confirm this fact iquésgtionnaires 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. Consequently it is
difficult to estimate the total quantities of cement concrete used in road construction in the EU.

Recycled materials and byroductg
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COM(2011) 21A resource efficient Europes Flagship initiative under the Europe 20 Strategy, COM(2011)

571, Roadmap 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 geneation to disposal, with an emphasis on waste preventionuee, recycling and recovery
(EU, 2008). In this report we refer to reused/recycled/recovered materials afgrdgucts as defined in the
WFD.

Member States in Europe have developed individual glings and regulation regarding the use of waste
products in Europe (EC JRC, 2009), diversifying the overall picture at the European level. Examples are
reported in sectior2.3.1 For example, Construction and Demolition waste (C&DW) has been identified by the
EC as a priority stream because of the large amounts that are generated and the high potential -asere

and recycling of these materials. Féhis 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 fouse, recycling and

other material recovery, including backfilling operations using 4h@zardous C&DW tesubstitute other
materials. The above target excludes naturally occurring material, defined under code 17 05 04 as "soil and
stones" in the European Waste Catalogue. According to EC JRC 2009, the mineral fraction of C&DW is seen as
a potential material forproducing recycled aggregates. Data from Eurostat (Eurostat, 2012b) indicates that
the total mineral C&DW in the EP7 is 341 Mt per year. However, according to BIOIS (BIOIS EC, 2011) the
total amount of C&DW generated in ERY is approx. 531 Mt per year.

Other reused/recycled/recovered materials andfpducts, such as iron and steel slags, coal combustion

ashes, municipal solid waste incineration (MSWI) bottom ash, reclaimed rubber from tyres, etc., could be
employed in road construction, following thequirements of EU and national legislation and standards,
\'ggjrdib iVopm\g m njpm®”"n n\qgdibn'" \gocjpbc oc ™t _ji

Market segmentation

Road types
The total length of the EU road network is about 5.3 moitlikm, of which around 1.3% are motorways. The
ANo“ bjmt °joc™ m mj\ _n» \~~Ajpion ajm oc” g\mb no nc\m

in the single Member States varies significantly. A comparison between countries is complicatadsbec

4 as defined by art. 5 of th&aste Framework Directive (WFD) 2008/98/Ebttp://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2008:312:0003:0030:en:PDF
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different countries have different definitions for each road type. With regards to roads 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 bylassification with individual Member States is also shownFigure3 The road
classifications from left to right are in descending order of width oaffic volume in general as per each
Member State's definitionFigure3 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 category that accounts for the midyoof road length in each
country. As suggested by a stakeholder, the evolution of roads length pet tkas been also shown
(unfortunately only for motorways) in order to highlight the different relevance of road types.
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Figure 3: Distribution of roads types within the Member States of Europe (based on data ERF,
2013) and ten years evolution of motorway length per km 2 for EC MSs (JRC, EC, 2012:

Maintenance

The need for maintenance varies significantly depending on numemmgects e.g. traffic volume/density,
heat stress, type of road (rigid, composite or flexible), underground conditions, proximity to the coast, intense
precipitation, share of heavy vehicles in traffic flow, frost depth, freghaw cycles etc. (EC JRC, 20)
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from the European Road Statistics (ERF, 20d8)eals that the relative expenditure on maintenance in 2009

can vary significantly between different countries. The total expenditure in road maintenance for all Member

States is estimated by the International Transport Federation, and summarised in thepEan Road

Statistics (ERF, 2013), as 26 billion euro in 2009.

1.3 The environmental impacts of road construction and

maintenance

A common conclusion from the LCA literature review done in this study (see the Preliminary Report) is that
almost all roads areunique and have their own specific conditions. According to Carlson (2011) and Santero
et al. (2011a,b), it is impossible to perform straightforward comparisons of the results in reviewed LCA
studies due to the differences in approach, scope, functionaits) analysis periods, system boundaries,
regional differences, input data (LCIs) (see preliminary report and Annex Ill literature review). This means that
a flexible method is needed that can be adjusted to suit the road that you want to study.

A large range of impacts are possible for all the components of the road life cy@antero and Horvath
(2009) statedthat GHG emissionsould range from negligibly small values to 60,000 t of gOper lane
kilometre over a service life of 50 yearsThe main envisnmental impacts arise from daily trafficfgel
consumption by cars and heavy truckd)ring the use phase of a road

5 http://ec.europa.eu/transport/strategies/factsfigures/investingn-network/index_en.htm
6 EC calculations based on TENtec Information System and the Impact Assessment accompanying the White Paper, SEC(2011) 358
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Rolling resistance associated to the pavement structure and roughness generally has the higimegact
potential, because it is directlyefated to the vehicle fuel consumption. According to Wang et al. (2012a), a
10% reduction in rolling resistance could lead te226 of improvement in fuel economy.

Congestion can be due to factors outside of the scope of public works (like rush hour traffuridents,
breakdowns and adverse weather conditions) or due to factors directly related to them, such as lane/road
closures necessary for road construction and/or maintenance. It cgreatly influence vehicle fuel
consumption due to queues and associdtslowdown both in the construction and in the maintenance
phase The environmental impacts associated with congestion are dependent upon the project and site
characteristics. For low traffic roads, the impacts of congestion are likely to be negligibleveCsely, on
motorways and highways, the extra fuel consumption and related air emissions can easily become a
prominent component of the road life cyclen lorder to reduce the environmental impacts of road
maintenance works, effective traffic managemerfane 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 influence ofraffic flow on the relative importance of the identifietiot-spots
(Figure4):

1 In high traffic roads i.e. example motorways, highways, and main national rdadsling resistance and
congestion have thenighest impacts on energy consumption and emissioksiterials production and
transportation is the third most important aspect to be taken into consideration.

1 In low traffic roads {ie. secondary and other roadshigher impacts on energy consumption and
emissions come from materials production and transportation rather than from rolling resistance and
congestion. The relative importance of materials production and transportation increases with the
decrease of the traffic flow.
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Figure 4: Comparison of GWP ranges for low and high -traffic pavements (In this case, the low traffic
scenario is modelled as 425 AADT, 8% heavy)

Internationally, roads with traffic flows of less than 2000 vehicles per day are denoted as low volume roads
(AASHTO, 1993).

Road alignment is 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 assement. Therefore, road alignment will not be considered as a
possible GPP criterion. Nonetheless, it is recommended that the public authorities are aware of the
importance of this parameter and include this knowledge when choosing the alignment of thd roa
construction.

The road life cycle stage with the second largest environmental impacts is indicated to be the construction
phase, in which the hespots are related tomaterials production and transportation . The main
environmental impacts are consumptio of nonrenewable resources, global warming, acidification,
photochemical ozone formation and eutrophication in the majority of the investigated studies. In particular:



1 In concrete pavementssement production andconcrete mix (includingaggregates) are responsible
for the main impacts.

1 In asphalt pavementshitumen production andasphalt mix (includingaggregates) are responsible for
the main impacts.

1 Materials transportation could account up to 50% of the energy consumption and emissions,
depending on e local conditions. A stakeholder stressed that materials transportation can in some
cases overwhelm the materials production.

In complex orography condition, the impacts related ¢éarthworks and ground works, including soil
stabilization, can accounteébr the main part of the total emissions andip to 30% of the project cost
(Barandica, et al. 2013). Rock blasting is also included in this area; as a stakeholder underlined, this could
cause relevant environmental impacts.

In the literature review no genmal rules have been found on the choice of the materials, for example asphalt
or concrete, for the pavements constructiofhe choice of materials depends on the uniqueness of the local
conditions, as geotechnical and hydrogeological conditions, commoctipes of the road administrations,
climate conditions, availability of natural resources antkcycled resources and by -products,
transportation distances , and prices, with particular regard to the optimisation of maintenance and
rehabilitation strategiesto guarantee desirable performances (for example, rolling resistance due to
pavementvehicle interaction , durability and noise reductiofihe final choice of materials will be based on
the project specific characteristics and on the needs and indicatmfrtie public authority.

With reference to the results of the market analysis and the stakeholder consultation, it can be highlighted
that nowadaysmaintenance and rehabilitation 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
activities, but on the contrary as a complex network of design strategies including etiafuan rolling
resistance, congestion and durability of road surface materials. This phasedoisinated by material
production and congestion, similar to the construction phaSeveral studies indicate that there is a clear
connection between durabilitgnd sustainability aspects. Thus when durable materials are used, the need for
maintenance is reduced.

Some other impacts that are not generally included in LCA studies of roads but which are of particular
importance are:environmental noise emissions and storm -water drainage . The importance of these
areas is reflected in the Environmental Noise Directive (2002/49/EC), the Water Framework Directive
(2000/60/EC) and the EU Floods Directive (2007/60/EC).

Roads present large impermeable surface areas and agsigned to rapidly convey storm water away from

the road surface by gravity for obvious safety reasons. Drainage systems have traditionally been designed to
simply prevent the target area from flooding, but many systems simply pass the risk of flooding to
downstream areasAccording to the European Environment Agency, over 175 major floods were recorded in
EU member states between 1998 and 2009, with insured economic losses of arddid, \ EEA,c i h
2010).

There is a huge opportunity for road drainagessyms to provide much needeftbod capacity in flood risk
areas. Today two broad types of engineered drainage systems exist which can be distinguishbdrds "
engineering" (more concrete based) orsdft engineering " (less concrete based). In terms of fido
management, both can be tailored to significantly reduce the risk of flooding downstream.

A number of pollutants are transferred from roads to watercourses, such as sediments, litter, worn tyre
particles, oils and particulates from exhaust gases ttat captured from the air by falling rain. The key to
treating stormwater and removing pollutants from roads is to remove floating material (litter and oils) and
solid particles (sediment). These treatments can be achieved by "hard" or "soft" enginepgrapahes but

the success of any drainage system will depend on appropriate maintenance.

With regards to environmental noise, road traffic is perhaps the single most dominant source across most of
the EU. Within the scope of GPP, there are two possiblecgmbes to reduce noise from road traffie) to
specify lownoise road surfacesb) o install noise barriers

Both approaches have their advantages and disadvantages. For example, there are concerns about
potentially higher maintenance requirements ofrt&n low-noise road surfaces and noise barriers may not
be practical in many urban locations. Furthermore noise barriers could result in significant environmental
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impacts depending on what materials are used. Nonetheless, significant improvements iroemeéntal
noise from road traffic can be achieved via this GPP product group and so potential criteria are worth
considering.

1.4 GPP criteria for road construction

The key environmental areas to be addressed, as well as the key life cycle environmental impaets
summarised below, as well as the overall GPP approach and focus for road construction and maintenance,
based on the background evidence analysed during the criteria development process.

Key Environmental Areas in Road Construction life cycle and Key Environmental Impacts
Key environmental areas

1 Rolling resistance due to the pavemewthicle interaction, and related fuel consumption, a
associated greenhouse gas emissions, during the use phase of a road

1 Depletion of natural resources, embodied enemmyd emissions associated with the manufacturir
of road construction materials

1 Excavated materials and soil, including topsoil, generated during site preparation, earthwork
groundwork. Construction and demolition of the road

1 Noise emissions from roadonstruction, use and maintenance

9 Durability of the pavement surface courses. Optimisation of maintenance strategy to guara
desirable performance for rolling resistance, durability and noise reduction.

1 Congestion due to construction and maintenancerks

1 Water pollution during road construction and use phase. Contribution of road surfaces to floc
Habitat fragmentation and risks to flora and fauna during the road use phase.

Key life cycle environmental impacts:

1 The following key environmental impacategories along the product life cycle are: global warmi
potential, photochemical ozone formation, abiotic resource depletion, acidification, eutrophic
human toxicity, ecdoxicity and land use.

Proposed EU GPP Road Construction approach

9 Design and construction to achieve low rolling resistance (within technically acceptable s
parameters) and low associated fuel consumption and emissions in motorways and highway
means of optimizing the macrotexture (measured as Mean Profile DégiD) and monitoring i
during the road use phaseDesign and specification to reduce the embodied impacts and res
use associated with construction materials

91 Design, specification and site management to maximize thesite reuse of excavated material:
and soils (including topsoil), maximize the reuse/recycling of construction and demolitaste
(C&DN) and to use construction materials with a high recycled omused content

1 Lowering noise emissions during construction, use and maintenance phase. kasetion by
means of low noise pavements and noise barriers.

1 Increasing material durability
1 Maintenance and rehabilitation strategies including a monitoring plan and a maintenance plan

1 A traffic congestion mitigation plan including solutions such as aigdive routes, tidal flow lanes
and hard shoulders evaluated by means of an LCC analysis

1 Introducing water pollution control components and storm water retention capacity compon
including soft engineered solutions in the drainage system, includingmal to introduce wildlife
corridors across road

11



For better readability of this document, a list of the proposed GPP criteria for road construction with a brief
description of the contents isummarised inTablel. Not all of the criteria will be relevant for all projects
and forms of contracts. Unless otherwise noted in brackets the criteria areas are relevant to both Core and

Comprehensive crite&a

Table 1. Brief description of the contents of the proposed GPP criteria for road construction

Title of the criterion

Procurement phase

Description

Criteria related to the ability
of the tenderer

Competencies of the project
manager and the design team

Selection of the design
team and contractors

Experience and expertise in:

- Evaluation of pavementehicle interaction

- Specification of resource efficient constructioraterials

- Traffic noise mitigation.

- Congestion mitigation

- Pawement durability

- Storm water pollution control and retention capacity
drainage systems

Competencies of the lead
construction contractor, specialist
contractors and/or property
developers

Selection of the design
team and contractors

Experience andxpertise in:

- Maintenance and rehabilitation strategies plan

- Procurement of resource efficient constructioraterials.

- Implementation of demolition waste management plan al
excavated materials and soil management plan

Pavement-vehicle interaction
criteria

Pavement-vehicle interaction
Performance requirements on rollin
resistance

Detailed design +
construction

Performance requirements for lowering the macrotexture of
road surface in compliance with the safety conditions in order|
lowerthe fuel consumption during the use phase

Monitoring performance parameters

Resources efficient construction

Life cycle performance
Performance requirements of the
main road elements

Detailed design +
construction +
maintenance and
operation

LCAperformance (carbon footprint or LCA options) of the m
road elements:

- Subground including earthworks and ground works

- Subbase and roaebase

- Base, binder and surface course or concrete slabs

- Ancillary elements (optional)

Recycled content

Detaileddesign +
construction +
maintenance and
operation

Minimum recycled content of 10% as a comprehensive techn
specification

15% (Core) and 30% (Comprehensive) including reused/recy
materials and byproducts such as RAP, SCMs, recycled
secondary agregates in the main road elements

Materials transportation
CO2e emission from materials
transportation

Detailed design +
construction +
maintenance and
operation

This criterion could be applied if the criterion on carbon footprin
or LCA is not applied
Reduction of CO2e emissions per each ton of transported mate

Asphalt

Tarcontaining asphalt

Low temperature asphalt

Maintenance and
operation

Detailed design +
construction +
maintenanceand
operation

Testing the possible tar content of surface layers in oldg
pavements and identifying the best available techniques to tre
and/or eventually reuse it

Decreasing the health and safety exposure risk of workers.
Maximum laying temperature of bituminous mixtures of 14
(Core) and 120%(Comprehensive). Higher temperatures allow
for special bituminous mixtures, in any case lower than 155°

Soil and waste management
plan

Excavated materials and soil
management plan

Waste management plan

Detailed design +
construction

Maintenance and

operation + End of Life

Specification of quantity of soils to beoved off site and overall
site soil balance. Estimates of materials diverted from landfill,
of materials reused and/or recycled ite, % of materials reused
and/or recycled ofkite
Management of topsoll

70% (Core) and 90% (Comprehensive) by weighthe main road
elements

Bill of quantities and methods for recycling and-vse

Onsite monitoring and accounting

Water and habitat preservation

Water pollution control

Detailed design +

Appropriate design of the drainage system and inspections

components in drainage system construction Incorporation of soft engineered componerie. SuDS)

) " . Detailed design + Appropriate design of thdrainage system and inspections
Storm-water retention capacity construction Incorporation of soft engineered componerfi®. SuDS)
Wildlife corridors across the Detailed design + Drainage infrastructure that aids the safe passage of sm
road construction animals, amphibious species an/or aquasipecies
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Noise

Noise emission during
construction and maintenance

Detailed design +
construction +
maintenance and
operation

Measurement of noise emission and monitoring in
construction and maintenance phases

Low noise surface pavements

Detaileddesign +
construction

Measurement of noise emission via SPB and CPX methods pri
opening and monitoring at regular periods and conformity
production testing

Noise barriers

Detailed design +
construction

Noise reduction requirement of the noise rbar between a
bcdglcb gmspac _| b pcacnr mp

Other environmental criteria

Lighting

Detailed design

Link to other EU GPP criteria sets for installing lighting con|
systems

Congestion

Traffic congestion mitigation
plan

Detailed design +
construction +
maintenance and

Timeline including expected construction and/or maintenal
activities
Alternative routes for diverted traffic and other solutions such

operation tidal flow lanes, hard shoulders, information to usdT systems
Maintenance and rehabilitation
strategies
Detailed design+ . - .
Durability contruction maintenance Setting a minimum durability for the surface course and t

. binder course
and operation

Providing a monitoring plan including the performan
parameters, frequency of monitoring, etc.

Providing a maintenance and rehabilitation (M&R) strategic p
with the strategies for maintenance and rehabilitationcluding
routine, periodic and rehabilitation actions.

Maintenance and rehabilitation
strategy plan

Detailed design tise +
maintenance

1.5 Applicability of the GPP criteria for road construction

Designing and procuring road construction, maintenance or rehabilitation activities with a reduced
environmental impact is a complex proceds. light of this complexity, a guidance document has been
developed to provide procurers with orientation on how to effectively integrate the GPP criteria for road
construction into the procurement process (see Section 3).

The process of constructing a meroad or carrying out a maintenance activity consists of a distinct sequence
of procurement activities with related contracts. This sequence of procurement can have a significant
influence on the outcome. This is because each type of contract brings ivdistinct interactions between

the procurer, the roadesign team and the contractors

Depending on the procurement route adopted, these contracts may be awarded to the same contraater

let separately. Some contracts may be integrated in a desand build (DB) or a design, build and operate
(DBO) arrangement, with the detailed design process, the main construction contract, the maintenance and
operation contract all potentially cordinated by one contractor.

It is therefore important to idenfy the main points in the sequence of procurement activities where GPP
criteria should be integrated. To this end these criteria are accompanied drath guidance document which
provides general advice on how and when GPP criteria caintegrated intothis process.

Depending on the ambition level of the project and the experience of the contracting authority, not all of the
GPP criteria included in this criteria set will be relevant. Moreover, depending on the preferred procurement
sequence criteria mabe best addressed at specific stages. Some activities may be let as separate contracts
requiring their own criteria.

The strategic objectives and targets of the project should be determined at the outset of the project with
reference to the GPP critariset. The optimum stages for integration of GPP criteria should be evaluated
during discussions to determine the procurement route. In all cases it is recommended that GPP criteria are
integrated into both internal planning and the procurement sequentasaearly a stage as possible in order

to secure the desired outcomes and achieve the best value for money.
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2 DRAFT CRITERIA PROBAL

2.1
2.11

Selection criteria
Selection criteria on the competency of the project manager and the
design team

The selection criteria have been specified to encompass the range of competencies that would be required to
deliver an environmentally improved road construction. These reflect the need for experience in specific
technical areas as well as in the succeabanagement of technical innovation in this field.

The first proposed criterion concerns the project manager and the design team, who have a critical role to
play in selecting, modelling, specifying and integrating solutions to meet environmentarietiVWorking
alongside the design team, the role of the project manager is also identified as being significant in managing
technical innovation. Given the increasing prevalence of civil works environmental assessment schemes,
experience and expertise iapplying them to projects is also judged to be of value in managing a design
teams' response to a range of environmental criteria.

The second criterion is proposed as focussing on the main contractor and possible specialist contractors. The

competency bproperty developers and investors that lead bids could also be addressed.

Selection criteria on the competencies of the project

manager and design team

Core criteria

Comprehensive criteria

SELECTION CRITERIA

Al. Competencies of the project manager and design
team

These criteria may form part of a preelectionprocedure
for the main contractor or where the services of a desi
team are procured by the contracting authority.

The project manager, planners, engineers, archite
consultant anddr design team consortium shall havy
relevant competencies and experience in each of f{
following areas for which they would be responsible ung
the contract(select as relevant to the specific contract):

- The project management of road construction at
maintenance contracts that have delivered improve
environmental performance;

- Evaluation of unevenness and maetexture effects on
rolling resistance and, consequently, on fuel consumpt
and relationship with skid resistance. Evaluation
macrotexture(measured as MPD) and durabilitylaed to
construction materials

- Assessment of road environmental performance usi
multi-criteria certification schemes and carbon footpril
tools

The specification, procurement and use of Ig

environmental impact anstruction materials.

- Traffic congestion mitigation plans and LCC analysis
identify the costoptimal solution

- Real life road traffic noise mitigation solutions by meatr
of low noise pavements and noise barriers.

- Increasing the durability of psament courses, bearing
capacity and fatigue resistance

Al. Competencies of the project manager and design
team

These criteria may form part of a preelection procedurg
for the main contractor or where the services of a desi
team are procured by the contracting authority.

The project manager, engineers, architectspnsultant
andbr design team consortium shall have releva
competencies and experience in each of the followi
areas for which they would be responsible under t
contract(select as relevant to the specific contract):

- The project management of roadconstruction and
maintenance contracts with improved environment
performance;

- Evaluation of unevenness and maectexture effects on
rolling resistance and, consequently, on fuel consumpt
and relationship with skid resistance. Evaluation
macrotexture (measured as MPD) and durability related
construction materials. Use of MIRAVEC too] ehre
existing, other assessment toolsto evaluate fuel
consumption;

- The use of holisticassessmenttools in the design and
specification of environmentally iproved roads including
LCC and LCA. Comparative studies in compliance with
14040 and ISO 14044.or equivalent

The specification, procurement and use of Id

environmental impact construction materials.

- Traffic congestion mitigation plans and LCC #ss to
identify the costoptimal solution

- Real life road traffic noise mitigation solutions by mea
of low noise pavements and noise barriers.
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- Development and execution of
maintenance plans in real life cases.

monitoring  ar|

- Design and installation of stormwater pollution control
components and storm water retention capacity, idea
induding soft engineered components, in the draina
systems

Verification :

Evidence in the form of information and references relats
to previous contracts in which the above elements ha
been carried out. This shall be supported by CVs
personnel who il work on the project.

- Increasing the durability of pavement courses, beari
capacity and fatigue resistance. Experience in ldasting
pavements and perpetual pavements

- Development and execution of
maintenance plans in real life cases.

monitoring  ar|

- Design and installation of stormwater pollution control
components and storm water retention capacity, ided
including soft engineered components, in the drainag
systems

Verification :

Evidence in the form of information and references relatg
to previous contracts in which the above elements ha
been carried out. This shall be supported by CVs
personnel who will work othe project.

2.1.2
rehabilitation contractors

Selection criteria on the competency of the construction/ maintenance/

Selection criteria on the competencies of the main construction contractor

Core criteria

Comprehensive criteria

SELECTION CRITERIA

A2. Competencies of the main construction

contractor

These criteria may fon part of a preselection procedure
for the main contractor.

The construction contractor shall have releva
competencies and experience in the completion of rg
construction and maintenance contracts that have be
shown to have delivered improved enwnmental
performance.

In the case of design and build or DBO contracts, criter
Al will also be relevant to the design team employed.

Relevant areas okxperience shall include (as approprial
to the project and the selected GPP criteria):

- The commissioning of monitoring and routin

maintenance activities on macrtexture (MPD).
- Evaluation of durability related to construction materials

- The commissioning of a road congestion mitigation plég
and management of congestion during construction a
maintenance, including solutions such as alternati
routes, tidal flow lane, hard shoulder, ITS devices and tf
evaluation by means of LCCA

- The puchasing and use of low environmental impay
construction materials and verification of thej
performance. Supply chain management to ensy
compliance with any relevant road assessment a|
certification systems, for example CEEQUAL or Greenro;

- The sucessful implementation of demolition waste an
excavation materials and soil management plans in org
to minimise waste production. Selection and knowledge
on-site and off-site treatment options.

- Experience with low temperature asphalt with particuli

regards to best techniques related to health and safety

A2. Competencies of the main construction

contractor

These criteria may form part of a preelection procedurg
for the main contractor.

The construction contractor shall have releva
competencies and experiencea the completion of road
construction and maintenance contracts that have be
shown to have delivered improved environmeni
performance.

In the case of design and build or DBO contracts, criter
Al will also be relevant to the design team employed.

Relevant areas of experience shall include (as appropri
to the project and the selected GPP criteria):

- The commissioning of monitoringand routine
maintenance activites on macrtexture (MPD) ang
evaluation of the fuel consumption due to changes in MR
unevenness and surface defects.

- Evaluation of durability related to construction material
Use of MIRAVEC tool,arhere existing, ther assessment|
tools to evaluate fuel consumption;

- The commissioning of a road congestion mitigation pla
and management of congestion during construction a|
maintenance, including solutions such as alternati
routes, tidal flow lane, hard shouldeiT$ devices and thei
evaluation by means of LCCA.

- The purchasing and use of low environmental impa
construction materials and verification of thei
performance. Supply chain management to ensy
compliance with any relevant road assessment a
certification systems, for example CEEQUAL or Greenrg
Experience with LCA and LCC tools

- The successful implementation of demolition waste a
excavation materials and soil management plans in org
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workers
- Construction of low noise pavements,

- Long lasting pavements and increase of durability of t
surface layers of the pavement

- Qonstruction and commissioning of water pollutig
control components and storm water retention capacit
including soft engineered components

Verification:

Evidence in the form of information and references relatg
to relevant contracts in the last 3 years in which the aboy
elements have been carried out. iEhshall also be
supported by CVs for personnel who will work on t
project and their relevant project experience.

to minimise waste production. Selection and knowledge
on-site and off-site treatment options.

- Experience with low temperature asphalt with particul
regards to best techniques related to health and safety
workers

- Construction and monitoring of low noise pavemen
analysis of the durability of noise iuction performance

- Long lasting pavements and increase of durability of th
surface layers of the pavement

- Qonstruction and commissioning of water pollutid
control components and storm water retention capaci
including soft engineered components

Verification:

Evidence in the form of information and references relatg
to previous contracts in the last 3 years in which the abo
elements have been carried out. This shall be supported
evidence and data from:

- Third party auditing (for example from the
demolition waste audit)

- LCA/LCC analysis of the main road eleme
and/or

- Data collection from monitoring offor example,
the production and management of C&DW ar
excavated materials and soil, the perfoance
parameters for road routine and periodi
maintenance and rehabilitatiqretc.

This shall also be supported by CVs for personnel who
work on the project and their relevant project experience

Supporting notes:

- The evaluation of consultants, design teams and contractors requires an expedeacaluation

panel.

It may be appropriate to bring in external expertise, which may include appointment of a
project manager, and the setting up of a panel with the knowledge and experience to judge the

experience of competing contractors. The lists unlgd in selection criterion 1 and 2 are indicative
and should be adapted to the project and the procurement stage.

- In the reform of the Public Procurement Directivé§ (published in the Official Journal 28March

2014 and requiring transposition by Member States within 24 months), it is explicitly stated (Art. 66
of Directive 2014/24/EU) that the organisation, qualification and experience of staff assigned to

performing the contractwWhere the quality of thestaff assigned can have a significant impact on

the level of performance of the contract)

can be a criterion for awarding a contract. They can

therefore be cited in addition to selection criteria. For complex contrastsch as road contracts it

can usualy be expected that thejuality of the project managers, design team, specialist consultants

and contractors can have a significant impact on the performance of the project.

7 Directive 2014/24/EU of the European Parliament and of the Council of 26 February 2014 on public procurement and repetiia@@04/18/EC

8 Directive 2014/25/EU of the European Parliament and of the Council of 26 February 2014 on procuremgtiespperating in the water, energy, transport and postal

services sectors and repealing Directive 2004/17/
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2.2 Pavement -vehicle interaction criteria
2.2.1 Background technical aspects, discussion an d rationale for rolling
resistance

The literature review shows that rolling resistance associated with pavement structure and roughness plays
an important role in the vehicle fuel consumption. Hékkinen and Makele (1996) have evaluated that a
reduction ofvehicle fuel consumption of around 0:0.5% 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, @@issions of 50% compared to those from
materials production and construction of a concrete pavement.

Milachowski C. et al. (2011) have analysed 1 km of asphalt and concrete motorway over a service life of 30
years and they have considered different scenariosdecreases in fuel consumption due to road surface
properties. They concluded that fuel consumption could be reduced-B9% when the road surface is
optimized, i.e. with reduced unevenness (matarture) and increased stiffness.

Wang et al. (2012a)analysed energy consumption and GHGs emissions from pavement rehabilitation
strategies. Furthermore, case studies are described in the study to evaluate the effect of rolling resistance on
the life cycle performance of the selected pavement. Concrete asphalt pavements are included in the
study where the material production, construction, use (including rolling resistance) and maintenance phases
of the road life cycle are addressed.

It was concluded that traffic during the use phase dominates the lifecleyimpacts 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 and
Transportéion Research Board, 2006). Furthermore, the study 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 for maintenaned gepair of the road surfaces.

The study also concluded that there is a great potential for reduction of environmental impacts exists by
reducing the roughness of the road surface to reduce rolling resistance on-tnajfic roads [providing
examples with34,000, 86,000 and 11,200 AADT (Annual Average Daily Traffic)]. 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 these phase naturally becomes 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 rtatieeial

and construction phases. Nevertheless an example is provided in the study where a smaller road with 3,200
annual average daily traffic is assessed. In this specific scenario, materials production and construction phase
were calculated to be thre&imes higher than the impacts during the use phase.

In Wang et al., 2012b, total energy use and GHG emissions from materials production, construction, use and
maintenance are evaluated. The paper also evaluated the effects of changing road unevennessaamd m
texture 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 roughness amatro-textures were
improved, the reduction energy consumption 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 anothgarameter, i.e. the increase ohevenness, and consequently of the rolling
resistance, during the life cycle of the road. The results of the NCHRP report (Chatti and Zaabar, 2012)
show a relationship between roughness and surface texture, and fuel copsion as follows: 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 km/h) and abib2% at low speed (56 km/h). The third pavement factor to
influence rolling resistance ideflection , but the authors excluded this factor from the study because
relations between pavement deflection and rolling resistance are still being researched.

w Forroads 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.
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Loijos et al. (2013) have analysed the Global Warming Potential (GWP) of 1 km of cermagement 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. In this study, vehicle fuel consumption has been allocated to the pavement based
on roughness increse over the life cycle. Thus, the pavement roughness at initial construction is taken as
baseline parameter, and GHG emissions from fuel consumption are calculated based on the progressive
increase from that initial roughness. This means that only the frac of rolling resistance due to the
increase of roughness, not its whole amount during the life cycle, is evaluated.

w The authors found that the majority of emissions occur during materials production and transportation
(64%-80% on all roads) gee Figure 5). 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 fuinsumed 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
third largest contribution. In the analysed case studies, congestion (traffic delay) and rcmtisin
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 emissions (i.e. shoulder width, lane width),
aggregate trarsport 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, albedo and aggregates transportation are more important.
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Figure 5: Life cycle GWP per km of new concrete pavements for 12 roadway classifications
(Loijos et al., 2013)

The results explained above conclude that there is a relevant parameter involved in the potential decrease of
fuel consumption due to the interaction pavemenehicle: the traffic flow. For higiraffic flow roads (>2000
vehicles per day), these losses became an important factor that justifies the measures aimed at reducing
them. For lowtraffic roads (<2000 vehicles peday), the fuel consumption during use phase turns to be
comparable to other life cycle phases.

The parameters that might be potential indicators of the pavementehicle interaction are the following:
1 Rolling resistance
1 Texture
1 Unevenness (longitudinaha transversal)
1

Surface defects
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Rolling resistance

Currently there is no standardized method for determining the pavement contribution to rolling resistance. EU
FP7 projects like MIRIAM and COOEE investigate the possibilities of using trailers for thiermgruf rolling
resistance as a road surface property in analogy to skid resistance or noise emission, but those methods are
not validated. The function that relates rolling resistance to texture and unevenness parameters needs to be
developed enough irsuch way that rolling resistance could be controlled by managing these primary
pavement properties, as MPD (mean profile depth) and IRI (International Roughness Index).

Practical factors related to rolling resistance must also be considered. For exatopler rolling resistance is
undesirable in areas were vehicles have to decelerate due to the requirement for increased braking
energy/distance. Therefore low rolling resistance surfaces should not be specified in any areas with frequent
stop-start traffic flows and only be specified where they can be most beneficial, which is in high traffic
volume road sections with steady or accelerating traffic flows most of the time.

Texture

The I1SO 13473 series of standards covers the measurement of pavement textwith profilometers and
associated indices. All indices are based on filtered longitudinal height profiles of the pavement surface
typically recorded with a mobile or stationary laser profilometer.

The most commonly used parameter is the MPD (mean profigpth) defined in 1SO 13473 for an
evaluation length of 100 mm. It is designed to indicate the typical elevation of profile peaks above an
average profile baseline.

The texture wavelength ranges that contribute to a deformation of the tyre and induckngpkesistance
losses are mainly in the macrand megatexture.

According to the technical analysis, the macrotexture seems to be a parameter that is expected to both
decrease and increase during the use phase of the road, and its progression depente type of material,
traffic flow and composition (heavy traffic) and climate conditions, mainly related to wet and dry freezes
(Wang, 2012). It was also found that Sweden was considering to set MPD thresholds for both maximum and
minimum levels of acceptace of this parameter (COST 354). Therefore, the monitoring of the increase of
this parameter during the use phase of the road seems to be reasonable to assess the level of performance
in relation to the rolling resistance

Longitudinal unevenness
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 but in a
smaller degree than texture.

2. Longitudinal unevenness induces vibrations in thee@hsuspensions. These vibrations have to be
reduced 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 induced vertical szillations lead to energy conversion into heat, and thus they should be considered
when modelling the energy losses due to the interaction vehjgdeement.

The European standard prEN 13086 ©° Mj \ _ \i A\ dmad  g-Test metmas) Pait5:~ c\ m\ o
? 0 mhdi\odji ja Gjibdop_di\g Pi > g ii > nn Di_d”*» n»' n
and the calculation of unevenness indices. It requires the measurement of a longitudinal road height profile

with a sampling interval of 0.05 m. T&iprofile is the 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 quartear model (golden car) to the road lfstructure effects on

vehicle energy consumption profile.

Other parameters
9 Transversal unevenness

The road surface will also exhibit deviations from this ideal transversal profile in the form of ruts,
steps, ridges, bumps and edge slumps.
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Both crossfall ad transversal unevenness might induce an increase in vehicle fuel consumption.
Transversal unevenness can act similar to longitudinal unevenness by inducing increased tyre
deformation and suspension losses.

The measurement of transversal unevenness idfided in EN 130366 and EN 130368. While no
specific measurement device is prescribed, typically a straightedge or a laser profilometer is used. The
parameters 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 averaged for longer intervals of e.g. 100 m. Crossfall and
rut depth typically constitute the major deviationBom an ideal horizontal road surface and are
therefore the best candidates for the inclusion in models. The main parameter used for transversal
unevenness is average or maximum rut depth.

Surface defects

Surface irregularities as joints or surface defects like cracks, ravelling, potholes, loss of material may
influence on longitudinal and transversal unevenness, and on texture. Therefore, the impact due to
these surface defects is related to the parameteassociated with these surface properties. However,

in the case of severely damaged surfaces there may be additional energy dissipation.

The above mentioned parameters for longitudinal and transversal unevenness would be indicators of
the degree of damaggebut other ones as the area or longitudinal density of surface defects could be
defined. A classification of relevant surface defects in the course of already performed crack detection
surveys could be defined to take into account the predicted impacthef identified type of surface
defect on fuel consumption, thus, it would work as an indicator for the predicted additional fuel
consumption.

Another parameter that is related to the surface defects on the road pavement is the durability
(lifetime) of the material, since they are caused by damages during the use phase of the road along its
lifetime. Therefore, the durability of the material, together with the designed bearing capacity of the
road, could became a factor to be consider to prevent the mainteseneeds of a road.

Deflection

Haider includes bearing capacity and deflection as parameter that might increase the rolling resistance.
The study mentioned the research by Schmidt, Bjarne, Ullidtz, Per (2010) that compared the
deformation of the road pavments as measured by FWD to the effects of rolling resistance. It was
found, that rolling resistance due to pavement deformation was only a few percent of the overall
rolling resistance, which is a much lower impact that the effect of e.g. texture. If aegurate models

will be available in the future, they may have to take this effect into account at least for very weak
road pavements.

Sandberg et al (2011) also point out stiffness as a parameter that might influence the rolling
resistance. However, thstudy refers to the lack of stiffness data, meaning that just proxy variables
might be found. This study does not quantify the effect of stiffness.

Akbarian, Gregory, Ulm (2013) studied the effect of deflection on fuel consumption in the US roads.
They conpared the impact of deflection on passenger cars and trucks on concrete and asphalt
pavements, and the results where the following. Considering that an internal combustion engine vehicle
performs a mean fuel consumption in the range,510 /100 km for pasenger cars, that would mean

that deflection effect contributes between 0.4 0.2% of rolling resistance for concrete pavements and
2.4, 1.2% for asphalt pavement. In the case of trucks, the weight of the vehicle varies within a very
wide range, and for éavy trucks deflection effect contributes on a largecale (seeTable2).

Table 2: The impact of deflection compared to a rigid (non-deflecting) surface on fuel
consumption applying the deflection contributions to real world road conditions from the
LTPP database.

Concrete Asphalt
Mean (Std. Deviation) [liters/T00km]  Mean (Std. Deviation) [liters/100km]
Passenger Cars 0.002 (0.0016) 0.012 (0.009)
Trucks 0.013(0.012) 0.077 (0.06)
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Rolling resistance and fuel consumption as a function of pavement -vehicle interaction
parameters

A study of rekvant literature has provided relationships between IRI and rolling resistance as well as fuel
consumption. Tan et al. (2012) present a very comprehensive collection of data regarding pavement
roughness effects on rolling resistance and fuel consumptioasits from studies from USA, Brazil, United
Kingdom, France, Belgium, Sweden, South Africa, Australia and New Zealand are presented to show the
change in rolling resistance and fuel consumption based on change in IRI. The studies include a wide range of
IRI values, and data is provided for passenger cars as well as for trucks. New (European) roads will be
expected to have IRI values below 6. This means that basicallgeatl in Table3 are applicable for European
conditions.

Table3 below shows that rolling resistancedreases by 2.%% per unit IRI (cars) and by x84% per unit
IRI (trucks), respectively. The studies report an increase in fuel consumption -@&00.ger unit IRI for cars
and 0.134.1% per unit IRI for trucks, respectively.

Table 3: Uneveness effects on rolling resistance and fuel consumption (based on Tan et al.,2012)

Country/Source IRl range | Vehicle type Rolling resistance Fuel consumption
(% change per unii (% change per unit IRI)
IRI)
USA/Ross 0.5-3.7 Car - 0.4
USA/Bester 1455 Car 2.6 0.5
USA (Florida)/Jackson 3.1-3.7 Truck - 0.13
USA (Nevada)/Epps et al. and Si 3.1-3.7 Truck - 0.45
and Ashmore
USA/Zaabar and Chatti 1-5 Car (medium) - 0.9
Car (SUV) - 0.4
Truck (articulated) - 0.6
Brazil/Watanatada et al. 2-14 Car 25 0.5
Truck 1.8 0.5
UK/Young 1.34 Truck - 4.1
3.3-5.6 Car - 3.1
2.34.4 Car - 3.6
1.7-5.4 Car - 1.8
France/Laganier and Lucas 1-6 Car 6.0 1.2
France/Delanne Not Car - Upto6
specified
in IRI
Belgium/Descornet 0.87.7 Car 4.0 0.8
Sweden/Sandberg 1-6 Car - 1.6
South Africa/Du Plessis et al. 1.2-1.5 Car 3.4 0.7
Truck 4.4 1.1
Australia/BTCE 1.2-5.8 Car - 0.9
1.2-58 Truck (rigid) - 1.4
Truck (articulated) - 0.9
New Zealand/Jamieson and Cene| 1.7-5.3 Truck - 0.8

Hammarstron (2012)evaluated the influence of several variables on the vehicle energy consumption, based
on the EVA model and the data of the Swedish Transport Administration. The variables to be included directly
or indirectly in fuel consumption (Fc) functions are theldaling:

road surface variables: IRl and MPD

road alignment: gradient and horizontal curvature (see Table 2.3)
speed

acceleration

transmission

engine internal friction

=A =4 =8 =4 -8 -4
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Table 4: Road alignment standard for EVA roads

Type road Length (m) | Sight class ADC (°/km) RF (mvkm)

LF_typ11 22989 1 1.53 549
LF_typ12 22 009 2 (straight, rolling) 9.80 15.36
LF typ21 20 893 2 (sinuous, plane) 298 5.00
LF typ22 21477 3 (sinuous;rolling) 17.47 17.56
LF_typ3x 25 149 4 (sinuous;rolling) 8563 18.28
LF typx3 24 575 4 (sinucus, hilly) 4243 28.98

The studyalso addressed the influence on speed from other conditions not included in the EVA model. This
influence includes at least the following parts:

9 if the tractive force is bigger than the maximum engine wheel force there will be a speed reduction
compared tothe desired EVA model speed

1 IRl and rut depth influence on desired speed.
Based on the results of the model applied, the study analyses how the total fuel consumption (Fc) changes if
road surface measures are reduced. If MPD per road link is reduced iy @p5 mm, the total Fc in the
transport administration road network will be reduced by 1.1%. By reducing IRI per link by 0.5 m/km, speed
will increase in parallel to reduced rolling resistance and there will be approximately no resulting effect on Fc.
If rut depth is decreased in parallel to IRI there will be a further increase in speed. For individual road links
there might be energy saving potential related to IRI if the proportion of heavy vehicles is big enough.

For a car, a speed reduction of 1 kmét SCL 1 (sight class 1) standard will decrease Fc by 0.7% in a wide
speed range. To compare: if the average MPD is reduced by 0.25 mm car Fc will be reduced by 0.6%. The
study shows that an improvement of the alignment standard (not worse than SCL 2hénttansport
administration road network could bring fuel consumption savings b2%.

In summary, the conclusions of the study related to the road surface parameters are that a reduction of IRI
by 0.5 and MPD by 0.5 is expected to change total Fc by:

1 0.0%for just IRI

1 -1.1% for just MPD

1 -1.1% for both IRl and MPD.
The study found out that a reduction of Fc could be achieved by means of a decrease of IRI just for heavy
trucks with trailers Figure6).
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Figure 6: Fc with (_red) and without an IRI speed effect for a truck+trailer. Diagram x -axis speed

excluding the IRI adjustment

As a result of this analysis, the road alignmentrcdeen identified to be the most relevant variable to
decrease the fuel consumption. The increase in Fcs from sight class 1 to sight class 4 is estimated as 2.4%
including the speed effect. Nevertheless, the paper also concludes that the improvement d¥iti2 of a
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road is easier to achieve compared to an improvement on the road alignment. In this regard, the potential of
fuel consumption associated to the road alignment should be assessed at the planning phase of the project.

These conclusions are endorség the outcomes of the WP2 of MIRAVEC project (Carlson, Hammarstrom,
Eriksson, 2013). The report shows that in general, among road variables, rise and fall/gradient leads to the
largest impact on fuel use, followed by MPD and average degree of curvafuspeed effect for IRl and RUT
offsets fuel use savings to some extent (séégure?).
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Figure 7: Sensitivity of passenger car and truck fuel consumption to changes in infrastructure
parameters for rise and fall (RF), curvature (ADC), macrotexture (MPD), unevenness (IRI) and
rutting (RUT)

The comparison of the results of the studies carried out in US and the ones fiee MIRIAM project clearly
points out to divergent conclusions with regards of the influence of IRI on the fuel consumption. This
difference could be explained by comparing the models used to predict the fuel consumption. The model
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developed by Hammarsin (2012) includes the speed effect, meaning the increase or decrease of speed due
to the pavement conditions. Chatti and Zaabar (2012) used a model that seems not to include the speed
effect.

Previous draft criteria area for rolling resistance and stakeho Ider consultation

As a preliminary step, it is recommended to evaluate the traffic flow planned during the road design. In the
case of hightraffic roads (as motorways and highways), the parameters related to the pavenrwetticle
interaction should be condered within the procurement process. For those roads expected to bear low traffic
flows, it is advisable to focus on other criteria areas, as the improvement potential on the fuel consumption is
not so relevant.

In addition, lower rolling resistance isndesirable in areas were vehicles have to decelerate due to the
requirement for increased braking energy/distance. Therefore low rolling resistance surfaces should not be
specified in any areas with frequent stegtart traffic flows.

The parameters to evahte the pavement are commonly used by the public administrations (as National
Road Administration NRA or local authorities) in the design, construction, monitoring and maintenance
phases, but they are usually assessed only under safety and comfort remqérdgs. The rationale shows that

an evaluation under an environmental perspective, focused on fuel consumption, should be integrated in the
decisionmaking process about those parameters along the design, construction and maintenance.

During the design phas the design team, Design and Built tenderer or DBO tenderer should take into
account the MPD and the durability associated to the construction materials to be used in the pavement.
Some options would be to set a MPD performance, within the safety rarfgealnes demanded by the road,

and to select the most durable materials for the particular needs of bearing capacity calculated for the road.

Before the opening of the road, the verification about the materials used in the pavement and the
parameters relagd to the texture should be carried out by the procurers, taking into account the standardized
methods to measure MPD.

The monitoring and routine maintenance are key issues in this criteria area. Both activities are usually carried
out by the public authdty, inrhouse or by mean of maintenance service procurement. According to the
rationale above, these activities should consider the fuel consumption due to the increase of the MPD, the
unevenness and the surface defects, thus the monitoring of those partanseassociated are recommended

to be linked to thresholds or ranges that trigger the maintenance actions aimed at returning those
parameters to the optimal values. These target values define the optimum condition to be achieved after
maintenance measuresthreshold limits for MPD might be defined by a range between minimum required
values for skid resistance and maximum desirable values for limiting fuel consumption via reduced rolling
resistance.

It has been found that the most important factors that infénce the rolling resistance are the maetexture

and megatexture, thus, it is recommendable to set thresholds to the MPD of the pavement together with a
monitoring frequency. A maximum interval for monitoring is recommended (in literature 5 years are
suggested).

The results of MIRIAM and MIRAVEC projects reflect that IRI is not so relevant to save fuel consumption of
cars and heavy trucks, showing potential savings just for heavy trucks with trailers. This is also in line with
the comments received fromhie stakeholders after the first AHWG meeting. Therefore, it is proposed that
just MPD is taken into account as pavemerghicle interaction parameter to save fuel consumption in the

use phase.

MPD and skid resistance

Some stakeholders have raised their ammns about the effect of a low macrotexture on the skid resistance

of the road surface, and how a potential criterion on MPD jeopardizes the safety performance of the road
(seeFigure8). This issue has been addressed by several European projects, e.g. Tyrosafe. The deliverable D14
of this project, Interdependencies of parameters influencing skid resistance, rolling resistance and noise
emissions (Sharnigg, 2010), studies the effect oPM and IRI, among other parameters, and the potential
conflicts between those effects (seleigure8 and Tableb).
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Figure 8: Effects of the texture wavelength of road surfaces

Table 5: Interdependency matrix of surface parameters

« shape of aggregates (SIFI) v

* angularity of aggregates

« polishing resistance (Polished
Stone Value (PSV)coarse
aggregates)

g « polishing resistance (PWS /fine

aggregates)
e hardness

* aggregate composition and
Structure (percent of hard fraction by visual
and

2>

L 4

« abrasion/wear resistance (Micro
Deval)

e maximum aggregate size
binder content

binder type (viscosity)

« void content (mix design)

mixture
parameters
- .

€ D €| €| €| D> |9 D

' Depends on the composition used, according to EN 13108-1, -5, -6, -7 (AC, MA: 0, SMA, PA: +)
’Onmasncasphall.acconmgtoEN13108-6.ncantakoalongmlormoaggrogateslobecmexposodlomeconmdama
of the tyre; consequently, these properties do not have a positive effect on skid resistance until later in the service life
'Aswnﬂrcoarseaggrega!e.onmasﬁcasphallaccotdhgtoEN 13108-6 it can take a long time for the aggregates to become
exposed to the contact area of the tyre; consequently, these properties do not have a positive effect on skid resistance until later
in the service life.

* On mastic asphalt according to EN 13108-6, there is no known impact of the aggregate size used

* Rubber modified binder may have a positive effect on noise reduction

® Only in dense asphalt mixtures; not in porous asphalt mixtures
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«  chippings — aggregate size + - - -

laying and
compacing
.

chippings — PSV/PWS + & L °
concrets
« shape of aggregates (SUFI) + 7 ? -
« angularty of aggregates *+ - ? °
« polsning resistance (Polsned *+ - ? o
g Stone Value (PSV)icoarse
g 3ggregates)
e « polishing resistance (PWS Mfne *+ - ? °
s 3ggregates)
-4 * hardness E ? ? ?
g * aggregate composition and ? ? ?
-

SITUCIUNE (percent of hard fraction by visuel
axarmination ard cetogrect enayaa)

* abrasion/wear resistance (Micro
Deval)

*  maximum aggregate size
«  watericament-ratio
stanliity of the concrete
« consistency
«  aoditve ?
» Mickness of the surface mortar
« surface texiures — exposed - -
aggregate concrate
«  surface texiures — buriap -
*  surface texiure - brushed concrete - - ? -
surface
«  texture depth - mean texture depth *+ - -
(MTD)
miscslianeous
« surface type (asphalt or concrete) asphat o
« damper function of the base layer = ?
?
?

-
~
~
-

modure
paramatens
-
A IE R
-~

-

+
~ +
wWiw|wlw|w|w]s
+
I"

-~
+

laying

»  shape factor (g) > 70%

« charactenstic shape length (g') 400-
700 mm

«  maximum of the spectral 60-200 pm ? ? -
roUghNess dept (R

absorpion T
«  layer thickness
»  flow resistance *

« further texture parameters (micro-/ +
macrotexture) — see Figure 2.1 and
also Figure 5.1

. UNeVeNnness *

ot

fnished suface
.

7 In [56] It was found that 3 dense concrete surface with chippings (e.g. S mm maximum stone size) created a surface which
was about 2 dB(A) louder than the same chippings used on an asphait surface. This effect derives from the higher Internal
gamping of asphait compared with concrete

* On porous surtaces; on dense surfaces the layer thickness has no Impact on noise reduction

* At high frequencies: the Increase of the texture amplitudes at wavelengihs In the range 0.5 to 10 mm (microtexture) may
reduce noise generation, particularly at frequencies generally above 1 kHzZ. At low frequencies: the Increase of the texture
ampiitudes at wavelengths In the range 10 to S00 mm (macro texture) causes an Increase of noise, particularly at frequencies
beiow 1 kHZ

At first sight, optimising primarily for safety implies designing road surfaces with parameters that maximise
skid resistance. To do this, by maximising macrotexture for example, could lead to noisier surfaces with
increased rolling resistance.

Tyrosafe report mentions dexture depth of 0.4- 0.8 mm at wavelength of 0.5 10 mm as potentially
leading to improve the three properties: noise emissions, skid resistance, rolling resistance. Nevertheless, it is
also highlighted that the optimal solution in a particular situatianight mean focussing on just one or two of

the main surface properties rather than all three at once, to be decided case by case. It was found that a
smaller set of parameters could be used as the basis of optimising road surfacing performance in retatio

the three main properties and these have been used to suggest what properties an optimised road surfacing
might have, namely:

1 low aggregate size (5 or max. 8 mm)

1 polishing resistance appropriate to the expected traffic and skid resistance level edjoiver the life of
the surfacing

1 high angularity of aggregates
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1 cubic shape of aggregates

1 binder viscosity optimised for the application (preferred polymer modified bitumen)

1 a concave surface texture (without separately applied surface chippingsafphalt or an exposed
aggregate form for concrete)

Some comment from stakeholders also pointed out that lowering the maximum aggregate size might bring
good results both for skid resistance and rolling resistance.

Therefore, any endeavour to propose a wetllanced threshold of MPD as a GPP criterion needs to be
framed within the safety conditions legally required for the skid resistance. These safety requisites depend
on multiple variables: climatic conditions, speed limits, rise and fall profiles, trdfftensities, etc. Thus,
Tyrosafe report recommends defining a common EU legal framework that should be further developed and
applied at local level. In this regard the COST report gathered information about different limits on MPD
across EU countries. Theport collected few answers from the countries, but the range of 0.75 to 1.5 mm of
MPD seems to be considered as 'very good' in terms of skid resistance for motorways and other primary
roads. The figure of 0.64 mm is the 'warning limit' in the Czech Rsijoywhile a value of 0.54 mm triggers
obligatory maintenance measures due to safety concerns.

The replies from the stakeholders to the question about setting a threshold on MPD resulted in a split view
between those who think it is not feasible due toetHack of robust data and models and the conflict with
safety requirements, and those who consider it appropriate provided that the life cycle costs are optimized.
Other concerns are related to the verification, since MPD might vary considerably aloredasestion, plus

the level of accuracy of measuring / monitoring equipment should be agreed.

Change of MPD over time

The evolution of the MPD of the road surfaces is also a subject to be taken into account when designing a
criterion on road surface perfonance. An overview of the common practice across the EU has shown that
MPD is generally prone to decrease with the road aging due to the polishing effect of traffic. Within the
maintenance strategies, there is a threshold for skid resistance that trigdlkesactions to recover the target

values, together with a monitoring frequency using test methods as Grip Tester, Skid Resistance Tester (SRT),
ROAR and SCRIM. This does not necessarily mean that MPD decreases with the road aging in all cases. The
study from Wang et al (2012) shows that MPD could also increase under specific climate conditions.

Liang (2013) analysed the evolution of MPD, and one example of the results is proundédure9:
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Figure 9: Mean Profile Depth pavement texture degradation as a function of time. Four different
test sections monitored over 6 years. All test sections are flexible (hot mix asphalt) and located
in Ohio, USA (Liang, 2013).

Curves like the ones shown Figure9 are important for pavement management systems in order to predict
pavenent performance and hence future needs for pavement maintenance and rehabilitation.

Degradation curves can also be used to predict user costs by applying among others the relations between
IRl and fuel consumption mentioned earlier. Fuel consumptionvsrg handy descriptor for user costs as it
is easy to express fuel consumption in monetary terms.
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The study "Influence of road surface type on rolling resistance" (Hooghwerff et al 2013) contains the results

of a measurement campaign of MPD and RR on défg roads in Netherlands. The measurement program
consisted of a total of 69 road sections where both rolling resistance and texture measurements were
performed simultaneously (main road sections). Different road surface types were measured, includidg: PA
(Porous Asphalt Concrete) 16, DLPAC (Dual Layer Porous Asphalt Concrete) 2/6, DLPAC 4/8, DAC (Dense
Asphalt Concrete), TSL (Thin Surface Layer), SMA (Stone Mastic Asphalt) and SD (Surface Dressing). The
selected road surfaces vary both in age and maindéeice condition. Most of the PAC and DLPAC road
sections were measured on highways, while TSL and SMA were primarily measured on provincial roads in the
province Gelderland. All the measurements were conducted between April 17th and April 23rd, 2013

The resilts show that the effect of aging in MPD seems to be most apparent for Dense Asphalt Concrete
surfaces for which older roads perform higher MPD values, while for other surfaces there is no clear age
effect. One comment from the stakeholders also pointeat the results of this study.

Nevertheless, the effect of polishing is determining to define a criterion on low MPD, since a threshold too
close to the 'warning' levels for safety conditions would demand more frequent maintenance actions, and
thus, an incease of energy consumption. Likewise, this will happen if the materials chosen to lower the MPD
are less durable. Therefore, a holistic evaluation, based on LCA anél s6@uld be applied, as suggested by
the stakeholders.

In this regard, MIRAVEC D4 detable "Recommendations for implementation of road vehicle energy
consumption in pavement and asset management systems” (Kokot and Stryk 2013) summarizes the results
of some studies that investigate the rolling resistance from a life cycle perspective:

VTlreport (Karlsson, 2012) is the outcome of the Swedish studies performed underpgjbct 3 of the
MIRIAM project. The objective was to investigate the role of RR on the total energy use and if maintenance
treatments can be a viable option to reduce thatal energy use. The results show that lower values of rolling
resistance lead to energy savings in those roads with high traffic flows, becoming more relevant when the
proportion of heavy vehicles is larger.

The paper produced at the University of Califiar Pavement Research Center (UCPRC) (Wang et al 2012)]
describes a Lifecycle Cost Analysis (LCA) model developed to evaluate energy use and GHG emissions from
pavement rehabilitation strategies. The LCA model includes the effects of pavement rollingaresison

vehicle operation which was demonstrated on few case studies. The LCA model presented uses the
framework and approach described in the developed Pavement LCA Guideline. For pavements, the life cycle
includes material production, construction, usegaintenance and rehabilitation (M&R), and eofdllife (EOL)
phases.

LCA includes an alternative and novel method to evaluate the use phase of pavements, incorporating both
roughness (unevenness) and macrotexture (described by IRl and MPD/MTD, respediiradications of the
pavement surface condition. The rolling resistance is then calculated based on thedHbddel and used to
estimate the increased engine load experienced by cars and trucks due to additional rolling resistance. The
system was receny calibrated to North American vehicles through project NCHRB [IL1].

HDM4 can also be used to consider the effects on rolling resistance caused by pavement deflection;
however, because the calibration from NCHRB5lindicated that pavement deflectiowas only significant
when heavy trucks were moving at slow speeds on hot asphalt it was assumed that energy consumed by
deflection would be zero.

In HDM4, the rolling resistance is calculated based on the following factors: IRI, MTD, deflection, climati
factor, and characteristics of vehicles, tyre type, speed and a set of coefficients.

With this analysis, it is possible to evaluate the cadtectiveness of maintaining smooth pavements
compared to other strategies already underway to reduce GHGs frmrhighway transportation sector. The
models will next be used by the research team to assess smoothness specifications for Caltrans highways
with different levels of traffic, and M&R trigger levels for IRI and ravelling (MPD for asphalt) and traffic level
based on their impact on GHG emissions and energy consumption.

The results of this paper show that the maintenance strategy to improve the smoothness of a road surface
yields to energy savings in the case studies where the AADT is high (the case study®Buhose AADT is
3200, does not result in energy savings) and the proportion of heavy vehicles is above 25%.
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Table 6: Life cycle energy and GHG saving compared to Do Nothing over the analysis period under
0% traffic growth with  Smooth rehab strategy

Case study (analysis period) Matenal Feedstock Material production Construction Use (10°M) Total energy GHG reduction

energy (10°M)) Average value, 10°M)) 10°M] saving (10°M] Metric tonCO,-¢)
KER-5(5 years) HMA 33 20 7.0 100 747 5283
RHMA 49 18 54 100 79 5733
BUT-70 (5 years) HMA 17 9.8 36 47 8.7 695
RHMA 24 9.1 27 47 7.1 an
LA-5 (10 years Type lll cement 0 9.4 44 550 530 38136
CSA cement 0 73 i4 550 540 38471
IMP-86 (10 years) Type lll cement 0 4.7 2 29
0 2 29

2 23 1377
CSA cement 3.6 2 24 1544

MIRAVEC project Work package 3 (Benbow, Brittain, Viner, 2013) has developed a spreadsheet tool to
estimate the fuel consumption associated to the use phase of a particular road, as a function of:
1 Fuel consumption model for free flow traffic:
0 Vehicle characteristics (type, fuel used, Euro class)
o Rolling resistance, Air resistance, Average degree of curvature, Rise and fall/gradient, Velocity
1 Rolling resistance dependent on ambient temperaturé, MPD
1 Vehicle velocity, based on posted speed, vehicle type, traffic volume, gradient, IRI and rutting present
1 Idle time
The Miravec tool is capable to estimate the vehicle fuel consumption associated with a specific route and
evaluate the effects of vaious changes to the road infrastructure on the fuel consumption.

The MIRAVEC tool estimates the average vehicle speed from the road geometry, the level of rutting and ride
quality present, the level of traffic and the split of heavy to light vehicles.dadition, a simple method for
estimating the effect of idle time due to traffic congestion has been developed and implemented. It further
enables users to estimate vehicle fuel consumption associated with a specific route and to explore the
effects of vaiious changes to the road infrastructure on the fuel consumption. This spreadsheet tool has
been used to assess the potential benefits to be gained from making improvements to the infrastructure (i.e.
the capacity for NRAs to provide energy reducing roddastructure) by considering different scenarios and
using statistical data available from national road networks.

WP3 found that most of the changes applied have small effects on the average CO2 output per vehicle per
km and therefore significant changeis the fuel consumption will be most easily achieved on lengths with
high traffic levels. With multiple intervention options available to NRAs the effectiveness of each intervention
will depend on the condition and traffic levels of the site. A good examgl that is the introduction of an
additional lane that can have a large impact on fuel consumption on sites where idle time/congestion is a
significant factor, but this same treatment would have little or no impact on a site with lower traffic
densities.

Monitoring and maintenance

This criteria area is fully linked to the maintenance activities of the pavement, thus the procurement process
of these services should include a requirement on a maintenance and rehabilitation (M&R) strategies
preliminary planthat includes:

1 Monitoring frequency (< X years) and pavement performance assessment on all the parameters related
to the pavementvehicle interaction.

1 Maintenance activities strategy.
Assessment and verification issues

The incorporation of the MPD parametas part of a GPP criterion also raises doubts in relation to its
assessment and verification, since the designed MPD value of the road surface is likely to entail errors and
thus, deviations from the designed valued are likely to occur at the constraogtibase. One of the experts
consulted provided relevant information about the measurement campaign carried out in Netherlands. The
range of MPD values measured are shown in the figure below.
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The expert highlighted that the MPD deviation among roadshvéame surface texture can be large per
pavement type, but the average MPD value per pavement type is significantly different from the gther
especially so for PAC+ (pink) vs. DLPAC 4/8 (purple) and DLPAC 2/6 (brown). In the expert opinion, some of
the measured variance is likely due to ageing, and for newly laid pavements the range of deviation should be
smaller.

The experted advised to use the rolling resistance parameter instead of MPD. The MPD can then still be used
as a verification upon delivery as proxy of rolling resistance, using the relation between rolling resistance
and MPD. This option allows further investigation on rolling resistance and how it is correlated to the main
surfaces parameters.

Another expert also explained that the constructiof a pavement and the obtained texture is depending on

the mix design; aggregate size and bitumen content, so the MPD value could be anticipated. However the
compaction method and pattern does play a significant role for the texture obtained, so somiati®yv is
expected at the construction phase.

QUESTIONS TO STAKEHOLDERSIt possible to anticipate in a tender thdPDof the pavementaVhich is
the range of deviation expected®nstraints of verification?

2.2.2 Criteria proposal

Core criteria Comprehensive criteria

AWARD CRITERIA

B13. Performance requirements on traffic fuel
consumption due to rolling resistance

OPTION 1

For those mtorways and highways, main roads or nation
roads designed to bear high AADTAnnual Average Dail

9 High AADT may vary across EU counries and regions, therefore the range regarded as 'high' should be evaluated by eabbriRpadisfai genel rule of thumb,

relevant literature indicates that the threshold between high and low traffic volume is arow8D@0GOADT.
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traffic) at steady speed, points will be awarded to thog
offers that commit to a lower MPD of the road surface.

The MPD shall ensure the compliance wiitle skid resistance
required by national, regional and/or local legislation.

The MPD declared shall be guaranteed along the lifetime
the road, therefore, the maintenance plan shall include t
monitoring of MPD on a regular basis (at least evéryears
and the maintenance works to be implemented.

Verification:

The design team, DB tenderer or DBO tenderer shall pro
the detailed design including the performance parametg
declared together with test results on a representative te
sample of the suface, according to the standard 1ISO 134+
1. Tests shall be carried out by an independent laboratory.

B13. Performance requirements on traffic fuel
consumption due to rolling resistance

OPTION 2

For those meorways and highways, main roads or nation
roads designed to bear high AADT (Annual Average [
traffic) at steady speed, points will be awarded to thog
offers that commit to a road surface which will reduce traffi
fuel consumption.

The contracting athority will provide the tenderers with the
Excel tool including the planning data (route, traffic flo
average degree of curvature, Rise and fall/gradient). T
tenderer shall include the design parameters influencing {
fuel consumption declaring th@svalues together with their
error margins.

The MPD shall ensure the compliance with the skid resista,
required by national, regional and/or local legislation.

The MPD declared shall be guaranteed along the lifetime
the road, therefore, the maintenaecplan shall include the
monitoring of MPD on a regular basis (at least evéryears)
and the maintenance works to be implemented.

Verification:

The design team, DB tenderer or DBO tenderer shall evaly

the fuel consumption by means of the MIRAVESI or,

where existing, other assessment tools including t

parameters:

1 Fuel consumption model for free flow traffic based on:
0 Vehicle characteristics (type, fuel used, Euro clasg
0 Rolling resistance, Air resistance, Average degreg

curvature, Risead fall/gradient, Velocity

1 Rolling resistance dependent on ambient temperatu
IRI, MPD

1 Vehicle velocity, based on posted speed, vehicle ty
traffic volume, gradient, IRI and rutting present

 Idle time

They shall also provide the detailed design umihg the
performance parameters declared together with test resu
on a representative test sample of the surface, according
the standard 1SO 13473L. Tests shall be carried out by a|
independent laboratory.

CONTRACT PERFORMANCE CLAUSES

C3. Quality of the completed road - monitoring of the
performance parameters

(to be included only when an award criterion on performar
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requirements on traffic fuel consumption due to rollir
resistance in the ITT for the design phase has been set)

The main construction contractor or DBO contractor sk
monitor the agreed rolhg resistance performance
parameters affecting the traffic fuel consumption after the
construction before the road opening and 6 months after tl
opening (irservice road), and provide the test results of th
monitoring.

In case of unsatisfactory or nogompliant results, refer to
general contract performance clause text@2

Summary rationale:

91 Traffic during the use phase dominates the life cycle impacts of a road with expected high traffic
volume. The authors referred to studies indicating that a 1@@tluction in the rolling resistance can lead
to 1-2% improvement in fuel economy

1 Rolling resistance is a function of many performance parameters, mainly macrotexture, unevenness and
stiffness. The relation of fuel consumption and the change of MPD andM&d investigated, showing
that MPD is the most influencing parameter to decrease fuel consumption.

1 An improvement on MPD to decrease the rolling resistance of the road surface can conflict with safety
conditions, particularly with skid resistance. Anytesion on MPD shall therefore be framed within the
safety requirements for the road surface.

2.2.3 At what stage of the procurement process are the criteria relevant?

Evaluation of the traffic flow expected in the road shall be done in theliminary scoping iad feasibility
phase If it is high traffic flow, rolling resistance may be a relevant environmental issue. For low traffic roads
and those with frequent stogstart traffic flows, a criterion to decrease the rolling resistance is not
recommended.

Requiremats for macrotexture of materials and their expected service life given shall be propdsetie
detailed designThis information should be included in a maintenance and rehabilitation (M&R) strategy plan.

Verification of macrotexture of materials beforeoad opening shall be done in theonstruction phase
Pavement performance related to of macrotexture shall be assessed, monitored and verified durings¢he

phase.
Maintenance activities have to be realised according to the M&R strategy plan innthietenance and

operation phase taking into account the target values of the MPD parameters in the detailed design (if
replacing the overlay frequently or doing complete rehabilitation of the surface course).

The criteria classification, their reference nueis in the criteria document and the respective procurement
phase can be crosseferenced as follows.

Title of the criterion Procurement phase Criterion Criteria Reference number in
classification typology the criteria document
Performancerequirements on B. Detailed design and
) . . Award
traffic fuel consumption due to performance Comprehensive criterion B13
rolling resistance requirements
Quality ofthe completed road Contract
monitoring of the performance C. Construction Comprehensive performance C3
parameters clause
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2.3 Resource efficient construction
2.3.1 Introduction on the holistic performance approach

According to the LCA literature for roads carried out in the preliminary report, the second largest source of
environmental impacts after the use phase is the production and transportationasfstruction materials. In

low traffic roads, this can in fact be the most significant source of environmental impacts. Also, the durability
of road materials is a key factor that will influence the requirement for maintenance. The impacts of
maintenance ativities themselves are dominated by impacts from materials production/transport and also
congestion as mentioned in the previous section.

According to the review, factors that influence the choice of materials include the uniqueness of the local
conditions, geotechnical and hydrgeological conditions, common practices of the relevant road
administrations, climate conditions, availability of natural resources and secondary resources including by
products, transportation distances, prices, and weather @ooms. The same GPP criteria areas have been
highlighted in the Australiagreening road procurementéhtiranta et al., 2012).

The embodied impacts?® of construction materials production and their transportation are
environmental hotspots in both the construction and the maintenance phase. The main environmental
impacts identified in the majority of the investigated studies are: consumption of-nemewable resources,
global warming, acidification, photochemicatone formation and eutrophication.

The main materials used in road construction are:

Asphalt: A composite material consisting of aggregates, filler, bitumen binder and possible
additives that are heated and mixed together before placement.

Concrete: A oomposite material consisting of aggregates, filler, cement and possible additives and
admixtures that are mixed with water before placement. Reinforced concrete and
concrete slabs also contain steel reinforcement bars and dowellended cements a
part of the Portland clinker is replaced with pozzolan materials, slag or limestone filler.

Aggregates: aggregates are granular material used in construction. With reference to EC JRC, 2009;
Bohmer et al., 2008; EC JRC, 2014; WRAP, 2014, they can be classifiering to the
source of materials as following:

A natural aggregate: aggregate from mineral sources which have been subjected to
nothing more than mechanical processing (according to EN standard)

A recycled aggregates: aggregate resulting from the procegsifinorganic material
previously used in construction (according to EN standard)

A secondary aggregates: aggregates obtained from others (e.g. industrial) processes
that have not been previously used in construction (EC JRC, 2014). This category
includes:

o manufactured aggregates (byproducts and/or reused/recycled/recovered)
defined as aggregates of mineral origin resulting from an industrial
process involving thermal or other modification (according to EN standard)

0 natural secondary aggregates (such ashiclay sand, according to WRAP,
2014) and extraction byproducts of construction and civil engineering
activities(EC JRC, 2009)

Aggregates are used in unbound (where aggregates are not bound) and bound (where
the mixture contains binding agent, such asngent, bitumen or a substance that has
binding properties, in contact with water, similar to cement) types of applications in the
different road pavement courses (EC JRC, 2009).

Materials as concrete and asphalt have smaller embodied energy and envirorahénpacts than other
construction materials. However, since they are used in very large quantities in the construction industry, they

10 Embodied impacts are related to the production of construction materials and products, includiesptitees used to mamature products and process materials as

well as emissions arising froraw material extraction and energy used in their processing, also termed embodied energy
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become responsible for a large share of the gross embodied energy in environmental impacts (Blankendaal
at al. 2014).

Inthe literature, it is highlighted that environmental savings can be reached with the following materials:

1 Warm mix asphalt (WMA), Harm Warm mix asphalt (HWMA), Cold mix asphalt (CMA) in
substitution of hot mix asphalt (HMA)

1 Reused/recycled materials and b y-products, and the most important appears:
o} Reclaimed asphalt pavement (RAP) in bound and unbound applications

0 SCM- supplementary cementituious materials, such as silica fume, ground granulated
blast furnace slag (BFS) and fly ash used to replace clinkecement or cement in concrete
mixes (concrete, mortar and grout applications)

0 Recycled aggregates from C&DW, used usually in unbound applications
o] Recycled concrete, used in bound and unbound applications

o] Manufactured aggregates such as for example iromand steel slag, coal combustion ashes,
municipal Solid Waste Incinerator (MSWI) bottom ash, reclaimed rubber from tyres (EC, JRC,
2009; WRAP, 2014ysed in bound and unbound applications

o} Excavated materials and soils , re-used preferably in close loomside the same worksite
(EC, JRC, 2009; WRAP, 2014)

A study published by the BAM group, a construction firm operating mainly in N&ihbktern Europe,
presented several scenarios for the main materials used in road construction, i.e. asphalt and concrete,
evaluating their environmental performances by means of an LCA (Blankendaal at al. 2014). Specifically, it
quantified the effect of lowenergy production techniques and the use of recycled materials by applying the
ReCiPe endpoints assessment, which cdasisa damageoriented method that considers damage to human
health, ecosystem quality and depletion of resources. impacts of concrete and asphalt from a cradle to grave
perspective and the use of recycled concrete in concrete production and of RAPhaltggmduction.

The evaluated concretenixes (typical Swiss mix) point out that the highest potential for improvement can be
realized through application of alternative cement types. The scenarios show a maximum reduction of 39% in
environmental impactKigure10). The most substantial impact reduction in asphalt can be realized through
application of WMA instead of HMA. This yields a reduction of about 33%. Currently about 40% RAP is on
average usedin asphalt production. A further increase of 20% RAP application yields about 12% in
environmentalimpact Figurell).
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Figure 10: Example of normalized environmental impact of concrete (Blankendaal at al. 2014)
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Figure 11: Example of normalized environmental impact of asphalt (Blankendaal at al. 2014)
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Thepotential environmental savings mentioned above have also been identified irsthdy "Assessment of
Scenarios and Options towards a Resource Efficient Europe" (EC, 2014). The latter suggests 10 improvement
options regarding resource efficiency for resid@l buildings, commercial buildings and roads, evaluated by
means of an LCA approach (the complete LCA is reported in PE, EC, 2013). The study applied the combination
of a bottom up approach (LCA and LCC per each technical improvement option) anddawopapproach

(first an EE 10 analysis and then the EXIOMOD model). The main resource efficiency improvement options for
roads in Europe by 2030 are defined by means of the LCA/LCC in combination with the EE 10 and are listed in
Table7.

Table 7: Assessment of Scenarios and Options for roads (EC, 2014)

Options Options for road Potential accompanying policies

3: Increase recycling
of waste at the EoL

3.1) Recycling of RAP
3.2) Reuse concrete and excavated soil

More stringent requirements to realise 70% recycling
of C&DW required by WFD.
Ecolabel and GPP criteria including recycled content

5: Increase use of
recycled materials

5.1 Use of recycled aggregates from C&DW in roa
base and building fill
5.2) Use of stockpiled fly ash to replace fly ash to

Ecolabel and GPP criteria, including demands for
recycled content. In dutime: minimum standards via
e.g. the Ecodesign directive. R&D support for landfill

replace cement in concrete applications or as
grout/aggregate

mining

9: Selection of Ecolabel and GPP criteria
materials with lower

impact

9.3) Use of WMA in substitution of HMA

2: Increase durability
and service life of This option is not considered as prominent in the
products above mentioned report.

2.3) CMA

The study did not consider CMA as an option but, according to stakeholders' feedbacks, CMA and HWMA have
been further developed with promising results and could potalfy be used in different construction layers
and even as surface layer on (very) low traffic volume roads.

Holistic performance approach

In the first draft of the technical report (February 2014), separated criteria areas for the most relevant
materials, such as asphalt, concrete and cement, aggregates (natural, recycled and secondary) and soails,
including lime and other stabilizers, have been propodédvas underlined thathe public authority during

the planning phase can suggest and define a list the most important materials to undergo an
assessment/evaluation and indicate them in the ITT. Therefore, the proposed criteria were not envisaged to
oblige contractors to only use certain materials but instead to provide a logical framework which eagesir

the use of materials with lower environmental impacts (according to the literature review and to EC, 2014)
where possible and practical, including their transportatigs. conclusion of this logical framework, it was

also proposed to identify resourcefficient materials by means of a more comprehensive LCA analysis.

Stakeholders expressed their concern that detailed criteria set separately for different materials may not
stimulate sustainable solutions adding that the adoption of an holistic performo@ based approach in order

to allow the design team, the DB tenderer or the DBO tenderer to propose more innovative and sustainable
solutions is preferable. @en procurement processes based on road performance where tenderers can
develop their own solutio satisfying performance requirements should be established.

Stakeholders suggested that having detailed criteria on different construction materials is not the correct
approach in infrastructure, considering that every project is unique and thus flegilileria are needed. They
suggested procuring by means of process that considers all phases of the projectlaulating the
environmental performance for the whole constructiby means of a LCC/LCA approach and new contracts
as, e.g. PPP.

Stakeholderssuggested that GPP guidelines should strongly encourage NRAs and local authorities to
compare alternative types of pavement structure and materials in order to maximize economic, societal and
environmental performance of the road infrastructure over itstiea life cycle. It has been suggested to
include theenvironmental criteria as much as possible within the LG#fakeholders highlighted that for MSs

in which an LCA approach is still not a consolidated option, this proposal might boost improvement.g¢dowev
criteria to be applied in case that the LCA is not required are also proposed. In SexBoha LCA
performance approach has been proposed taking into actdoundaries definitions and rules for allowing
comparability between LCA results.
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However, a criterion is also proposed for the case that procurers decide not to award points by means of the
Carbon footprint (CF) /LCA criterion (see sect®B.?). This regards the CO2e emissions from materials
transportation (see sectior2.3.4). It could be applied for example in case of projects under a certain
economic value or for limited maintenance activities.

With reference to the recycled content in materials, most stakeholders supported the proposal of encouraging
the use of recycled materials and bgroducts, but not for each material because of the need to apply the
above mentioned holistic approach.. Stakéders suggested a non prescriptive approach regarding material
that would allow the design team, the DB tenderer or the DBO tenderer to comply with (or exceed for the
award criterion) the recycled content requirements according to the availability ofntla¢erials on the local
market.. Recycled materials are well regulated as regards their performance requirements. According to this
suggestion, a single recycled content criterion for the total weight of all construction materials is proposed.
(section2.3.3 to be used in addition to the CF /LCA approach.

2.3.2 Life cycle performance requirements of the main road elements

2.3.2.1 Background technical aspects, discussion and rationale for life cycle performance
requirements of the main road elements

In the following paragraph a LCA performance approach is developed, according to ISO 14040 and 14044.
The environmental performance of a construction material depends generallytomise within the road.
Therefore, the entire life cycle of a road has to be assessed to determine the environmental contribution of
construction materials (such as asphalt, concrete) and road elements (such abasdy, base and surface
courses). Materia have to be compared on the basis of a common functional unit, i.e. considering aspects
such as technical performance, durability, recyclability, etc.. Transportnaed for maintenance over the
pavement service life should also be included. Accordiagthe literature review, the pavementehicle
interaction during the use phase should also be taken into consideration. For example a higher embodied
energy or less durable road surface could be justified if it presents a lower rolling resistance anddives

fuel consumption for vehicles. The relative importance of this will depend greatly on the traffic flow and
whether or not the road is designed to be freely flowing or not.

Characterising the different systems used by existing schemes for road and ci  vil works

Wellrecognised labels that identify lower environmental impact construction materials are those classified
according to ISO 14024 as Type | Ecolabels, taking into account the environmental impacts along the entire
life cycle. However, the mogmniportant construction materials are not covered by these ecolabels.

Environmental Product Declarations (EPDs), developed according to 1ISO 14025 and I1SO 21930, are Type Il
labels that can provide environmental information from LCA studies in a comparabtedt, based on
common rules, known as Product Category Rules (PCRs). EPDs do not prove that a product or material is
environmentally friendlier but, generally speaking, the manufacturers make declarations in order to
communicate better performance whicls iexternally verifiable. The use of EPDs could make possible a
comparison of the environmental impact at the level of technically equivalent construction materials or at
the level of road elements or even a whole road when assessing the environmental npeafice of an
infrastructure. To be comparable, EPDs must have the same PCRs, to ensure that scope, methodology, data
quality and environmental impact indicators are the same and that all the relevant life cycle stages have
been included within the study.

With the advent of the European single market for construction products, there was a concern that national
EPD schemes and the assessment schemes at building and civil work engineering level would represent a
barrier to trade across Europe. CEN TC 350 basn mandated to develop voluntary horizontal standardized
methods for the assessment of the sustainability aspects of new and existing construction works and
standards for the EPD of construction products. The European standardisation approach manblasedson

a lifecycle assessment methodology covering production (mandatory), construction, use (including
maintenance) and end of life stages (all optional). Two standards have been developed and published by CEN
TC350:

1 EN 15804: 2012+A1:2013. This standhmprovides the PCRs for all construction products and services,
with the aim to ensure that all EPDs of construction products, construction services and construction
processes are derived, verified and presented in a harmonised way. 4 modules are incladed:
Product+Construction; B. use stage; C End of li2benefits and load®eyond the system boundary.
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9 EN 15978: 2011. This standard deals with aggregation of the information at the building level, among
other describing the rules for applying EPDs irbailding assessment. The identification of boundary
conditions and the setting up of scenarios are major parts of the standard.

These published standards refer to building and construction products used in building. Standards on civil
engineering works areurrently under development b EN TC 350 WGEradle to gate EPDs (modules-Al

A3) might probably follow the same rules as issued according to EN 15804. Cradle to grave EPDs will
probably need the development of specifics PCRs or Annexes to the EN 1688ktter target submodule B

to civil works. The development of the framework on the assessment of sustainable performance of civil
engineering works started in middle 2014 and will finish in middle 2016, while the standard on the
calculation methods for iwil engineering works will be probably published in middle 2017, according to the
knowledge of the authors.

At international level, ISO 21930 assess the EPDs of building products based on ISO 1&@MTS 21929
is developing indicators for environmentassessment of civil engineering works.

EPDs schemes

Many European countries, including France, Germany, the Netherlands, the Nordic countries and the UK, have
developed national PCR schemes regulating the use of EPDsABBex 2. Life cycle assessment methods
Figure A2).

The main national EPDs schemes have been, or are in the process of being, aligned with EN 1&804ss

for example in BRE 2013. These schemes refer to building products and their scope is cradle to grave (BRE
and FDES) or cradle to gate plus optional information on transport and EoL (IBU EPD and Environdec) (CPA,
2012).

A similar system is not availale in the case of civil engineering works, also considering that the standards

are currently under development. There is only a PCR developed for highways, streets and roads (Environdec,
2013). This PCR refers to 1SO 1404@025, but indicates EN 15804 ah ISO 21930 as underlying
standards. According to it, one EPD on a road infrastructure has been published in 2014 (Acciona, 2014).
Considered life cycle stages are construction, operation and maintenance, while the use phase is excluded, as
shown inFigurel2. Declared unit is defined as 1 km of road and year.
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Figure 12: Flowchart of the product system for road infrastructure (Environdec, 2013)
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Environmental performance assessment schemes and tools for civil works

The development of methods for assessing the environmental performance of buildings are well structured in
EU, while are evolving in case of civil works, including roads. Several LCA software programs can be used to
assess the impact of buildings as a whole and for the selection of construction materials used in buildings. In
detail, the most used certificatiofior building schemes across EU uses a range of different approaches to
the use of EPDs or LGased construction material, product and/or element assessments (EURIMA, FORCE,
2012). The following have been identified and are briefly described:

1 BREEAM referto the Green Guide to Specificatiaas the basis for scoring the embodied impacts of
construction materials (A+ to E rating system). TBeeen Guidas an EPD system for generic and
certified construction materials and building elements from a cratibegrave perspective level (ISO
14040 and EN 15804).

1 GPR Building (NL) applies a harmonised LCA approach for material impacts. Key performance indicators

\'m> \'bbm b\o_ dioj ji  di_"s' ~\gg _ oc °“igdmji'l
1 DGNB (DE) usestauilding level LCA to evaluate building and construction materials (EN 15804 and EN

15978). Normalization and weighting factors are applied to the impact categories.

1 HQE (FR) allows the assessment of several impact categories for construction materialslegcto EN
15804 and EN 15978.

For civil works, there are some existing green road rating systems, as Invest (Australia), Greenroads (USA)
and CEEQUAL (UK) (s€able 8). According to stakeholders, these systems could be more attractive to
contractors in terms of marketing. In these road schemes, assessment of construction materials and products
and their embodied energy is not based on an LCA apgnodtey consist in mukgriteria rating systems

that provide points to different assessment categories (for example Greenroads gives points if an LCA is
provided, but not to the LCA results).

Other assessment methods are under development, as BREEIAR infrastructure and the Ecolxbel project
methodology!. The Sustainable infrastructure approa¢Buurzaam GWW, 2011developed within a joint
initiative between different Dutch authorities (RWS among them) incorporates sustainability in infrastructure
projects as following:

1 in the concept phase, opportunities and ambitions are defined.;

1 in the design phase, the entire life cycle is analysed (construction, utilisation, asset management,
maintenance and EoL) trying to apply a cradle to cradle approach andidering the Total Cost of
Ownership (TCO). The tool CO2 Performance Ladder is used to achieve CO2 reductions and energy
savings; Quantitative sustainability requirements are assessed by means of an LCA using the DuboCalc
tool, more focused on environmentaerformance (not only CO2) of materials.. The choices made are
justified and provided with motivation in asustainability transferdocument including Dubocalc
calculation or test results. The information in this document can be checked against therdessglts
and thus verified against the original ambition levels (i.e. the spediicbition Web. It is also suggested
that when the Design contract is separate from the Build contract, the conclusion of the design contract
is associated with the delivergf a sustainability transfer document,. Moreover, it is underlined that in
integrated contracts (Design and Built and DBO), a stipulation should be included that the contractor
prepares asustainability transfer documenbefore starting the construction lpase and contribute to
clustering the relevant sustainability documents during the project.

1 In the construction phase, thsustainability transfer documenfor the construction phase sets out how
the sustainability requirements have been met. Doing so is (largely) the responsibility of the contractor.
The transfer documentshould preferably contain an explanatory note on sustainability in the
Maintenance andlanagement phase. These are (potential) requirements and guidelines for (continuing
to) achieve the sustainability ambitions pursued. These also include the required specifications and
measures for sustainable demolition.

In the EUseveral LCA tools havbeen developed to assess the impact of roads and for the selection of
construction materials (sedable 9). For example, the abovementioned Dabfr tool contains a detailed
inventory of Dutch data, Aspect (asphalt pavement embodied carbon tool) and Aggregain of UK data,

11Ecolxbel. Development of a novel EG@BELing EU-harmonized methodology for cesffective, safer and greener road products and infrastructures.

http://ecolabelproject.eu/
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CHANGER of the IRF, SEVE (used in France);REBA\D the Scandinavian countries (Skable 9). These

tools use specific national database (as the Dutch SBK nationale mileudatabase, the French Inies and the UK)
or commercial LCA databases (such as GaBi or EcoinvEmse tools areountry-specific and could be used

in other countries by means of adaptation of the LCI.

It has to be highlighted that, nowadays, the lack of widely available high quality databases at European level
is one of the main obstacles to be solved to have artrnised and representative system. Stakeholders
stressed the importance of developing databases for assessing the environmental performance of
construction materials in the EU. This would be beneficial for both the building and the civil infrastructure
sectors.

Other tools have been developed within EU research projects, as CEREAL (CO2 Emission Reduction in roAd
Lifecycles) joulesave, LICCER and MIRAV&le(0).

It can be concluded that:

1 Standards on civil engineering works are currently under development. There are EPDs (mostly cradle to
gate) for construction materials used in road construction and one PCR on road infrastructure.
Aggregation of EPDsesults as in the BRE Green Guide to Specification in which EPDs of building
elements are aggregated from a cradi®-grave perspective is not yet available.

1 Most of the analysed evaluation methods and related tools are on the carbon footprint (aspect,
Changer, CO2 ladder, Klimatkalkyl, CEREAL, LICCER). Considered life cycle phases are usually
construction (including materials production and transportation) and maintenance (including operation).

In few methods construction is only considereBome tools ae oriented to assess only specific
materials or road elements (as Aspect and Aggregain). Some of them have been developed for the
planning phase (EIA, SEA), as LICCER and MIRAVEC.

1 There are some more advanced evaluation methods and related tools in wtiehenvironmental
performances of road construction materials are assessed (such as Dubocalc,-Regd They are
based on ISO 140414044 and evaluate several impact assessment categories. In Dubocalc they are
converted into one index (Environmental Cbsdicator MKI) called the shadow price, which is expressed
in euro per km of road per year of impact assuming y@ar lifespan. Weighting systems are not
applied.

1 Use phase, specifically thinteraction between vehicle and pavemeig not yet included in hese
methods and toolsTherefore they do not include consideration on the fuel consumption related to the
final surface texture / rolling resistance. According to the literature review, this is the mairsot, at
least for high traffic roads

1 New toolsdeveloped in the framework of some EU projects started including some consideration on
traffic (AADT) in the use phase, even though are more oriented to the planning phase (LICCER,
MIRAVEC). The latter use is only focused on the use phase. These todde caed, in a first stage, to
evaluate impacts in the use phase and in particular the fuel consumption.

Stakeholders commented that even though the pavemeeticle interaction is relevant, it is premature to
include it within the LCA because of the lack available data and of commonly available, validated,
accepted and spread model(s)/calculation tool(s) for evaluation of vehicle fuel consumption. In Belgium, a
first limited pilot project is ongoing with respect to take into account energy consumpiod traffic, but a
stakeholder underlined that it is premature to draw any conclusions.
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Table 8: Comparison of main assessment methods

Scheme CEEQUAL Greenroads Invest
Assessment method ICE (UK and Ireland) University of Washington (UW) and CH2M (USA) Vicroads (Australia)
version 5 (2012)
Sustainability rating| Sustainability ratingsystem [25% pass, 40% good, 60% very good, >75 Sustainability rating system[certified 32-42/108, | Sustainaliity rating system [1 star +60, 2 starg
system excellent] Silver 4353/108, Gold 5463/108, Evergreen>63/108] +90, 3 stars +130, 4 stars +180, 5 stars +240 ]
and assessment
categories A Project/Contract Strategy (optional) A Environment and water A Air quality
(weight level) A Project Management10.9 %) A Access and equity A Behavioural change & capacity building
A People & Communitis A Construction activities A Biodiversity
A Land Use (above & below water) (7.9 %) and Landscépé %) A Materials and resources A Cultural heritage
A Historic Environmen(6.7 %) A Pavement technologies A Community engagement
A Ecology & Biodiversit(8.8 %) A Custom credit A Energy management
A Water Environment (Fresh & Marin@.5 %) A Noise management
A Energy and Carbon (9.5 %) A Resource management
A Physical Resources Use (9.4%) & Managen(8nt %) A Urbandesign
A Transport(8.1 %) A Water management
A Effects on Neighbours (7%)
A Relations with the Local Community and other Sihklders (7.4 %)
Environmental indicators | A Climate change A Fossil fuel reduction
A Materials and resource use A Emission reduction
A Waste A Water use
A Transport A Recycled materials
A Water pollution A Waste management
A Landuse A Durability
A Biodiversity A Permeablepavements
A Use of WMA
A Quiet pavements
Weighting Yes Yes Yes
Certification Certified by an assessor - -
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Table 9: Comparison of main tools available for road construction and materials

Scheme asPECT Aggregain Changer CO2ladder Dubocalc® ROADRES* Klimatkalkyl Seve
15
Assessment HA, MPA, RBA and T| TRL and funded by IRF Rijkwaterstaa | Rijkwaterstaat (NL) DTU (DK) STA (SE) Usirf (FR)
method (UK) WRAP (UK) t (NL)
Life cycle | Construction Aggregates used in Construction | Construction | Construction Construction Construction Construction
phases Maintenance construction Maintenance | Maintenance and operation Maintenance and operation Maintenance Maintenance
End of life and operation| End of life End of life End of life
(flexible pavem.) End of life
Ref. standard ISO 14044 IPCC2007 | 1SO 14040 IPCC2007 1ISO 14040 1ISO 14040 1ISO 14040 IPCC2007
Impact Global warming (GWP| Global warming (GWP)| Global Global Global warming (GWP) Global Warming (GW) Global warming| Global warming (GWP)
assessment Eutrophication (EP) warming warming Abioticdepletion potential (ADP) | PhotoChemical Ozone (GWP) Energy consumption
categories Acidification (AP) (GWP) (GWP) Ozone Depletion potential (ODP) | Formation (POF) Energy (MJ process)
Photochemical oxidant Photochemical oxidant creation Nutrient enrichment (NE) consumption Use of resources
creationpotential potential (POCP) Acidification (AF) (MJ) - RAP ()
(POCP) Human Toxicity Potential (HTP) Human toxicity air (HTa) - aggregates (t)
Human Toxicity Freshwater Aquatic Ecotoxicity Human toxicity water (HTw) Transportation (t*km)
Potential (HTP) (FAETP) Human toxicity soil (HTS)
Freshwater Aquatic Ecotoxicity sediments Ecotoxicitywater (ETw)
Ecotoxicity (FAETP) Terrestric Ecotoxicity Potential Ecotoxicity soil (ETs)
Ecotoxicity sediments (TETP) After 100 years
Terrestric Ecotoxicity Acidification Potatial (AP) Stored ecotoxicity water
Potential (TETP) Over fertilization (SETw)
Ozone Depletion Depletion of renewable materials | Stored ecotoxicity soil (SETS)
potential (ODP)
Table 10: Comparison of main tools in EU projects
Scheme CEREAILERA Net Il program Joulesave/ECRPD LICCERERA Net program MIRAVECERA Net program

Assessment method

DHV (NL), KOAGPC (NL), DRD (DK)

Waterford County Council (IE) and oth
partners from CZ, Fl, FR, PT, SE and UK

KTH,

NTNU, Birgisdottir, Wagening

University, Ecoloop

AIT, TRL, VTI, ZAG, CDV, FEHRL

Reference standard

ISO 1404014064, EN 15804, CESSM3 Carbon

1ISO 14040

ISO 14040

Life cycle phases

Construction
Maintenance and operation
Applicable in all Europe

Construction
Use (traffic)

Maintenance and operation

Construction
Use (traffic)
Maintenance
End of life

Use (Fuel consumption model for free

flow traffic)

Impact assessmentategories

Global warming (GWP)

Cumulative energy consumption (CED)

Global warming (GWP)

Cumulative energy demand (CED)

CO2 emissions

12 http:/lwww.sustainabilityofhighways.gruk/NewsAtrticle.aspx

13 http://iwww.rws.nl/en/help/zoeken.aspx?query=dubocalc&zoek=Search

14 http:/lwww.vegvesen.no/_attachment/110628/binary/192907?fast_title=Presentation%3A+Life+Cycle+Assessment+of+RecyclirgHfResiedMaste+Incineration+in+Road+Construction+in+Denmark
15 http://www.trafikverket.se/klimatkalkyl/
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Proposing different methodologies for assessing the environmental performance of a road

In order to evaluate the resource efficiency of different road designs there needs to be comparability both in
terms of the Bill of Quantities (also sometimes referred to as Bill of Materials), functional requirements and
the methodology used. In some casa Bill of Quantities (BoQ) for a reference road or a preliminary design

is provided to bidders within the ITT. .In other cases, where designs are submitted by different bidders in
response to a design specification (e.g. in the case of DB contractspehfermance of these designs could

be compared during a competitive process in order to encourage innovative resource efficient designs.

The BoQ for a reference road contains the preliminary evaluation of the amount and cost of main
construction materiad and road elements. The BoQ is put together on the basis of the preliminary
information included in the concept and detailed design and aims to provide a common basis for bidders to
put together their proposals and costing. This information could be ubgdtenderers to prepare their
technical and environmental proposal, including a Carbon footprint or an LCA analysis. Indeed, when the BoQ
is provided, it should be possible to make a comparative evaluation of improvements in the life cycle
performance of he main road elements.

In order to allow for flexibility in what is still an emerging area of expertise, with-gming process of
standardisation, we have identified two options which could form the basis for ITT's as award criteria:

1 Option 1: Carbon Foatint (CF) (as Core criterion)

1 Option 2: Life Cycle Assessment (LC{dy a Comprehensive criterion) according to the following
methods:

2.1 Impact Category results: The aggregated characterisation results for each indicator obtained using
the specified LCAnethod, representing a standalone LCA study;

2.2 LCA tool score: A single score obtained using a national or regional LCA tool used by public
authorities. This method is employed for example by Dubocalc.

Given that comparability is considered to be the shomportant consideration at the procurement stage, a
set of simplified guidelines have been developed with reference to ISO 14067, ISO 14040 or equivalents.
These are intended to be used to establish the rules for design teams so that evaluations camied
according to options 1 or 2 are comparable. A further step is added to ensure that evaluations by design
teams are robust by proposing that the procurer is supported by a technical evaluator.

These guidelines are provided in Annexes A, B and C ofctiteria documen, and are proposed to be
provided together with the GPP criteria document and provide specific information on comparability, technical
guidelines and expert evaluation. A brief description and rationale is provided as following.

Comparafdity
In order to ensure comparability, the following rules can be set:

f  Option 1: Carbon Footprint (O@} Core criterion)

In the CF option, CO2e emissions are evaluated and compared, using the global warming potential
(GWP) category indicator. This shibinave to be specified in the ITT. The selection of Life Cycle
Inventory (LCI) data shall follow the quality requirements set out in ISO 14067. Verified primary
data and supplementary secondary data may be used to fill gaps in the LCI following the geédan

in, ISO14067, 1ISO 14025 (if EPD data is used) or equivalents but the selection and handling of this
data, and the assumptions made, would need to be checked by the technical evaluator. EN 15804
and ISO 21930 could also be used as underlying standard®lévant

1 Option 2: Life Cycle Assessment (LCa#§ a Comprehensive criterion)

The same LCIA method and Category indicators should be used in the LCA and would have to be
specified in the ITT. The selection of Life Cycle Inventory (LCI) data shall faHewquality
requirements set out in ISO 14040/14044. Verified primary data and supplementary secondary data
may be used to fill gaps in the LCI following the guidance in ISO 14040/14044, 1SO 14025 (if EPD
data is used) or equivalent but the selection andrdling of this data, and the assumptions made,
would need to be checked by the technical evaluator. EN 15804 and ISO 21930 could also be used
as underlying standards, if relevant.

16 Annexes AB andC have been fully reported at the end of thite@ia proposatiocument
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Defining the road life cycle, boundaries, main road elements and functionil

The most significant road elements have been identified according to the outcomes of the technical analysis
in the preliminary report. The main hapots in construction and maintenance are related to the
production and transportation of the main maerials used in road infrastructure such as cement
production and concrete mix (including aggregates) and bitumen production and asphalt mix (including
aggregates).

Materialstransportation could account up to 50% of the energy consumption and emissioepethding on

the local conditions. During construction and maintenance, materials transportation is an important
parameter when natural aggregate is compared to recycled or secondary aggregates piroolyicts (Mroueh

et al., 2000; Olsson et al., 2006; Bleing and Garbarino, 2010; Chowdhury et al. 2010). According to the
literature review, transportation distance of recycled and secondary aggregate candéBes greater than

the transport distance of natural aggregates before the impacts of extra transpmrtweigh the avoided
impacts in the recycling chain. Howeverarisport of materials is unique to the specific road construction
projects and can be optimized by using local materials as far as is practidareover, the mass movement

of excavated mateials (soils, rocks) osite should also be taken into consideration. domplex orography
condition, the impacts related tearthworks and ground works can accounted foithe main part of the

total emissions andup to 30% of the project cost (Barandica, etl. 2013). From a GPP development
perspective, the information in this section highlights the potential importance of planning a cltmsgd
reuse of excavated soils in or near the site in order to minimise environmental impacts. It should be
considered that ICE Protocol (2008) indicates that 75% of the ssbil could be reused with normal practices,
85% with good practice and 100% with best practidENCODE (2013) propose 'diversion rates' of 50% for
inert soil and stones that will be put to beneficial uge.g. backfilling and restoration). In the draft Italian GPP
criteria for road construction and maintenance, it is proposed that at least 50% of excavated materials are
reused onsite.

Nowadays maintenance is strategic to identify strategies including leaion on rolling resistance,
congestion and materials durabilitfDperation phase (lighting, winter maintenance, etc.) is also included in
the maintenance phase, even though according to the literature review the influence of this phase could be
generaly lower than construction and maintenance.

A stakeholder suggested including the light reflecting capacity of a pavement (albedo) and its influence on
cost and energy of lighting within the LCA. According to Santero et al. (2011b), limited publishedadesga
available on this topic, but it appears that material type, age, aggregate choice and other factors can
influence the light reflectivity of a pavement and therefore the lighting requirements. The albetated
environmental impacts (i.e. urban hea@land effect) have been analysed in some papers (Zaragoza and
Bartolome, 2012; EUPAVE, 2009; Akbary, 2009). These analyses have been performed considering a global
scale and are not related to speciffirojects. Despite the potential savings in this fielt seems premature to

draw conclusions that would allow the setting of GPP criteria.

Furthermore, it has to be considered that the impact of the lighting energy demand on the pavement life
cycle will likely become smaller as more efficient lighting technologies (such as LEDs) are adopted. A specific
link to the existing GPP criterfar street lighting and traffic signals, which are focused efficient lighting
technologies is provided in section2.6.1 Pavement LCAs should include lighting demand, but it is
recommended that any calculation of lighting energy demand makes explicit the type of lighting technology
that was assumed (accordinp Santero et al., 2011b).

A stakeholder suggested also to include the recarbonation effect, i.e. the C&@bgerption by concrete

during its service life and particularly by crushed concrete (EUPAVE, 2009). According to EUPAVE (2009),
during concrete demlition the specific surface increases and the recarbonation reaction proceeds faster. A
laboratory study shows higher carbonation rates for concrete mix design for buildings than mix design for
pavements and the dependency to exposure level and humidiglgn et al., 2010). However, the WBCSD
(2009) indicated that estimations and researches are still fairly nascent and, therefore, it appears premature

to propose criteria in this field.

EoL of materials usually occurs during maintenance operation, while &oa road (decommissioning) is
unusual.

According to the outcome of the preliminary report, and to the examples provided in the LICCER project
(Annex 2 Figure A3), the main road elements for flexible, rigid and ségid pavements that should be at

lead taken into consideration both inption 1: Carbon Footprint (C&f)d option 2: LCA assessmeate:
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1 sub-grade, including earthworks and ground works (including barriers made by soil)
1 sub-base (including roagbase in case) with bound and unbound aggregates

1 base (bituminous bound in flexible pavements and hydraulically bound in segid pavements) and
binder and surface (bituminous bound in flexible and semigid pavements)pr

concrete slabs (with an optional bituminous bound as surface in rigid pavenent

1 additional ancillary road elements (such as concrete walls and barriers, drainage system, crash
barriers, ngse barriers, ITS, etd9ptional)

The inclusion of additional ancillary road elements is optional because the main environmental impacts are
not deriving from these elements, according to the LCA literature review performed and reported in the
preliminary report. The procuring authority has to decide case by case if including the ancillary elements
within the main road elements, based on the gradkecompleteness required in each CF or LCA study.

All the identified main road elements have to be considered in a new road construction or major
rehabilitation, including base course reconstruction, whilst only base, binder and surface courses or concrete
slabs shall be taken into consideration in maingnce works. For the distinction between the different
contract typologies in different road life cycle phase, please check the procurement guidance in section 3 and
Figure22.

It is suggested that the functional unit is 1 km of road (or lane) and service life in year (usually 50 years).

According to the outcome highlighted in secti@rB.], it is suggested to include the following materials with
the higherpotential environmental savings:

T WMA/HWMA/CMAN substitution of HMA (see Annex 3)
1 Reused/recycled materials and by -products (see Annex 4) anthe most important appears
0 Reclaimed asphalt pavement (RAP)
o] SCM- supplementary cementitious materials
o] Recycled aggregates from C&DW
o Recycled concrete
o] Manufactured aggregates

o] Excavated materials and soils
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Figure 13: Identification of the main road elements

In conclusion, the proposed road life cycle, boundaries and main road elements:

1 Option 1: Carbon Footprint (CF) (as Core criterion)

The boundary for the analysis shall be cradie-grave, includingconstruction (including materials
production and transportation)naintenance and operation and EoL (according to 1SO 14067).
Recycled or raised materials either as inputs (product stage) or outputs (EoL or maintenance stages)
have to be allocated according to the md in ISO 14067 or equivalent. The main road elements
identified in Figure 2.10 shall be at least included (all of them in case of separate Design and Built, DB
and DBO contracts for the construction a new road or major rehabilitation, whilst only surfacder

and base courses in case of separate Design and Built, DB and DBO for maintenance activities). As a
reference point for each design, the relevant technical and function requirements, the envisaged pattern
of use and the requested service life shoube the same for each LCA analysis and a common
functional unit or reference unit shall be used to present the results (according to ISO 14067).

1 Option 2: Life Cycle Assessment (LCA) (as Comprehensive criterion)

The boundary for the analysis shall be citado-grave, includingconstruction (including materials
production and transportationmaintenance and operation and EoL (according to 1SO 14040).
Recycled or raised materials either as inputs (product stage) or outputs (EoL or maintenance stages)
have © be allocated according to the rules in ISO 14044 or equivalent. The main road elements
identified in Figure 2.10 shall be at least included (all of them in case of separate Design and Built, DB
and DBO contracts for the construction a new road or maghabilitation, whilst only surface, binder
and base courses or concrete slabs in case of separate Design and Built, DB and DBO for maintenance
activities). As a reference point for each design, the relevant technical and function requirements, the
envisagel pattern of use and the requested service life should be the same for each LCA analysis and a
common functional unit or reference unit shall be used to present the results (according to 1SO
14040/14044).
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Following some stakeholders suggestion, thee phase (interaction between pavement and vehicle) has not
been included in the boundaries of the study. However, a specific criterion on interaction between pavement
and vehicle is proposed in this GPP criteria proposal. Moreover, the use of the MIRAVEGuggested in

order to define the fuel consumption related to the use phase. Once CEN environmental assessment
standards on civil works will be available and the assessment methods and tools more solid, it is suggested
to include the pavementehicle inte@action within the LCA.

Defining the Life Cycle Impact Assessment (LCIA) Category indicators to be used

With reference to the reviewed LCA studies in the preliminary report and to Ortiz et al., 2009, the main
environmental impacts are consumption of nweenewable resources, global warming, acidification,
photochemical ozone formation and eutrophication (s€able 11). Khasreen et al. (2009) specifietthat

global warming potential is evaluated in almost every study, perhaps because GHG emissions can be more
readily quantified than other impacts. Other impact categories such as toxicity, resource depletion potential,
land use, water consumption and wasteanagement are relevant impact but difficult to identify.

In Table12 and Table13 impact categories selected in the Environdec PCR for road (Environdec, 2013) and
in the Assessment of scenarios and options toward a Resource Efficient Europe) of the EC under the flagship
2020 initiative (EC, 2014) @ reported.Finally, similar impact category indicators have been selected by
sometools for road (se€Table9).

Table 11: Impact categories in the reviewed LCAs studies
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Road infrastructure

SUSCON, 2068 X X | x| x [ x| x| x| x| x X X X

Santero and Horvath, 2009 X X

Milachowski C. et al. 203 X X X X X | x

Wang et al., 20128 X X

Wang et al., 201269 X X

Wayman et al., 2012 X X [ x| x | x| x| x| x| x X X X

Barandica et al. 2019 X X X

Loijos et al., 201® X X

Supply chain

Korre and Durucan, 2009 X X X X X X X X X X

Blengini and Garbarino, 2010 X X X X | x X | x X X | x X

Chowdhury et al., 201® X X | x X | x X | x

Birgisdottir, 2005 X X | x X | x X X | x| x X

Birgisdottiret al., 20079 X X | x| x | x X | X X X | x| x X

@ LCIA according to CML2001 and GWP according to IPPC, ®QG7IA according to IMPACT2008H.CIA according to EDIP97

Table 12: Impact category indicators according to the PCR on roads (ENVIRONDEC, 2013)

Impact assessment categories Unit
Indicators describing Nontrenewable resources: material resources / energy resources kg / MJ
resource use Renewable resources: material resources / energy resources kg / MJ
Secondary resources: material resources / energy resources kg / MJ
Recovere@nergy flows MJ
Water use L
Indicators describing Global Warming Potential, GWP kg CO2 equiv
environmental impacts Acidification potential of soil and water; AP kg SO2 equiv
Eutrophication potential, EP kg (PO4)3 equiv
Formation potential of tropospheric ozomdotochemical oxidants, POCP | kg Ethene equiv
Indicators on  waste| Hazardous waste (as defined by regional directives), kg
production Nonhazardous waste kg
Additional information Impacts on biodiversity Noiseand vibrations- Management of materials
and substances- Water management
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Table 13: Impact category indicators considered in the Assessment of scenarios and options
toward a Resource Efficient Europe (EC, 2014)

Impact assessment categories Unit
Indicators describing materials | Abiotic Resource Depletion Potential for elements; ADP_elements| kg Sb equiv
Indicators describing energy Abiotic Resource Depletion Potential of fossil fuels ADP_fossil fuel MJ, net calorifiozalue
Primary Energy Demand Non Renewable D MJ, net calorific value
Primary Energy Demand Renewable PED MJ, net calorific value
Indicators describing emissions | Acidification potential AP kg SO2 equiv
Eutrophication potential EP kg (PO4)3 equiv
Global warming potential GWP kg CO2 equiv
Global warming potential excluding biogenic carbon GR#& kg CO2 equiv
Ozone Depletion Potential ODP kg CFC 11 equiv
Photochemical Ozone Creation Potential POCP kg Ethene equiv

According to Scheuer et af2003), impact indicators such as global warming potential, ozone depletion
potential, acidification potential, eutrophication potential and solid waste generation are close correlated with
the primary energy demand. Thereforie, order to simplify the choice of impact indictors within the GPP
procurement process, it could be proposed to evaluate the most common of these indicators. According to the
technical evidence proposed, global warming potential (GWP) and the primaryyedengand (PED) appear

the best candidates. Other relevant impacts appear related to NOx and VOCs emissions that are quantified
using indicators such as photochemical ozone creation potential (POCP).

<i G>< hj _"g ajm oc"’ P F “2year]hasdbgen evaliagdiimijhe AsSessmentdof  \
scenarios and options toward a Resource Efficient Europe (EC, 2014) (unfortunately, a similar level of detail
could not be found for Europe). Focusing on the impact categories of the main road constructioniatsaar

Figure 14 classified such as aggregates, bituminous materials, conciegenent & products, recycled
secondary materials) and according to thmesults of the technical and LCA review in the preliminary report,
additionally to global warming, acidification, eutrophication, ozone depletion, it could be suggested that for
road the main impacts are caused by the use of nammewable and renewable seurces, abiotic depletion
resources, both for elements (related to the extraction of scares ores) and for energy/fossil fuels, and land
use.

As previously introduced, the methodology to identify impact category indicators such as abiotic resource
depletin potential, land use is under discussion in the scientific community. For example, EN 15804 state
that indicators on toxicity and land use cannot be used due to the lack of scientifically agreed and robust
calculation methods within the context of LCA afitht the indicators describing the depletion of abiotic
resources is subject to further scientific development. It is therefore suggested to consider as indicator the
mass of nonrrenewable and secondary resources.
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Figure 14: Environmental impacts associated with the consumption of construction products
within the UK built environment (EC, 2014)
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To sum up, in order to simplify the impact assessment within the GPP criteria framework, it is proposed
1 Option 1 Carbon Footprint (CF)
Bid designs will be compared on the basis of the global warming potential.
7 Option 2 Life Cycle Assessment (LCA)

It is proposed to require the calculation of the impact categories indicators that better express the
impact in the production stage of constrction materials and products. According to the evidence of the
above described LCA results, the three most relevant impact category indicators that form the basis for a
simplified performance comparison when carrying out a LCA are:

1 Primary Energy Demand E®)- Non Renewable (PENR) and Renewab[@EDR)

1 global warming potential (GWP),
1 photochemical ozone creation potential (POCP)
I secondary resources in mass

With reference to the impact assessment models, it is suggested to refer to the characterisédictors
applied in the European Reference Life Cycle Database (EL&m) in the PEF methodology (PEF, 2012), as
reported inTablel4.

Table 14: Impact assessment models for the selected impact category indicators

Impact Model Unit Source

Category

Climate Change | Bern model, Global Warming Potential{ kg CQ equivalent Intergovernmental Panelon
(GWP) over a 100 year time horizon. Climate Change, 2007

Photochemical LOTUSEUROS model Photochemical ozg Kg NMVO(Q Van Zelm et al. (2008) ag

ozone formation | formation - human health; POCP equivalent applied in Recipe 2008

The handover document

Ahandover documenshould be prepared at the end of the design phase and will sum up all the assumptions
and results from the LCA. For example, this document could indicate the assumption on materials and
transport distances, providing a baseline mass haul plan that cowdubed as a base and optimized during

the following phases. This document could be used for preparing the following ITTs.

The need for expert evaluation of the design assessments

The lack of experience in the interpretation of the results of the studies déime scope for manipulation of

the results suggests that an expert evaluation of design assessments is required. LCA studies are not easy to
interpret as the results are provided in the form of indicators, and conclusions can only be drawn considering
the local conditions where the road is to be constructed. It is therefore proposed that a technical evaluator
specialised in LCA shall assist in preparing the ITT and, once tenders have been received, they will either:

1 Carry out a critical review of the LCA®r methodological choices, data quality and comparability.

The critical review is proposed to be carried out with reference to ISO 14044, section 6, and the following
sections of the European Commission's Product Environmental Footprint (PEF) Guide:

9 Critical review (section 9,-68)

1 Data collection checklist (Annex IIl)

9 Data quality requirements (section 5.6;36)
1 Interpretation of results (section 7,-61)

The need of taking into consideration the project scale and economic value

Stakeholders suggested taking into consideration the project scale and economic value in order to decide
about the inclusion of an LCA performance criterion. In detail, it is suggested that awarding points should be

17 LCIA METHOD DATA SETH ELCD http://eplca.jrc.ec.europa.eu/ELCD3/LCIAMethodList.xhtml
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assigned to projects above a certain g@mic value. For example STA requires a carbon footprint if the
dig noh > io kmje > ”on dn bm Vo  m oc\ i \'kkmjsdh\ o gt
should be defined by the NRA. A CF option as Core criterion and LCA option as i@nmwe criterion is
proposed. Moreover, if the scale of the project is lower than a certain threshold, the contracting authority
could decide not to require a CF or an LCA, but a simplified analysis on the CO2e emissions from materials

0) (

transportation (seesection2.3.4).

2.3.2.2 Criteria proposal

Core criteria

Comprehensive criteria

AWARD CRITERIA

B14. LCA performance of the main road elements

This criteriormay only be appliedvhere a Bill of Quanties
for a reference road is to be provided to bidders as t
basis for comparisonor where designs submitted by
different bidders are to be compared during a competiti
process.

Additional technical guidance shall be followed during {
procurement proces as provided in Annex A (Carbi
Footprint option).

A technical evaluator specialised in LCA shall assist
preparing the ITT and shall carry out a critical review of {
submissions.

Points will be awarded on the base of the improvement
the carbonfootprint (CF) of the road including at least th
main road elements listed in Table)(in comparison with &
reference roadr other competing designs.

The basis for the comparison shall be specified in the IT

Table €) Scope of the road elements tee evaluated

New construction or | Maintenance and
major extension rehabilitation
A Subgrade, includingd A Base, binder and
earthworks and groung surface or concrete
works slabs
A Subbase
A Base, binder and
surface or concrete
slabs
A Additional ancillary
road elements
(optional)

Option 1: Carry out a Carbon footprint (CF)

The performance shall be evaluated by carrying out
Carbon Footprint (CF) of the road in accordance with
14067 or equivalent. The ITT shall specify the method th
shall be used for theevaluation (see Annex A).

The bidder that shows the lowest carbon footprint will |
ranked with the highest value.

The successful tenderer shall prepare @&andover
document including the assumptions and results wi
specific regard to:

Aearthworks and groudwork solutions

Amaterials suggested to be used, techniques appli
such as WMA,HWMA,CMA and recycled content

B14. LCA performance of the main road elements

This criteriormay only be appliedvhere a Bill of Quantitieg
for a reference road is to be pwided to bidders as the
basis for comparisonor where designs submitted by
different bidders are to be compared during a competiti
process.

Additional technical guidance shall be followed during t|
procurement process, as provided in Annex B (
option).

A technical evaluator specialised in LCA shall assist
preparing the ITT and shall carry out a critical review of {
submissions.

Points will be awarded on the base of the improvement
life cycle assessment performance (LCAJ the road
includng at least the main road elements listed in Tab
(d) in comparison with a reference roaat other competing
designs.

The basis for the comparison and the option to be us
shall be specified in the ITT.

Table @) Scope of the road elements to evaluated

New construction or | Maintenance and
major extension rehabilitation
A Subgrade, including A Base, binder and
earthworks and ground surface or concrete
works slabs
A Subbase
A Base, binder and
surface or concrete
slabs
A Additional ancillary
road elements
(optional)

Option 2: Carry out a Life Cycle Assessment (LCA)

The performance shall be evaluated by carrying out a L
Cycle Assessment (LCA) of the road in accordance with
14040/14044 or equivalent. The ITT shall specify which
the following methods shall be used for the evaluatio
(see Annex B):

(i) Impact Category results: The aggregate
characterisation results for each indicator obtaing
using the specified LCA method; or
(i) LCA tool score: A single score obtained using
national or regional L& tool used by publig
authorities;

In each case the methodology shall include, as a minimy
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Atransportation distances from production site to tH
worksite (baseline mass haul plan)

A% of recycling, reuse of excavated materials al
constructon and demolition waste osite and offsite

AMaintenance activities and frequencies

Verification:

The Design teanor the DB tendererr the DBO tenderel
shall provide a bill of materials for the proposed desig
The comparison with the reference road shall be written
in a concise technical report that compares the propog
design option(s) and calculates the improvement potentia

The handover document will be used by the procurer f
the future ITT in case of separated design and bt
contracts or will be updated and further improved by tf
main construction contractor or the DB contractor or
DBO contractor before starting the cstnuction phase.

The successful tenderer shall conclude the design ph
with the preparation of the handover document.

The successful DB tenderer or DBO tenderer shall prej
the handover document before starting the constructi
phase.

The technical report shall be subject to a critical review
the contracting authorities appointed LCA techni
evaluator. The critical review shall follow the guidelines
Annex C.

the Lifecycle Impact Category Indicators specified in Anf
B.

The successful tenderer shall prepare a hando
document including the assumptions and results w
specific regard to:

Aearthworks and groundwork solutions

Amaterials suggest to be used, techniques applied s
as WMA,HWMA,CMA and recycled content

Atransportation distances from production site to th
worksite (baseline mass haul plan)

A% of recycling,reuse of excavated materials an
construction and demolition waste esite and off site

AMaintenance activities and frequencies
Verification :

The Design teanor the DB tendereror the DBO tendere
shall provide a bill of materials for the proposed desig
The comparison with the reference road shall be written
in a concise technical report that compares the propog
design option(s) and calculates the improvement potenti

The handover document will be used by the procurer 1
the future ITT in case of separated design and by
contracts or will be updated and further improved by t
main construction contractor or the DB contractor or
DBO contractor before starting the cstnuction phase.

The successful tenderer shall conclude the design ph
with the preparation of the handover document.

The successful DB tenderer or DBO tenderer shall pre
the handover document before starting the constructi
phase.

The technical regrt shall be subject to a critical review b
the contracting authorities appointed LCA techni
evaluator. The critical review shall follow the guidelines
Annex C.

CONTRACT PERFORMANCE CLAUSE

Please refer to the general contract performance clauG2
Commissioning of the road construction

Please refer to the general contract performanckuseC2
Commissioning of the road construction

Please refer to the general contract performance clausg

Commissioning of the road maintenance

Please refer to the general contract performance clausg
Commissioning of the road maintenance

Proposed technical annexes
Annex A
Supporting guidance for criterion

B14 (core criterion): Option 1 © Carbon footprint (CF)

The award criterion B14 (core citerion) states that Carbon Footprint (CF) could be used by bidders in orde
demonstrate how they have reduced the environmental impact of a road construction. This brief guidance note des

1  When this criteria can be used;

1  The rules required tensure that bids are comparable; and

1  The technical support required for bid selection.

All use of CF shall be carried out with reference to ISO 14067 or equivalent.

1.1 When can CF option 1 be used?

The use ofcriteria B14 is only recommended where a comparison can be made of improvement options agair

reference road design and/or between different road designs.

scenarios:

It is therefore relet@rthe following procurement

1  Where the client already has a reference road design and bill of quantities that has been appraised in or:
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provide a guide price for comparison with bids;

1  Where a design competition is to be used to encourggeposals of innovative road designs by design tear
and/or contractors;

In these scenarios a CF analysis can be made an award requirement.
1.2 Will additional expertise be required to evaluate bids?

In any tender process for road construction and maimance the procurer is likely to require supporting design &
technical expertise in order to set requirements and evaluate designs. The procurer may therefore wish to call up
expertise at two stages in the procurement process:

1. When putting togethe the design brief and performance requirements: Bidders shall be instructed on v
technical requirements they should follow in order to ensure that the designs submitted are comparable.

2. When evaluating designs and improvement options: A technical ewialu of tenderers' responses to thi
criterion should be carried out in order to support the procurer.

A technical evaluator shall be required to carry out a critical review of each tenderer's CF analysis according
guidance in Annex C.

1.3 What instructions should be given to bidders?

The following technical instructions should be incorporated into the ITT in order to ensure that bids are comp:
Where designs are to be evaluated against a referemoad, this shall be clearly stated and the bill of materials provide

Technical instructions for bidders using CF for road evaluations

Technical point to address What this means in practice

a. Method and inventory data The impact assessment method anddittycle inventory (LCI) data to b
used by each design team shall, as far as possible, be specified to en
comparability.

Verified primary data may be used to supplement gaps following t
guidance in ISO 14067 or equivalent, and for data from EPBS) 14025
or equivalent. EN 15804 and 1SO 21930 could also be used as underl
standards, if relevant

b. Comparison on the basis of functioni{ The following characteristics of thenad shall be specified as a referenc

equivalence point for each designgee ISO 14067 or equivalent):

- Relevant technical and function requirements, as describeg
the performance requirements;

- The requested service life.

A common functional unit shall then be used to present the results (
ISO 14067 or equivalent).

c. Defiition of the road life cycle and The boundary for the analysis shall be cradiegrave including
boundaries construction (including materials production and transportati
maintenance and operation and EoL.

Allocation for recycled or reised materials either as inputs (produc
stage) or outputs (end of life or maintenance stages) shall be mg
according to the rules in ISO 14067.

d. Road elements within the scope of ti The scope of the criteria shall, as a minimum, comprise the following r
criteria elements:

1 Subgrade, including earthworks and ground works
1 Subbase

1 Base, binder and surface or concrete slabs

1 Additional ancillary road elements (optional)

e. Lifecycle category indicator to be usg -Global warming potential (GWP
for evaluation purposes

Annex B
Supporting guidance for criterion B14 (comprehensive criterion): Option 2 - LCA analysis

The awardcriterion B14 states how Life Cycle Assessment (LCA) could be used by bidders in order to demonstrat
they have reduced the environmental impact of an road construction. This brief guidance note describes:

1 When this criterion can be used;
1  The rules required to ensure thaids are comparable; and
1  The technical support required for bid selection.
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All use of LCA shall be carried out with reference to ISO 14040/14044 or equivalent.
2.1 When can LCA option 2 be used?

The use ofcriteria B14 is only recommended where a comparison can be made of improvement options agair
reference road design and/or betweatifferent road designs. It is therefore relevaro the following procurement
scenarios:

1  Where the client already has a reference road design and bill of quantities that has been appraised in or:
provide a guide price for comparison with bids;

1  Where a design competition is to be used to encouragrovative road designs to be brought forward t
design teams and/or contractors;

In these scenarios an LCA analysis can be made an award requirement.
2.2 Will additional expertise be required to evaluate bids?

In any tender process for road construmti and maintenance the procurer is likely to require supporting design
technical expertise in order to set requirements and evaluate designs. The procurer may therefore wish to call up
expertise at two stages in the procurement process:

1. When putting together the design brief and performance requirements: Bidders shall be instructed on
technical requirements they should follow in order to ensure that the designs submitted are comparable. .

2. When evaluating designs and improvementtiops: A technical evaluation of tenderers' responses to tl
criterion should be carried out in order to support the procurer.

A technical evaluator shall be required to carry out a critical review of each tenderers LCA analysis according
guidancein Annex C.

2.3 What instructions should be given to bidders?

The following technical instructions should be incorporated into the ITT in order to ensure that bids are comp:
Where designs are to be evaluated against a reference road, this sleatiiéarly stated and the bill of materials providec

Technical instructions for bidders using LCA for road evaluations

Technical point to address What this means in practice

a. Method and inventory data The impact assessment method and life cycle int@y (LCI) data to be
used by each design team shall, as far as possible, be specified to en
comparability.

Verified primary data may be used to supplement gaps following {
guidance in 1ISO 14040/14044 or equivalent, and for data from EPDs,
14025 or equivalent. EN 15804 and 1SO 21930 could also be used
underlying standards, if relevant

b. Comparison on the basis of functionj The following characteristics of the road shall be specified as a refere
equivalence point for each design (see 1SB1040/14044 or equivalent):

- Relevant technical and function requirements, as described
the performance requirements;

- The requested service life.

A common functional unit or reference unit shall then be used to pres
the results (see 1ISO 14040 arquivalent).

c. Definition of the road life cycle an( The boundary for the analysis shall be cradiegrave including
boundaries construction (including materials production and transportatic
maintenance and operation and EoL (see ISO 14040).

Allocaton for recycled or reused materials either as inputs (produ
stage) or outputs (end of life stage) shall be made according to the ru
in ISO 14044, Section 4.3.4.3.

d. Road elements within the scope of ti| The scope of the criteria shall, asminimum, comprise the following roa
criteria elements:

1 Subgrade, including earthworks and ground works
1 Subbase

1 Base, binder and surface or concrete slabs

1 Additional ancillary road elements (optional)

e. Lifecycle category indicators to b As a minimum the following three of the impact category indicators sh
used for evaluatiorpurposes be used:

- global warming potential (GWP)
- primary energy demand (PED) (roenewable (PEINR) and renewable
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(PEBR))
- photochemical ozone creation potential (POCP)
- secondary resources (in mass)

Where an LCA tool generates an aggregated scoring for the road then
the result for these impact categories shall be taken into account.

Annex C
Brief for LCA technical evaluator

The role of the technical evaluator will be to assist the procurer in setting the ground rules for the tenderers,
reference to either Annex A or B depending on the option chosen.

Once tenders have been opened they will either:
(i) Carry out a criticaleview of the CFs for methodological choices, data quality and comparability, or
(i) Carry out a critical review of the LCAs for methodological choices, data quality and comparability.

The critical review will be carried out with reference to ISO 14044, isec6, ISO 14065 in case of carbon footprint, ar
the following sections of the European Commission's Product Environmental Footprint (PEF) Guide:

o Critical review (section 9,-p8)

o Data collection checklist (Annex IIl)

o Data quality requirements (sectidb.6, p-36)
o0 Interpretation of results (section 7,-61)

The technical evaluator shall agree with the procurer the weighting of the LCIA indicator results, that shall be indic:
the ITT.

Summary rationale:

9 According to the technical andnvironmental analysis of the preliminary report, materials production
and transportation in construction and maintenance phases are the second most significant
environmental impacts after the pavemeniehicle interaction in the use phase.

i Standards forenvironmental assessment methods in civil works are currently under development, and
this makes the development of a holistic approach challenging. Most of the current methods consists in
carbon footprint and/or analyses of specific materials or road elense However, some advanced tools
already exist and are successfully employed in procurement procedures. The life cycle phases usually
considered are construction (including materials production and transportation), maintenance (including
operation) and Elo. The interaction between pavement and vehicle, and consequent consideration of the
fuel consumption during the use phase, has not been taken into consideration yet. Therefore, a specific
criterion on rolling resistance has been included in the criteriappsal.

1 In conclusion, the evaluation of the improvement in life cycle performance of the main road elements is
proposed as an award criterion. Two options appear possible for the evaluation of this improvement:

0 Option 1: Carry out a Carbon Footprint YGi5 Core criterion)

0 Option 2: Carry out a Life Cycle Assessment (L@&A&)a Comprehensive criterion). In order to give
procurers flexibility depending on the prevailing systems used in a MS, the following methods are
included:

2.1 Impact Category resultsThe aggregated characterisation results for each indicator obtained
using the specified LCA method, representing a standalone LCA study;

2.2 LCA tool score: A single score obtained using a national or regional LCA tool used by public
authorities. This miod is employed for example by Dubocalc.

1 Itis necessary to ensure comparability between the analyses by means by using the same LCIA method
and life cycle inventory (LCI) data (option 1 and 2).

1 The analysis in option 1 and 2 has to consider at least thin road elements, which have been
identified according to the outcomes of the technical and environmental analysis. These elements are
proposed because these are most acknowledged to design teams, forming the basis for the Bill of
Quantities for a roadMoreover, if required they can be disaggregated into constituent materials.
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1 In Option 1 (CF)the bidder with the lowest Global Warming Potential will be ranked with the highest
points. InOption 2 (LCA)ased on a review of category indicators seleciad.CA studies, a European
scale study of resource efficiency and PRC of Enrirondec (2013), the following categories have been
selected in order to reflect impacts and to facilitate easier comparison of bid designs: global warming
potential, primary energydemand (norrenewable and renewable), photochemical ozone creation
potential and secondary resources.

23.2.3 At what stage of the procurement process are the criteria relevant?

The evaluation of the performance of the main road elements has been proposed asnaind criterion (both

Core and Comprehensive) to be applied during ttetailed design and performance requirements
procurement phase. Theesign teamor the DB tendereior the DBO tendereshall provide a bill of materials

for the proposed design. The cqarison of the proposed design option(s) may only be applied where a bill of
materials for a reference road is provided to bidders in the ITT as the basis for comparison or where designs
submitted by different bidders are to be compared during a one or tstage competitive process. An LCA
technical evaluator appointed by the contracting authorities shall provide a critical review.

The criteria classification, their reference numbers in the criteria document and the respective procurement
phase can be crosgeferenced as follows.

Title of the criterion Procurement phase Criterion Criteria Reference number in
classification typology the criteria document
LCA prformance of the B. Detailed design an¢ Core and Award
. performance y oo B14
main road elements . Comprehensive criterion
requirements
o Contract
Commlssllonlng of the road C. Construction Core and ‘ performance c2
construction Comprehensive
clauses
Commissioning of the road | E. Maintenance and Core and Contract
. ; . performance E4
maintenance operation Comprehensive
clauses
2.3.3 Recycled content
2331 Background technical aspects, discussion and rationale for the recycled content

Energy, water and materialse are the three key areas where the construction industry needs to increase its
resource efficiencyln Figure15 the various ways in which efficienise of materials directly contributes to
greater sustainability in construction are highlighted (WRAP, 2009).

Sustainability goals

] + [
Energy Materials Water

Material Waste
selection management

Waste avoidance
and minimisation

Using local construction and
demolition waste

:

Efficient use
of

Returning surplus
materials

finite
natural
materials

Minimising
environmental
damage

Figure 15: Materials selection and use is a key element of sustainable construction (WRAP, 2009)
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According to the European Commission's Reference Document on Best Environmental Management Practice
in the construction sector (EC, JRC 2012a), the use of materials with high recycled content is one of the best



practices with the potential for greatest infence on resource efficiency in construction and should be taken
into consideration by contracting authorities, project teams and relevant stakeholders during the procurement
process.Moreover, in this report it is claimed that recycled content can beckbe along the supply chain,
although in the absence of harmonised systems and protocols for declaration and traceability for most
products and materials, this may be more difficult in some Member States.

Recycled content is defined by ISO 14021, which standard for Type |l selfleclarations by manufacturers,

as the proportion, by mass, of recycled material in a product or packaging. In general, a reference to recycled
content includes reused products and materials. Byroducts as defined by art. 5 athe Waste Framework
Directive (WFD, 2008) can also be classed as recycled content.

Employing more raused and recycled material in construction is a significant way of making a contribution
to resource efficiency by diverting materials from landfill arghving natural resources. Contractors and
designers can make major improvements in materials efficiency, by minimising waste generation in
construction, maximising the recycling rate, reusing materials and selecting construction products with a
higher recygled content and lower embodied impac#ccording to theguidelines of WRAP on recycled roads
(WRAP, 2005a), benefits of usimgcycled materialsn roadinclude:

1 Economic benefits: specific cost savings include the avoidance of waste disposal chargdaruatiil
tax. Moreover, the use of recycled materials can significantly shorten the time needed for maintenance
work and, therefore, decreasing traffic congestion.

1 Environmental benefit: the use of recycled materials delivers clear environmental adgastdy
substituting for virgin materials, decreasing energy consumption and diverting waste from landfill.

1 Social benefit: reducing haulage activities, congestion and increasing road safety and cutting air
pollution.

Guidance on materials with higher recyc led content commonly used in road construction

As referred in the scenario assessment for recourse efficiency in 2030 (EC, 2014) and according to the
results of the preliminary report, a guidance on materials with higher recycled content that are commonly
used in road construction, such as RAZM's, recycled and secondary aggregateproposed in AnneA,
including the feedback received from the stakeholders. The environmental impacts of materials are now
evaluated by means of the holistic LCA approaatepthe life time of the pavement.

Defining the ambition level regarding recycled content

Most of the stakeholders supported the proposal of encouraging the use of reused/recycled/recovered
materials and byproducts, such as RAP, SCM, recycled/secondagsegates including byroducts. Some
stakeholders do not support requiring a minimum recycled content as a technical specification, because a
prescriptionwould interfere with the choice of contracto@nd might create adverse environmental impacts
such as leading to longetransport distances that offset the benefits of using recycled materiatowever,

the road construction sector appears the best candidate to require a minimum recycled content, considering
the wide amount of quick wins optiorthat can be chosen from, the huge amount of recycled materials and
by-products available and the best practices that are already commonly applied H2EWMSs such as RAP
(according to EAPA 2013, more than 85% of reclaimed asphalt is reused back into atematerials) and
recycled/secondary aggregates.

According to WRAP (2008b), recycled content can be calculatedhloy or by weight)y < %]t g\l gp %
more attention on the wider range of opportunities where recovered materials can be used in caitatruc
products, while a 'by weight' focuses more on boosting the recycling of large amounts of materials. In order

to make best use of the data on material quantities and costs commonly available to the contracting
authority and the design team, the most a@ctical indicator is the recycled content by weight in road
construction. Calculation from mass to value is possible with data included in the cost plans and the Bills of
Quantities (BoQ).

According to Rudus (2000), EC, JRC (2012a) and WRAP (2009),ngguiriinimum of 10 to 15% recycled
content by value for the project overall is broadly achievable. According to the WBCSD (2009), it is generally
accepted that at least 20% of natural aggregate content can be replaced by recycled concrete aggregates for
structural applications.

In UK organisatioWWRAP's reporDelivering higher recycled content in construction proj€®tRAP, 2009),
the findings of case studiesindertaken for a broad range of building and infrastructure types are presented.
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In detail, thisunderlines that most infrastructure contain an overall percentage e8®&% recycled content by
value using standard products. Moreover, by using auomitral good practice and readily available
construction products with higher recycled content, an ovepalicentage of 2549% recycled content by
value could be easily obtained.

As reported inTable15, data compiled from a number of different projects anstudies illustrates that the

level of recycled content in different construction materials can vary widely from very low levels, according to
standard materials used in the market, to very high levels which can be considered to represent good or best
practices in the market.

Standard practice represents the baseline level at which the lowest recycled content is normally achieved.
Good practices with higher level of recycled content are available in the market and are achievable at no or
limited additiond costs. Moreover, information is given also on the best practice level, in which the highest
recycled content is generally achievable, based on the evidence reviewed, at additional cost. Even though it is
not possible to generalise the results provided these examples, they provide an indication of the feasible
level of recycled content in currently used construction materials and products. It is necessary to consider
cost in order to establish the potential for recycling demolition materials eithersiia or recovery at
recycling facilities.

Table 15: Example of recycled content used in construction materials in different practices

Material Standard Good Best
practice practice practice
(% mass) (% mass) (% mass)
Coarse aggregates in concrete oc 20ab.c 100¢
Coarse aggregate in low strength mass concrete 0° 30° 100°
Unbound in civil applications 0-50°¢ 25-80° 100°¢
o Aggregates in hydraulic bound and cement bound materials 0c¢ 60° 100°
o Aggregate irbituminous bound pavements (cHite) 0c° 10° 40°
3 Aggregate in bituminous bound pavements-site/off-site cold process 100°¢ 100°¢ 100°¢
3 Aggregates in road subase 100¢©
< Recycled concrete aggregates 30
HMA and/or WMARAP hot mix recycling cfite 30-80°
HMA and/or WMARAP hot mix recycling of cffite 30-50°
- HMA and/or WMARAP cold method in hot mix recycling -aiite 10-40°
E CMA, Cold mix recycling in a stationary plant 90"
73 HMA and/or WMAon-site hot mix recycling of RAP 100"
< CMA onsite cold mix recycling of RAP 100°¢ 100°%¢ 100%¢
Hydraulic bound material and cement bound material (' 50°¢ 98¢
10-20°
% Cast in situ reinforced structural concrefmax C25C30) 15-24¢ 30-32°¢ 44-90°¢
5 Cast in situ reinforced structural concrete (higher than C30) ' 7° 26°
5 Precast reinforced structural concrete 20°¢ 22°¢ 23°¢
© Trench fill foamed concrete 0° 40° 95°
Inert Sub soil 75¢ 95¢ 100°
2EC JRQ012 ¢ WRAP 2008b ¢|CE Protocol 2008
b Biois, EC 2011 ¢ WRAP 2009 fWBCSD 2009

This example data shows that 10% recycled content by weight of the total BoQ could be reached with

minimal effort including RAP and recycled/secondary aggregates in boamdl unbound applications.

Moreover, B setting this minimum requirement, construction clients can motivate their design team and
contractors to become aware of their current performance and then identify the most significant
opportunities to improve that @rformance (WRAP, 2008IBy seizing the available opportunities to increase

m- ~"t~rg _ "~jio io ocmjpbc oc"’ pn°> ja ~“jno ~“jhk ododq"
extra costs), levels exceeding 1%0% by value are common.

Choosingo use products with a higher recycled content and to achieve a high level of performance for the
total Bill of Quantities is more challenging. For example, specifications for concrete and asphalt may imply
higher levels of quality control on performandem suppliers and monitoring on site.

In the draft Italian criteria on road construction and maintenance, specific recycled contents are required in
different courses (minimum of 30% in the subase and roaebase, 30% in the base, binder and surface

56



coures. Moreover, a specific technical specification is proposed, with the employment of CMA in the base
course with a minimum recycled content of 50%).

On the basis of the information reviewed, technical specification and award criteria could be proposed to
encourage the further incorporation of recycled content into the main road elements (either individually or in
total) as defined in section2.3.2 Recycled contenhave not been differentiated proposing different
requirements for different courses in order to allow flexibility and allow the design team to propose the most
sustainable solution.

1 As a Core and Comprehensive technical specification, a minimum recyoletnt {ncluding also
reused content and/or bproducts)of 10% by weight of the total BoQ is proposed. Of course, if the
public authority is aware that this is common practice in its country, either a higher level could be
proposed, or the criterion dpped in order to avoid verification of what is being done in any case.

1 As a Core award criterion, it could be proposed to give points to incorporation of recycled content
(including also reused content and/or4pyoducts)greater than a minimum of 15% byveight. of the
total BoQ.

1 As Comprehensive award criterion, it could be proposed to give points to incorporation of recycled
content (ncluding also reused content and/or 4pyoducts) greater than a minimum of 30% by
weight. of the total BoQ.

Monitoring reycled content

The estimation of the recycled content, carried out by the main construction contractor or the DB contractor
or the DBO contractor, should be kept up to date and be accurate to support verification. Information on the
level of recycled contet should be periodically updated to reflect the emerging design and specification. The
frequency with which the recycled content of the road needs to be reviewed will depend on the scale of any
design changes that occuincreasing the proportion of the aterials used in a project that come from a
recycled source is a relatively simple, practical and enstitral way of showing a measurable contribution to
more sustainable construction.

Verification

Under the Construction Products Regulation (ERR5/2011/EU) several products with recycling potential

are covered by harmonised European standards (hEN). Currently these standards are covering the
performance of a product per se (e.g. structural stability, fire safety, emission of dangerous substances) no
matter if the materials used are primary or secondary materials. However, the ongoing discussion at EU and
national level on covering environmental performance in hENs and the development of horizontal product
category rules (PCR) in a European standard (§&has motivated several technical committees in CEN to
assess if and how reliable information on recycled content could be addressed in specific hENs for
construction products.

Products covered by harmonised European standards that might have sigrifigtential of using recycled
materials are:
1 Rc = Concrete, concrete products, mortar & concrete masonry units
1 Ru=Unbound aggregate, natural stone & hydraulically bound aggregate
1 Rb = Clay masonry units (i.e. bricks and tiles), calcium silicate masmity & aerated norfloating
concrete
1 Rg=glass

Having the above information reported makes the identification of the recycled content easier. In the UK, for
example, the application of an Exaf-Waste Quality Protocol for recycled and secondary aggregdREFRA,
WRAP, 2013) has provided a benchmark for standards, giving aggregate users the confidence that recycled
and secondary materials are of the required quality and are equivalent to primary, or natural, materials
supporting an increased use of recgd content in the construction sector.

Whilst an annual production average for a dedicated production line is understood to be readily verifiable,
further feedback is needed from stakeholders on whether batch production to a specified content can be
accuately verified. An approach based on a mass balance for batches of product delivered to site (for
example, ready mix concrete or asphalt for which batch is tested prior to dispatch) is proposed. During the
construction phase, all the certificates providimgformation would have to be collated, including product
data sheets, batch documentation, i.e. data from mix design, and supporting certificates for recyclates.
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A stakeholder pointed out that because asphalt is 100% recyclable it is not simple to vénifyquantity of
reclaimed asphalt used in asphalt. This appears applicable to several materials. The verification would
therefore need to be conducted by auditing of the manufacturer's process control records. It is not clear if

this is practical in reaty and has to be discussed with the stakeholders at tHd RHWG.

QUESTION TO STAKEHOLDERS

Could you please provide additional information and experience on the verification of these criteria?

2.3.3.2 Criteria proposal

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATION

B1 Minimum recycled content

A minimum recycled content, reused content andhy~
products?® of 10% by weightfor the sum of the main road
elements in Tablesd).

Table &) Scope of the road elements to be evaluated

B1 Minimum recycled content

A minimum recycled content, reused content andhyr
productsof 10% by weightfor the sum of the main road
elements in Tablek).

Table b) Scope of the road elements to be evaluated

New construction or | Maintenance and New construction or | Maintenance and
major extension rehabilitation major extension rehabilitation
A Subgrade, including A Base, binder and A Subgrade, includingd A Base, binder ang
earthworks and surface or concrete earthworks and surface or concrete
ground works slabs ground works slabs
A Subbase A Subbase
A Base, binder and A Base, binder and
surface or concrete surface or concrete
slabs slabs

The recycled content shall be calculated on the basis of
averagemassbalance of reused, recycled materiadsd/or
by-products according to how they are produceds (|
applicablg:

1 The total number of ready mixed batches delivers
to site in accordance with standards on

- aggregates EN 13242, EN 13285 or equivalent;

- asphalt pavement EN 13043, EN 1316B EN
13108-2, EN 131083, EN 131084, EN 13108
5, EN 131086, EN 131087, EN 131088 or
equivalent;

- concrete pavement EN 206, EN 12620, EN138
or equivalent;

- hydraulically bound granular mixtures EN 1422
part1to5

- Stabilised soil EN 14227 part 10 to 15

1 On an annual basis for factorymade slabs and
elements with claimed content levels in accordan
with EN 12620 and EN 206, EN 13877 and nation
legislation or equivalent.

Verification:

The Design teanor the DB tendereror the DBO tenderel
shall quantify the proportional contribution of the recycle

The recycled content shall be calculated on the basis of
averagemassbalance of reused, recycled materials and/
by-products according to how they are produceds (|
applicablg:

1 The total number of ready mixed batches delivers
to site in accordancevith standards on

- aggregates EN 13242, EN 13285 or equivalent;

- asphalt pavement EN 13043, EN 1316B EN
13108-2, EN 131083, EN 131084, EN 13108
5, EN 131086, EN 131087, EN 131088 or
equivalent;

- concrete pavement EN 206, EN 12620, EN138
or equivalent;

- hydraulically bound granular mixtures EN 14237
part1to 5

- Stabilised soil EN 14227 part 10 to 15

M On an annual basis for factorynade slabs and
elements with claimed content levels in accordan
with EN 12620 and EN 206, EN 13877 and nation
legislation or equivalent.

Verification:

The Design teanor the DB tendereror the DBO tendere
shall quantify the proportional contribution ahe recycled

18 A by-productis defined in art. 5 of the Waste Framework DirectigA substance or object, resulting from a production pss; the primary aim of which is not the

production of that itesd ." .
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contentand/or reused contento the overall weight of the
specified road elements, based on the informatic
provided by the potential supplier(s) of the constructi
material.

This information must include th@verage mass balance
calculations as described above, supported by ba
documentation and/or factory production contr
documentation. In each case this shall be verified by
third party audit.

contentand/or reused contento the overall weight of the
specified road elements, based on thenformation
provided by the potential supplier(s) of the constructi
material.

This information must include the average mass balan
calculations as described above, supported by bal
documentation and/or factory production contr
documentation. In edt case this shall be verified by 3
third party audit.

AWARD CRITERIA

B15. Incorporation of recycled content

Points will be awarded to tenderers that achieve great
than or equal to 15% byweightof recycled content, reuse
content and/otby-products'® for the sum of the main road
elements in Tatd (e). Points will be awarded in proportic
to the total percentage reached.

Table (e) Scope of the road elements to be evaluated

B15. Incorporation of recycled content

Points will be awarded to tenderers that achieve great
than or equal to 30% byweightof recycled content, reuse
content and/orby-products for the sum of the main oad
elements in Table (f). Points will be awarded in proport
to the total percentage reached.

Table (f) Scope of the road elements to be evaluated

New construction or | Maintenance and New construction or | Maintenance and
major extension rehabilitation major extension rehabilitation
A Subgrade, including A Base, binder and|| A Subgrade, including A Base, binder and
earthworks and surface or concrete earthworks and surface or concrete
ground works slabs ground works slabs
A Subbase A Subbase
A Base, binder and A Base, binder and
surface or concrete surface or concrete
slabs slabs

The recycled content shall be calculated on the basis of
averagemassbalance of reused, recycled materials and/
by-products according to how they are produceds (|
applicablg:

1 The total number of ready mixed batches deliverg
to site in accordance with standards on

aggregates EN 13242, EN 13285 or equivalent;

asphalt pavement EN 13043, EN 1316B EN
13108-2, EN 131083, EN 131084, EN 13108
5, EN 131086, EN 13D8-7, EN 131088 or
equivalent;

concrete pavement EN 206, EN 12620, EN138
or equivalent;

hydraulically bound granular mixtures EN 1422
part1to5
Stabilised soil EN 14227 part 10 to 15

 On an annual basis for factory made slabs ar
elements with claimedcontent levels in accordanc
with EN 12620 and EN 206, EN 13877 and nation
legislation or equivalent.

Verification:

The Design teanor the DB tendererr the DBO tenderel
shall quantify the proportional contribution of the recycle
contentand/or reused contentto the overall weight of the
specified road elements, based on the informatic

The recycled content shall be calculated on the basis of
averagemassbalance of reused, recycled materials and/|
by-products according to howthey are produced &s
applicablg:

1 The total number of ready mixed batches deliverg
to site in accordance with standards on

aggregates EN 13242, EN 13285 or equivalent;

asphalt pavement EN 13043, EN 1316B EN
13108-2, EN 131083, EN 131084, EN 13108
5, EN 131086, EN 131087, EN 131088 or
equivalent;

concrete pavement EN 206, EN 12620, EN138
or equivalent;

hydraulically bound granular mixtures EN 14237
part 1to 5
Stabilised soil EN 14227 part 10 to 15

 On an annual basis for factory made slabs arn
elements with claimed content levels in accordan
with EN 12620 and EN 206, EN 13877 and nation
legislation or equivalent.

Verification:

The Design teanor the DB tendereror the DBO tendere
shall quantify the proportional contribution of the recyclg
content anddr re-used content to the overall weight of the
specified road elements, based on the informatiq

19 A by-productis defined in art. 5 of the Waste Framework Direc@geA substance or object, resulting from a production process, the primary aim of which is not the

production of thaftemg ." .
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provided by the supplier(s) of the construction material.

This information must include the average mass balan
calculations as described above, supported by bal
documentation and/or factory production contr
documentation. In each case this shall be verified by,
third party audit.

provided by the supplier(s) of the construction material.

This information must include the average mass balan
calculations as describedabove, supported by batc
documentation and/or factory production contr
documentation. In each case this shall be verified by
third party audit.

CONTRACT PERFORMANCE CLAUSES

C4. Incorporation of recycled content

When materials are delivered to the work site, recycl
content chims with clear traceability shall be verified fo
each representative batch/batches of product.

The main construction contractasr the DB contractoror
the DBO contractor shall verify claims by providing either

C4. Incorporation of recycled content

When materials are delivered to the work site, recycl
content claims with clear traceability shall be verified fg
each representative batch/batches of product.

The mainconstruction contractoor the DB contractoror
the DBO contractor shall verify claims by providing eithen

- an independent third party certificationf the - an independent third party certification of the
traceability and mass balance for the product traceability and mass balance for the product
and/or recyclate and/or recyclate

- orequivalent documentation provided by suppliers - orequivalent documentation provideby suppliers.

ES5. Incorporation of recycled content ES5. Incorporation of recycled content

The same a4 The same aC4

Summary rationale:

1 The use of materials with high recycled content is one of the practices withgleatest potential to
improve resource efficiency in the construction sector. This practice contributes to sustainable
development by diverting materials from landfill and saving natural resources.

1 The findings of case studies undertaken for a broad rangfecivil works have shown that most
roads have greater than 10% recycled content by weight using standard products. Moreover, by
using costneutral good practice and readily available construction products with higher recycled
content, an overall percentagof 15-30% recycled content by weight could be obtained.

1 On the basis of the information reviewed, to encourage the further incorporation of recycled content
into the main road elements, a Core and Comprehensive technical specification, on a minimum
recycled content (including also reused content and/orpbgducts) of 10% by weight is included.
Points could be proposed in proportion to incorporation of the recycled content (including also reused
content and/or byproducts) greater than a minimum of 3% by weight as a Core award criterion
and greater than a minimum of 30% by weight as Comprehensive award criterion.

1 The estimation of the recycled content should be kept up to date and be accurately reported for
verification purposes. The potential for itd party verification of recycled or reised content
reported in datasheets by suppliers would be required in order to provide assurance.

2.3.3.3 At what stage of the procurement process are the criteria relevant?

First it has to be underlined thatp fully berefit from the use of recycled materials, good practice must be
adopted at the earliest possible stagereliminary scoping and feasibility and targeted requirements on
recycled content should be communicated between the contracting authority and coatrastd passed
down through the supply chain across all project phasésc ° kpl]gd® \pocj mdot %n
procurement policy on waste minimization have to be taken into consideration. In this phasenportant
activity could be the definitin of the sustainable supply mix (SSM) of aggregatea: procurement of
aggregates from multiple sources, including environmental consideratiofs early contractor involvement
(EClcould provide early opportunitida order to bring their knowledge ithé strategic planning phase.

nom\

The incorporation of the recycled content has been proposed as a technical specifications and an award
criteria. These criteria have to be applied during tlkletailed design and performance requirements
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procurement phase. Morger, recycled content has to be verified durir@pnstruction of the road or
maintenanceprocurement phase by means of antract performance clause.

In detail, during thedetailed design and performance requirememisocurement phasethe Design teamor

the DB tendereror the DBO tendereshall quantify the proportional contribution of the recycled content to
the overall weight of the road elements. Moreover, the specific road elements and proposed products to be
used shall also be specified within ¢hdetailed design. The ordering and delivery to site of these road
elements shall later be verified during theonstruction of the road or maintenangaocurement phase by the
main construction contractoor the DBO contractoby providing an independenthird party certification of

the chain of custody and mass balance for the product and/or recyclateequivalent documentation
provided by suppliers and processors.

The criteria classification, their reference numbers in the criteria document and the ctispeprocurement

phase can be crosseferenced as follows.

Title of the criterion Procurement phase Criterion Criteria Reference number
classification typology in the criteria
document
Minimum recycled content B. Detailed design and Core and Technical B1
performance Comprehensive specification
Incorporation of recycled B. Detailed design and Core and _ Award criterion B15
content performance Comprehensive
Incorporation of recycled Core and Contract
content C. Construction . performance C4
Comprehensive
clauses
Incorporation of recycled Core and Contract
content E. Maintenance and operation . performance E5
Comprehensive
clauses
2.3.4 Materials transportation
2341 Background technical aspects, discussion and rationale for CO2e emissions from

materials transportation

Materials transportation impacts are one of the main hspots according to the preliminary report. Materials
transportation,as a significant producer of GHG emissions related to fuel consumpteom be optimized by

using local méerials as far as is practicalAggregates, concrete and asphaéasily account for over 90% of

all transported material mass.

In the first draft of the technical report a separate criteria area for materials transportation was proposed.
According toParilkka-Alhola and Nissinen (2008 clause penalizing contractors solely on the basis of the
distance they travel to deliver the goods would perhaps be discriminatory. Many stakehgbdénsed out

that there is no need to take into accoumhaterials transportation distances as a staralone criterion,

because transport cost usually leads to a reduction in transport distance. Moreover, according to
stakeholders, recycled materials and -pyoducts, have usually lower transport distances thairgin

materials.

Lehtiranta et al (2012) and Sanchez et 42013) suggested the integration of criteria on the estimation and
monitoring of the total fuel consumption and haulage distance per unit volume of material transported.
Alternatively, they suggesd the inclusion of GHGe estimation of materials amount and transportation as

part of the standard tender documentation requirements, using eithehduse or internationally available

GHGe calculatorsENCODE Protocol (2013), ICE Demolition Protoco! (ICE + + 3 $ ' ? @AM<¥%n Bpd.
Company Reporting on Greenhouse Gas Emis¥lons RM< K¥%n > J - % @eHedisi? o) m] §j j dm™ °
R\ t2?hdeveloped or are developing Carbon footprint approach in order to encourage the use of recycled
materials and mininmsing associated haulage movements.

20 DEFRA https://www.gov.uk/measurirgndreportingenvironmentaimpactsguidancefor-businesses
21 WRAP http://aggregain.wrap.org.uk/sustility/try_a_sustainability_tool/co2_emissions.html
22 Agentschap Wegen en Verkebttp://www.abrbwv.be/sites/default/files/03_3a%20Van%20Troyen.pdfl http://www.wegenenverkeer.be/paralleflessies/sessies

pm/carborfree-ways/item/carboriree-ways.html
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In Sweden, Trafikverket has set requirements on trucks and working maciin@sme working machines
already use a GPS to measure quantities of excavated and filled soils (not mandatory). Equipping all working
machines vith accurate fuel gauges is a matter of costs and benefit. Measuring fuel consumption within
maintenance activities has been discussed in the ELSA project (Meijer et al., 2014).

A holistic approach has been proposed in sectib8.2 therefore transportation of road materials and the
movement of soil and stones osite and off-site during the earthworks are already included in the Carbon
Footprint or the LCA performance requiremelfiprocurers will decide to not assign points onetlCF or LGA
performance approach, alternative award criteria are proposed on the evaluation of the CO2e emission /

tonne of material transported.

2.34.2 Criteria proposal

Core criteria

Comprehensive criteria

AWARD CRITERIA

B16. Performance requirements for COZ2e emission

from materials transportation

This criterion shall be applied in cases when the criterion
CF or LCA performandl4is not applied

Points will be awarded on the base diie reduction in the
Q02e emission/tonne of transported materials that al
employed as a minimum in the main road elements list¢
in Table (g) in comparison with a reference road other
competing designs.

Table (g) Scope of the road elements to be evaluated

B16. Performance requirements for CO2e emission

from materials transportation

This criterion shall be applied in cases when the criterion
CF or LCA performand&l4is not applied

Points will be awarded on the base of the reduction in t
CO2e emission/tonne of transported materials that &
employed as a minimum in the main road elements listg
in Table(h) in comparison with a reference roaat other
competing designs.

Table (h) Scope of the road elements to be evaluated

New  construction or | Maintenance and New  construction or | Maintenance and

major extension rehabilitation major extension rehabilitation

A Subgrade, including A Base, binder ang A Subgrade, includingg A Base, binder and
earthworks and groung surface or concrete earthworks and ground surface or concrete
works slabs works slabs

A Subbase A Subbase

A Base, binder and surfac A Base,binder and surface
or concrete slabs or concrete slabs

A Additional ancillary road A Additional ancillary road
elements(optional) elements(optional)

Methods andtools to evaluate the CO2e emissions (
transported materials shall be specified in the ITT.

The Bill of Quantities (BoQ) of materials, the transportati
distances from the production site to the work site and tl
CO2e/tonne of transported material shdle included in a|
baseline mass haul plan that constitutes part of th
handover document prepared by the successful tende
The mass haul shall be used by the procurer for the futd
ITT in case of separated design and built contracts
optimised by themain construction contractor or the DB
contractor

Verification:

The Design teanor the DB tendereror the DBO tenderel
shall provide the CO2e/tonne of transported material a
the transportation distances from the production site to th
work site and miltiply this by the relevant quantities as
stated in the BoQ.

The handover document will be used by the procurer for |
future ITT in case of separated design and built contracts

Methods and tools to evaluate the CO2e emissions
transported materials shall be specified in the ITT.

The Bill of Quantitie§BoQ) of materials, the transportatio
distances from the production site to the work site and t
CO2e/tonne of transported material shall be included ir]
baseline mass haul plan that constitutes part of th
handover document prepared by the successfahderer.
The mass haul shall be used by the procurer for the futd
ITT in case of separated design and built contracts
optimised by the main construction contractor or the DF
contractor.

Verification:

The Design teanor the DB tendereror the DBO tendere
shall provide the CO2e/tonne of transported material a
the transportation distances from the production site to th
work site and multiply this by the relevant quantities g
stated in the BoQ.

The handover document will be used by theocurer for the
future ITT in case of separated design and built contracts

23 http://www.trafikverket.se/Foretag/Upphandling/8aphandlavi/Forfragningsunderlag/Kravdokument/Miljokraxentreprenader/
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will be updated and further improved by the mai
construction contractoor the DB contractor or the DB
contractor before starting the construction phase

The successful tenderer shall conclude the design ph
with the preparation of a handover document.

The successful DB tenderer and DBO tenderer shall prej
the handover doument before starting the constructio
phase

will be updated and further improved by the ma
construction contractor or the DB contractor or the D
contractor before starting the construction phase

The successful tender shall conclude the design phas
with the preparation of a handover document..

The successful DB tenderer and DBO tenderer shall pre
the handover document before starting the constructi
phase

CONTRACT PERFORMANCE CLAUSES

Please refer to the general contract performance clauG2
Commissioning of road construction

Please refer to the general contract performance clau@2
Commissioning of road construction

Please refer to the general contract performance clausé
Commissioning of road maintenance

Please refer to the general contract performance clausé
Commissioning of road maintenance

Summary rationale:

9 Transportation is one of the main hetpots together with materials production. Materials transport
is unique to the specific road construction projects. Significant GHG emissions arecpcbdu

1 Materials transportation is already included in the holistic approach by means of the carbon
footprint or the LCAIf points are not assigned by means of a CF or LCA, an alternative award
criterion is proposed on the evaluation of the CO2e emissitimhe of material transported.

1 There are severalnthouse or internationally available GHG calculators that can be used to this
purpose.

2.3.4.3 At what stage of the procurement process are the criteria relevant?

Firstly, it has to be underlined thaintegrated project delivery procurement systems and early contractor
involvement (ECI) could provide early opportunities before fixing the alignment iprédeminary scoping and
feasibility: Early use of contractor knowledge during the design can helpimiise hauls, not just optimise
hauls. Hampson et al., (2012case study demonstratechow ECI helped achieve total savings in fuel
consumption of approximately 60% by optimizing the mass haul.

The evaluation of the CO2e emissions from the transportatidnaterials for the main road elements has
been proposed as an award criterion (both Core and Comprehensive criterion) to be applied during the
detailed design and performance requiremermsocurement phase.

The criteria classification, their referenagaeumbers in the criteria document and the respective procurement
phase can be crosseferenced as follows.

Title of the criterion Procurement phase Criterion Criteria Reference number
classification typology in the criteria
document
Performance requirements fo . .
CO2e emission from material e?f-o?ni?rzlsg riesuli%gniggts Core and Award criterion B16
transportation p q Comprehensive

2.3.5 Asphalt
2.35.1 Tar-containing asphalt
23511 Background technical aspects, discussion and ratidioal@r-containing asphalt

PAHs (Polycyclic Aromatic Hydrocarbons) are contaminants recognised to be carcinogenic, mutagenic, and
teratogenic. In road pavements, coal tar asphalt could include PAHs (BIOIS, EC, 2011). Bituminous materials
containing coal tar are included as hazardousste in the European Waste Catalogue (EWGC0B701*).

Limits areset by national environmental legislations (see exampleSable16) and therefore thedefinition

of tar-containing asphalt can differ from country to country.
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Table 16: Limits for tar -containing (reclaimed) asphalt in different MSs

Belgium Sweden the Netherlands
<100 mg <70 ppm <75 ppm
PAH10/kg PAH16 (appr. PAH., PAFM and PAHH) sum of 10-PAH

Analysing the tar content in reclaimed asphalt is relevant if coal tar has been used in the Pphstage of
roads that might contain tar can be different in different countries. For example, according to stakeholders,
there could be a risk of tacontaining asphalt in roads older than 1974 in Sweden, 1992 in Flanders and
1985 in UK. A stakeholder undimed that surface dressing using cutbacks containing aromatic oils, such as
creosote, have been used fairly recently and will give a positive testing result for tar. Therefore it would be
difficult to gauge road age, becausany road surface dressed umtthe mid '90s could have had tar/tar oils
included in the cutback or emulsion. Other stakeholders pointed out thit difficult to set an age limit on
roads and that is the responsibility of the road owner to ensure that the constituents of the pavémen
known prior to removal of the old road surface. This information should be collected by the contracting
authority in inventories and databaseA.typical procedure to analyse tarontaining asphalt is:

1 performing nondestructive tests as the simpleVg\ hk j i ndo" Vi
Marker is used to screen the presence of tar and to detect PAH in asphalt products

°nh > gg» 0 nc

sampling (drilling) and performing chemical analysis by means of GCyS ¢hromatography mass
spectrometry, HPLCHigh performance liquid chromatographyor thin layer chromatography.

Depending on the PAHs content, there are various methods for use/restrictions -gbtdaining reclaimed
asphalt. It shall not be used in the hot recycling in order to prevent PAHs emissions. According to the Dutch
legislation, recycling tacontaining aphalt is forbidden since for a decade and destruction by special
incineration plants is required.

In some countries, only cold recycling with or without binders (emulsion, foam bitumen and or hydraulic
binders) is allowed. According to stakeholders, lgdRAP containing tar may be a possible sustainable way

to treat and avoid leachindTurk et al., 2014)For example, in Sweden, only CMA or WMA techniques are
allowed in this case. It is suggested that the amount of 4emntaining asphalt reused in a spiic place
should be large enough (1500 m3 in Flanders) to be able to map this presence and register in a database and
not allow uncontrolled dilution.

Stakeholders suggested defining an upper threshold of tar content where the RAP could be re used and
encapsulated using a cold process effte and, above this limit, then only esite cold recycling should be
used. The definition of this threshold appears related to the national legislation and therefore, it cannot be
generalised and defined for the ERB.

2.35.1.2 Criteria proposal

Core criteria Comprehensive criteria

TECHNICAL SPECIFICATIONS

E1l. Tar-containing asphalt E1. Tar-containing asphalt

(For pavements older than X years that could possil
contain tar according to the public authority)

The possible tar content of surface layers (surface
binder) shall be analysed before raiming asphalt by
means of initial nondestructive tests, sampling ant
laboratory analytical tests.

If the tar content of reclaimed asphalt exceeds the limit s
by the national legislation, best available techniques
treat or, eventually, reuse reclaied asphalt containing taf
shall be specified in a technical report.

X shall be fixed by the contracting authority according
the knowledge, the available database and inventory

Verification:

The main construction contractor, DB contracimr DBO

(For pavements older than X years that could possi
contain tar according to the public authority)

The possible tar content of surface layers (surface
binder) shall be analysed before reclaiming asphalt
means of initial nondestructive tests, sampling an
laboratory analytical tests.

If the tar content of reclaimed asphalt exceeds the limit s
by the national legislation, best available techniques
treat or, eventually, reuse reclaimed asphalt containing
shall be specified in a technical report.

X shall be fixed by the contracting authority according
the knowledge, the available database and inventory

Verification:

The main construction contractor, DB contracimr DBO
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contractor shall submit a technical report consisting of: contractor shall submit a techni¢aeport consisting of:

(i) results of the sampling and analytical tests; (i) results of the sampling and analytical tests;

(ii) best available techniques to treat or, eventually, u{ (i) best available techniques to treat or, eventually, u
reclaimed asphalt containg tar through cold mixing reclaimed asphalt containing tar througbold mixing
on site and/or offsite options on site and/or offsite options

A sygem shall be used to monitor and account for tal A system shall be used to monitor and accduior tar-
containing relaimed asphalt and to track off site | containing retaimed asphalt and to track off site
destination aml on site reuse, specifying amount o destination and onsite reuse, specifying amount o
materials and identifying the location (maps, GIJ materials and identifying the location (maps, GI{
Monitoring data shall be provided to the contractif Monitoring data shall be provided to the contractin
authority and to the NRA or local authority. authority and to the NRA or local authity.

Summary rationale:

1 Analysing the tar content in reclaimed asphalt is relevant if coal tar has been used in the past. The
age of roads that might contain tar can be different in different countries. For pavements older than
X years K shall befixed by the contracting authorijythat could possibly contain tar according to the
public authority, the possible tar content of surface layers shall be analysed before reclaiming
asphalt by means of initial nordestructive tests, sampling and laboratoanalytical tests.

1 Depending on the PAHs content, there are various methods for use/restrictions -aotdaining
reclaimed asphalt.

1 If the tar content of reclaimed asphalt exceeds the limit set by the national legislation, best
available techniques toreat or, eventually, use reclaimed asphalt containing tar shall be specified in
a technical report.

2.35.2 Low temperature asphalt

23521 Background technical aspects, discussion and ratidoallew temperature asphalt

Traditionally, asphalt is referred to what is known as a "hot mix" process, the product being referred to as
HMA (150-190°C). Where asphalt is specified in road construction, there exist a number possibilities to
reduce the environmental impact associatedth its production. These can be by using a lower temperature
mixing processsuch asWMA (110-140°C),HWMA(70-95°C) orCMA (<60°C)(EAPA, 2007? Y2<i b~ g ] 0
2008; EAPA, 2010; Capitdo et al., 2012; Rubio et al., 2012; Blankendaal et al., 2014). @twrshhave
indicated thatexperiences (both in Europe and USA) from the ladt®byears suggest thatWWMA/HWMA have
equivalent performance of HMACMA is a different mix type, thus there are situations where its use is not
equivalent to the others.

As sugested by stakeholders, the overall environmental benefits of using low temperature asphalt are now
included in the LCA performance requirements. As underlined in se2tB@ several tools allow evaluating

energy consumption and carbon footprint of construction materials, including asphalt, during construction
and maintenance phases. The contractor can choose between the use of HMA/WMA/HWMA/CMA considering
the speific requirements and conditions of the project.

Not only do lower temperature mixing processes save energy, they have been associated with significantly
lower energy consumption and VOC, PAH, CQ,a8@ NQ emissions, which is important both from an
ocalpational health and safety and an environmental point of view@< K < -+, +6 ?2%<ib’gj

Wayman et al., 2012)lndeed, the reduction in mixing temperature results in significant improvemerthef
health and safety conditions of workers.

AWMA Tak Force established by the Flemish Road authority have recently concluded that both a minimum
and maximum temperature for WMA could be declared by the contractor. A stakeholder pointed out that it is
important to be aware of the lower temperature limit athich the subsequent compaction can be carried out
without compromising the asphalt mixture durability. The declared minimum temperature corresponds to the
temperature at which the initial type testing has to be carried out. Having these limitations ractars are

aware that, in case of WMA use, the compaction window can be smaller than in case of HMA use, with the
consequent risk of a reduced workability. The technical issues related to the use of WMA technologies such
as ITT study (including temperatiwindows for laying the WMA asphalt) shall be however specified in the
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next version of the Belgian tender specifications (to be published by the end of 2014). In the draft Italian GPP
criteria, maximum temperatures for laying the bituminous mixtures oethurface and binder courses are
proposed.

High temperatures should be allowed in cases of specific hpginformance bituminous mixtures realised
with specific binders with higher viscosities, for example in rubberised asphalt pavement. However, it can be
observed that at around 160° C, differengdn viscosity between the bituminous mixtures with different
pulverised rubber contents are decreasing and a higher temperature would only still be required with 20% of

pulverised rubber asphalt would a higher temperature still be required (Santagatad. €2@12 and Ecopneus),

as it is shown inFigurel6.
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Figure 16: Relationship between rubberised asphalt viscosity and temperature (Ecopneus)

In conclusion, mixing and laying techniques that decrease the health safdty risk of workers and their

exposure to VOGhould be used. For this reason, a technical specification is proposed for both Core and
Comprehensive criteria as following: the maximum temperature for laying the bituminous mixtures of the

surface and lnder courses shall not exceed 140°C in the Core criterion and 120°C in the Comprehensive
criterion. Only in case of specific performance bituminous mixtures, realized with special binders for example

for noise decrease, laying temperature shall be loweamn 155°C.

QUESTION TO STAKEHOLDERS

Could this technical specification be applied in all MSs, or is it better to proposed it as an award criterion~

Could you please provide additional information and

?

experience on the verification of these criteria?

2.3.5.2.2 Criteria proposal

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATIONS

B2. Low temperature asphalt

The design team, DB tenderer and DBO tenderer s
propose best practice antéchniques for laying bituminous
mixtures in order to decrease the health and safe
exposure risk of workers.

The maximum temperature for laying the bituminoy
mixtures of surface and binder courses shall not exce
140°C. Only in cases of higher viscysspecial bituminous
mixtures, laying temperatures up to greater than 140°
but lower than 155°C, shall be allowed.

Verification: The design team, obB tenderer or the DB(
tenderer shall provide a technical report and a workplan

B2. Low temperature asphalt

The design team, DB tenderer and DBO tenderer s
propose best practice and techniques for laying bituming
mixtures in order to decrease the health and safe
exposure risk of workers.

The maximum temperature for laying the bituminou
mixtures of surface and binder courses shall not exce
120°C. Only in cases of higher viscosity special bitumin
mixtures, laying temperatures up to greater than 120°
but lower than 155°C, shall be allaxd.

Verification: The design team, oDB tenderer or the DB(
tenderer shall provide a technical report and a workplan
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the design activities indicating the mixing and laying
techniques and the maximum temperatures required
these techniques.

the design activities, indicating the mixing and layi
techniques and the maximum temperatures required
these techniques.

CONTRACPERFORMANCE CLAUSES

C5. Monitoring of the low temperature asphalt

The laying temperature of the low temperature aspha
shall be verified for each representative batch/batches
product at the worksite.

The main construction contractar the DB contracto or
the DBO contractor shall provide either:

an independent laboratory certification of the
maximum temperature of the asphalt

or equivalent documentation provided by asphalt
supplier

C5. Monitoring of the low temperature asphalt

The laying temperature of the low temperature aspha
shall be verified for each representative batch/batches
product at the worksite

The main construction contractasr the DB contractoror
the DBO contractor shall provide either:

an independent laboratory certification of the
maximum temperature of the asphalt

or equivalent documentation provided by asphalt
supplier

E6. Monitoring of the low temperature asphalt

The same aCh

E6. Monitoring of the low temperature asphalt

The same aCh

Summary rationale:

1 The overall environmental benefits of using low temperature asphalt are included in the holistic LCA

performance approach. The contractor is therefore free to chodsetween the use of
HMA/WMA/HWMA/CMA considering the specific requirements and conditions of the project.

In some MSs, technical specifications on a maximum laying temperature for bituminous mixtures are
proposed.

Mixing and laying techniques that decreagee health and safety risk of workers, and their exposure

to VOC, should be used. For this reason a technical specification is proposed for both Core and
Comprehensive criteria as following: the maximum temperature for laying the bituminous mixtures
shall not exceed 140°C as Core criterion and 120°C as Comprehensive criterion. Only in case of
specific performance bituminous mixtures realized with special binders for, laying temperature shall
be lower than 155°C.

2.3.53 At what stage of the procurement process are the criteria relevant?

The criteria classification, their reference numbers in the criteria document and the respective procurement
phase can be crosseferenced as follows.

Title of the criterion Procurement phase Criterion Criteria Reference number
classification typolo gy in the criteria
document
Tarcontainingasphalt E. Maintenance and operation Core and Technical E1
Comprehensive specification
Low temperature asphalt B. Detailed design and Core and Technical
performance requirements Comprehensive | specification B2
Monitoring of the low . Contract
temperature asphalt C. Construction Core and performance C5
Comprehensive
clauses
Monitoring of the low . . Contract
temperature asphalt E. Maintenance and operation Core and performance E6
Comprehensive clauses
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2.3.6 Excavated materials and soils management and waste management

Large amounts of materials are excavated, reused site and/or delivered offite in recycling facilities. All
these stages imply a range of significant environmental impacts due to the substantial amount of materials
involved. A recent assessment of s@ios for resource efficiency for the European Resource Efficiency
Platform of the Commission (EC, 2014) pointed out the importance of:

1 Recycling and reuse concrete and excavated materials instead of landfilling,
1 Recycling of C&WY, and
1 A-reduction in tk amount of waste from construction.

ENCODE, whose members include a range of EU construction companies, propasedtriction and
demolition waste measurement protocol which recommends recording separately construction, demolition
and excavation wastenpduction ENCODE, 2013). In particular, the identified key performance indicators are:

i Total waste arising (t)

I Total waste recovery/recycling and reuse, evaluated as the % of all construction, demolition and
excavation waste diverted frortandfill/incineration without energy recovery (%)

1 Optional indicators are for example the quantity of waste materials (excluded from WFD) a) recovered
and reused orsite and b) recovered agite and sent offsite as materials/by product (t)

2.3.6.1 Excavated materials and soil management plan

2.3.6.1.1 Background technical aspects, discussion and rationfale excavated materials and soil
management plan
Excavated materials could be classified as-pyoducts (according to art. 5 of the WFD, and Italian legislation
n. 161, 10.08.2012) or reused, recycled or recovered materials according to the WFD hierarchy (see for
s\ hkg" @ >J?@%- <kk i _ds - -+, . %) Cl\ulm_j pn s\ g
managed according to the WFD and national legislations. Extiawv waste are unwanted material resulting
from excavation activities such as a reduced level dig and site preparation and levelling, and the excavation
of foundations, basements and trenches, typically consisting of soils and stones (ENCODE, 2013)obata
BIOIS BIOIS, EC, 2011) reveals that the productioneatavation waste (135900 Mt/yr) is significantly
larger than what is defined as C&DW (3431 Mt/yr). According to Malia et al. (2013), excavated soils
comprise high percentage of C&DWt are usually not included in the waste management statistics.

Soils (topsoil and subsoil) are part of excavated materials. Soil is a vulnerable and essentiatienewable
resource. Some of the most significant impacts on soil properties occur as a reswomstruction activities
(DEFRA, 2009). The-tsse of soil is a strategic factor in the Waste Framework Directive WFD 2008/98/EC.
According to article 2c¢):

"uncontaminated soil and other naturally occurring material excavated in the course of construction
activities where it is certain that the material will be used for the purposes of construction in its
Il rsp_j gr_rc ml rfc gqgrc dpmk ufgaf gr u_qgq cva_t

..are excluded from the scope of the Directiveln greenfield construction sites, valuahiepsoil should be
managed separately and reincorporated into the site if possible or into other sites. All of the aforementioned
aspects should be covered in a soil management plan for the project.

The LCA literature reviewhows that, in complex orographgonditions, when embankments and ground
works are needed, the impacts related to earthworks can accountfermain percentage of total emissions
during construction (Barandica et al., 2013) and accountdprto 30% of the project's emissions (Hampson

et al., 2012). From a GPP criteria development perspective, the information in this section highlights the
potential importance of planning a closddop reuse of soils, particularly within the same worksite. In
situations where soils are unsuitable as sugjpade material, relative environmental impacts and economic
costs of soil excavation and replacement versussitu lime/cement stabilisation must be considerddrpoueh

et al., 2000). Regarding stabilizations, a stakeholder specified that stabilizatieh Rortland cement and

with lime have different objectives and they cannot be prioritized just for their impacts. Solutions with
different functional purposes cannot be compared. Some tools, such as Geokalkyl, have been developed in
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order to estimate costenergy and CO2 emissions due to earthworks and geotechnical stabilization. These
tools are used in the planning phase.

Environmental impacts of earthworks and ground works are already evaluated by means of the holistic LCA
performance criteria proposed igection2.3.2 The proposed criteria on excavated materials and soil aims at
optimizing their management based on best practise and identifying key performandedtats such as the

% of all materials diverted from landfill, % recycled or reused materials on site, % recycled or reused
materials off-site. The maximum amount of excavation materials to be reusedsia in a close loop should

be evaluated by means o carbon footprint or LCA (see secti@r.2.

Following the Code of practice on soil management of DEFRA (2009), the presentation ofraas@gement
plan by the design team is proposed as a technical specification, for both core and comprehensive criteria.
This should include:

w a soil resource survey, separate from the geotechnical and-gagironmental survey, prior to any
earthworks, in ordr to quantify and characterise topsoil and subsoil;

w estimates of the total amount of excavated materials and topsoil, of the % of excavation materials
diverted from landfill, of the % of reuse potential osite and of the % reuse and recycling potentidf o
site;

w in greenfield, the separate management of topsoil and its reincorporation into the site or other sites
where relevant, including

0 maps of soil to be protected from earthworks and construction activities;

maps, types and volume of topsoil and sulisio be stripped and stockpile locations;

methods for stripping, stockpiling, 1&preading and ameliorating the soils

expected afteruse for each soil, whether it is topsoil to be used on site (trying to keep soil storage
periods as short as possible withidequate drainage system), used or sold off site, or subsoil to be
retained for landscape areas, used as structural fill or for topsoil manufacture.

A stakeholder underlined that soil managements plan are mandatory in construction projects. It is notfclea
the performance requirements proposed, such as the estimations of materials diverted from landfill, the %

reused and recycled enite and off-site, the best practices for topsoil are already applied in all road projects.

0]
0]
0]

2.3.6.1.2 Criteria proposal

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATIONS

B3. Excavated materials and soil management plan

Waste production during excavation, excluding construci
and demolition waste, shall be recorded.

An excavation materials and soil management plan shall
prepared establishing systems for the separate collecti
of:

(i) excavated materials resulting from excavatig
activities (for example from site preparation an

levelling, foundation, basement and tmeh
excavation), typically soil and stones, including subsi
(ii) topsoil.

Closed loop reuse onite for both excavated materials ang
topsoil should be maximised according to the results of |
carbon footprint or LCA performance assessment (g
criterionB14).

Separate excavated material collection for-tese, recycling
and recovery shall respect the waste hierarchy in Direct]
2008/98/EC.

Verification:

The designeéam or DB tenderer or the DBO tenderer shi
provide a extracted materials and topsoil management pl
consisting of:

(i) A bill of quantities with estimates for excavatel
materials based on good practices, as defined in t

B3. Excavated materials and soil management plan

Waste production during excavation, excluding constanc
and demolition waste, shall be recorded.

An excavation materials and soil management plan shall
prepared establishing systems for the separate collecti
of:

(i) excavated materials resulting from excavatig
activities (for example from site preparatio and
levelling, foundation, basement and trench excavatig
typically soil and stones, including subsoil

(ii) topsoil.
Closed loop reuse enite for both excavated materials an
topsoil should be maximised according to the results of t

carbon footprint or ICA performance assessment (S€
criterionB14).

Separate excavated material collection for-tese, recycling
and recovery shall respect the waste hierarchy in Direct]
2008/98/EC.

Verification:

The design team oDB tenderer or the DBO tenderer sh
provide a extracted materials and topsoil management pl
consisting of:

(i) A Dbill of quantities with estimates for excavate
materials based on good practices as defined in t
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Code of practice on soil managemieaf DEFRA (2009)]
and/or in the ENCODE Protocol (2013)

(i) Estimates of all materials diverted from landfill ang
identification of potential hazardous substances

(ii)Estimates of the % reused and/or recycled materials
site,

(iv)Estimates of the % reused and/or recdled materials off
site,

(v) Total amount of topsoil and strategies to preserve i
quality

Code of practice on soil management of DEFRA (20
and/or in the ENCODE Proto(2013)

(i) Estimates of all materials diverted from landfill an
identification of potential hazardous substances

(iii) Estimates of the % reused and/or recycled materials
site,

(iv) Estimates of the % reused and/or recycled materig
off site,

(v) Total amount of togoil and strategies to preserve it
quality

CONTRACT PERFORMANCE CLAUSES

C6. Commissioning of the excavated materials and
soil management plan

The main construction contractar DB contractoror DBO
contractor shall implement a system to monitor and repq
on actions involvingxcavated materials and soil during th
progress of construction work esite. This system shal
include data accounting for the weights generated (tops
and excavated materials), the percentages reusedycled
on site and percerstges reused and/or recycled ddfte.

It shall also track and verify the destination o
consignments of excavated materials. The monitoring &
tracking data shall be providetb the contracting authority|
and to the NRA or local authority on an agreed perio|
basis.

C6. Commissioning of the excavated materials and
soil management plan

The main construction contractar DB contractoror DBO
contractor shall implement a system to monitor and repqg
on actions involvingxcavated materials and soil durg the
progress of construction work esite. This system shal
include data accounting for the weights generated (tops
and excavated materials), the percentages reusedycled
on site and percerstges reused and/or recycled aofte.

It shall also track and verify the destination of
consignments of excavated materials. The monitoring g
tracking data shall be provided to the contracting author
and to the NRA or local authority on an agreed perio
basis.

Summary rationale:

i The LCA literature review shows that, in complex orography conditions, when embankments and
ground works are needed, the impacts related to earthworks can account for the main part of total
emission during construction and account for up to 30% of the podj It is proposed that
environmental impacts of earthworks and ground works are to be evaluated by means of the holistic
LCA performance criteria proposed in sectihf.2

i The preparation of a excavated materials and soil management plan, including optimization and best
practices, is proposed as a technical specificati@stimates of the total amount of excavated
materials and topsoil, of the % of excavation reials diverted from landfill, of the % of reuse
potential onsite and of the % reuse/recycling potential efite shall be included. In greenfield, the
separate management of topsoil and its reincorporation into the site or other sites where relevant,
should be proposed.

2.3.6.2

2.3.6.2.1 Background technical aspects, discussion and ratidioaldemolition waste management plan
The importance of waste management is reflected in the development of WW&D Article 11.2 is of
particular reevance to theconstructionsector, stating that:

Demolition waste management plan

(b) by 2020, the preparing for reise, recycling and other material recovery, including backfilling
operations using waste to substitute other materials, of Rbazardous construction and demolition
waste (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 Union because of its high potential for
recycling and reuse. The existing level of recycling and-use of C&DW varies greatly (between less than
10% and over 90%) in the Member States (EC, 20WBCSD, 2009 BIOIS, EC (2011) has estimated the
average recycling percentage at 46% across the Bldcording to Malia et al. (2013), Denmark and the
Netherlands have already been achieving recycling rates above 90% ofZ&ID a decade. 65% and 85%

of C&DN produced respectively in UK and Germany are either reused or recycled. According to this estimate
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in Spain and Portugal, this ratio is still lower than 30%. However, it is to be noted that there are considerable
doubts about the reliability of official statistics.

According to WRAP's Guidance on procurement requirements for reducing waste and esmgces
efficiently, it is recommended that a demolition waste management plan is developed including project
specific targets for total waste arisings and the amount of waste sent to landfill. The purpose of the waste
management plan is to ensure, firstl a reduction of the C&DW generation and, secondly, a suitable
treatment of the unavoidable C&DW generated to ensure that it causes the lowest environmental impact.

According to both the scientific literature and experience from Member States, al@nedition audit allows
for identification of the key infrastructure materials, which will arise from maintenance and rehabilitation
activities and road decommissioning. The typical information provided by the audit comprises:

1 Identification and risk assessmeénof hazardous waste that may require specialist handling and
treatment, or emissions that may arise during demolition;

1 A Demolition Bill of Quantities with a breakdown of different construction materials,
1 An estimate of the % reuse and recycling potergl during the demolition process,
1 An estimation of the % potential for other forms of recovery from the demolition process,

According to BIOIS, EC (2011),-effe RAP recycling in stationary plants could absorb between 30 to 80% of
RAP, while osite regcling could absorb 100% of RAP. Concrete recycling into aggregates for road
construction and backfilling could absorb up to 75% of waste concrete, while recycling into aggregates for
concrete production could absorb 4D%.

According to WRAP's GuidanE®&CODE (2013) and the ICE Demolition Protocol (2008), a specific target of at
least 80% of C&D waste to be reused, recycled and recovered can be established. This reflects a higher band
of best practice in some Member States as identified by BIOIS, EC1(204 the draft Italian GPP criteria,
award points are proposed if at least 50% of C&D waste from surface and binder courses is reused/recycled
in new pavements, 80% of RAP is reused in surface and binder base course and cannot be employed in road
base ard subbase, 30% from the C&D waste of existing building and infrastructure is used in thelmage.

It is therefore proposed that the nehazardous waste generated during demolition of any bound and/or
unbound materials of the pavement layers and ancillary materials are prepared feuse, recycling and
other forms of material recovery. Backfilling opions are not to be taken into consideration in the best
practices described within the EC EMAS Reference Document on Best Environmental Management Practice in
the building and construction sector (EC, JRC, 2012a). This exclusion is more appropriaiédiogb; in the

road sector it is suggested to include backfilling, even though it can be classified as downcycling, taking into
consideration the common practices of cut and fill, environmental rehabilitation and landscape creation.
Backfilling should nbbe allowed in greenfield outside of theoadway Moreover, backfilling in permeable
areas of the roadway (for example shoulders and embankments) should be realised only (Gt
hazardou$ excavated materials and soils, while other reused, recycled reodvered materials (for example
RAP, crushed concrete, etc.) should be used for backfilithg inimpermeable areas of the roadway. It has

to be discussed with the stakeholders during thé® AHWG if further limitations regarding backfilling
conditions,such as the definition a maximum percentage of backfilling that can be accounted as a recovery
operation and regarding leaching limits set by national legislation in specific situations could be defined.

Therefore, the specific target established in thgFD to reuse, recycle or materially recover a minimum of
70% by weight, including backfilling, is proposed as Core GPP criterion. The specific target of at least 90% by
weight could be proposed as a Comprehensive GPP criterion, but potentially only fon tisese Member
States where this represents best practice and for materials to be prepared farse and recycling rather

than recovery, in order to stimulate innovations in line with the waste hierarchy

The materials, products and elements identifistall be itemised in a Demolition Bill of Quantities. Material
segregation and recovery shall respect the waste hierarchy in Directive 2008/98/EC.
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2.3.6.2.2  Criteria proposal

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATIONS

E2. Demolition waste audit and management plan

A minimum of 70% by weight of the notmazardous waste
generated during demolition, including backfilling, shall
prepared for reuse, recycling and other forms of materig
recovery. This shall include:

(i) Concrete, RAP, aggregates recovered from Ithein
road elements;

(i)
Backfilling shall not be allowed in greenfield outside tf

roadway. Backfilling in permeable areas of the roadw
shall be realised only with excavated materials and soils,

Materials recovered from ancillary elements.

The main construction contractar DB contractoror DBO
contractor shall carry out a prelemolition audit in order to
determine what can be reised, recycled or recoverel
This shall comprise:

(i) Identification and risk assessment of hazardous wast

(ii) A bill of quantities with a breakdown of different roac
materials,

(iii) An estimate of the % reuse and recycling potentig
based on proposals for systems of separate collecti
during the demolition procss.

The materials, products and elements identified shall
itemised in a Demolition Bill of Quantities.

Verification:

The main construction contractar DB contractoror DBO
contractor shall submit a prelemolition audit that
contains the specified information.

A system shall be implemented to monitor and aced for
waste production. The destination of consignments
waste and endof-waste materials shall be tracked usin
consignment notes and invoices. Monitoring data shall
provided to the contracting authority.

E2. Demolition waste audit and management plan

A minimum of 90% by weight of the nothazardous waste|
gererated during demolition, including backfilling, shall

prepared for reuse, recycling and other forms of materig
recovery. This shall include:

(i) Concrete, RAP, aggregates recovered from the m
road elements;

(i) Materials recovered from ancillary elements

Backfilling shall not be allowed in greenfield outside tk
roadway. Backfilling in permeable areas of the roadw
shall be realised only with excavated materials and soils.

The main construction contractar DB contractoror DBO
contractor shall carnput a predemolition audit in order to
determine what can be raised, recycled or recovere
This shall comprise:

(i) Identification and risk assessment of hazardous wast

(i) A bill of quantities with a breakdown of different roa
materials,

(iii) An estimate of the% re-use and recycling potentig
based on proposals for systems of separate collecti
during the demolition process.

The materials, products and elements identified shall
itemised in a Demolition Bill of Quantities.

Verification:

The main constructiorwontractoror DB contractoror DBO
contractor shall submit a prelemolition audit that
contains the specified information.

A system shall be implemented to monitor and account f
waste production. The destination of consignments
waste and endof-waste materials shall be tracked using
consignment notes and invoices. Monitoring data shall
provided to the contracting authority.

F1. Demolition waste audit and management plan

The same a£2

F1. Demolition waste audit and management plan

The same a£2

Summaury rationale:

1 The importance of waste management is reflected in the Waste Framework Directive, in which

C&DW has been identified as a priority waste stream because of its high p@kfdr recycling and

re-use. A minimum recycling target of 70% for reuse, recycling and other material recovery of C&D

waste by 2020 is fixed by the WFD. An average recycling percentage of 46% of recycling auskre

of C&DW across the EU could be repatte

1 Itis recommended that a demolition waste management plan is developed including prsjestific
targets for total waste arisings and the amount of waste sent to landfill. A qtemolition audit
allows for identification of hazardous waste and their drrisk assessment, a Demolition Bill of
Quantities, estimates of the % reise and recycling potential and of the % potential for other forms

of recovery during the demolition process,

i Off-site RAP recycling in stationary plants can absorb between 30 t&68%f RAP, while osite

recycling 100% of RAP. Concrete recycling into aggregates for road construction and backfilling
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could absorb up to 75% of waste concrete, while recycling into aggregates for concrete production
40-50% of waste concrete.

1 It is therdore proposed that the nothazardous waste generated during demolition of any bound
and/or unbound materials of the pavement layers and ancillary materials are prepared fuseg
recycling and other forms of material recovery. It is suggested to inclbdekfilling operation, even
though it can be classified as down cycling, taking into consideration the common practices of cut
and fill, environmental rehabilitation and landscape creation. Specific targets to a minimum of 70%
by weight, including backfilig, is proposed as Core criterion, and of at least 90% by weight as a
Comprehensive criterion are proposed.

2.3.6.3 At what stage of the procurement process are the criteria relevant?

It has to be underlined thato fully benefit from waste reduction and recoweron a project, good practice
must be adopted at the earliest possible stage, and planned actions, metrics and targeted outcomes shall be
communicated between the contracting authority and tenderers and passed down through the supply chain
(including the @sign teams, subcontractors, waste management contractors and material suppliers) and
across all project phases in thereliminary scoping and feasibilityln soil managementthe ECI (early
contractor involvement) is important in this phase in order totiopse the decision on road alignment and
subsequent consequences the amount of excavated soil.

Waste management planning has been split into demolition waste management plan and excavation waste
management plan, proposed both as technical specifications (both in Core and Comprehensive criteria) in the
design phase and performance requiremenibhe citeria on the soil and excavation waste management
should be applied during the detailed design phatfe design team/design and build tenderer/DBO tenderer
shall quantify the maximum amount of reised soils within the soil management plan and the managmnt
activities on the reserves of topsoil and subsoil. Monitoring of the soil management plan via site inspections
shall be demonstrated in theonstruction phase

With reference to the demolition waste management plan, the meamstruction contractqiDB contractor or
DBO contractoshall carry out and submit a prelemolition audit that contains the specified information on
what can be reused, recycled and submit the site waste management plan in thaintenance and EolL
phases For both criteria, wast@roductions shall be accounted for and monitored, including information on
the transportation distances of waste and eraf-waste materials (only in the case of the demolition waste
management plan) using consignment notes and invoices. Monitoring datll die provided to the
contracting authority.

The criteria classification, their reference numbers in the criteria document and the respective procurement
phase can be crosseferenced as follows.

Title of the criterion Procurement phase Criterion classifi cation Criteria Reference
typology number in

the criteria
document

Excavated materials and B. Detailed design and Core and Comprehensive Technical B3

soil management plan performance requirements P specification "

Commissioning of the Contract

excavatedmaterials and C. Construction Core and Comprehensive performance C6

soil management plan clause

Demolition waste audit and E. Maintenance and ) Technical

management plan operation- F. End of Life Core and Comprehensive specifications E2, F1
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2.4 Water and habitat preservation
2.4.1 Background technical aspects, discussion and rationale for water and
habitat preservation

Technical aspects of particular relevance

The drainage system of any road will have to comply with minimum technical requirements to adequately
drain surface water from rain and also susurface water from groundwater flows that may impact on the
sub-base. The drainage design will take into accotime need to design factors and coefficients related to
pipe diameters, slopes and rainfall data based on decades of practical experience with the particular climate
and geology of the region or country of interest to ensure that the road surface draorsectly and safely

with minimum risk to the stability of the sulbase and embankments. Although it is an important
consideration in the design of the road, the optimum design shall always need to be tailored specifically to
the site, thus it is considerethat such technical details do not have any place in GPP criteria.

Nonetheless, once the basic technical requirements of the drainage system are optimised, a variety of
drainage structures with varying degrees of environmental credentials, may be camsidend therefore are
relevant to GPP criteria

Drainage systems have the potential to foster habitat creation and/or enhancement. An important impact of
road construction is habitat destruction and fragmentation and this is especially relevant in ruealsaand

areas of high ecological value and biodiversity. The optimum road path from a technical and economic point
of view, and even from specific environmental perspectives such as earthworks or road distance, may conflict
with the route passing through particular area of high ecological value.

The following impacts related to water and habitat preservation and associated with road construction should
be considered:

91 the transfer of pollutants to local watercourses during road construction;
9 the transfer d pollutants to local watercourses during the use phase of the road;

91 the contribution of road surfaces and drainage to local and downstream flooding during the use
phase of the road;

1 habitat destruction caused by road construction
1 habitat fragmentation caised by road construction and use
9 risks to flora and fauna caused during the use phase of the road.

More detailed information on technical examples and technical aspects of the above listed points can be
found in Annex 5. Additional background technical aspects on water and habitat preservation

Discussion

The discussion during the meeting and feedback received since was relatively limited.st@keholder
mentioned the UK Design Manual for Roads and Bridges (DMRB) Volume 11, Se&ah 10 (HD 45/09

"Road drainage and the water environment" which addresses both risks due to water pollution and flooding.
Regarding water pollution, a generalq@rement is that road drainage shall not result in a deterioration of

the classification of nearby surface or groundwater bodies as per the Water Framework Directive
(2000/60/EC). For flooding it is stated that road structures must not result in a net lfsfloodplain storage,

not impede water flows and not increase flood risk elsewhere. A series of tools and guidance are provided,
including the Highways Authority Water Risk Assessment Tool (HAWRAT) for watercourse pollution sensitivity
and the HighwaysAuthority Drainage Data Management System (HADDMS) for assessing the local flood
risks.

It was mentioned that the Dutch approach to design storm specification for modelling and sizing of drainage
is tailored, according to the amount of free space aroune ttoad as follows:

1 For roads with ample space: a 1 in 10 year storm of 2 hours duration (+30% climate change
factor).

1 For roads with little space: a 1 in 50 year storm of 2 hours duration (+30% climate change factor)
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1 For roads with no space (i.e. tunnels and parts of city centres): a 1 in 250 year storm of 2 hours
duration (+30% climate change factor).

Regarding sediment removal performance, it was commented that this was difficult to quantify and specific
requiremens should be avoided. Instead, setting criteria that favour "soft engineered" solutions should be
favourably weighted compared to more traditional alternativesbe that for sediment removal, flood risk
minimisation or the provision of wildlife corridors. itV regards to monitoring of the drainage system, the
importance of observation during construction (as it is often the only chance to see the full system before
parts of it are buried) and during routine maintenance was emphasised.

Rationale

Most of the proposed criteria related to water and habitat preservation are award criteria due to the fact that
the relative importance of such criteria will very much depend on the surrounding area of the road. If it is
near to high quality surface or ground waterhen pollutant removal will be important. If the road exists
within or upstream of a river basin or subasin that has been identified as being at a significant risk of
flooding, then stormwater retention capacity will be of high importance and perhapsatly addressed by
local planning laws. If the road construction dissects an area of high biodiversity, then it is likely that the
establishment of wildlife and habitat corridors would be a prequisite from the planning stage. So the
approach to the awardriteria has tried not to focus on what is required but instead on what is the most
environmentally beneficial way to meet what is required.

All across Europe mains sewers are struggling with capacity in urban areas where they are combined with
storm-water drains. It is therefore proposed to have a technical specification on the gmmection of road
drainage to mains sewers as much for the technical problems it creates now and in the future as for the
potential transfer of untreated sewage into watercmes during heavy rain. However, for the removal of
other stormwater pollutants, this can be approached by "hard engineered" components such as road gullies
situated under filter drains and concrete tanks that act as oil interceptors or by “soffineere" systems. To
encourage procurers and tenderers to give more emphasis to "soft engineering" components that address the
same problem, points are offered for such solutions.

A minimum technical specification for storwater retention capacity is includedsaan example text for
those procurers who may be based in a flood risk area but are not fully aware of what can be asked for in a
road construction invitation to tender. Experienced authorities will already have very specific requirements to
tackle this rsk. Where the need for storrwater retention capacity is identified, a variety of technical
solutions are available, some involving natural and aesthetically pleasing ponds and basins and others that
simply involve concrete tanks. Both follow the same lwagiydraulic principles but the former bring
environmental benefits and so should receive points at the award stage..

The importance of overpasses for wildlife in high conservation value areas is recognized but because these
structures are to a large extergimilar to bridges (which are excluded for the road construction GPP already)
it was decided that they should not be included here. Wildlife overpasses are major works and therefore
could be subject to a separate invitation to tender, On the other hamdienpasses associated with drainage
culverts can be included in the GPP scope because they affect the passage of small fauna, including
amphibians and aquatic species but are also relevant to road drainage. Some culvert designs allow the free
passage of ammals, including amphibians and fish while others present barriers and can even directly cause
harm to fauna, amphibious species or aquatic species that become trapped or injured in the culvert.

Looking at the criteria it may appear that some "double cdagt has been done. A vegetated retention basin
with infiltration, for example, may be awarded points for pollutant removal and points for stevater
retention capacity. This is deliberate because the vegetated basin does provide a better ecologiazhtareer
that meets both requirements.

The reasoning behind the award of different points to different "soft engineered" solutions in the water
pollution and stormwater capacity award criteria is based on the degree of aesthetic benefit and potential
for habitat creation or enhancement associated with each solution. Minimum requirements for the % of road
length or quantity of drainage routed to the seftngineered drainage components are set in order to avoid
the situation where design solutions that onlyciorporate very small sofengineered drainage components

are given the same award points as designs providing much larger and more comprehensive soft engineered
drainage components.
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2.4.2 Criteria proposal

Criteria for introducing water pollution control comgants in drainage systems

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATIONS

B4. Performance requirements for water pollution
control components in drainage systems

(Unless sewer connections are specifically required by I¢
regulations or specific circumstances)

Road drainage systems shall not be connected to mal
sewers.

The drainage system shall sb contain drainage
components that aid the removal of any sediment and so
particles from stormwater.

Verification: The design team, DB tenderer or DE
tenderer shall make it clear where drainage water shall

routed to and where and which sedimentmeval devices
shall be incorporated into the drainage system.

B4. Performance requirements for water pollution
control components in drainage systems

(Unless sewer connections are specifically required by I¢
regulationsor specific circumstances),

Road drainage systems shall not be connected to ma|
sewers.

The drainage system shall also contain drainag
components that aid the removal of any sediment and so
particles from stormwater.

Verification: The design team, DB tenderer or DH
tenderer shall make it clear where drainage water shall
routed to andwhere and which sediment removal devicg
shall be incorporated into the drainage system.

AWARD CRITERIA

B17. Requirements for water pollution control "soft
engineered" components in drainage systems

Points shdl be awarded for drainage systems tha
incorporate "soft engineered" components (often referred
as SuDS) that incorporate storwater pollutant load
removal, improved aesthetics and potential habitat creati
in drainage infrastructure as follows:

M Filter trenches with low or no kerbs at roadsid
covering at leas#40% of the roadside (.25X point$

1 Grassed swales covering at leas#0% of the
roadside 0.5X point$

1 Vegetated retention basins with unlined bases f
infiltration through which all road drairge is
directed prior to reaching the local surfac
watercourse @.5X point$

1 Vegetated retention ponds with linings to creaj

artificial wetlands and/or a permanent water body |
all or part of the basin which all road drainage |
directed through prior tareaching the local surface
watercourse.@.75X point$

More than one SuDS feature may be incorporated into {
drainage design and may be combined with other "hg
engineered" drainage components..

These systems shall be designed in accordance with b
practice guidelines, for example as detailed in "The SU
Manual C697" published by CIRIA in 2007 or other sim
but more recent literature.

Verification: The design team, DB tenderer or DE
tenderer shall provide details of these drainage solutio
and clearly indicate them in the design. Where releva
reference shall be made to best practice design details g
how these are incorporated in the design

B17. Requirements for water pollution control "soft
engineered" components in drainage systems

Points shall be awarded for drainage systems th
incorporate "soft enginee® components (often referred tq
as SuDS) that incorporate storwater pollutant load
removal, improved aesthetics and potential habitat creati
in drainage infrastructure as follows:

1 Filter trenches with low or no kerbs at roadsid
covering at leas#t0% of the roadside 0.25X poin}

1 Grassed swales covering at least0% of the
roadside 0.50X point$

1 Vegetated retention basins with unlined bases f|
infiltration through which all road drainage i
directed prior to reaching the local surfag
watercourse 0.50X point9

1 Vegetated retention ponds with linings to crea

artificial wetlands and/or a permanent water body
all or part of the basin which all road drainage
directed through prior to reaching the local surfag
watercourse.@.75X point$

More thanone SuDS feature may be incorporated into tl
drainage design and may be combined with other "hg
engineered" drainage components.

These systems shall be designed in accordance with b
practice guidelines, for example as detailed in "The SU
Manual ®97" published by CIRIA in 2007 or other simil
but more recent literature.

Verification: The design team, DB tenderer or DH
tenderer shall provide details of these drainage solutio
and clearly indicate them in the design. Where relevg
reference shall be made to best practice design details a
how these are incorporated in the design
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CONTRACT PERFORMANCE CLAUSES

C7. Inspection of water pollution control components
in drainage systems

The contractor shall perform & inspection to establish the
drainage system dimensions, pathways and connectid
between drainage components and that these are
accordance with the design plans. Information shall be s¢
to the NRA or local authority based upon an agre
timetable.

In case of unsatisfactory or negompliant results, refer to
general contract performance clause text@G2

C7Inspection of water pollution control components
in drainage systems

The contractor shall perform site inspection to establish t
drainage system dimensions, pathways and connecti
between drainage components and that these are
accordance with the designlgns. Information shall be sen
to the NRA or local authority based upon an agre
timetable.

In case of unsatisfactory or neeompliant results, refer to
general contract performance clause text@G2

C8. Construction of water pollution control "soft
engineered" components in drainage systems

The contrator shall perform site inspections both durin
and after the installation of the vegetated drainagy
components and ensure that appropriate measures ¢
taken in accordance with best practice guidelines for t
establishment of vegetated covers in SUDS dage
components. Information shall beent to the contracting
authority based upon an agreed timetable.

In case of unsatisfactory or nesompliant results, refer to
general contract performance clause text@2

C8. Construction of water pollution control "soft
engineered" components in drainage systems

The contrator shall perform site inspections both durin
and after the installation of the vegetated drainag
components and ensure that appropriate measures &
taken in accordance with best practice guidelines for
establishment of vegetated covers in SUDS dage
components. Information shall be sent to the contracti
authority based uporan agreed timetable.

In case of unsatisfactory or neeompliant results, refer to
general contract performance clause textG2

Criteria for introducing storrwater retention capacity in drainage systems

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATIONS

B5. Performance requirements for storm -water

retention capacity in drainage systems

(When local ornational legislation requires, or whe
specifically requested by the contracting authority)

The drainage system shall be designed so as to be capg
of:

retaining the rainfall from a design stor with a
return period (frequency) of 1 in X years ar|
duration of Y minutes across a defined draine
area.

restricting maximum runoff rates from the
drainage system to no more than that of ai
equivalent greenfield site or another specifi
value clearly defined by the procuring authority
the invitation to tende.

Verification: The design team, DB tenderer or DE
tenderer shall be provided with the appropriate rainfé
data for the design storm by the procuring authority.

Using this data, they shall run a hydraulic simulation usi
appropriate modellingsoftware. The simulation shall shoy
that:

1 At no point during the design storm event is t
capacity of the drainage system exceeded and,
1 At no point during the deisgn storm event dog

the runoff rate exceed the value specified by th

B5. Performance requirements for storm -water

retention capacity in drainage systems

(When local or national legislation requires, or wh
specifically requested by the contracting authority)

The drainage system shall be designed so as to be caps
of:

retaining the rainfall from a design storm wh a
return period (frequency) of 1 in X years ar
duration of Y minutes across a defined draine
area.

restricting maximum runoff rates from the
drainage system to no more than that of a
equivalent greenfield site or another specif
value clearly defind by the procuring authority in
the invitation to tender.

Verification: The design team, DB tenderer or DH
tenderer shall be provided with the appropriate rainfa
data for the design storm by the procuring authority.

Using this data, they shall run a yldraulic simulation using
appropriate modelling software. The simulation shall sh
that:

1 At no point during the design storm event is th
capacity of the drainage system exceeded and,
1 At no point during the deisgn storm event dog

the runoff rate exceed hie value specified by the

24 See Figures A.7 and A.8 in Annex 5.
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procuring authority.

procuring authority.

AWARD CRITERIA

B18. Requirements for storm -water retention
capacity in drainage systems that incorporate "soft
engineered" components

Points shall be awarded for drainage systems th
incorporate "soft engineered" components (often referred
as SuDS) that incorporate storwater retention deviceg
that improve site aesthetics and contribute to potenti
habitat creation adollows:

1 Grassed swales with check dams and an orifi
plate at the base to act as retention device
during intense rainfall events but normally b

dry (0.50X point3

Vegetated retention basins with unlined bas¢
for infiltration and overflows for severe
conditions through which all road drainage
directed prior to reaching the local surfac
watercourse .50X point$

Vegetated retention ponds with linings to crea
artificial wetlands and/or a permanent wate
body in all or part of the basin which all ea
drainage is directed through prior to reachir|
the local surface watercourse0(75X point3

Any one or all features may be incorporated into th
drainage design and may be combined with other "hg
engineered" drainage components as per site requiretser

These systems shall be designed in accordance with K
practice guidelines, for example as detailed in "The SU
Manual C697" published by CIRIA in 2007 or other sim
but more recent literature.

Verification: The design team, DB tenderer or DE
tenderer shall provide details of these drainage solutio
and clearly indicate them in the design. Where releva
reference shall be made to best practice design details g
how these are incorporated in the design

B18. Requirements for storm -water retention
capacity in drainage systems that incorporate "soft
engineered" components

Points shall be awarded for drainage systems th
incorporate "soft engineered" components (often referred
as SuDS) that incorporate storwater retention deviceg
that improve site aesthetics and contribute to potenti
habitat creation as follows:

1 Grassed swales with check dams and an orifi
plate at the base to act as retention devicg
during intense rainfall events but normally b

dry (0.50X point3

Vegetated retention basins with unlined basg
for infiltration and overflows for severe
conditiors through which all road drainage i
directed prior to reaching the local surfag
watercourse Q.50X point3

Vegetated retention ponds with linings to crea
artificial wetlands and/or a permanent wate
body in all or part of the basin which all roa
drainage is directed through prior to reachin
the local surface watercourseQ(75X point3

Any one or all features may be incorporated into t
drainage design and may be combined with other "hg
engineered" drainage components as per site requireme

The® systems shall be designed in accordance with b
practice guidelines, for example as detailed in "The SU
Manual C697" published by CIRIA in 2007 or other sim
but more recent literature.

Verification: The design team, DB tenderer or DH
tenderer $all provide details of these drainage solutior
and clearly indicate them in the design. Where relevg
reference shall be made to best practice design details q
how these are incorporated in the design

CONTRACT PERFORMANCE CLAUSES

C9. Inspection of storm -water retention capacity in
drainage systems

The main construction contractor or DBO contractor sh
inspect the drainage systenduring the construction stage
to ensure that it follows the agreedesign and ensur¢hat
it meets the dimensions, slopes and other technical detg
specified in the design.

In case of unsatisfactory or nesompliant results, refer to
general contract performance clause text@2

C9. Inspection of storm -water retention capacity in
drainage systems

The main construction contractor dBO contractor shal
inspect the drainage systenduring the construction stage
to ensure that it follows the agreed design and ensure th
it meets the dimensions, slopes and other technical detg
specified in the design.

In case of unsatisfactory or en-compliant results, refer to
general contact performance clause text i€2

C10. Inspection of storm -water retention capacity in
drainage systems that incorporate "soft engineered"
components

The main construction contractor or DBO contractor sk
be responsible for carrying out site inspections both duri
and after the installation of the vegetated drainagy
components and ensure thatppropriate measures arg
taken in accordance with best practice guidelines for t
establishment of vegetated covers in SuDS draina

C10. Inspection of storm -water retention capacity in
drainage systems that incorporate "soft engineered"
components

The main construction contractor or DBO contractor s
be responsible for carrying out site inspections both duri
and after the hnstallation of the vegetated drainagg
components and ensure that appropriate measures
taken in accordance with best practice guidelines for t
establishment of vegetated covers in SuDS draing

q
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components.

In case of unsatisfactory or negompliant results, refer to
general contract performance clause text@G2

components.

In case of unsatisfactory or negompliant results, refer to
general contract performance clause text@G2

Criteria for introducing wildlife corridors across the road and other measures to reducdikitléhood of

wildlife fatalities on the road.

Core criteria

Comprehensive criteria

AWARD CRITERIA

B19. Performance requirements for wildlife corridors
across the road

Points shall be awarded for drainagéanfrastructure
(culverts or underpasses) that aids the safe passage
small fauna and amphibious or aquatic species across 1
road. Points shall be awarded as follows:

1  Filter trenches with low (<25 mm) or no kerbs i
roadside covering at leas#0% of the roadside
(0.5X poin}.

1 At least 60% of all culverts shall provide flat
and dry walkways for small faunad(5X poin}.

1 All culverts that channel permanent surfac

water courses do not prevent the upstreal
migration of fish or amphibious specie.6X
point).

Culverts that permit the passage of small fauna or aquat
species shall be designed according to best pract
guidelines, for example as published in the COST 3
Handbook or any similar documentation suggested by 1
procuring authority.

Verification: the design team, DB tenderer or DB
tenderer shall highlight the details of any filter trenches ¢
culverts that meet the award criteria in the road drainag
design and comparison shall make to the best practi
guidelines in relevant literafre.

B19. Performance requirements for wildlife corridors
across the road

Points shall be awarded for drainage infrastructun
(culverts or underpasses) that allows the safe passage
small fauna, and amphibious or aquatic species across
road. Points shall be awarded points as follows:

i1  Filter trenches with low (<25 mm) or nkerbs at
roadside covering at least0% of the roadside
(0.5X poin}.

1 At least 60% of all culverts shall provide flat
and dry walkways for small faunad(5X poin}.

1 All culverts that channel permanent surfag

water courses do not prevent the upstrea
migration of fish or amphibious speciesO(6X
point).

Culverts that permit the passage of small fauna, or agual
species shall be designed according to best pract
guidelines, for example as published in the COST 3
Handbook or any similar documentation g&sted by the
procuring authority.

Verification: the design team, DB tenderer or DB
tenderer shall highlight the details of any filter trenches
culverts that meet the award criteria in the road drainag
design and comparison shall make to the best piiae
guidelines in relevant literature.

CONTRACT PERFORMANCE CLAUSES

C11. Inspection of wildlife corridors across the road
and other measures

The main construction contractor or DBO contractor sk
undertake inspection of any filter trenches or culver
included in his offer both during and immediately afte
construction and enser that they meet the minimum
requirements of the technical details specified in the desi
and that they meet the conditions required for the award ¢
points.

In case of unsatisfactory or necompliant results, refer to
general contract performance claugext in C2

C11. Inspection of wildlife corridors across the road
and other measures

The main construction contractor or DBO contractor sk
undertake inspection of any filter trenches or culver
included in his offerboth during and immediately afte
construction and ensure that they meet the minimu
requirements of the technical details specified in the desi
and that they meet the conditions required for the award
points.

In case of unsatisfactory or necomplian results, refer to
general contract performance clause text@2

Summary rationale:

1 A minimum technical specification preventing road drainage being connetttedains sewers will

preserve vital sewer capacity, simplify the operation of sewage works and prevent the transfer of

untreated sewage to local watercourses duri
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1 For the removal of other pollutants, award points are given togmé'softengineered"” solutions only
and in proportion to their potential for aesthetic benefits and habitat enhancement. The same
approach applies to designs for stormater retention capacity.

1 Habitat enhancement is considered as out of the scope becamé@mum technical requirements
are likely to be decided at the planning stage. However, where drainage culverts can be designed
smarter to simultaneously act as safe passages for small animals, amphibians and/or aquatic
species, points shall be given tocusolutions at award stage.

2.4.3

The criteria classification, their reference numbers in the criteria document and the respective procurement

At what stage of the procurement process are the criteria relevant?

phase can be crosseferenced as follows.

Title of the criterion Procurement phase Criterion Criteria typology Reference
classification number in the
criteria
document
Performance requirements for water B. Detailed design .
; ; ; Core and Technical
pollution control components in drainage and performance c . e B4
- omprehensive specification
systems requirements
Inspection of water pollution control . Core and Contract
. ; C. Construction . c7
components in drainage systems Comprehensive performance clause
Requirements for water pollution control B. Detailed design
" } " : : Core and o
soft engineered" components in drainage|  and performance . Award criterion B17
. Comprehensive
systems requirements
Construction ofvater pollution control
. ; . . . . Core and Contract
soft engineered" components in drainage C. Construction . Cc8
Comprehensive performance clause
systems
Performance requirements for storrwater B. Deailed design .
) P ; Core and Technical
retention capacity in drainage systems and performance . L B5
: Comprehensive specification
requirements
Requirements for storawater retention B. Detailed design
. . Core and o
capacity in drainage systems that and performance . Award criterion B18
. B : N A Comprehensive
incorporate "soft engineered" components requirements
Inspection of stormwater retention . Core and Contract
S . C. Construction . C9
capacity in drainage systems Comprehensive performance clause
Inspection of stormwater retention Core and Contract
capacity in drainage systems that C. Construction . C10
h B : " Comprehensive performance clause
incorporate "soft engineered" components
Performance requirements for wildlife B. Detailed design
- Core and o
corridors across the road and performance . Award criterion B19
i Comprehensive
requirements
Inspection of wildlife corridors across the . Core and Contract
C. Construction . Ccl1
road and other measures Comprehensive performance clause
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2.5 Noise criteria
2.5.1 Background technical aspects, discussion and rationale for noise

Technical aspects - Low noise road surfaces or noise barriers?

Although both low noise road surfaces amadise barriers contribute positively to the reduction of noise levels
in targeted areas, whether one type of approach or the other, or a combination of both is the optimum
solution, will depend very much upon the local conditions and nature of the suriogratea.

In terms of life-cycle costs, noise barriers are generally much cheaper thanose pavements if the noise
reduction benefit in the target area alone is considered. However, when comparing capital and maintenance
costs with those of noise baigrs, the added function of the provision of an actual pavement surface for
vehicles in lownoise pavement solutions should also be taken into account and the expected construction
and maintenance costs for a standard asphalt or concrete surface be sutdcacSuch an approach may
involve a number of assumptions and generalisations that complicate comparisons. Furthermore, planning
permission can be an important issue with noise barriers that would not really apply tenloise pavements.
Finally, a furtherconsideration is that lownoise pavements actually reduce noise emissions in the first place
whereas noise barriers (except more expensive absorbing barriers) often simply prevent a certain fraction of
soundwaves reaching a defined target.

Due to the may factors that influence the choice between noise barriers and-lowise pavements, it is
recommended that if noise emission is identified as a priority by the contracting authority, then they should
also specify whether a lowioise pavement or a noise Ibaer approach (or both together) is desired in the
invitation to tender. Then it should be up to the tenderers to identify the most -@ftctive and
environmentally friendly solutions based on the particular site specific conditions and constraints.

The following subsections (and further details provided in Annex 6) provide some general technical
background as a guide to procurers and tenderers on the factors behind noise emissions from roads and the
properties that are most important in noise barrieend lownoise pavements. Attention is also given to
approaches for specifying low noise pavements in different countries and regions, techniques that can be
used to monitor noise emissions and what are achievable levels of noise reduction. Where available
references to any cost premiums for lowoise surfaces or negative effects on durability will be referred to
since these could significantly affect the life cycle cost of the project.

Technical aspects - Sources of noise emission from roads

Noise fromroads equates to noise from traffic. The three main sources of road traffic noise are:
1 noise from engines and other mechanical parts,
1 roadtyre contact and
9 air turbulence.

The can be addressed in different ways by lowise pavements of noise barrierBurther details of technical
aspects are provided iAnnex 6. Additional background technical aspects on noise

Technical aspects - Approaches to low -noise pavements in different countries and regions

Noise measurement requires specialised equipment and technicians and spot data cannot always g direc
compared with data from other roads due to background noise from other sources, changes in temperature,
wind and humidity and different vehicles passing along the road, each at individual velocities. Furthermore, at
the tendering stage, the real noiggerformance of the road cannot be truly known before it is constructed (or
resurfaced). Consequently it is necessary for some system to be in place which allows the procurer to
objectively compare different lowoise road surfaces prior to award of the ciwact. Some approaches used

in different Member States are described below.

(i) Denmark

The system used for tendering Iewoise asphalt wearing courses by the Danish Road Directorate during the
period 20072012 is described by Kragh et al. (2012). Roadrfages are assessed by approved test
laboratories using calibrated equipment with ISO/CD 11&l1geference tyres that takes CPX measurements

at 50 and/or 80kph. Results were compared to those of a reference road, defined as 8 year old dense graded
asphalt.The noise reduction performance of a pavement was then classified as A (>7dB less than reference),
B (57dB less than reference) or C{8dB less than reference).
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Specific guidance was also provided to tenderers on howfmise asphalt layers should bapplied, how the
tender documents should be prepared and how the naisducing properties should be assessed and
declared.

The Danish Road Directorate has identified residential and recreational areas where the annual avesage L
exceeds 58dB as priayi areas for lownoise pavements. As of 2012, over 30 examples of lowise
pavement contracts had been implemented. Due to concerns with ice formation and fibeme damage,
low-noise pavements in Denmark almost exclusively to use egesded thin asphalpavements with a small
maximum aggregate size rather than porous asphalt layers widely used in certain other countries like the
Netherlands. Most of these types of pavements were not able to comply with Class A noise performance but
only Class B or C.

Possible concerns of poorer skid resistance of asphalt pavements with small maximum aggregate sizes have
not been substantiated in real life experience from 20@0D12. Concerns due to reduced durability have
been encountered in some specific cases and dreught to be linked to the laying of thicgourses during
night-time when it is colder and when the thin course is laid on a rougher surface (due to use of a coarse
milling drum instead of a fine milling drum to remove the old surface).

From 2012 onwardsa second generation tendering system has been implemented. Instead of comparing
pavements to a reference 8 year old dense asphalt surface, actual noise levels measured by CPX and
converted into estimated SPB values are specified that vary depending osphed limit of the road section.

Table 17: Danish limits for low noise pavements as a function of road speed limit

Speed (kph) 50 60 70 80 90 100 110

SPB reference* values (dB) 72.0 74.6 76.9 78.9 80.8 82.5 84.1

*calculated byconverting CPX values by the following formula: gR2B0.921 x CPX 13.68

Contractors are obliged to build two test sections, each at least 100m long, and to demonstrate the low noise
performance of the road by taking CPX measurements according togthidelines provided by the Danish
Road Directorate. Depending on the results, the road is then classified as either "standard" (at least a 4.0dB
reduction on limits in table 2.16) or "special" (at least a 7.0dB reduction on limifBaible 17). The current
Danish approach only applies to the performance of the test sections of the recently laid road surface and
apparently makes no provision for assessment of how its noise reduction performance evolves with ageing.

(i) Italy

In Italy, porous asphalt surfaces have been widely used in the motorway network. The specification-of low
noise pavements is the responsibility of regional road authorities (Ex. Art. 15 Bis LR 89/98). In the Tuscany
region, significant research into the is® performance of asphalt pavements are assessed using the CPX
method and is monitored on road sections of at least 100m 6 months, 12 months, 2 years and optionally 3
years after laying of the pavement. The constructor has to pay a bond which will bemetlif the pavement

is demonstrated to maintain its noise reduction performance during the agreed period.

Guidance is provided to constructors on what data is to be acquired (for example the weather conditions,
vehicle speed and number of runs) and holetraw data should be processed to produce final results. Dense
Asphalt Concrete or Stone Mastic Asphalt of the same or similar mix design and laid in the same local area
are suggested as possible reference surfaces.

(i) The Netherlands

After increasingthe maximum speed limit on highways, in order to compensate for the increased noise
emissions, the Dutch government have introduced mandatory requirements for the use of porous asphalt
concrete (PAC) on all primary roads. The aim is to have road surfaithsan average annual lifetime noise
reduction of 6dB compared to standard dense asphalt concrete 0/16 (DAC).

Rdoc gjr nk™" _ mj\ _n #y)OoO+fkc$' sk mdTi AT di oc  ~d
much more economical option than pus asphalt both in capital and life cycle costs as well as lifetime
noise reduction performance. The approach to contracts taken fordpeed roads in Groningen is to specify
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an initial noise reduction (&g value, see below) of 4 dB and that this reattion should still be at least 2 dB
after 5 years otherwise the contractor must take remedial action (van Keulen, W., 2009)

To aid with procurement specifications, a system has been developed in this country for the noise
classification of road surfacesproviding values known asufgdex (Or Goad in English). The system compares

the SPB values of a number of standard DAC 0/16 reference roads to the SPB measurements of the new
road surface in question. Measurements from at least 5 test sections of the nead must be taken, taking

data from at least 100 passenger cars and 50 trucks and making corrections for any temperature
differences.

The data must be presented as a regression line with SPB noise plotted against speed and the equation of
the line inclueéd. For data to be accepted, it is necessary that the 95% confidence interval of noise data is
less than or equal to 0.3dB at speeds relevant to the road section. Separate plots must be made for
passenger car data and "heavy vehicle" data.

(iv) The Unitedingdom (UK)

An important part of road planning and maintenance may be linked to the Land Compensation Act (1973)
where owners of land or property whose value is adversely affected by a public works are entitled to claim
financial compensation up to 7 yea after completion of the works. This extends to annoyance due to noise
emissions from high traffic volume roads and new {passes. Anecdotal evidence suggests that the costs of
compensation can in some cases amount to a significant percentage of theadivestpital cost of a new road
construction project.

The Design Manual for Roads and Bridges (DMRB) Volume 11 Section 3 sets out a framework for the
environmental assessment of road projects. With regards to technical properties, optionally also including
noise emission, these are characterised by Road Surface Influence (RSI) values. Procurers can specify RSI
values that are certified by the British Board of Agremont under the Highways Authorities Product Approval
Scheme. However, it must be added that theise performance as reflected by RSI values in no way is linked

to the durability of noise reduction performance. Due to a general lack of experience with low noise
pavements, the UK approach is to presume a 3.5 dB reduction in noise emission for pasphbaltalayers

and a maximum 3.5 dB reduction in thin overlays. These reductions are considered as relevant to that of
typical hot rolled asphalt. The road surfaces traditionally used in the UK are hot rolled asphalt (HRA) or dense
bitumen macadam (DBM) itesad of DAC or stone mastic asphalt (SMA). According to general noise emission
data compiled by Abbott et al. (2010) HRA and DBM are even noisier surfaces than DAC or SMA. Since the UK
approach is to consider any surface as a "low noise pavement" if itdra&kSl value of2.5 dB, it is possible

that some reference surfaces such as DAC and SMA used in Denmark and the Netherlands could potentially
be classified as low noise pavements in the UK.

(i) Sweden

The Swedish approach to choosing which road swefacthe best choice is based on a cdsénefit analysis

tool developed by the Swedish National Road and Transport Research Sector (VTI). The tool compares the
costs and benefits of a proposed road surface compared to that of a standard SMA 0/16 pavei@ests

and benefits are divided into 4 parts:

9 Anticipated lifetime construction and maintenance costs (based on assumptions from the experience
of the VTI during simulated wear tests).

1 Costs and benefits of noise emission reduction (based on reductionkanvalue of private houses
and flats. It is not sure to what extent any adverse health effects are accounted for). This is then
linked to the traffic density/speed and the population size that would be affected by the road noise.

1 The socieeconomic costs bparticulate emissions are linked to a specially commissioned study by
the VTI.

1 The costs/benefits or an increase/decrease in rolling resistance are directly linked to the financial
costs of fuel consumption using relationships previously established hg VTl and those of
increased/decreased G@quivalent emissions.
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The expected impact of this codtenefit analysis planning tool according to Sandberg is the use of smaller
aggregate SMA in mediuthigh population density areas despite the reduced duiapibf the surface
because this is outweighed by savings due to lower noise emissions and lower rolling resistance. In especially
high traffic volume roads with high population densities, the use of porous asphalt surfaces may be
calculated as the most cdseffective option, primarily due to low noise emissions.

Discussion

Discussion with stakeholders at the meeting and subsequent feedback reflected that, despite the uniform
requirements of the Environmental Noise Directive, some Member States were far mgrerienced with
road noise mitigation, in particular with lowoise road surface courses, than others. This has been linked to
investigation in R&D on lowmoise road surfaces and participation in EU FP7 projects, in particular in the
Netherlands, BelgiugDenmark, Italy and Sweden.

There was a general agreement that, in the absence of binding local or national legislation, the choice of
whether noise mitigation should be included in a road project is ultimately the responsibility of the body that
provides planning approval for the road project, whose decision will be linked to the planning process and the
associated environmental impact assessment. Some stakeholders supported the inclusion of noise criteria as
a minimum technical specification while otherstated it should be included as an award criterion only
because low noise pavements are associated with increased capital and maintenance costs. This depends
highly on where the road is, the number of vehicles travelling on it, the number of people edpwsthe

noise coming from this road etc. A combination of technical specifications with modest minimum noise
reduction requirements and award points for higher performance road surfaces may be the optimum
approach. Nonetheless, it must be considered ttiere are situations where noise emissions are not a major
issue, for example in low traffic volume roads. The contracting authority should however not only consider
the higher costs of lownoise surfaces, but also the associated direct and indirect b#sedn wider issues

such as human health and property values.

When noise mitigation is specified, either due to legal/planning obligations or the free decision of the
contracting authority, stakeholders stated that the procurer should make it clear initkiation to tender
whether a noise barrier and/or a low noise road surface is required so that tenders are more specific and
easier to compare.

Several Member States' road authorities underlined that there was already collaboration between the bodies
responsible for monitoring requirements of the Environmental Noise Directive and Road Authorities for
monitoring the noise performance of roads. Collaboration is generally easier if the two departments are
grouped under the same Ministry. Muftinctional véhicles for monitoring road surfaces (i.e. roughness, mean
profile depth and noise emissions (i.e. CPX) are used by some Road Authorities.

Rationale

Impacts of noise from roads

Environmental noise pollution has been identified as an extremely importantingierregulated impact that
affects both human health and wider economic factors such as property value. The importance of the issue is
already reflected in Environmental Noise Directive 2002/49/EC, which requires Member States to map noise
levels on roadswith traffic flows >3 million vehicles per year and in urban agglomerations of >100,000
inhabitants from 2012 onwards.

The dominant source of environmental noise in most urban areas is road traffic and so any efforts to
improve environmental noise levels should focus on this area as a priority. The problem is being exacerbated
as traffic volumes increase and as populatioriacreasingly migrate from rural areas into urban or
metropolitan areas. While it is difficult to estimate the direct and indirect costs of noise pollution, a number
of studies have attempted to do this. There are two distinct levels to consider:

1 noise that creates annoyance and difficult to quantify adverse effects on humans

1 noise that harms human health, for example noise levels >85 dB(A) can damage hearing while noise
>60 dB(A) may increase blood pressure, cause hormonal changes and increase the risk of
cardiovascular disease.

A study by Delft (Van Essen et al., 2011) has estimated the external costs of noise emissions from passenger
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Relevance within product scope

While factors such as speed limits, tyre design and vehicle design can significantly influence noise from
roads, these are outside the scope tife GPP criteria. Low noise road surfaces however lie within the scope
of GPP for road construction. Support was also expressed by stakeholders to include noise barriers in the
scope of the criteria because these represent important infrastructure for @aisatement from many roads.

The noise criteria are structured so that procurers can specify minimum technical requirements for a noise
barrier or a lownoise road surface (or a combination of both).

With noise barriers, due to the very sitgecific natue of receptor areas and planning objectives of the local
authority, the objective for noise reduction should be as clearly defined as possible in the invitation to tender
as well as what geographical and planning limits may apply to noise barriers. Thislld also include
defining at what heights noise exposure should be measured.

With low noise pavements, there are various levels of performance possible, both in terms of initial noise
reduction and the durability of noise reduction performance. As aggal rule, if higher noise reduction is
required, this will result in higher capital and maintenance costs. For this reason, award criteria are included
for low-noise pavements, so that procurers can allow more expensive and superior performanegoleg/
pavements to become more competitive in the bidding process if they choose to allocate a high amount of
award points to this criterion.

Proposed minimum levels of ambition for noise reduction

Levels of 34.5 dB(A) noise reduction compared to a referen@gment to be defined by the contracting
authority are proposed as technical specifications for newdoweise road surfaces. These are relatively easy

to achieve with good basic design and construction. Currently availablenloige surfaces can typically
reduce noise levels by-Z dB(A) compared to standard dense asphalt concrete or stone mastic asphalt. When
guantifying the noise reduction performance, one key consideration is the reference pavement used. This
should be identical for all tenderers.

The adiition of award criterion for superior performing lewoise pavements and financial penalties for non
compliance should help encourage the tenderer to maintain a balance between aiming for more ambitious
noise reducing pavements but without making unreiti<laims.

For noise barriers, no particular value is placed (X dB(A)) because the reduction can vary hugely depending on
the definition of the receptor area, the width of the road and the maximum allowable height of the barrier. In
general, reductionsiithe range of 520 dB(A) are achievable for noise barriers.

Although a 3 dB(A) reduction sounds quite small to the-fsrson when we are talking about noise levels in
the range of 5075 dB(A) on roads, it is worth highlighting that due to the logaritbnscale of the decibel
system and the particular nature of sound waves, reducing the noise exposure level from say 68 dB(A) to 65
dB(A) actually corresponds to a drop in acoustic energy of 50%, the same as cutting the traffic volume by
50%. A 3 dB(A) redtion is also the level around which human hearing can notice a reduction in noise levels
(and hence a reduced level of annoyance).

Differences between core and comprehensive criteria

For low noise road surfaces, the main differences are:
1 Increasing the prposed noise reduction for newly constructed pavements from 3 to 4.5 dB(A).
1 Increasing the proposed noise reduction fob4year old pavements from 2 to 3 dB(A).

Assuming that a standard DAC 0/16 or SMA 0/16 road surface is used as a reference, it shoptddible to
achieve a 3 dB(A) reduction using, for example thin surface overlays which are considered to have similar
costs to traditional asphalt pavements and only a slightly reduced durabiliti@8years instead of 1012
years). Furthermore thin surée overlays can be used in many different road situations.

However, if the comprehensive requirement is followed and a 4.5 dB(A) reduction required, then it will be
necessary to use higher performance porous pavements which may not always be suitedt&ncelimates

and road types. For example, in certain road sections such as steep gradients and crossroads, where high
shear forces occur, low noise porous pavements may show not only poor durability of noise reduction
performance but poor durability petes
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For noise barriers, there are currently no differences in the core and comprehensive criteria. Durability of
performance is already covered to a degree by EN 14389 in the design stage. The framework of EN 14389
only requires further testing to be carrieout if visual inspections reveal physical damage to the barrier that
would probably impair its performance of a period of up to 20 years. Another possibility for comprehensive
criteria would be to make some requirements about the embodied energy of neleused in the barriers.
However, it would be best to discuss this with stakeholders before making any proposals on this.

QUESTION TO STAKEHOLDERS

Considering possible criteria on noise barrier material embodied energy would you support:
A. A minimum technical specification? If so, how would you propose to set it?

B. Only as an award criterion? If so, how would you propose to set it?

C. As a combination of a minimum technical specification and award criterion? Again if so how would you

propcse to set it?

D. No criterion on this subject would be preferred? If

S0, any supporting reasons for this opinion?

2.5.2 Criteria proposal

Noise emissions during construction/maintenance

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATIONS

B6. Performance of noise emission during
construction and maintenance

(When planning permission or local/national legislatig
requires, or when specifically requested by the contract
authority)

The design team, DB tenderer or DBO tenderer shall proy
details of how temporary noise barriers (or permanent
part of the final design) shall be erected to reduce noi
levels in the defined receptor area to less thafidB(Ajas
averaged ken and Y dB(A)as averaged kg values as
defined in Annex | of the Environmental Noise. Direct
(2002/49/EC).

Verification: The design team DB tenderer or DB(
tenderer shall submit:

1 a plan of the works site and receptor area &
defined by the Environmental Impact Assessme
legislation or contracting authority whert
relevant.

1 atimetable of works, highlighting when the mos
noisy works ae to take place.

1 specification of the noise barrier location an
approximate properties coupled with bas
acoustic calculations that demonstrate that nois
mitigation in the receptor area will be feasible

B6. Performance of noise emission during
construction and maintenance

(When planning permission or local/national legislati
requires, or when specifically requested by the contract
authority)

The design team, DB tenderer or DBO tenderer shall pro
details of how temporary noise barriers (or permanent
part of the final design) shall be erected to reduce noi
levels inthe defined receptor area to less thak dB(Ajs
averaged ken and Y dB(A)as averaged hgn values as
defined in Annex | of the Environmental Noise. Direct
(2002/49/EC).

Verification: The design team, DB tenderer or DH
tenderer shall submit:

1 a plan of the works site and receptor area &
defined in the Environmental Impact Assessme
legislation or contracting authority request wher
relevant,

1 atimetable of works, highlighting when the mog
noisy works are to take place

1 specification of the noisebarrier location and
approximate properties coupled with bas
acoustic calculations that demonstrate that noig
mitigation in the receptor area will be feasible

CONTRACT PERFORMANCE CLAUSES

C12. Monitoring noise emission during construction

During construction/maintenance  works, the mg
construction contractor, DB contractor or DBO contraq
shall ensure that:

I an appropriate noise barrier is in place

C12. Monitoring noise emission during construction

During  construction/maintenance  works, the mg
constrwction contractor, DB contractor or DBO contrac
shall ensure that:

1 an appropriate noise barrier is in place
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accordance with or exceeding the design,

1 noise levels in the receptor area shall b
monitored during the timetable agreed with th
contracting authority.

1 noise data is processed to produce singulagnl

and Lignt values for each day during the work
timetable that can be compared to the limity
agreed upon with the contracting authority.

If the Leen @and or Ligne values during the agreed omitoring
period are found to exceed the limits defined in th
accepted tender, the contracting authority can stop tl
works or introduce penalties as defined in the invitation
tender. Any penalties shall increase in proportion to t
product of the nuner of dB(A) by which the limits wer
exceeded and the time during which naompliance
occurred.

accordance with or exceeding the design

1 noise levels in the receptor area shall 4
monitored during the timetable agreed with th
contractingauthority

1 noise data is processed to produce singulagnl]

and Lignt Values for each day during the work
timetable that can be compared to the limit
agreed upon with the contracting authority.

If the Leen and or Lign: values during the agreed monitorin
period are found to exceed the limits defined in th
accepted tender, the contracting authority can stop tl
works or introduce penalties as defined in the invitation
tender. Any penalties shall increase in proportion to t
product of the number of B(A) by which the limits werg
exceeded and the time during which naompliance
occurred.

E7. Monitoring noise emission during maintenance

The same aC12

E7. Monitoring noise emission during maintenance

The same aC12

Criteria for low noise pavements

Core criteria

Comprehensive criteria

TECHNICAISPECIFICATIONS

B7. Minimum requirement for low -noise pavement

(When localor national legislation requires, or when lo
noise levels from this road are considered a priority)

The design team, DB tenderer or DBO tenderer shall proy
basic technical details of th@roposed lownoise pavement

B7. Minimum requirement for low -noise pavement

(When local or national legislation requires, or when |
noise levels from this road are considered a priority)

The design team, DB tenderer or DBO tenderer shall pro
basic technical details of th@roposed lownoise pavement
with claims, supported by their own technical data and a

with claims, supported by their owtechnical data and any
third party published reportidicating that:

1

Conformity of production:

A minimum3.0 dB(Ayeduction in noise emissiol
will be achieved in thenew pavementcompared
to a reference dense asphalt concrete (0/1f
surface (or other reference material defined b
the contracting authority).

Durability of performance

A minimum2.0 dB(Ayeduction in noise emissiol
will be achieved in the pavement during the firg
5 years of servicelife compared to a reference
dense asphalt concrete (0/16) surface or oth
reference material defined by the contractin
authority.

Verification: The design team, DB tenderer or DE
tenderer shall describe the nature of the proposedwic
noise pavement such as aggregate grading, aggreg
maximum size, binder used, expected voids volume ¢
expected minimum noise reduction of at lea310 dB(A).

The expected noise reduction performance of the ni
pavement values shall be based on labtway and real life
measurements of test road sections, either by the tendel
themselves or from peereviewed published literature.

The expected noise reduction performance during the
year service life will be estimated based on the tendere

third party published reports indicatinipat:
1

Conformity of production

A minimum4.5 dB(A)yeduction in noise emissio
will be achieved in thenew pavementcompared
to a reference dens asphalt concrete (0/16
surface (or other reference material defined b
the contracting authority).

Durability of performance

A minimum3.0 dB(A)eduction in noise emissio
will be achieved in the pavement during the firg
5 years of servicelife compaed to a reference
dense asphalt concrete (0/16) surface or oth
reference material defined by the contractin
authority.

Verification: The design team, DB tenderer or DH
tenderer shall describe the nature of the proposed Iq
noise pavement such as aggregate grading, aggreg
maximum size, binder used, expected voids volume ¢
expected minimum noise reduction of at leagt5 dB(A).

The expected noise reduction performance of the né
pavement values shall be based on laboratory and real |
measurements of test road sections, either by the tende
themselves or from peereviewed published literature.

The expected noise reduction pemmance during the 5
year service life will be estimated based on the tenderg
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experiene and relevant data, where available.

With respect to the reference surface, this shall be defin
by any national or local systems in place. In the absence
such a system, noise reduction should be compared t(
"virtual* reference road and correctiongpplied for
aggregate size where necessary

experience and relevant data, where available.

With respect to the reference surface, this shall be defin
by any national or local systems in place. In the absence
such a system, noise reduction should be compared tg
"virtual* reference road and corrections applied f
aggregate size where necessary.

AWARD CRITERIA

B20. Performance of low noise surface pavements s

Points will be awarded if the pavement design claims
achieve a noise reduction performance that exceeds f{
minimum technicakequirements (sed37). The allocation of
points shall be as follows:

Conformity of production

1 That the new pavement performance claim
>1.0dB(A) better than the minimum technica
requirement 0.25X point$

1 That the new pavement performance claim

>2.0dB(A) better than the minimum technica
requirement 0.50X point3.

Durability of performance

1 That the pavement performance after 5 years (
service life is >1.0dB(A) than the minimum
technical requirementQ.25X point$

1 That the pavement performance after 5 years ¢
service life is >2.0dB(A) than the minimum
technical requirementQ.50X point$

Verification: Same as stated in ther verification fo
criterionB7

B20. Performance of low noise surface pavements

Points will be awarded if the pavement design claims
achieve a noise reduction performance that exceeds 1
minimum technicakequirements (sed37). Theallocation of
points shall be as follows:

Conformity of production:

1 That the new pavement performance claim
>1.0dB(A) better than the minimum technica
requirement 0.25X point$

1 That the new pavement performance claim

>2.0dB(A) better than the minimum technical
requirement 0.50X point$.

Durability of performance

1 That the pavement performance after 5 years (
service life is >1.0dB(A) than the minimum
technical requirementQ;25X point3

1  That the pavement performance after 5 years (¢
servie life is >2.0dB(A) than the minimum
technical requirementQ.50X point3

Verification: Same as stated in ther verification fo
criterionB7

CONTRACT PERFORMANCE CLAUSES

C13. Minimum requirements for low -noise pavement

Themain construction contractor, DB contactor or the DI
contractorshall submit to testing of noise emissions fron
the road surface and provide test reports using SPB
CPX data gathered according the methodology defineg
ISO 118191 and ISO/CN 11812 respectively.

(¢

Where CPX equipment is not availablegrtain other
techniques may be used as proxy measures by followi
the guidance set out in the SILVIA Guidance Manual.

The initial measurements shall be taken withln3 months
after the opening of the road surface and used f{
demonstrate conformity of prduction with 3.0 dB(A)(or
other higher claimed value) of noise reduction.

After 4-5 years of service life, the noise emissiol
measurements shall be repeated on the same test sectiq
and ideally under the similar meteorological conditions
when the conbrmity of production test was carried out.

The noise reduction performance claims for low noi
pavements that are made by the design team, [
contractor or DBO contractor at the design stage shall
used as a benchmark to determine if any penalties
bonuses shall apply when thecdnformity of productioh
testing of new pavements anddurability of performancé

C13. Minimum requirements for low -noise pavement

Themain construction contractor, DB contactor or the D
contractorshall submit to testing of noise emissions fron
the road surface and provide test reports using SPB
CPX data gathered according the methodology defined
ISO 118191 and ISO/CN 1819-2 respectively.

q

Where CPX equipment is not available, certain ot
techniques may be used as proxy measures by follow
the guidance set out in the SILVIA Guidance Manual.

The initial measurements shall be taken withln3 months

after the opening 6 the road surface and used tq
demonstrate conformity of production witd.5 dB(A)(or

other higher claimed value) of noise reduction.

After 4-5 years of service life. The noise emissio
measurements shall be repeated on the same test sectig
and ideallyunder the similar meteorological conditions
when the conformity of production test was carried out.

q

The noise reduction performance claims for low noi
pavements that are made by the design team, [
contractor or DBO contractor at the design stagealitbe
used as a benchmark to determine if any penalties
bonuses shall apply when thecdnformity of productioh
testing of new pavements anddurability of performancé

25 See Sandberg, U., The global experience in usingnioige road surfaces: A benchmark nep2009. p.3eB3.
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testing of 5 year old pavements is carried out.

The framework for any applicable penalties, bonuses
remedial action shall be clearly stateuh the invitation to
tender.

testing of 5 year old pavements is carried out.

The framework for any applicable gmalties, bonuses o
remedial action shall be clearly stated in the invitation
tender.

QUESTION TO STAKEHOLDERS

Should the monitoring of noise emissions be specifically mentioned as being carried out by qualifie

independent 8 parties or may this create a potential

agency responsible for implementing the Environmental Noise Directive which could be argued as not
completely independent of the National Road Authorityieh also forms part of the government?

)
conflict if for example, it is measured by a governn

Noise batrrier criteria

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATIONS

B8. Noise barrier design and material properties

(When planning permission or local/national legislati
requires, or when low noise levels from this road g
considered a priority)

The design team, DB tenderer or DBO tenderer shall proy
basic technical details about the noise barrier placeme
dimensions and material(s). For barriers using modular
prefabricated elements, the details shall include as
minimum the performance class according to EN 1793
for reflective noise barriers, EN 1793 for absorbing noise
barriers and the expected durability of performanc
according to EN 14384 for either type of barrier. The
tenderer shall also declare a minimum noise reducti
performance of X dB(A)across the noise barrier from
fixed point on the road to a defined receptor area that shi
be achieved with their proposed design.

[«

Verification: The tenderer shall provide design details |
the proposed noise barrier as well as a test report of noi
barrier material assessment carried out in accordance w
the requirements of EN 14384 and EN 17931 or EN
1793-2 (or equivalent). The tenderer al state the
minimum claimed noise reduction performance across f
noise barrier between defined points.

B8. Noise barrier design and material properties

(When planning permission or local/national legislati
requires, or when low noise levels from this road &
considered a priority)

The design team, BD telerer or DBO tenderer shall provid
basic technical details about the noise barrier placeme
dimensions and material(s). For barriers using modular
prefabricated elements, the details shall include as
minimum the performance class according to EN9B?2

for reflective noise barriers, EN 17923 for absorbing noise
barriers and the expected durability of performang
according to EN 14384 for either type of barrier. The
tenderer shall also declare a minimum noise reducti
performance of Y dB(A)acros the noise barrier from a
fixed point on the road to a defined receptor area that sh
be achieved with their proposed design.

Verification: The tenderer shall provide design details

the proposed noise barrier as well as a test report of noi
barrier material assessment carried out in accordance wi
the requirements of EN 143894 and EN 17931 or EN
1793-2 (or equivalent). The tenderer shall state th
minimum claimed noise reduction performance across
noise barrier between defined points.

C1. Testing of in -situ constructed noise barrier

During an agreed period after construction of a noif
barrier, the tenderer shall submit to conformity ¢
production testing of the noise barrier by an independe
body, in accordance with EN793-6 or other standard
tests specified clearly in the invitation to tender. Resu
shall comply with the minimumX dB(A)noise reduction
requirements stated in the original proposal.

Verification: A test report produced by an independe|
body stating ompliance with the irsitu sound insulation
values (if tested according to EN 1798) shall be provided.

CL1. Testing of in -situ constructed noise barrier

During an agreed period after construction of a noi
barrier, the tenderer shall submit to conformity g
production testing of the noise barrier by an indeukmt
body, in accordance with EN 1798 or other standard
tests specified clearly in the invitation to tender. Resu
shall comply with the minimumY dB(A)noise reduction
requirements stated in the original proposal.

Verification: A test report producedy an independent
body stating compliance with the isitu sound insulation
values (if tested according to EN 1798) shall be
provided..

CONTRACT PERFORMANCE CLAUSES

C14. In-situ performance of the noise barrier

The contracting authority shall provide plans of the si
drawn to scale and with existing features marked and
clearly defined receptor area or areas which should
protected by the noise barrier. Reference points shall

C14. In-situ performance of the noise barrier

The contracting authority shall provide plans of the si
drawn to scale and with existing features marked and
clearly defined receptor area or areas which should

protected by the noise barrier. Reference points shall
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marked which shall be used todefine where noise
measurements should be taken to later measure thesitu

performance of the constructed noise barrier. A minimy
required noise reduction performance &f dB(Axhall also
be clearly communicated in the invitation to tender..

After canstruction, the main construction contractor or DE
contractor shall submit to independent testing of the-gitu

performance of the noise barrier. Testing may be carri
out according to EN 179% or other relevant and
equivalent methods that are agreed pon with the
contracting authority.

If the noise reduction performance across the noise barr
fails to meet the minimum technical requirements, th
main construction contractor or DBO contractor sh
undertake remedial action at no additional cost to et
contracting authority.

marked which shall be used to define where noi
measurements should be taken to later measure thesitu
performance of the constructed noise barrier. A minimy
required noise reduction performance &f dB(Axhall also
be clearly communicated in the vitation to tender..

After construction, the main construction contractor or D
contractor shall submit to independent testing of the &itu

performance of the noise barrier. Testing may be carri
out according to EN 179% or other relevant and
equivalent methods that are agreed upon with th
contracting authority.

If the noise reduction performance across the noise barr
fails to meet the minimum technical requirements, th
main construction contractor or DBO contractor sh
undertake remedial a@n at no additional cost to the
contracting authority.

Summary rationale:

A very brief summary of rationale is provided below:

1

Noise emissions during construction can be considered as a minimum technical specification and
may be linked directly to theEnvironmental Impact Assessment as part of the planning process
where relevant.

Low noise pavements should be set as a minimum technical specification when specifically required
either by local/national legislation, planning conditions or when-tmwise levels from this road are
considered a priority. Low noise pavements can achieve significant environmental benefits in most
road situations with the exception of low traffic volume roads. The minimum requirements set are
relatively easy to achieve in orderotprevent placing a significant cost burden on contracting
authorities but more ambitious approaches are outlined in the comprehensive criterion. Public
authorities should however also take the significant benefits from noise reduction into account when
setting the noise requirements. Key to the level of difficulty of the criterion shall be the definition of
the reference road against which noise performance shall be compared. Scope is also given to more
expensive and very low noise pavements by the in@osof award criteria for superior noise
reduction performance. Attention is also paid to the durability of noise reduction performance
because this is a welknown issue with lownoise pavements and good performance of a new
pavement is not a reliable indation of its performance over a longer period of time..

We do not provide a general recommendation to favour either noise barriers omloise pavements

in GPP criteria despite their different life cycle costs and differences in reported-loeséefit
anayses. The optimum solution will always depend strongly upon site specific factors and
constraints and so freedom should be left to the contracting authority to specify which approach (or
if both approaches should be used) in the invitation to tender.

2.5.3

The criteria classification, their reference numbers in the criteria document and the respective procurement
phase can be crosseferenced as follows.

At what stage of the procurement process are the criteria relevant

Title of the criterion Procurement phase Criterion classification Criteria Reference
typology number in
the criteria
document
Performance of noise
emission _durlng B. Detailed deS|gn and Core and Comprehensive Teqhnlcgl B6
construction and performance requirements specification
maintenance
Monitoring noise emission . Contract
) . C. Construction and E. .
during construction : . Core and Comprehensive performance Cl12 E7
Maintenance and operation clause
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Performance of low noise B. Detailed de3|gn and Core and Comprehensive Award criteria B20
surface pavements performance requirements
M|n|mgmreqU|rements for C. Construction Core and Comprehensive Award criteria C13
low-noise pavement
Noise barrier design and B. Detailed design and . Technical
. h . Core and Comprehensive e B8

material properties performancerequirements specification
Testing of ”*S'tF’ . C. Construction Core and Comprehensive Tec_h_nlc_al C1
constructed noise barrier specification
In-situ performance of the Contract

Sty pert C. Construction Core and Comprehensive performance C14
noise barrier clause

2.6 Other environmental criteria
2.6.1 Lighting
2.6.1.1 Background technical discussion and rationale for lighting

According to then force EU GPP criteria of street lighting and traffic sigri&lshe key environmental impact

from street lighting and traffic signals is energy consumption in the use phase and associated greenhouse
gas emissions. Other environmental impacts could potentially result from the use of certain substances e.g.
mercury and lighfpollution, depending on the location of the lighting.

Therefore the core criteria focus on energy consumption, in particular lamp efficacy and ballast efficiencies
for street lighting and promotion of LED traffic signals. Setting energy efficiency respants for lamps will

lead to a reduction in their overall mercury content. The comprehensive criteria include further aspects on
energy consumption and luminaire design, in balance with the required energy efficiency criteria.

Fixed lighting installatiorintended to provide good visibility to users of outdoor public traffic areas during the
hours of darkness to support traffic safety, traffic flow and public security

A Link to the currently in force EU GPP criteria is therefore proposed.

2.6.1.2 Criteria proposal

Core criteria Comprehensive criteria

TECHNICAL SPECIFICATIONS

B9.  Performance lighting

installations

requirement for lighting | B9. Performance

installations

requirement for

All lighting shall be equipped with lamps and sggs that | All lighting shall be equipped with lamps and signals th
are in compliance with the criteria for street lighting arn are in compliance with the criteria for street lighting an

traffic signals. traffic signals.
EU GPP criteria for street lighting and traffic signals EU GPP criteria for streeghting and traffic signals

http://ec.europa.eu/envirorent/gpp/pdf/criteria/street_lighti http://ec.europa.eu/environment/gpp/pdficriteria/street_lig

ng.pdf ng.pdf
Verification: Verification:

See the respective EU GPP criteria documents. See the respective EU GPP criteria documents.

Summaryrationale:

1 Alink to the currently in force EU GPP criteftiastreet lighting and traffic signalds proposed.

26 http://ec.europa.eu/environment/gpp/pdf/criteria/street_lighting.pdf
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http://ec.europa.eu/environment/gpp/pdf/criteria/street_lighting.pdf

2.7 Congestion
2.7.1 Background technical discussion and rationale for congestion

Congestion is caused by lane and road closures necessary for road construction and/or maintenance. It can
greatly influence vehicle fuel consumption due to queues and associated slowdown (Taylor P. et al., 2012).

Santero et al. (2011a) hypothesize thaticdb " no dj i Nipg_ ] \ hprc bm \o ™ m
environmental impact than construction materials and equipment and conclude that the environmental

impacts associated with congestion are dependent upon the project and site characteristics. Foatfiev

rural and local roads, 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 cycle. From an eimonmental perspective, a lonlife pavement with high durability has

less need for lane closure and thus reduces the impacts of congestion.

According to Huang et al. (2009), in order to reduce the environmental impacts of road maintenance works,
effective traffic management (lane closure, traffic diversion) and phasing of the roadwork intepetik
hours (night shifts) have to be planned. Moreover, planning the use of hard shoulders duringhpaek
could be beneficial in order to decrease congestion.

CHDR report 'Comparison of the congestion policies of national road authorities' (CEDR, 2011) analysis some
policy interventions and programmes to prevent and mitigate the congestion in roads:

9 Physical expansion of capacity

0 Major projects to add capacity ttraffic corridors, such as adding lanes to roads, building new
road links, bypasses, improving large intersections, shortening of planning procedures to
speedup delivery of projects, new design/construct contracts, centralisation of planning and
realisaion.

o Minor road construction projects at specific bottlenecks and junctions, which often give a high
benefit-to-cost ratio.

1 Better management of capacity

o Management of roadworks by optimising planned roadworks and using ITS to optimise traffic
operations and reduce the soci@conomic costs of the roadworks; a construction site
management system to optimise the timing and planning of works; innovative quickchange
moveable barriers to reduce the time needed to set out traffic management and to improve
the sdety of the on-road workforce; a new regulatory framework providing organisational and
technical specifications; improvement of the -codination of roadworks between different
road authorities.

o Incident and accident management, including procedures aathiing for contractors. In the
UK, there is a dedicated traffic officer service to manage traffic, clear debris from motorways,
and order the removal of abandoned, broken down and accidinhaged vehicles from the
motorway network. In France, on days wheaaffic is heavy and likely to cause disruption,
traffic progress is monitored in real time by the police and gendarmerie and operations are
adjusted accordingly, including the setting of signs to control access or the provision of
alternative routing inbrmation.

o Intelligent Transport Systems (ITS) at bottlenecks, e.g. information signs, queue warning,
variable message signs (VMS), travel times shown on a website, travel times shown on VMS,
CCTV images on the internet, dynamic speed limits to harmonisediktribution of traffic,
ramp metering, temporary use of the hard shoulder, dynamic lane management, and strategic
diversions of traffic.

0 Heavy Goods Vehicles: Overtaking bans on some stretches of the network for lorries, and
regular checks of lorries tadentify dangerous loads that might cause accidents, HGV tolling
schemes, and the testing of antilting devices.

o Winter road operations, including 24/7 maintenance on motorways, intelligent use of thawing
agents, and spraying systems at particular hotép. Bad weather plans are in place in France
in 7 'defence zones' to minimise the impact of heavy snowfall and ice on the network. These
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plans contain a variety of interventions including priority salting, traffic control, and diversions
with decisioamaking being coordinated between all of the affected defence zones.

o0 Management of major events through dissemination of information, the implementation of
traffic management on the network, and the provision of guidance on best practice.

o Creating parking aremfor pool driving or parking areas at public transportation terminals to
support the transfer between private cars and public transportation, thereby reducing the
traffic volume.

1 Information systems

o Influencing driver behaviour through pitep information services to help drivers avoid
congestion and make other journey choices (other modes) and by providingripn
information.

o Collection of data to improve knowledge of where congestion is a problem and to contribute to
decisionmaking on solutions; imphaentation of a nationwide data warehouse.

Berkum and Huerne (2014) presented a muitbjective framework where for a longer period of time, cost
and hindrance of specific road maintenance works can be determined, as part of a decision support tool for
the optimal planning of maintenance works. For this they developed an alternative traffic assignment
method that is able to predict traffic flow in a network in the presence of road workigure 17 shows
effects on two criteria (cost and hindrance) that were calculated using that framework, for different solutions
of a road maintenance project. This tool enables the procurer to make a decision based on the Most
Economicdy Advantageous Tender, as suggested by one of the stakeholders.

Costs versus Hindrance both in €
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Figure 17: Cost of maintenance versus hindrance costs of road maintenance activities

Previous draft criteria area for congestion and stakeholders consultation

This criteria area is fully linked to the construction and maintenance activities, thus the ITT of this services
should include a requirement on a traffic congestion mitigation plan that includes:

1 Timeline including expected construction and/or maintenaactévities for the road service life.

1 Where necessary, alternative routes for diverted traffic during such activities will be provided. The
use of hard shoulders should be specified.

The procurement contract would contain a clause or clauses committiegpidurty responsible for planned
maintenance to carry out such works during gf€ak hours only and, where seasonal traffic fluctuations are
high, during offseason periods.
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Another key issue on the management of the traffic congestion is related to thermftion provided to the

user. Thus, the road should be equipped with traffic management devices: traffic lights, information screens
and variable road signs. Although the scope of the study does not cover this type of elements, meaning the
criteria are nad expected to include specific requirements for those elements, it is reasonable to consider the
possibility of such equipment to be part of the traffic management requirements to minimize traffic
congestions.

Stakeholders have pointed out that the commuation is a key tool to enables travellers in advance to make
good decisions. Contractors are asked (via Most Economically Advantageous Tender) to reduce the number of
lost vehicle hours. Contractors are responsible both for thinking and realising thessunes.

Other comment recommended the criteria on via availability (e.g. number of open lanes in various time slots
per day) together with penalties in case such criteria are not met, an NRA or local authority could steer

congestion potentials, also for spective maintenance

works.

It was also suggested the use of tidal flow lanes to ease traffic congestion in peak hours.

2.7.2 Criteria proposal

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATIONS

B10. Traffic congestion mitigation plan

A ftraffic congestion mitigation plan shall be presentg
including

1 Timeline with expected construction and/
maintenance activities for the road service life.
1 Alternative routes for diverted traffic during suc

activities, if necessary.

If the design team, DB tenderer or DBO tenderer inclu
congestion solutions based on tidal flow lanes or ha
shoulders to be used as lanes, they shall present a L(
analysis, including user cost externalities due to congesti

For those roads wherentelligent traffic systems (ITS) arg
implemented for traffic management, the road shall b
equipped with the devices needed to support the I
cameras, traffic lights, information screens and variab
road signs

Verification:
The design team, DB tendarer DBO tenderer shall provid
the detailed traffic congestion mitigation plan, the LCCA

accordance with ISO 15686 (if required) and the
descriptions of the ITS devices (if required).

B10. Traffic congestion mitigation plan

A traffic congestion mitigation plan shall be presentg
including:

M Timeline with expected construction and/
maintenance activities for the road service life.
9 Alternative routes for divertedraffic during such

activities, if necessary.

If the design team, DB tenderer or DBO tenderer inclu
congestion solutions based on tidal flow lanes or ha
shoulders to be used as lanes, they shall present a L(
analysis, including user cost extern@is due to congestion

For those roads where Intelligent traffic systems (ITS) &
implemented for traffic management, the road shall b
equipped with the devices needed to support the I
cameras, traffic lights, information screens and variab
road sgns

Verification:
The design team, DB tenderer or DBO tenderer s
provide the detailed traffic congestion mitigation plan, th

LCCA in accordance with ISO 1568B€qif required) and the
descriptions of the ITS devices (if required).

CONTRACT PERFORMBHE CLAUSES

C15. Commissioning of the

mitigation plan

traffic congestion

The main construction contractasr the DB contractoror
DBO contractor shall provide documentary evidence of
correct implementation of the congestion mitigation plan.

The Road authority will verify the specific requirements f
congestion (ITS devices, tidal flow lanes and hard shatlg
after the construction before the road opening and
months after the opening (iservice road).

In case of unsatisfactory or necompliant results, refer to
general contract performance clause text@2

C15. Commissioning of the ion

mitigation plan

traffic congest

The main construction contractasr the DB contractoror
DBO contractor shall provide documentary evidence of
correct implementation of the congestion mitigation plan.

The Road authoritwill verify the specific requirements fo
congestion (ITS devices, tidal flow lanes and hard shoulg
after the construction before the road opening and
months after the opening (iservice road).

In case of unsatisfactory or negompliant results, refeto
general contract performance clause text G2

E8. Commissioning of the traffic
mitigation plan

The same asC15

congestion

E8. Commissioning of the traffic
mitigation plan

The same asC15

congestion
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Summary rationale:

1 Congestion is caused by lane and road closures necessary for road construction and/or maintenance.
It can greatly influence vehicle fuel consumption due to queues andaiged slowdown

1 In order to reduce the environmental impacts of road maintenance works, effective traffic
management (lane closure, traffic diversion) and phasing of the roadwork intepefik hours (night
shifts) have to be planned. Moreover, plannitng tuse of hard shoulders during pediours could be
beneficial in order to decrease congestion.

1 Also specific design requirements could be requested for the road construction: tidal flow lanes and
devices to support the Intelligent Traffic Systems of theaffic Management Authorities.

2.7.3 At what stage of the procurement process are the criteria relevant?

The current required road capacity (number of lanes and appropriate speed limit) will be defined based on
current and possibly future predicted traffic fles in thepreliminary scoping and feasibilityrurthermore, the
congestion might be caused by an ill designed capacity of the road. It is recommendable to study the traffic
flow expected on the road along its lifetime, especially in urban roads as ring$ distributors. In those
cases, the decision on the road capacity should take into account the-lesgdplan of the urban area and the
future demographic scenarios. For this purpose, it is suggested to take into consideration in the strategic
planning thefollowing: te road capacity design will be compared with modelling of future traffic flow during
its design service lifes taking into account lan€use planning in the road catchment area and accounting for
different future demographic scenarios

The desgn team, B tenderer or DBO tenderer should provide a preliminary traffic congestion mitigation plan
in the detailed design and performance requirementdoreover, traffic management devices as traffic lights,
information screens and variable road signsauld be planned in order to manage congestion.

Implementation and verification of the detailed design (ITS devices, tidal flow lanes and hard shoulder) is
proposed in theconstruction phaseSpecific contract clauses related to planned maintenance comeitis
are proposed to be included in thmaintenance phase

The criteria classification, their reference numbers in the criteria document and the respective procurement
phase can be crosseferenced as follows.

Title of the criterion Procurement phase Criterion Criteria Reference number in
classification typology the criteria document
Traffic congestion mitigation B. Detalled design and Core and Technical
performance . e B10
plan - Comprehensive specification
requirements
N . Contract
Comm|5_3|on|ng Of.the gt C. Construction Core and‘ performance C15
congestion mitigation plan Conprehensive
clauses
Commissioning of the traffic . Core and Contract
; .\, E. Maintenance . performance E8
congestion mitigation plan Compehensive clauses
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2.8 Maintenance and rehabilitation strategies
2.8.1 Durability
28.1.1 Background technical discussion and rationale for durability

The deterioration rate of materials, dependent on their mechanical and chemical properties, together with the
appropriate design and construction of the road, are the factors with the biggest influence on the service life
of the road and its needs for matenance.

According to OECD Report (OECD 2005), paving materials can be grouped into one of four main categories:
asphaltic, cementitious, composite or synthetic. The end products can have attributes akin to existing flexible
and rigid pavements, or somewhe in between, as shown iRigurel8.

The overall trend is to increase the strength of flexible systems and increase the flexibility of rigid systems.

Flexible Composite Rigid

Figure 18: Scheme for flexible, composite and rigid pavements

The report also contains a qualitative ranking of various materials with regard to construction and
maintenance issues as well as ender and other societal issues. The materialslirded in this comparison
are highly modified reacted asphalt, reactive modified asphalt, synthetic binder, asyzeattent composite,
and highperformance cementitious materials. A lower number reflects beneficial qualities for the particular
criterion. 'Aticipated lifetime' means the service lifetime of the road pavement until its rehabilitation.

Table 18: Comparison of various materials (OECD, 2005)

Flesible systems £ - Figid systems
F.eaﬁhranlidrled 4&acalls:elh|;||?idrhed Synihetic binders Composites P.eagtm\.: rz:euder
Design 1 2 2 2 1
Testing 1 2 2 2 1
Production On site Onloff stz Onloff site On site Off site
Construction 112 21-32 21-32 22-32 22-32
Complexity 1 2 2 2 2
Speed 1 13 2-3
Ease of paving 2 2 2 2 2
Heaith and safefy 122 211 o in 1211
Worker health 1 2 2 1 1-2
Fire hazard 2 1 1 1 1
Zpill damage 2 1 1 1 1
Maintenance
Ease 1 e 2 2 2
Anticipated cast o 2 2 3 1
User criferia
Smoothness 1 143 13 1 1-3
Noise 1 12 12 2 3
Skid resistance 2 1 1 2 3
Splash 1 1 1 2 3
Ability to recycle Completely Yes Yes Yes Yes
Anticipated lifetime
Years 1525 20-30+ 20-30+ 1525 40-
Cost 2 23 3 2 4

Note: Lower number imdicates beneficial qualifes.

As it is shown in theTable 18, a compromise between the different considerations should be reached to
attain the optimized solution, particularly in terms of lifetime and costs of construction and maintenance. The
most durable materials mightentail larger costs of construction, but those expenses could be offset by
means of less demand of maintenance.

96



The information available at the Guidance provides an overview of the needs of maintenance (routine,
periodic and rehabilitation) for flexiblejgid and semirigid pavements (se€fable 19, Table 20, Table 21,
Table22, Table23)

Table 19: Expected frequencies of routine maintenance on flexible pavements

Flexible Scenario Truck Maintenance per 1 km First Frequency (years)
Traffic road activity after
AADTT construction
(year)
High Crack sealing 100-500 m 8 5-8
Pothole repair 5-10% 8 5-8
Motorway Medium Crack sealing 100-500 m 5 5-10
highway Pothole repair 5-10% 10 10
Low Crack sealing 100-500 m 5 5
ARA 2011 Pothole repair 5-10% 10 10
' Secondary High Crack sealing 100-500 m 10 5-10
[regional roads Pothole repair 5-10% 10 8-10
Medium Crack sealing 250-500 m 10 5-10
Pothole repair 2-10% 10 5-10
Low Crack seal _ 250-500 m 10 5-10
Pothole repair 2-5% 10 10
COwI, 2014 5% of
g::ze\(/j&o; Local roads gg?rflglzeizg?r surfacec)per After 3-5
2011) year
Federbeton Motorway Crack sealing 4 7
2010 [highway Pothole cracking 4 1(after 4)
Motorway/highway (2 lane per carriageway): Secondary/regional roads (1 lane per carriageway):
High: AADTT 10000 Medium: AABDDO-7000 Low: AADTT 2500 High: AADTT 1500 Medium: AADTT-3@00 Low: AADTT 250
A lane width of 3.53.75 meters

Table 20: Expected frequencies of routine maintenance on rigid and semi  -rigid pavements

Pavement Scenario Truck Maintenance per 1 km First Frequency
Traffic road activity after (years)
AADTT construction
(year)
Rigid Motorway High Reseal joints 50% 12 12-15
[highway Medium Reseal joints 25% 12 12-15
Low Reseal joints 25% 12 12-15
ARA, 2011 Rigid Secondivy High Reseal joints 20-25% 12 12-15
Iregional Medium Reseal J:o?nts 10-20% 12 12-15
fregiona Low Reseal joints 10-20% 12 12-15
Motorway/highway (2 laneer carriageway): Secondary/regional roads (1 lane per carriageway):
High: AADTT 10000 Medium: AADTT 50000 Low: AADTT 2500 High: AADTT 1500 Medium: AADTT 8000 Low: AADTT 250
A lane width of 3.53.75 meters

Table 21: Expected frequencies of periodic maintenance of flexible pavements

Flexible Type Truck Maintenance Thickness First Frequency
Traffic (mm) activity after (years)
AADTT construction (year)
High Milling and replace 50-90 32
m—)imﬁ\:vm;a Medium Milling and replace 40 2(2) 13-15
ARA, 2011 Low Milling and replace 40 20 13-15
Secondary | High Milling and replace 40-90 20 28
[regional Medium Milling and replace 40 20 28
roads Low Milling and replace 40 20 28
cowl, 2014 Patching After 5
Fog seal After 5-7
(based on data | Local Low >
V&S, 2011 Chip sgal After 7-10
' Recycling After 10
Federbeton 2010 —)Mqtorwa Milling and replace 7 7
[highway
Motorway/highway (2 lane per carriageway): Secondary/regional roads (1 lane per carriageway):
High: AADTT 10000 Medium: AABDD0-7000 Low: AADTT 2500 High: AADTT 1500 Medium: AADTT-H@00 Low: AADTT 250
A lane width of 3.53.75 meters
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Table 22: Expected frequencies of periodic maintenance of rigid and semi  -rigid pavements

Rigid and Type Truck Maintenance % on 1 First Frequency
semi-rigid Traffic km of activity after (years)
AADTT road construction
(year)
Motorwa High‘ Part?al depth repa?r 5 12 12-15
/—\hi hwa Medium Part!al depth repair 2-5 12 12-15
ARA 2011 Aighway L(_)W Part!al depth repair 2-5 12 12-15
' Secondary High Partial depth repair 5 25 12-15
[regional roads | Medium Partial depth repair 2-5 25 15-25
Low Partial depth repair 2-5 25 15-25
Federbeton Motorway (Semi Cracking longitudinal joint 13 7
2010 [highway rigid) Punch out and deterior. 10 10
Motorway/highway (2 lane per carriageway): Secondary/regional roads (&ne per carriageway):
High: AADTT 10000 Medium: AADTT 50000 Low: AADTT 2500 High: AADTT 1500 Medium: AADTT H000 Low:
AADTT 250
A lane width of 3.53.75 meters

Table 23: Expected frequencies of rehabilitation of flexible pavements

Flexible Type Truck Maintenance % per 1 First Frequency (years)
Traffic km of Activity after
AADTT road initial
Construction
(year)
High Full depth repair 10 18 27
Motorway Medium Full depth repair 5.10 18 27
[highway 48
ARA, 2011 Low Full depth repair 5 48
Secondary High Full depth repair 10 35
[regional Medium Full depth repair 5 35
roads Low Full depth repair 5 35
COowl, 2014 New overlay with:
((jbaatzed v &(;r’] Local Low w\:/l';\ After 15-20 years
2011 CMA
ggiigrbeton /Mh—)?tﬁc\\;vaa Full depth repair 28 28
Motorway/highway (2 lane per carriageway): Secondary/regional roads (1 lane per carriageway):
High: AADTT 10000 Medium: AADTT 50000 Low: AADTT 2500 High: AADTT 1500 Medium: AADTT 8000 Low: AADTT 250
A lane width of 3.53.75 meters

The datacollected in tables above show that the frequency of maintenance depends on the type of material,
but also on the type of road (motorway or secondary road) and, in the case of flexible pavements, on the
proportion of truck traffic borne by the road. Nevbkdless, it seems reasonable to set a common minimum
durability expressed as time, for all type of roads (motorway or secondary roads, and different rates of
heavy traffic), which would rule the design of the road in terms of materials and constructionitees.

In this regard, there is a recent example of draft technical specifications on durability of flexible pavement
which is currently under discussion by the Italian Ministry of Environment. These specifications will likely be
formulated as minimum seviceability of surface course (5 years), binder course (10 years) and base course
(40 years).

Similar durability requirements are regarded within the concept 'Perpetual pavement' introduced in 2000 in

US by the Asphalt Pavement Alliance (APA) . Théeyadi -~ _ \ K mk op\g K\g h io \n
designed and built to last longer than 50 years without requiring major structural rehabilitation or
reconstruction, and needing only periodic surface renewal in response to distresses confined tqtbkethe
kg h io» #<K<' =-++-3%) Oc™ V_g\ioVb™ n ja np”c k\qg h°

1 Low life-cycle cost by avoiding deep pavement repairs or reconstruction,

1 Low userdelay costs since minor surface rehabilitation of asphalt pavements only requires short
workwindows that can avoid peak traffic hours, and
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T Gjr “igdmjih> io\l\g dhk\”0 ]t m
and recycling any materials removed from the pavement surface.

_p~rdi b oc”

Regardless the structural integrity of the pavememteriodic resurfacing generally needs to occur within 20
years to improve friction, reduce noise, and mitigate surface cracking (APA, 2010). The durability proposed by
the 'Perpetual pavement' project seems in line with the draft award criterion undecudision in the
framework of the Italian GPP for road construction.

A relevant US project addressing the durability of asphalt pavements is Superpave which stands for SUperior
PERforming Asphalt PAVEments. Superpave consists of three basic components:

1 Asptalt binder specification.
1 Design and analysis system based on the volumetric properties of the asphalt mix.

1 Mix analysis tests and performance prediction models.

Based on the rationale above, the ageing effects on the road can be monitored during thatopephase,

but exante criteria aimed at selecting the most appropriate design in terms of durability of the road surface
and structure would lead to an optimized maintenance strategy. It seems feasible to set a common
minimum durability for the surfae, which would apply to asphalt surface on rigid and flexible pavements,
and for the binder course, for all types of roads (motorway or secondary roads). For the base, there are
relevant differences between rigid and flexible pavements that make them haodimparable, so a common
approach seems difficult to set for both type of pavements. Neverthless, a minimum durability of 40 years
could be proposed for the base course in line with the proposal of the above mentioned projects. It is
suggested to discusthis proposal with stakeholders at the 2AHWG.

QUESTIONS TO STAKEHOLDERS

Do you think that is feasible to include the durability of pavement surface and rehabilitation as a techpical
specification?

Could you please provide durability data for rigid and semgid pavements in order to set a similar criteria
proposal?

2.8.1.2 Criteria proposal

Core criteria Comprehensive criteria

TECHNICAL SPECIFICATIONS

B11. Performance requirements for durability of
pavement surface and rehabilitation

B11. Performance requirements for durability of
pavement surface and rehabilitation

The road pavement raa shall comply with the following The road pavement shall comply with the followin
minimum durability: minimum durability:

1 5 years for the surface course 1 5 years for the surface course
1 10 years for the binder course (excluding th 1 10 years for the binder course (excluding th
surface) surface)
1 40 years for the course base 1 40 years for the course base
Verification: Verification:

\'hjpio

The Design team, DB tenderesr DBO tenderer shal
provide a technical report specifying the minimu
durability (service life) of the surface, binder and bay
courses. The report shall include the evaluation of t
bearing capacity and the fatigue resistance, the viscoplag
and fractue strains of the road pavement layers an
materials. The report shall include appropriate data a
information, specifically related to materials physiea
mechanical performances, construction technologies g

The Design team, DB tendereor DBO tenderer shal
provide a technical report specifying the minimu
durability (service life) of the surface, binder and ba
courses. The report shall include the evaluation of
bearing capacity and the fatigue resistandége viscoplastic
and fracture strains of the road pavement layers an
materials. The report shall include appropriate data a
information, specifically related to materials physiea

mechanical performances, construction technologies g
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process, design activities workplan. process, design aivities workplan.

CONTRACT PERFORMANCE CLAUSES

Please refer to the general contract performance claud2 | Please refer to the general contract performamclauseC2
Commissioning of the road construction Commissioning of the road construction
Please refer to the general contract performance claisé | Please refer to the general contract performance clausé
Commissioning of the road maintenance Commissioning of the road maintenance

Summary rationale:

1 The deterioration rate of materials, dependent on their mechanical and chemical properties, together
with the appropriate design and construction of the road, are the factors with the biggest influence
on the service life of the road and its needs for mé&mance.

1 The most durable materials might entail larger costs of construction, but those expenses could be
offset by means of less demand of maintenance.

I The ageing effects on the road can be monitored during the operation phase, bainex criteria
aimed at selecting the most appropriate design in terms of durability of the road surface and
structure would lead to an optimized maintenance strategy.

2.8.1.3 At what stage of the procurement process are the criteria relevant?

The criteria classification, theireference numbers in the criteria document and the respective procurement
phase can be crosseferenced as follows.

Title of the criterion Procurement phase Criterion classification Criteria Reference
typology number in
the criteria
document
Performance requirements . . .
for durability of pavement B. Detailed deS|gn 1 Core and Comprehensive Tec_:r_mlc_al B11
surface and rehabilitation performance requirements specification
Commissioning of the road Contract
; 9 C. Construction Core and Comprehensive performance c2
construction
clause
. . Contract
Cor_nmlssmnmg of the road E. Malntengnce and Core and Comprehensive performance E4
maintenance operation
clause
2.8.2 Maintenance and rehabilitation strategies strategy plan
28.2.1 Background technical discussion and rationale for maintenance and rehabilitation
strategies

The maintenance fothe 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 to damaged pavement, but tla¢go might cause traffic congestion.
The road network in Europe 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
deteriorationdue 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 should be planneddascheduled in time so congestion can be
minimized.

Maintenance and maintenance objectives

Maintenance activities can be classified in 3 different groups (Weninggeudil, 2009):
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Routine Maintenancdalso called road operations): small measures to replmical 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 otheassalts) in a
defined (minimun) 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 account for the evalia of the maintenance backlog. These works are
either conducted by the road administrations themselves or are contracted out.

Planned (major) maintenanceaintenance measures with a long lasting improving effect to the condition of
the subasset or compaent (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 soon as the condifittre component falls below a given
warning level and they have to be conducted according to a priority rating (e.g-ab@lgsis)using the
relevant management system taking into account the given budget availability. These measures normally are
combinedto bigger construction sites and are contracted out following a tendering process.

Upgrade and extensionmeasures which upgrade the existing sabset or component or extend the
infrastructure to a higher level than the original new condition (e.g. dddél 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 combining
both objetives 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 calculation of the backloghe 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 Association (reference):

Routire 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:

1 cracksealing

1 pothole repair

1 minor correction of surface tdure 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 deterioration through raveltidg
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

9 reconstruction or recycling of pavemematerials, etc.
Condition and Performance Indicators

For the characterization of the condition or functionality of a sabset or component performance indicators
should be used and should describe the different characteristics in a balanced way. Thé@elecadequate
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 (Wening¥fycudil, 2009):

w Paformance indicators for pavements according to the COST 354 Report (COST, 2008)
Performance Indicators for Road Pavements:
o User related single performance indicators to describe the safety and the comfort of the
pavement
A Skid resistance / texture
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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 indicators to describeleast the noise emission
o0 Combined performance indicators for:
A Safety
A Comfort
A Structure
A Environment
A General performance indicator to describe the overall condition of the pavement
w Performance indicators for structures
o Component specific single performamindicators 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 the overall conditibthe structure
Monitoring and data acquisition

Subject to the different types of sulassets the following investigations are recommended (Weninger
Vycudil, 2009):

w Pavements
o Measurements for user specific performance indicators (skid resistance /textutgng,
longitudinal evenness), bearing capacity and environmental indicators (noise emission)
o Visual inspections in combination with vidasgstems or images for structural performance
indicators (cracking and other surface defects)
w Structures
o Visualinspection of subcomponents with videoor image documentation
w Road furniture
o Visual inspection and functional testing

In addition, this study also recommends the intervals of monitoring be in coincidence with the local
requirements and the given nationand/or European standards. The following values are recommended as
the maximum intervalsof measurement and visual inspections on network level.

w Pavements: max. 5 years
w Structures: max. 6 years
w Road furniture: max. 1 year for functional testing

Additional information needed to find the optimum maintenance strategy of a certain sadset 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 reémce, 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, percentages of condition classes, etc.)
w Input paramete for finding the optimum maintenance strategy based on LCC analysis (cost, triggers,
performance prediction models, economic parameters, etc.)
According to Sjogren et a{2012, Heroad project), a road asset management is a holistic approach that
integraes the strategic and systematic process of operating, maintaining, upgrading and expanding physical
assets effectively throughout their life cycle. A road asset management includesrprestigation, planning,
design, building, daily operations, plannedimenance, improvement and decisions onagcling or removal
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(Figurel9). Furthermore the road user perspective has become a target area to be considdre&igurel9

shows the indicators that HeRoad report Overall road asset performance (Sjogren et al., 2012) identifies as
those parameters actually used in th@utine work. According to this report, the details 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 tiintothe technical parameters

to upper level (strategically) indicators.

Stakeholders expectations Measurable technical parameters
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Figure 19: Pavement technical parameters

Maintenance Standard / Maintenance Goals

The main objectives of maintenance activities to be achieved musekgressed by parameters which are in
in line with the performance indicators in use. The following are suggested by Wenwigardil (2009):

w Threshold values which define the border line between fulfilled and unfulfilled demands (e.g. in form
a conditionrelated value or a maximum deterioration rate)
w Thresholds 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 afternteaiance measures (e.qg.
in form a condition related value)
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 dowthénrespective
national guidelines or manuals. Ideally they 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 distriliion at the network and the related risk assessment (e.qg. traffic accidents).

Especially for pavements and structures these input parameters are widely available.

The COST 354 Report (COST, 2008) Performance Indicators for Road Pavements providesleithian of
performance parameters and transfer functions that enables to grade the road based on their main
parameters, and thus, to establish thresholds aimed at a systematic monitoring and maintenance.

In the view of the above information, a maintenamestrategy should be structured in several dimensions:

103



1 The main parameters must be defined, as well as proper monitoring, data acquisition method and
threshold values that correlate with the maintenance actions. This dimension of the maintenance
strategy could be depicted by the following table:

Performance Monitoring Acceptance Warning Action Maintenance
parameter frequency threshold threshold threshold action
Unevenness
Rutting
Other structural

defects (ravelling,
bleeding, etc.)

Bearing capacity

Texture (optional)

Noise (optional)

For those parameters that affect the safety conditions, service quality and durability, the frequency of
monitoring and the threshold values should be defined by the Road Authoritesine with their legal
requirements. The thresholds for MPD and noise should be aligned to the respective award criteria.
1 The maintenance actions should be planned in advanedining methods, frequency, amount and cost
of the maintenance and rehabiliteon activities,for each section of road specifically characterised by
specific construction methods, materials, environmental conditions, meteorological conditions and use.

The maintenance plan should also be consistently linked to the performance paeamdefined in the
table above and the congestion mitigation plan set by the criterion

Cost First year

Frequency

Performance
parameters affected

Congestion
mitigation plan

Routine maintenance

Periodic

Rehabilitation

2.8.2.2 Criteria proposal

Core criteria

Comprehensive criteria

TECHNICAL SPECIFICATIONS

B12. Maintenance and rehabilitation (M&R) plan

The design team, DB tenderer or DBO tenderer shall incl
in the detailed design a maintenance plan. For each secl
of road specifically characterised by specific constructi
methods, materials, environmental conidins,
meteorological conditions and use, the tenderer shall defj
as a minimum the following aspects:

a) Monitoring plan:

1 Including performance parameters to be monitore
frequency of monitoring, data acquisition methol
threshold values, and the maintenance actiol
triggered by the thresholds values.

1 Including also; safety, service quality and durabili
parameters and the respective frequency:

A (to be defined by the Road Authority)

b) Maintenance and rehabilitation (M&R) plan

1 Including routine, periodic and rehabilitatic
actions
1 Optimizing the cosbenefit ratio of the

maintenance works

1  Aligning with the environmental pformance of

the main road element (carbon footprint CF

B12. Maintenance and rehabilitation (M&R) plan

The design team, DB tenderer or DBO tenderer shall incl
in the detailed design a maintenance plan. For each secl
of road specifically characterised by specific constructi
methods, maerials, environmental conditiong
meteorological conditions and use, the tenderer shall defi
as a minimum the following aspects:

a) Monitoring plan:

1 Including performance parameters to be monitore
frequency of monitoring, data acquisition metho
threshold values, and the maintenance actiof
triggered by the thresholds values.

1 Including also; safety, service quality and durabil

parameters and their respective frequency:
A (to be defined by the Road Authority)

1  The monitored parameters shall include BiIPand
noise, if the respective award criteria on rollin
resistance and noise apply

b) Maintenance and rehabilitation (M&R) plan

1 Including routine, periodic and rehabilitatiq
actions
1 Optimizing the cosbenefit ratio of the
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applicable).

1 Including the cost, the first year after the
construction, frequency, the congestion mitigati
plan (according to the criteriorB10) and the
waste management plan (according criterid®)
for each action.

Verification:

The Design teamor DB tendereror DBO tenderer shal
provide a technical report including appropriate data a
information and the design activities workplan

maintenance works

1 Aligning withthe environmental performance o
the main road element (LCA if applicable).

1 Including the cost, the first year after thg
construction, frequency, the congestion mitigati
plan ccording to the criterion B10) and th
waste management plan (according @iton E2)
for each action.

Verification:

The Design teamor DB tendereror DBO tenderer shal
provide a technical report including appropriate data a
informationand the design activities workplan

D1. Commissioning of the maintenance and

rehabilitation (M&R) plan

The main constructiorcontractor or the DB contractoror
DBO contractor shall commit to monitor the roa
performance parameters according to the monitoring pli
presented in the design phase (see criteri@l2). Any
update/improvement of this plan shall be previous
discussed with the contracting authority and the NRA/lo
authority.

Verification :

The main construction contractoor the DB contractoror

DBO contractorshall provide a report with the results o
the monitoring for all the performance parameters, and tk
maintenance activities carried out.

D1. Commissioning of the maintenance and
rehabilitation (M&R) plan

The main constructiorcontractor or the DB contractoror
DBO contractor shall commit to monitor the rog
performance parameters according to the monitoring pl
presented in the design phase (see criteri@12). Any
update/improvement of this plan shall be previous
discussed with the contracting authority and the NRA/lo
authority.

Verification :

Themain construction contractoor the DB contractoor

DBO contractor shall provide a report with the results of
the monitoring for all the performance parameters, and th
maintenance activities carried out.

E3. Commissioning of the maintenance and
rehabilitation (M&R) plan

The main construction contractasr the DB contractoror
DBO contractor shall commit to maintain the rog
according to the maintenance and rehabilitation (M&R) pl
presented in the design phasésee criterionB12). Any
update/improvement of this plan shall be previous
discussed with the contracting authority and the NRA/lo
authority.

Verification :

Themain construction contractaor the DB contactor or
DBO contractor shall provide a technical report including
appropriate data and information and the activities
workplan.

E3. Commissioning of the maintenance and
rehabilitation (M&R) plan

The main construction contractasr the DB contractoror
DBO contractor shall commit to maintain the rog
according to the maintenance and rehabilitation (M&R) p
presented in the desigrphase (see criterionB12). Any
update/improvement of this plan shall be previous
discussed with the contracting authority and the NRA/lo
authority.

Verification :

Themain construction contractaor the DB contractoor
DBO contractor shall provide a technical report including
appropriate data and information and the activities
workplan.

CONTRACT PERFORMANCE CLAUSES

Please refer to the general contract performance claus¢
Commissioning of the road maintenance

Please refer to the general contract performance claus¢
GCommissioning of the road maintenance

Summary rationale:

1 Itis widely agreed that the maintenance of road network is a relevant part of the road management
since many criteria proposed and their associated environmental impact, are related to this phase.

(Rolling resistance, noise, congestion, durability)

1 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 swould be planned and scheduled in time so congestion can be minimized.
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1 The maintenance strategy needs to be structured by means of a monitoring plan that would cover
the target and thresholds values of the performance parameters, and the maintenance plan t
would describe the actions to be taken along the service life of the road.

28.2.3 At what stage of the procurement process are the criteria relevant?

Preliminary scoping and feasibility establishing environmental performance objectivessaluation of the
traffic flow expected in the road, and particularly, the expected heavy traffic, together with the congestion
that might be derived from the maintenance plan, in order to define the maintenance strategy.

Detailed design and performance requirementise manitoring plan shall be defined at this stage.

Use pavement performance assessment and monitoring and verification of the performance parameters

Maintenance maintenance activities have to be realised according to the M&R strategy plan, taking into
accountthe target values of the performance parameters in the detailed design.

Maintenance and rehabilitation (M&R) strategy plan should be presented. This plan can be used as a baseline
and shall be updated by the DBO tenderer or the tenderer appointed fontaeétenance works on the base

of the results of the pavement performance assessment and verification. Moreover, new more durable
materials, new technologies and best available maintenance strategies should be analysed while updating
the maintenance and redbilitation (M&R) strategy plan.

The criteria classification, their reference numbers in the criteria document and the respective procurement
phase can be crosseferenced as follows.

Title of the criterion Procurement phase Criterion classification Criteria Reference
typology number in the
criteria
document

Maintenance and B. Detailed design and Core and Comprehensive Technical B12
rehabilitation (M&R) plan performance requirements P specification
Commissioning  of  the )
maintenance and D. Use Core and Comprehensive Technical D1
rehabilitation (M&R) plan specification
Commissioning of the ) ]
maintenance and E. Maineharkeg and Core and Comprehensive Technical E3
rehabilitation (M&R) plan operation specification
Commissioning of the road E. Maintenance and . Contract

) ) Core andComprehensive performance E4
maintenance operation

clause

2.9 General contract performance clauses

In order to simplify the readability of the criteria proposal, a general contract clause is proposed both for the
construction and the maintenance phesas following:

CONTRACT PERFORMANCE CLAUSES

C2. Commissioning of the road construction C2. Commissioning of the road construction

The main construction contractor or the DB constructor
the DBO contractor has to ensure that the commissioni
of the road construction conforms to the agreed desig
and specifications. &ticular attention should be paid tg
the following aspects:

1 CF/LCA performance of the main road eleme
(criterionB14) or the CO2 emissions per tonne (¢
transpoted materials (criteriorB16)

1 water pollution control components, stormater

retention capacity and wildlife corridor design |
the drainage system(criteria B4, B5, B17, B18§,
B19)

The main construction contractor or the DB constructor
the DBO contractor has to ensure that the commission
of the road construction conforms to the agreed desig
and specifications. &ticular attention should be paid tg
the following aspects:

1 pavement macrotexture (MPD) (see criterBh3)

1 CF/LCA performance of the main road elemel
(criterian B14) or the CO2 emissions per tonne (
transported materials (criterioB16)

1 water pollution control components, stormater

retention capacity and wildlife corridor design i
the drainage system (criteridB4, B5, B17, B18,
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1  Pavement durability (criterioB11) B19)
1 Congestion mitigation plan implementatio 1 Pavement durability (criterioB11)
(criterionB10) f Congestion mitigation plan implementatio
The contracting authority should foresee rules f (criterionB10)

remediation in the case of unsatisfactory or naompliant
results regardingany set design values or perfmance

indicators for the above listed technical aspects and/(

penalties for noacompliance.

The contracting authority should foresee rules f
remediation in the case of unsatisfactory or naompliant
results regardingany set design values or performang
indicators for the above listed technical aspects and/
penalties for noacompliance.

CONTRACT PERFORMANCE CLAUSES

E4. Commissioning of the road maintenance

The main maintenance contractor or the DB construc
or the DBO contractor has to ensure that th
commissioning of the road maintenace conforms to t
agreed designs and specifiions. Particular attention
should be paid to the following aspects:

1 CF/LCA performance of the main road eleme
(criterionB14) or the CO2 emissions per tonn

of transported materials (criterio16)

water pollution control components, storm
water retention capacity and wildlife corridg
design in the drainage system (criterig4, B5,
B17,B18,B19)

1  Pavement durability (criterioB11)

1 Congestion mitigation plan

(criterionB10)

The contracting authority should foresee rules f
remediation in the case of unsatisfactory or ner
compliant results regardingany set design values o
performance indicatorsfor the above listed technical
aspects and/or penalties for necompliance.

implementatio|

E4. Commissioning of the road maintenance

The main maintenance contractor or the DB constructor
the DBO contractor has to ensure that the commissioning
the road maintenace conforms to the agreed designs a
specifications. Particular attention should be paid to t
following aspects:

1 pavement macrotexture (MPD) (see criter®h3)

1 CF/LCA performance of the main road elemer
(criterion B14) or the CO2 emissions per tonne ¢
transported materials (criterioB16)

1 water pollution control components, storwater
retention capacity and wildlife corridor design the
drainage system (criteri®4, B5,B17, B18, B19)

I  Pavement durability (criterioB11)

1 Congestion mitigation plan implementatio
(criterionB10)

The contracting authority should foresee rules f
remediation in the case of unsatisfactory or narompliant
results regardingany set design values or performanc
indicators for the above listed technical aspects and/o
penalties for norcompliance.
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2.10 Conclusions

Depending on the ambition level of the project and the experience of the contracting authority, not all of the
GPP criteria included in the proposed criteria set will be relevant, as it is shoviralie 24. Moreover,
depending on the preferred procurement sequence criteria may be best addressed at specific stages. Some
activities may be let as separate contracts requiring their own criteria.

In order to identify therelevant GPP criteria, it is necessary for the public authority to contextualize the
analysis of a road project, for example targeting to the local conditions and the materials availability. As it is
shown inTable24, for pavements that match the criteria described in the scenario where GPP criteria can
have a potentially large beneficial impact, it is likely that improvements can be made. Conveikaly,
pavement is already near the ideal scenario (little or no beneficial impact), then it may be more effective to
focus efforts on other lifecycle components.

Table 24: GPP criteria application in different scenarios where

GPPcriteria Scenario where

Little or no potential benefits Large potential benefit

Pavement-vehicle
interaction

Low traffic flow. Low heavy traffic High traffic flow. High heavy traffic
Macrotexture
Materials Pavements with low structural demands Pavements with high structural demands (e.g.,
(e.g., low AADTT, temperate climate) that | high AADTT, extreme climate) that require mor
require less material material.
High availability of recycled materials and | Underdevelopment market for recycled
by-products in local area. materials and byproducts in local area.
Transportation Low overall material demand. Locally High overall material demand. Materials need t

available materials, especially aggregates.| be shipped over long distances, especially
. . . aggregates. Longlistance travel using

Use ofon siterecycling strategies. inefficient modes.
Any longdistance travel utilizes efficient

) : \ Use of virgin materials for each process.
transportation modes (i.e. by train) 9 P

Noise - low noise | Roads remote from populated areas. In loy Roads from densed populated ares and/or high

pavement and | traffic roads. In low speed limit roads speed roads. In mediurhigh speed roads

noise barriers (<50km/h). (>50km/h) of freely flowing traffic.

Drainage -flooding In arid or rural areas with no previous In river basins with identified flood risks. In areq
history of flooding. with high urban development.

Drainage - water | In arid areas with little rainfall. In areas In areas near sensitive water bodies. In high

pollution remote from sensitive water bodies. low | traffic flow roads.
traffic flow roads.

Congestion Pavement sections with low traffic or wherg Pavement sections with high traffic or where
capacity is much higher than demand. capacity is comparable to demand. Sections
Sections with readily available detours. Us{ where detours are not readily available. Lane
of lane closures duringff-peak traffic closures occur during peak traffic periods
periods

The strategic objectives and targets of the projeshould be determined at the outset of the project with
reference to the GPP criteria set. The optimum stages for integration of GPP criteria should be evaluated
during discussions to determine the procurement route. In all cases it is recommended thatr@&tR are
integrated into both internal planning and the procurement sequence at as early a stage as possible in order
to secure the desired outcomes and achieve the best value for money.

The relevance of different criteria in different scenarios isnsmarised inTable 25. Each road project is
unique and the contracting authority shouttefine at an early stage the criteria to be included in the ITT and
their levelof ambition.
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Table 25

Scenarios Resource efficien Water and habitat Noise 2
o) construction preservation emissions | ©
[S]
i c o (]
= S 2 £ sl 85
2c| &2 s = 2 2 E|c=
525 58| |25/ %= |83 |° g E8
£Ec| ol =8 ol gc g 2 . g S =
o8| o 25| w| 82| EB £5 bog 3| 3
29| 5| S8 TS| 8c| © 0o T = 52 3 5|3
M (@] o ® o 5} g - O = @© O'om© O © g
oE|O|lOE|l V| Z2Z+F|O= Q= zcgz|l =2

Low traffic flow

High traffic flow

Freely flowing

Not freely flowing

Low speed road (<50km/h)

Mediumhigh speed road (>50km/h)

Rural road near populated area

Rural road remote from populated area

Urban road
Within river catchment with know
flooding risk
Within arid area with no previou
flooding risk

Road area with unsuitable subgrade so

* green the criterion is not important for the scenario stated
**yellow indicates that the criterion may be important but it would depend on other information.
*** red indicateshat the criterion is important under that particular scenario.

Qriteria selection wepas the onesshown in Figure 20 and Figure 21, could help the identification and
communication of the selectedelevant criteria, according to the project specific conditioremnong the
different actors along theroad procurement process$:or example Figure 20 refers to a high traffic rural

road close to populated areas with congestion problem; in this speaéenario,it is suggested to give
priority to criteria on pavementehicle interactions, resource efficient construction and maintenance and
rehabilitation strategies. Another example is shownFigure21 that refers to a low traffic flow rural road
close to poplulated areas or an urban road with flooding risk. In this specific case, it is suggested to give
priority to the noiseemissions and water drainage criteria.

Maintenance and rehabilitation strategies Legenda
3 1= the criterion is not
important for the scenario
analysed
Pavement -
Noise vehicle
Emissions 3 interaction
3 = the criterion is important
1 under the particular scenario
analysed
I
. Resource
Congestion efficient
construction

Water and habitat preservation

Figure 20: Example of criteria selection web for a high traffic rural road close to populated
areas with congestion problem
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Legenda

Maintenance  and rehabilitation strategies
1= the criterion is not
important for the scenario
analysed
Pavement -
Noise vehicle
Emissions interaction
3 = the criterion is important
under the particular scenario
analysed
) Resource
Congestion efficient

construction

Water and habitat preservation

Figure 21: Example of criteria selection web for a low traffic rural road close to populated
areas or in urban areas wi th flooding risk

In the preceding sections we presented the technical rationale for GPP criteria for road construction. This
rationale was grouped by criteria areas addressing the most significant environmental impacts associated
with the construction or renovation of thiroad type. To improve the readability of the document and to
facilitate cross referencing with the GPP criteria document, a complete list of the GPP criteria with their
classification and reference number in the criteria document is proviteTable26.

In Section 3 we describe the typical phases of procurement that may take place in the design and
construction of a road The criteria proposal document is stroetlin order to reflect the chronological order

in which these activities referred to inTable27 as 'procurement phases' might typically take place. This
means that the order in the criteria document does not correspond to the order of the criteria areas in this
technical backgroundeport. The chronological order of the criteria as they can be found in the criteria
document is provided iffable27.

Table 26: GPP criteria proposals grouped and presented by criteria areas

Title of the criterion Procurement phase Criterion Criteria typology Reference number in
classification the criteria document
Competencies of the design team and contractors
Competenciesf the project A. Selection of the
: : Core and . .
manager and the design tean|  design team and . Selection criteria Al
Comprehensive
contractors
Compete_nmes of the lead A Selection of the
construction contractor, . Core and . o
I design team and . Selection criteria A2
specialist contractors and/or Comprehensive
contractors
property developers
Pavement-vehicle interaction criteria
Rolling resistance
Performancerequirements on | B. Detailed design and
traffic fuel consumption due performance Comprehensive Award criterion B13
to rolling resistance requirements
Quality ofthe completed road
- monitoring of the C. Construction Comprehensive Contra((::tlgjsrf;rmance C3
performance parameters
Resources efficient construction
Life cycle performance
LCA prformance of the main B. Detailed design ang Core and .
performance . Award criterion B14
road elements - Comprehensive
requirements
Commlss_lonlng of the road C. Construction Core and ' Contract performance co
construction Comprehensive clauses
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Commissioning of the road E. Maintenance and Core and Contract performance E4
maintenance operation Comprehensive clauses
Recycled content
Minimum recycled content B. Detailed design Core and . T~
. Technical specification Bl
and performance Comprehensive
Incorporation  of recycleq B. Detailed design Core and ' Award criterion B15
content and performance Comprehensive
Incorporation  of  recycled C. Construction Core and ' Contract performance ca
content Comprehensive clauses
Incorporation  of recycledq E.Maintenance and Core and Contract performance E5
content operation Comprehensive clauses
Materials transportation
Performance requirements fo] B. Detailed design ang
S Core and o
CO2e emission from performance . Award criterion B16
) . . Comprehensive
materials transportation requirements
Asphalt
Tarcontainingasphalt E. Maintenance and Core and ] o
operation Comprehensive Technical specification El
Low temperature asphalt B. Detailed design andg
performance Core and Technical specification B2
requirements Comprehensive
Monitoring of the low C. Construction Core and Contract performance cs5
temperature asphalt Comprehensive clauses
Monitoring of the low| E. Mamten_ance and Core and Contract performance
temperature asphalt operation Comprehensive elaNses E6
Excavated materials and soils management and waste management
Excavated materials and soil | B, Detailed design and
management plan performance Core and Technical specification B3.
requirements Comprehensive
Commissioning of the|
excavated materials and soil C. Construction Core and Contract performance 6
management plan ' Comprehensive clause
Demolition waste audit and E. Maintenance and
management plan operation- F. End of Core and Technical specifications E2, F1
Life Comprehensive >
Criteria on water and habitat preservation
Water pollution control components in drainage system
Performancg requirements fo B. Detailed design and
water pollution control Core and . T
. ) performance . Technical specification B4
components in drainage - Comprehensive
requirements
systems
Inspection of water pollutlon . Core and Contract performance
control components in C. Construction . Cc7
) Comprehensive clause
drainage systems
Requ!rements fo'r' walte B. Detailed design ang
pollution control "soft Core and .
) " 3 performance . Award criterion B17
engineered" components in - Comprehensive
4 requirements
drainage systems
Construction ofvater
pollution control "soft . Core and Contract performance
. N . C. Construction . Cc8
engineered" components in Comprehensive clause
drainage systems
Storm-water retention capacity
Performance requirements fonn B. Detailed design ang
. Core and . I
storm-water retention performance . Technical specification B5
o . - Comprehensive
capacity in drainage systems requirements
Reqw_rements fpr §torm1yater B. Detailed design ang
retention capacity in drainage Core and N
: " performance . Award criterion B18
systems that incorporate "soft - Comprehensive
- " requirements
engineered" components
Inspection of stormwater
. o . . Coe and Contract performance
retention capacity in drainage C. Construction . C9
Comprehensive clause
systems
Inspection of stormwater
retention capgmty in dralr]‘age C. Construction Core and _ Contract performance c10
systems that incorporate "soft Comprehensive clause

engineered" components
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Wildlife corridors across the road

Performance requirements for

B. Detailed design ang

wildlife corridors across the performance Core and . Award criterion B19
- Comprehensive
road requirements
Inspection of wildlife corridors Core and Contract performance
across the road and other C. Construction . P Cl11
Comprehensive clause
measures
Criteria on noise
Noise emission during construction and maintenance
Performance of noise B. Detailed design and
L ) . Core and . I
emission during construction performance . Technical specification B6
. - Comprehensive
and maintenance requirements
Monitoring noise emission C. Construction and H
; . . Core and Contract performance
during construction Maintenance and . Cl12 E7
. Comprehensive clause
operation
Low noise pavements
Performance of low noise B. Detailed design and
Core and o
surface pavements performance . Award criteria B20
- Comprehensive
requirements
M|n|mgmreqU|rements for C. Construction Core and . Award criteria C13
low-noise pavement Comprehensive
Noise barriers
Noise barrier design and B. Detailed design ang Core and . D O
) ; performance . Technical specification B8
material properties : Comprehensive
requirements
Te§t|ng of_|n5|tu constructed C. Construction Core and . Technical specification C1
noise barrier Comprehensive
In-_5|tu performance of the C. Construction Core and ' Contract performance cl14
noise barrier Comprehensive clause
Other envi ronmental criteria
Lighting
Performance requiremerfor B. Detailed design ang
Lo A Core and . I
lighting installations performance . Technical specification B9
. Comprehensive
requirements
Criteria on congestion
Traffic congestion mitigation B. Detalled design ang Core and . I
performance . Technical specification B10
plan - Comprehensive
requirements
Comms_smmryg of‘the traffic C. Construction Core and _ Contract performance cis
congestion mitigation plan Comprehensive clauses
Commissioning of the traffic . Core and Contract performance
A 2 E. Maintenance . E8
congestion mitigation plan Comprehensive clauses
Maintenance and rehabilitation strategies
Durability
Performance requirementor | B. Detailed design ang
o Core and . I
durability of pavement performance . Technical specification B11
I - Comprehensive
surface and rehabilitation requirements
Maintenance and rehabilitation strategy plan
Maintenance and B. Detailed design and Core and
rehabilitation (M&R) plan performance . Technical specification B12
- Comprehensive
requirements
Commissioning  of  the
maintenance and D. Use Core and Technical specification D1
rehabilitation (M&R) plan Compehensive
Commissioning of the )
maintenance and E. Maintenance and Core and Technical specification E3
rehabilitation (M&R) plan operation Comprehensive
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Table 27: GPP criteria proposals grouped and presented by procurement phase (TDB)

Core criteria

Comprehensive criteria

A. Selection of the design team and contractors

SELECTION CRITERIA

Al. Competencies of the project manager and design team

Al. Competencies of the project manager and design team

A2. Competencies of the main construction contractor

A2. Competencies of the main construction contractor

B. Detailed design and performance requirements

TECHNICAL SPECIFICATIONS

B1. Minimum recycled content B1. Minimum recycled content

B2. Low temperature asphalt B2. Low temperature asphalt

B3. Excavated materials and soil management plan B3. Excavated materials and soil management plan

B4. Performance requirements for water pollution control components in B4. Performance requirements for water pollution control components in
drainage systems drainage systems

B5. Performance requirements for storm -water retention capacity in drainage B5. Performance requirements for storm -water retention capacity in drainage
systems systems

B6. Performance of noise emission during construction and maintenance B6. Performance of noise emission during construction and maintenance

B7. Minimum requirement for low -noise pavement B7. Minimum requirement for low -noise pavement

B8. Noise barrier design and material properties B8. Noise barrier design and material properties

B9. Performance requirement for lighting installations B9. Performance requirement for lighting installations

B10. Traffic congestion mitigation plan B10. Traffic congestion mitigation plan

B11. Performance requirements for durability of pavement surface and B11. Performance requirements for durability of pavement surface and
rehabilitation rehabilitation

B12. Maintenance and rehabilitation (M&R) plan B12. Maintenance and rehabilitation (M&R) plan

AWARD CRITERIA

B13.N/A B13. Performance requirements on traffic fuel consumption due to rolling
resistance

B14. LCA performance of the main road elements B14. LCA performance of the main road elements

B15. Incorporation of recycled content B15. Incorporation of recycled content

B16. Performance requirements for COZ2e emission from materials transportation B16. Performance requirements for CO2e emission from materials transportation

B17. Requirements for water pollution control "soft engineered" components in B17. Requirements for water pollution control "soft engineered" components in
drainage systems drainage systems

B18. Requirements for storm -water retention capacity in drainage systems that B18. Requirements for storm -water retention capacity in drainage systems that
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incorporate "soft engineered" components

incorporate "soft engineered" components

B19.

Performance requirements for wildlife corridors across the road

B19. Performance requirements for wildlife corridors across the road

B20.

Performance of low noise surface pavements

B20. Performance of low noise surface pavements

C.Construction

TECHNICAL SPECIFICATIONS

C1. Testing of in -situ constructed noise barrier ‘ C1. Testing of in -situ constructed noise barrier

CONTRACT PERFORMANCE CLAUSE

C2. Commissioning of the road construction C2. Commissioning of the road construction

C3. N/A C3. Quality of the completed road - monitoring of the performance parameters

C4. Incorporation of recycled content C4. Incorporation of recycled content

C5. Monitoring of the low temperature asphalt C5. Monitoring of the low temperature asphalt

C6. Commissioning of the excavated materials and soil management plan C6. Commissioning of the excavated materials and soil management plan

C7. Inspection of water pollution control components in drainage systems C7. Inspection of water pollution control components in drainage systems

C8. Construction of water pollution control "soft engineered" components in C8. Construction of water pollution control "soft engineered" components in
drainage systems drainage systems

C9. Inspection of storm -water retention capacity in drainage systems C9. Inspection of storm -water retention capacity in drainage systems

C10. Inspection of storm -water retention capacity in drainage systems that C10. Inspection of storm -water retention capacity in drainage systems that
incorporate "soft engineered" components incorporate "soft engineered" compo nents

C11. Inspection of wildlife corridors across the road and other measures C11. Inspection of wildlife corridors across the road and other measures

C12. Monitoring noise emission during construction C12. Monitoring noise emission during construction

C13. Minimum requirements for low -noise pavement C13. Minimum requirements for low -noise pavement

C14. In-situ performance of the noise barrier C14. In-situ performance of the noise barrier

C15. Commissioning of the traffic congestion mitigation plan C15. Commissioning of the traffic congest ion mitigation plan

D. Use
TECHNICAL SPECIFICATIONS
D1. Commissioning of the maintenance and rehabilitation (M&R) plan D1. Commissioning of the maintenance and rehabilitation (M&R) plan

E. Maintenance and operation

TECHNICAL SPECIFICATIONS
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E1l. Tar-containing asphalt

E1l. Tar-containing asphalt

E2. Demolition waste audit and management plan

E2. Demolition waste audit and management plan

E3. Commissioning of the maintenance and rehabilitation (M&R) plan

E3. Commissioning of the maintenance and rehabilitation (M&R) plan

CONTRACPERFORMANCE CLAUSES

E4. Commissioning of the road maintenance

E4. Commissioning of the road maintenance

E5. Incorporation of recycled content

E5. Incorporation of recycled content

E6. Monitoring of the low temperature asphalt

E6. Monitoring of the low temperature asphalt

E7. Monitoring noise emission during maintenance

E7. Monitoring noise emission during maintenance

E8. Commissioning of the traffic congestion mitigation plan

E8. Commissioning of the traffic congestion mitigation plan

F. End

of life

TECHNICAL SPECIFICATIONS

F1. Demolition waste audit and management plan

F1. Demolition waste audit and management plan

PROPOSED TECHNICAL ANNEXES

Annex A. Supporting guidance for criterion B14 (core criterion): Option 1

- Carbon footprint (CF)

Annex B. Supporting guidance for criterion B14 (comprehensive criterion): Option 2

- Life Cycle Assessment analysis (LCA)

Annex C. Brief for LCA technical evaluator

115




3 DEVELOPING GUIDANGEOR THE PROCUREMERNF ROAD
CONSTRUCTION

3.1 Background to this guidance

The aim of this section is to propose some preliminary information collected in order to prepare a GPP
guidance document, which will be provided together with the GPP criteria on road construction in order to
give procurers orientation on howo effectively integrate the GPP criteria for road construction into the
procurement process. They will be specified to address the most significant environmental impacts of a new
road, road rehabilitation and reconstruction of existing roads.

Designing ad procuring road infrastructure with a reduced environmental impact, whether it be new
construction, its rehabilitation or reconstruction, is a complex process. As was highlighted by the SCI
(Sustainable Construction and Innovation through Procurementjvdl& in their guide for European Public
Authorities, the form of procurement can have a significant influence on the outcoGienfent et al., 2012)

This is because each type of contract brings with it distinct interactions between the procurer, thendesig
team, the contractors used and the asset managers. Moreover, they each have advantages and
disadvantages in seeking to procure an improved environmental outcome.

It is therefore important to identify the main points in the sequence of procurement aaviwhere GPP
criteria should be integrated. The guidance will be structutedeflect the key activities and decision points

in the procurement process, as well as some of the common contract forms that are used in the European
Union.

3.2 Indicative sequen ce of procurement activities

The process of constructing a new road or carrying out maintenance and rehabilitation activities tends to
consist of a distinct sequence of procurement activities. Each contract relates to distinct phases of activity as
a project proceeds:

1 Preliminary scoping and feasibility
1 Design

1 Construction

1 Use

1 Maintenance and operation

1 End of life (decommissioning)

The procedures identified by the Public Sector Procurement Directive (2004/18/EC) are open procedure,
restricted procedurenegotiated Procedureand mmpetitive dialogue In detail, he restricted procedure
comprises a two stage process: in the first stage the suppliers need tequalify before being allowed to
submit a tender and a short list is identified. In a second statfee identified suppliers are invited to respond

to an Invitation to Tender (ITTyhe competitive dialogue is used for more complex procurement contracts.
Similar to negotiated procedure in that it specifically permits dialogue between the contractitigoaties

and providers during the stages of the procurement process. It enables contracting authorities to develop
specifications with the input of tenderers.

The manner of involving the private sector for construction of roads depends on prevailingnahficactices

for outsourcing. Numerous procurement and contract models are applied in the Member States for road
construction projects. According to the S@Gitwork (Clement et al, 2012) there are generally three main
types of procurement models for infisdructure projects:

1 Separation of design (D) and build contracts (B) where the design is prepared by the public authority
in house or by a consultant(s) selected via a tendering process. Often the tender documents are also
prepared by the public authoritgr the consultant(s). The constructor is chosen via a tendering process
where interested or invited construction companies are competing to win the contract to construct the
tendered project. This is the most typically used contract type in the publicsethe interaction between
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the public authority and the construction company is usually reduced. The advantage of this procurement
model is that the public authority has close control of the project and process. A disadvantage of this
contractual setup cosist in being more affected than other contracts by claims of the Contractor, as
interventions of the contracting authority could result in a deviation to the scope of works.

1 Combination of design and build (DB) the main contractor takes responsibility fdoth design and
construction, and will either use 4house designers or employ consultants to carry out the design. The
contractor tenders against a client brief, and will often follow an initial concept design prepared in house
by the public authority fource: National Road Administration NRA) or by consultants appointed to advise
the contracting authority. The design will be developed by the contractor and the works will be completed.
In this type of procurement model the interaction between the puldigthority and the contractor is
cdbc™ m J]po ocdn kmj*pm h io hj_~g m _p~ " n oc"’ kp] gc
bound by the conditions right after the construction.

1 Design, build and operate (DBO) and Design, build, finance and op erate (DBFO). These types of
contracts are used in a variety of ways in the Member States. The contract types differ from design and
build by including operation and maintenance and project financing.

1 In case of separation of design and build contracts @)d combination of design and build (DB),
maintenance and operation activities will be procured by means of separate contracts, as it is analysed in
section3.2.5 In this case, different typologies of contracts are employed, as frameworks, joint ventures or
single/multiple providers.

Depending on the procurement route adopted, some of these contractéy be awarded to the same
contractor but in most cases they are let separately. Some contracts may be integrated in a design and build
(DB) or a design, build and operate (DBO) arrangement, with the detailed design process, the main
construction contracand even asset management all potentially-@rdinated by one contractor. Specifically,
different procurement routes and contract typesuld be applied in case of large scale and long terms road
infrastructure projects. Preliminary information have beeollected from HM Treasury & Infrastructure UK
(2013), HA Highway Agency (2009) and WRAP (2005). In detail, according to a preliminary analysis, contract
types that seem to be widely applied for road infrastructure are:

9 Delivery consortia for long term catjal investment programmes of low to medium value projects.

9 Development/delivery partners for publicly procured mggajects and major infrastructure
enhancements.

9 Alliancing for low to medium value projects with long term capital Investment programmes.

1 Famework contracts are used to appoint preferred suppliers in advance of either directly awarding work
or competing in a subsequent migompetition if more than one supplier is appointed. Frameworks can
be single contract or include more providers.

1 PublicPrivate Partnership (PPP), also called Private finance initiative (PFI). According to CEDR (2009), PPPs
are contractual agreements between public and private partners for the development or management of
a project aimed at delivering a public service, wiley a substantial part of the financing and the risks is
shared between the public (contracting authority) and private (concessionaire) parties. PPPs may aim to
increase the availability of financial resources, increase the efficiency of a project onaedts costs,
simplify the development of the project, reduce the letiche and/or optimize the whole LCC of the
project..In general PPP contracts are widely used in the road construction sector (IRF, 2013; IISD, 2012).
The private party is being respsible for design, construction, maintenance, operation, and financing.
Sometimes, operation is kept by the Authority, e.g. in the Netherlands. A concession contract between the
contracting authority and the private party provides for obligations of thetfes and the respective risk
allocation. In hard toll projects the user pays for the use of the road via a toll, whereas in availability/
performance based projects the contracting authority pays for the availability of the road including
quality criteria The most typical example of PPP schemes is the BOT (Build, Operate, and Transfer).
Nevertheless, the basic BOT principle can be extended to include additional clauses that may include
subsidies during operation, initial contributions, or loans from thélc authority. Other usual types of
PPP include DBFO with shadow tolls or finance by contractor. There are different levels of public and
private involvement in terms of risk and funding depending on the type of PPP scheme in question. There
might be inermediate setups which contain combinations of parts of both modiisrownfield (existing)
or greenfield (newly to be built) projects usually a certain construction period, in which already operation

117



and maintenance obligations are to be executed by fhrévate party, is followed by an exploitation phase

of some considerable amount of years (mostly 425 ys.), in which the concessionaire operates and
maintains the road only. & the construction works, the concessionaire usually subcontracts the
construo d j i rimfn jpo ja oc ™ ~ji” nnd4ioi] \™jfi»orm\\ma nd j
passing through the design and construction work scope out of the Concession Contract to the Contractor
with all related risks and obligations. The operationdamaintenance works can also be subcontracted to

an operation and maintenance O&M contractor or being executed by the concessionaire itself.

1 Another important form of contract is the Early Contractor Involvement (ECI). This form of contract allows
supplierengagement at an early stage in a project, to draw in industry experience to the design and
preparation stages. ECI contracts remain an option for major road schemes where there is significant

hv
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could have relevant impact in terms of project timing, quality and cost.

The project implementation phases bring together various requirements of the public authorities, the many
stakeholders, the consultant(s) dfor the contractor(s) to reach the best way to construct the road project
terms of defined objectives. The process can be viewed as acting through a number of logical stages as
described below. An overview of the different phases for development and imeigation of a road project

and the related procurement phases is showrFigure22.

Projectprocess Procurement phase

= ’ Assessmentof need ‘

g ! . - ", Clientled procurementof:
‘ ga Preparatlon’ Appraisal ‘ A Consultants- design cost, engineering, quantity
§ 3 ’ Strategic briefing "/” A Ssjgs%?]ri’e(g?:mpec'ahss
ey T ———_—_—_—_—_——_—.

s 3 : A Main contractors (for DB, DBO, PPP contracts)

g i ’ Projectbriefing ‘

E : A DB design and build

A DBO design build operation
A PPP public private partnerships

L Conceptdesign J

Design

’ Detailed design ‘

’ Construction procurement ‘ —— Clientled procurementtraditional contractor(s):

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Main contractor(s)

’ Construction ‘ 0 Main contractors led procurement (subcontractors,
materials, temporary labour, plantand equipment)

’ Completion ‘ i Sub-contractor(s) led procurement led
procurement (further subcontractors, materials,
——————————————————————————————————— plantand equipment, trades)

U Trades procurement (materials, plantand

’ Handover ‘ :
Use equipment, labour)
’ Use ‘\

Pavement Clientor contractled procurement

U Operator managementservices
7777777777777777777777777777777777 U Maintenance services

End of life ’ Decommissioning

Figure 22: Project process and procurement phases for road infrastructure (based on information

provided in Berry and McCarthy (2011) Harmer at al. 2012, SUNRA project)

Early inclusion of GPP criteria requirements into contracts is vital to ensuring that sustainability

considerations ee fully integrated into the project and to limit additional costs.

A stakeholder suggested that NRAnd local authorities should compare and select alternative types of
pavement structure and materials through the use of alternate bids or DBO moftaks latter in case of
sizeable road projec)s Moreover, the stakeholder suggested that the formula of alternate bid can provide a
solution to make the best choice between available pavements options corresponding to equivalent designs.
Alternate bid is a proess developed by the Federal Highway Association in the US (FHWA, 2012; Wimsatt et
al., 2009). It should be understoodalternate bidis applied also in Europe by the NRA or local authorities.

v

QUESTIONS TO STAKEHOLDER®uld you please provide furth@mformation on alternate bids, providin

specific examples of application in Eurdpe

A new guideline ohoice of pavemerttis very close to be published by Trafikverket.
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3.2.1 Preliminary scoping and feasibility
Assessment of the need

The need for a road infrastructure is decided at a strategic levelroad project is formulated in terms of
overall objectives and it is discussed typically at a political level and may be part of a master plan developed
in discussion with local authorés and supply chain stakeholders with relevant knowledge and interests in
the project. The exchange of ideas, opinions and experience between relevant parties for tackling issues such
as; identifying the optimal alignment, technical problems and improvesgvice levels to create a set of
defined and realistic project objectives is cruciéthtegrating sustainability into the assessment of need
enables questions to be asked about the broader impact of the infrastructure. This starts at the point of
whethera new road or major reconstruction is required at all, whether it is the most appropriate solution and
how it should integrate with other transport modes. The assessment of need can also identify the parameters
within which it is appropriate to build a nemad e.g. its size, service life and potential future improvements.

Strategic briefing

At the strategic briefing the contracting authority invests resources to investigate the project. The
development of options which will meet the required need will el required. The project definition clearly
sets out the strategic aims of the project. Its objective is usually to create a clear brief for the internal
project team, including the procurer. A consultant could be tendered or the national road adioist(NRA)

or local administration could pass the project to the technicalhiouse lead. The project definition should
include the environmental priorities of the contracting authority, as reflected in policies and plans, at a
corporate level and in lad planning policies.

At the feasibility stage, the general project outline is examined in detail by studying relevant design options,
assessing which are feasible and selecting the most feasible solution for implementatimnrespect of the
project objetives. In this stage each project option is examined in view of construction methods and service
life costs and environmental, social and economic impacts. Typical elements to be considered in the
feasibility study may be stimated construction costs foeach option, Life Cycle Costs (LCC) for each stage
of the project including build and operation, Cost Benefit Analysis (including traffic studies), a preliminary Life
Cycle Assessment (LCA), development /assessment of financial strategy, risk analysrstagadion for each
optional solution under consideration.

Project briefing

A preferred option is developed and a briefing prepared for the design team. The contracting authority can
set the parameters for this process and incorporate the principles oftangable development. Public
authorities will instruct the designer to consider the sustainable development principles in design. This may
be through a further procurement process to a design team, a design and build team, as a technical brief to
in-housestaff or as part of a contract management process with a consultant.

Environmental planning

According to IRF (2013), the Strategic Environmental Assessment (SEA Directive 2001/42/EC) should be a
fundamental component of roathetwork planning, as it can helin ensuring legality and consistency,
understanding environmental impacts at the strategic level, improved collaboration and efficiency in
decisionmaking, positive effects on subsequent project assessments, transparency and public participation.

The ealier in the procurement cycle design changes to the road alignment are considered, the more potential
economic and environmental savings can be obtained. To benefit from the possible reductions in energy
consumption and GHG emissions during constructiomajor roadworks, design should not be separated
from the opportunity to optimise length of the road, earthworks and materials transportatidre length of

the road is vital to the total impacts caused by a road construction. The reason is that the uasepis
typically the most significant parameter and causes the largest environmental impact for road with a
considerable traffic volume. Typically the road alignment is decided upon in the feasibility stage and
assessed by the EIA (according Aaticle 4(2 Annex Il of the EIA Directive 2011/92/EWhus, it is assessed

that the length of the road construction is decided before the GPP criteria come into play. It is recommended
that the public authorities are aware of the importance of this parameter andlude this knowledge when
choosing the alignment of the road construction that it has to be assessed by means of a preliminary LCA
analysis (Lilienstréom C., 2013; Faitfll C., 2005).

119



Concept design

Before moving into the detailed design phase, an optiappraisal is usually carried out in order to inform
the business case for the project.

It is required to develop a concept design as part of the feasibility study in sufficient detail including inputs
(materials, alignment and transport requirements)rfthe cost benefit analysis (CBA), the EIA, SEA, LCC

Analysis and LCA ofedign concepts and optionsThe concept design covers further work to assure the
contracting authority that risks are reduced, the costs are more accurate and to provide dbsifh

contractors with sufficient information to understand the proposal. The concept design takes a first view on
kpl]gd” \'pocjmdot*%¥n m Il pdm h ion oc\o rdgg di*gp_" \ hj

1 the functional requirements capacity, size, quality of the works, laid out in ffigantly comprehensive
way to ensure that they are understood in the same manner by each of the tenderers
Requirements to the Contractor's design and design criteria to be used
A presentation of the physical conditions on site or specifications to teedgr as to which
investigations they should carry out as part of their tender and existing permissions. This could include
borders of land, site available, access roads, topographic, soil and ground conditions, utilities.

1 Possible environmental constraintiiring construction

1 Permissions required to be obtained by the Public Authority or Contrgatoconstruction permit)
Establishing environmental performance objectives

f
f

It is recommended that the public authority evaluates its actual needs and poggsilior incorporating
environmental issues in each step in the procurement process. Each project is unique, therefore, some criteria
might have to be strengthened, others omitted. Moreover, the degree to which the procurement process
includes the variouphases (design, construction and operation) will also determine choice and formulation
of GPP criteria. Thereford, is important that both minimum technical requirements and possible areas of
focus for award criteria are established during thipreliminary phase. This will ensure their clear
communication throughout the tendering process and will help build a common understanding. Initially the
focus could be dedicated to a few key strategic environmental targets, for example related to pavement
performance or construction materials. Further environmental targets may be added in further procurements
steps.

Putting the team together: preliminary stages

At the preliminary stage the aim should be to draw upon internal expertise to support the pFowmt
process. Using internal expertise throughhiause led technical departments will ensure greater owners
over the project. The internal project team will also then be more informed when managing ext
contractors, being able to maintain betteontrol over the environmental specifications it requires.

Where possible personnel with relevant expertise should be identified and assigned to the project. This
include, for example expertise in capital projects, finance, highways, maintenande eamironmental
management. Some authorities may also havetiouse engineers and designers.

Experience also suggests that the involvement of the supply chain, maintenance manager and -
facilities managers can help to ensure that the road infrastruiet is designed to meet their needs and
practical to operate and maintain.

Preliminary appraisals and outline designs may be carried ouhadmse with support from externa
consultants to make up gaps in expertise. Support to be procured could indimé&ronmental Impaci
Assessments, Transport Assessments, Life Cycle Costing, sustainable design.

Early assumptions about capital and life cycle costs

At this stage initial assumptions about the cost of environmental improvements can be integrated ieto th
cost planning for the project. Life Cycle Costing (LCC), done before tendering, can be used as a technique to
inform decisions on the cost and benefit of requiring specific GPP criteria (see the description of LCC below).
Reference road concepts useatérnally to appraise the possible costs may be included in the Invitation To
Tender (ITT) for design teams and construction contracts. Provided that they include a bill of construction
materials they could be used as the basis for comparative assessmeaftenvironmental improvement
options for the construction.
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Life Cycle Costing (LCC)

Life Cycle Costing is a techniqubat? ¢l _ " j c g amkn_p_rgtc amgr _qgg¢
period of time, taking into account all relevant economic factieh in terms of initial capital costs anc
dsrspc mncp_rgml _j _ (Ldngdong 2D@7). It jis artjculadycrédewvdntrto aghiewging |
improved environmental performance because higher initial capital costs may be required to achieve
life cycle running costs. LCC exercises should be carried out with reference to ISO-55685

Applying LCC requires specialist technical skills that should be procured by the contracting authority (if i
not exist inrhouse) to support initial appragds and development of the Invitation To Tender (ITT) for m
construction contract. Cost consultants will tend to be able to offer this expertise.

LCC is particularly important in Design, Build and Operate arrangements, which can be structuredritoo
incentivise the contractor to minimise lorgrm operating costsFurther information about LCC is availab
from the EU GPP websitiettp://eceuropaeu/environment/gpp/lcc.htm

3.2.2 Detailed design

The contracting authority will have determined what needs to be considered in this process at the project
brief stage and the concept design stage.

Specifying the brief and performance requirements
a) Under conventional (employer design) contractamgangements

In a conventional contracting arrangement a design is procured for the road project and then a contractor is
procured to construct this design (also referred to as an 'employer design' contract). A brief is therefore
required setting out the antracting authorities design requirements. The brief would form the basis for the
ITT for a design team.

b) Under integrated design and construction arrangements

Where design and construction are to be procured together (in "design and build" or "ddsigd, and
operate" contracts) the contracting authorities performance requirements assume greater importance. This
is because they will form the basis for the ITT for the main construction contractor and their design team. It
is therefore important in hese two types of contracts that GPP criteria are fully addressed within the
performance requirements. It may be necessary to procure expertise at this stage in order to prepare the
performance requirements. Where the design and build are to be integratexhe contract there will tend to

be less direct control over the final design. The performance requirements to be communicated to potential
contractors are therefore important in formally specifying GPP requirements.

Putting the team together: developin g performance requirements and designs

As the project enters the detailed design stage the contracting authority may wish to procure an ext
project manager with experience of innovative construction projects. Their role could include supg
develgpment of the brief and/or the performance requirements as the basis for the ITT. They could
support the procurer by helping to troubleshoot issues or barriers to the delivery of GPP specifications.

Experience suggests that the core design team véljuire experience and expertise in a number of key art
which are identified in more detail in the GPP Selection Criteria:

Engineers: Knowledge and experience of designing and specifying environmentally improved
infrastructure.

Specialist environmdal consultants: Knowledge and experience in providing advice on innovation in i
such as materials sourcing, waste management and certification schemes, as well as the capacity to
out specialist analysis such as LCA.

Cost consultant: Knowledgend experience of environmentally improved specifications and construc
systems, as well the capacity to carry out specialist analysis such as Life Cycle Costing (LCC).

It is important that experience and expertise is verified by references from clieamsl/or recognisec
certifications and qualifications. The criteria should be included in the ITT for all forms of contract.

In the reform of the public procurement directives (adoption expected for March 2014, to be transpost
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Member States within 24months), it is explicitly stated (Art. 66) that the organisation, qualification ¢
experience of staff assigned to performing the contract (where the quality of the staff assigned can ha
significant impact on the level of performance of the contracgn be a criterion foawarding a contractThis
can be put in addition to selection criteria. For complex contracts as road construction and maintenance
usually be expected that the quality of the staff can have a significant impact on the perfarogaof the
project.

Commencing detailed design

Detailed design is carried out by a design team, the members of which can either be individually selected or
called down from a framework contract. The process then varies according to the form of contract:

1 In aconventional construction contract (also referred to as employer desighgre there is a separation
between the designer and the construction contractor, the design team is instructed by the technical lead
department of the NRA or local road admnstriation (or consultant(s)) who is accountable to the
contracting authority.

1 In adesign and build or a design, build and operate contrdéiet design team is usually controlled by the
main construction contractor, although it may be possible to 'novateir(sfer) the contracting authority's
design team to the chosen contractor.

The core design team will generally include project manager, cost consultant, consulting engineers (civil,
structures and services) and specialist environmental consultants. Teghttols used by this team to meet
GPP requirements will include Life Cycle Assessment (LCA) software.

Life Cycle Assessment (LCA)

Life Cycle Assessment is a tool that can be used to analyse the environmental impacts of different
designs and specitations. It is specified in the GPP criteria as a means of quantifying improvements ir
environmental impacts of roads.

Using LCA requires specialist technical skills that should be procured as part of the design team.
technical capability shouldyo hand in hand with practical knowledge and experience of the availe
improvement options, their material composition, their availability in the supply chain and their cost
design implications.

Preparation of the tender documentation in traditio  nal contracts

The detailed design forms the basis for the ITT which will be used to procure the main construction
contractor. It is therefore important that it incorporates GPP requirements. This could include requirements
relating to:

1 Design performane, such as structural parameters, rolling resistance, noise and drainage

1 Material specifications, such as specific combinations of the main materials and products identified by
LCA analysis,

9 Execution of the contract, including site waste management

The contracting authority may also require the bidder to carry out a Life Cycle Cost assessment, or to provide
information that allow the contracting authority to make its LCC calculation. Bids may then be compared on

oc” ]J]\ndn ja oc g¥%Hjond @ppi Ohd~»\V gngst #H@<O$ ~jind_

include the longterm cost of maintenance, utilities and waste management. It is recommended that LCC is
assessed as a global figure (i.e. all lifetime costs added together) and not asirs¢ply weighted award
criteria.

3.2.3 Construction

After the design is finalised the contractor is appointed through a procurement process. The tender process
may have been initiated prior to design or at the end of design to appoint a contractor.
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a) Conventionh(employer design) contracts

It is therefore important that the contractor has a clear understanding of the GPP performance requirements
and has the capability to respond to them. The potential to include GPP criteria should already have been
explored edier in the process by the design team, but the nature of the contract will still allow for
contractors to identify cost effective and innovative responses.

b) Integrated design and build contracts

In a contract with integrated design and build the contraicwill have been selected at an earlier stage on
oc” ]J]\ndn ja oc dm ~\k\]dgdod n \i _oc dm _ " ndbi
requirements. The main advantage of this contract form is that it integrates the design team tued
construction contractor, which can help to minimise risk and uncertainty in delivering innovative
specifications. It also affords the contractor greater flexibility in meeting the performance requirements, but
this places a strong emphasis on ensugithat performance requirements are carefully defined.

c) Design, Building and Operate (DBO) contracts

In a Design, Build and Operate contract which includes project financing, the risks associated with the project
are transferred to the contractor, who is ually responsible for the road asset over a 3 year timeframe.
The contracting authority sets out its road asset performance assessment in a specification.

The advantage of DBO arrangements is that asset management and the asset performance moniaweing
integrated within the contract. Life Cycle Costing therefore becomes an important consideration because the
contractor will seek to minimise running costs. This can be further incentivised in how the operating fee is
structured. The disadvantage is dahthe contractor will seek to minimise upfront investment costs. GPP
requirements such as those relating to construction materials should therefore be prioritised during
AjitomVAojm n g “odji) Oc"’ ?=J "jinj modandtianagé thg r g °
supply chain to meet GPP requirements is important. DBO contractors that are experienced in meeting
environmental specifications may, for instance, have developed cost effective construction systems.

3.24 Use

Monitoring is performed during thuse phase of the road.

According to Sjogren et a{2012, Heroad project), a road asset management is a holistic approach that
integrates the strategic and systematic process of operating, maintaining, upgrading and expanding physical
assets effectivelythroughout their life cycle. A road asset management includes-ipneestigation, planning,
design, building, daily operations, planned maintenance, improvement and decisionscynlireg or removal
(Figure23). Furthermore the road user perspective has become a target area to be considered.

Figure 23: The life time stage of an asset (Sjogren et al., 2012)

123

o\

_b-



















































































































































