Durability and sustainability:
new challenges for Road Traffic Noise Barriers




Introduction

* Regulations and technical standards on product ENBF partecipation to:
perfomance assessment o
* CE marking according to CPR305 2011 \ * CEN s-tandardlzatlon
: : . committees
* Environmental Noise Directive
e About noise reduction planning activities ) Expert' G.roup @ EU
Commission

* Noise legislation: noise limits and budget allocation
* Legislation and technical standards for:
e Structural design and material specifications .
3 associations of
Procurements rules and procedure manfacturers gathering
* Installation and maintenance procedures in ENBF
* End of life management

Role of national
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Introduction

conso ONLINE'

/7

R
%] o8 3
- Tl 3 3. s »
ek .
S AN HI Wb
i
& b oA T asss NS 00t /[//
3 oW R Avwr
4 IR BN -
- !
AT OGS A DTN a4
i - .
LT

SISTEMI DI SICUREZZA DEL BORDO STRADA:
IMPIEGO DEL PRODOTTO E PROGETTAZIONE
DELLA POSA
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%@ UNICMI technical library about road and rail equipments:
* Roads safety barriers,

UNICMI «  Noise barriers,
 Wind and rockfall barriers,
* bearing and joints for bridges

http://www.unicmi.it/strumenti/strumenti-online/corso-brero.html
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http://www.unicmi.it/strumenti/strumenti-online/corso-brero.html

Content

Summary

Road Traffic Noise Reduction Policy

* Noise Barrier Design

Installation and Maintenance

e Sustainability
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Yeer NOISE REDUCTION POLICY
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Yeier NOISE REDUCTION POLICY

Combination of porous asphalt and noise barrier : any chance?

=

« Conventional porous asphalt effect is evident
over 500 Hz third octave band

« Effect of noise barrier due to diffraction is
expected in the same frequency range

S

i
o

* This is not a favourable condition as total
results is not the mere summation of the
effects; i.e.

=
LN
-

Sound exposure level [diE]
= 2
—_— -

. —8— dense asphalt * IL (measured behind a noise barrier) = 15 dB

| == porous asphalt

Lad
Ly
T

 |IL (measured with a porous asphalt) =4 dB

&

B3 125 250 500 1000 2000 4000 SO0
Frequency [Hz) * IL (measured with both) = 16 dB
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Yeer NOISE REDUCTION POLICY

In the rail sector:

* Absorbing track surface

* Low height noise barrier
or
* Close proximity barrier
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Yeer NOISE REDUCTION POLICY

Electric mobility will not provide a
solution in extra urban areas

Action on road surface can ensure a
moderate noise reduction for many
receivers

Action on the building can ensure an
high noise reduction for a few receivers

Noise barriers (or covering) remains the
unique approach in case a significative
noise reduction is required for many
receivers

Giovanni Brero ENBF 8



NOISE POLICY : CONCLUSION

How to address public
resources for traffic
noise reduction ?

Option a)

Use available fundings for . : |
a few decibel reduction = f PSR i T
on the whole network ? | -- " |

Option b))

Start focusing on the black spots to achieve a i AN N

significative noise reduction for more exposed receivers A A 7\ 2R \
? 7 ) MANE s
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YeigF NOISE BARRIER DESIGN

Target of the acoustic design of the noise barrier:

To improve its extrinsic performance
Characterized by the Insertion Loss IL: difference of noise levels without and with the noise barrier

shadow zone

line-of-sight
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YeigF NOISE BARRIER DESIGN

<reflected w@ @orbed @

intrinsic sound absorption
(inherent to product)

@racted WD

Height, Length,
elative positions S &R ...

@smlttedR

. | intrinsic sound insulation
.| (inherent to product)
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NOISE BARRIER DESIGN

Diffrazione

Fan

Riflessione ||

Acoustic design steps:

1 - calculation based on diffraction: the height and the length of the noise barrier is defined to achieve ti noise
reduction required at receiver point

2 - choice of the noise barrier type to achieve maximum acoustic insulation requested

3 - choice of the noise barrier type to achieve maximum acoustic absorption (minimum reflection) requested
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YeigF NOISE BARRIER DESIGN

Acoustic modelling tools based on scale models or numerical techniques

MINIETEHE DE L'ENVIRONNEMENT MINISTERE
ET DU CADRE DE VIE DES TRANSPORTS

Guide du Bruit des Transports Terrestres

PREVISION DES NIVEAUX SONORES

Giovanni Brero ENBF

Abeque 4.130 . Voie de 12 m de largeur, au nivesu du sol. Isoatiénuations apportées par une
couverture partielle couveant la moitié de la chaussée

13| \ -12
/l e — ' ¢ . + —
— 5 14
1q) a8 -6 { 1 1
° 0 100 150 200 o 250
Aboque 4.13] : Rowte d 2 x 2 woize qu mivesu du sol Isxstiénuations apporides par une couveriure

partielle couveant la moitié de la premiére chauss'e




NOISE BARRIER DESIGN

Diffraction effect calculation
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YeigF NOISE BARRIER DESIGN

Once the expected effectiveness by diffraction is defined,

 the optimal acoustic insulation is calculated
» choice of the materials (depending on the surface mass)

14
theoretical
effectiveness
12 (by diffraction)
theoretical L
/ effectiveness =f5a8
10 10 (by diffraction) 10
/ =12dB /
practical effectiveness .
(d5) 8 ] 8
theoretical
effectiveness
by diffraction
(by o, .
/ - / /
4 4

4
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single number rating of airborne sound insulation DL, (dB) single number rating of airborne sound insulation DL (dB) single number rating of airborne sound insulation DLg {dB)
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YeigF NOISE BARRIER DESIGN

85

R
Minimizing the noise reflected by Tg 2% rigid barrier
the barrier to: 754
\
- avoid any increase of noise g \
levels in the screened area g 65 \
behind the barrier. 5 // / \\
3 - AN B
* Minimise the multiple 555 _ /’/ lé/"“\f\\ \\\‘\ -
reflection effect betweenthe = ree-field | 11 /,-// / N \L ~~_
vehicles and the barriers (the - f,,ff"“’ /%’/ \“Q\L\\ H‘“‘HHM
figure aside show the . | f,«zf“’# - / \%‘%\“‘H.‘_ B
potential consequences at the | fiully absorptive barrier / K;;H‘H
receiver point for a truck =T — T

normal absorptive barrier

pass-by measurement)

35
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NOISE BARRIER DESIGN

RISULTATI DEL MODELLO DI CALCOLO - EFFICACIA INTERVENTI

milenoserraville
milanstongenzioli

Giovanni Brero ENBF

EFFICACIA INTERVENTI

PERIODO DIURNO PERIODO NOTTURNO
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SEZIONE 1
DESCRIZIONE PROGETTO: REV: | DATA: PROGETTO:
Valutazione del clima acustico generato dall'autostrada A51 nel comune di Cologno Monzese 0 [|Dicembre 2017 749
SEZIONE 1 TAVOLA:
4
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NOISE BARRIER DESIGN

Noise covering design

P S0 05 0 oW s a0 g8 o s ) 0 TR T Ap g5 n sn ) O @575 s g8 oy s oo s oy A a3 gn g

SEZIONE 1- SCALA 1500

LEGEND &

ELEMENT Dl BASE

[E==%] COMFINI CONUMAL

INFRASTRUTTLRE STRADALL (D.F R, 142/2004)
LIMTE 100 m (FASCIA &)

E=o LMTE 256 m (FaStiA B)

E=3 AMBITO SPAZIALE 504 m

DESTINAZIONI D'USD DEI RICETTORI
SENSIBILE

RESIDENZIALE

B3 vFAco

EFFH comMeErCIsLE

B eulto

X NDUSTRIALE

EEEE PERTINENTA

LEGENDA LIVELLI DI RUMORE {dBA)
. 22 dBA
. 20< L <22 cEA
12 L <20 dBA
. 16 L <8 oBA
I e L <6 uBa
2L <Te B
0L <12 aBa
. s L <ID dBA
M < LB B
W <L E B
W L <t BA
oL <2 aBa

- =S

MICHTRADE W OONGESHONE.

‘SERRAVALLE MILANO

TANGENZIALE OVEST DI MILANO
TANGENZIALE EST DI MILANG
TANGENZIALE NORD Df MILANO

Toran

TANGENZIALE EST DI MLANO

oo

INTERVENTO DI MITIGAZIONE AMBIENTALE
COMUNE DI COLOGNO MONZESE

PROGETTO DEFINITIVO

1= : - 7"

)

STUDIQ ACUSTICO
Mapps & rumore atzzontal e vertical detta (22-8)

[t

Z 7 7
sy N T AN NS
o 7 S NGRS S

Frogemcue 3083 ve | m0n00 et
)

Hik

[T

Giovanni Brero ENBF




NOISE BARRIER DESIGN

/ ..A‘.\\ i ?
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NOISE BARRIER DESIGN

Different approaches:

Minimizing impact
on landscape

Achieving acoustic

results and ensuring
functionality

Minimizing costs
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Yeisr NOISE BARRIER DESIGN
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YeigF NOISE BARRIER DESIGN
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NOISE BARRIER DESIGN also includes:
« Structural calculations

» Safety issues related to traffic

« Materials selection and durability

« Installation and maintenance issues

« Sustainability evaluation
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YeigF NOISE BARRIER MAINTENANCE

Durability (reference standard EN 14389)
Product durability : metal or timber protection
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YeigF NOISE BARRIER MAINTENANCE

Durability of the product
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YeigF NOISE BARRIER MAINTENANCE

Durability of the support

Giovanni Brero ENBF



=K

S ORI e
3, TR a»,‘w_.pﬁur&u\.n..\,\.\ Vit
- i) A ¢
: .VW\S.)V.\.«,NW.,,M._W\ o i
- WX i b ST A

O
O
®©
C
)
e
=
©
S
Y
@)
X
O
©
L
=
=
O
)
=
O
&
@)
o
e
C
)
O
O
O
®©
| -
@)
=
i
®©
O
(-
©
>
>
O
O
)
e
%
4=
@©
>
=
Q0
©
—
)
a

R, Ty

e i

27

Giovanni Brero ENBF



YeigF NOISE BARRIER MAINTENANCE

Research project : SOPRANOISE

e Securing and Optimizing the Performance of Road trAffic noise barriers with
New methOds and In- Situ Evaluation

e European research
funded by CEDR (Conference of European Directors of Roads)

* Simplified methods to characterize the in-situ intrinsic acoustic performances
of noise barriers

Giovanni Brero ENBF 28




YeigF NOISE BARRIER MAINTENANCE

How to characterize the intrinsic (product) acoustic performances (absorption, insulation)?

Accuracy
High
detailed
3
Medium EN1 P05 Gt
quick tests
Deciding ter further
Hﬂu h . Lesls
¢ In-situ
inspections
Decicing far further tects

p Effort
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NOISE BARRIER MAINTENANCE

Visual inspections easy to do
during roads monitoring visits

NB inspection protocol
Sheet 3: Defects
=
= _|s
2| |z|2|8 additional notes
8| E E EHE [e.g. on visual/aural impression, absorption
é 2 2w | = B _ material, environmental conditions, general
____________________________________________________________________________ =|=12[5]=)2| | . pedtionfm | sizefem condition, reference to photographs ..
field height i
field no. | NB side ! € defect location type/cause of defect view vertical | horizontal vertical horizontal
fm through
s front 2 at element OO0 O[O yes 15-2.0 middle 15-35 65 - 125
57 frant z at element 3] o o] o 3 1.5-2.0 middle 35 - 65 65 - 125
53 front 2 at element H OO O[] yes 15-20 middle 35- 65 125- 735
-2 frant 2 at element M| OO CIE B e 15-2.0 middle 15-35 125- 735
B front 2 at element H OO O] ves 15-20 middle 15-35 65 - 175
B front | C 30N S atelement HOIOIQI0I=] e
B0 front 2 at element H OO O] s 15-20 middle 35- 65 125- 735
oooooo
NB inspection protocol NB inspection protocol NB inspection protocol
Sheet 1: Location Sheet 2: Construction Sheet 4: Acoustic assessment
road nanme Baz Assessment for each NB field individually Estimated overall assessment (superposition)
main construction material material of posts . . . . . i . . i
near Oberwal luf field no. acoustic condition critical radius /m field no. acoustic condition critical radius /m

acrylic glass

steel

emergency lane yes

fromfto km 45.7 465 combined with

direction Frankfurt

combined with

fromyto coordinates 50.044433 | 3.137693
50.044432 | 8.137751
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YeigF NOISE BARRIER MAINTENANCE

In-situ measurements

Giovanni Brero ENBF 31




NOISE BARRIER MAINTENANCE

In-situ measurement of sound reflection

/‘/,‘ 0o it ; t ‘, : ; 5 1’00
0,80
0,60
0,40
Rly, dB
0,20
0,00
-0,20
-0,40
200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Frequency, Hz
Field 1 Field 1 rep. Field 2 Field 3 Field 4
Field 5 Field5 rep. Field 6 Field 7 Field 8
Field 9 Field 10 Field 11 Field 12 Field 13
Field 14 Field 15 Field 16 Field 17 Field 18
Field 19 Field 20 e Field 1 fullEN - - —Field 1 EN-U95 - —= —Field 1 EN + U95
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NOISE BARRIER MAINTENANCE

In-situ measurement of sound insulation

55,0

50,0

45,0

40,0

35,0

30,0
5ly, dB
25,0

20,0

15,0

10,0

5,0

0,0

200 250 315 400 500 &30 BO0 1000 1250 1800 2000 2500 3150 4000 5000
Freguency, Hz

Field 1
Field &
Field 10

Field 4
Field 2

Field 2 Field 3 Field 2 rep.
Fiald & Fiald 7 Field &
Field 2 fullEM = =—Field 3 EN - U95 = —Field 2 EN + 95
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YeigF NOISE BARRIER SUSTAINABILITY

How can we represent sustainability ?

SUSTAINABILITY
OF NOISE AND SAFETY
BARRIERS

for a noise barrier project:

technical (and functional) requirements represents the §
basement design technical specification to be fulfilled, on the 3 -
top of that for each project: 2 a
<
economic, § z
. = (&)
social, S Q

>

and environmental requirements need then to be
considered.

FUNCTIONALREQUIREMENTS
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YeigF NOISE BARRIER SUSTAINABILITY

e ESSENTIAL REQUIREMENTS FOR NOISE BARRIERS

OF NOISE AND SAFETY

ACCORDING TO CPR 305/2011 (today under revision)

ENVIRONMENTAL ASPECTS
SOCIAL ASPECTS

FUNCTIONALREQUIREMENTS

Mechanical resistance and stability
Safety in case of fire

Hygiene, health and the environment
Safety and accessibility in use
Protection against noise

Energy economy and heat retention

NP L N X

Sustainable use of natural resources

Giovanni Brero ENBF




YeigF NOISE BARRIER SUSTAINABILITY

LA
Construction Pro@dﬁts Regulation 2.0

_.~_|>.\»

ENVIRONMENTAL ASPECTS
SOCIAL ASPECTS

New requirements ensuring the functioning of the product when inserted in the costruction:

FUNCTIONALREQUIREMENTS

 installation requirements
* maintenance requirements (periodic inspection)

« environmental sustainability

Giovanni Brero ENBF 36




YeigF NOISE BARRIER SUSTAINABILITY

| > Studi sufl’amblente I > Aria / Rumore / RMI / Economia I

SUSTAINABILITY
OF NOISE AND SAFETY
BARRIERS

! : - > Disponibilita a pagare per
Economic sustainability il miglioramento della qualita

. ambientale nel luogo di residenza

ENVIRONMENTAL ASPECTS
SOCIAL ASPECTS

different approaches for Noise barriers:

FUNCTIONALREQUIREMENTS

« Cost/ Benefit evaluation
(take into account new functionalities of Noise barriers
(energy production, use of the surface...)

« Willingness to pay for noise reduction

Giovanni Brero ENBF




NOISE BARRIER SUSTAINABILITY

FUNCTIONAL REQUIREMENTS o ——— E——
B M -

{ e = ot
Fony oot TN IR —q—-. Lt &- . B m e
oy i g% o “": -l P J i & il Caa o ‘F’&bv(a--«b

: = Af j M | | Ml HIUNIH fll [ =

Social sustainability:

Impact on landscape
Obstruction of the view
Shadowing

Security

Giovanni Brero ENBF 38




YeigF NOISE BARRIER SUSTAINABILITY

Environmental sustainability:

SUSTAINABILITY
OF NOISE AND SAFETY
BARRIERS

PrEN 17383
http://www.environdec.com/

LCA based on the set of indicators over the whole life cycle defined in
peesmsss)  EN15804:2019.

FUNCTIONALREQUIREMENTS

SOCIAL ASPECTS

ENVIRONMENTAL ASPECTS

I I |
A1l . A2 i A3 | A4-5 : C D
| | I |
I I | |
| | I | -
I | | | Demolizione
I | | Trasporto el
: : : »  prodotti al : —
| Trasporto de I Sit/o | cantiere | lcrjnpam evntat{i
i 0 Trasporto rifiuti a recupero.
Materie prime/ Lsl fornitori a siti di || produttivi/asse : ' P |u ricicr:)
semilavorati | I ; I
I prod./assembl. | mblaggio 1 |
I I | |
: : : Installazione : Trattamento
Materiali per I | | | rifiuti
packaging I | | |
: | | |
|
I | | | Smaltimento
I | | I finale
| | I |
I I | I
I I 1 I

Giovanni Brero ENBF 39



http://www.environdec.com/
http://www.environdec.com/

YeigF NOISE BARRIER SUSTAINABILITY

£ 2ebr O e I 2
<5 ST, AIT&H&E%‘&W”“ ! g7 | I—

CHALMERS

%) PROCEEDR

OPTIMISING RESOURCE USE
FOR ROADSIDE INFRASTRUCTURES

PROCEEDR - OPtimising Resource Use for
Roadside Infrastructures
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YeigF NOISE BARRIER SUSTAINABILITY

%) PROCEEDR

SgglgdéigS?Difff\?F%};%i:jgTURES CEDR TRANSNATIONAL ROAD RESEARCH
PROGRAMME

Call 2020

Resource Efficiency and
the Circular Economy

CEDR Transnational Road Research Programme
funded by

Jenmark, Ireland, Netherlands, Norway, Sweden, Switzerland
and the United Kingdom

5.1 Topic A: Measuring and managing performance
|5.2 Topic B: Public procurement to foster circular innovation |
5.3 Topic C: Material research for roadside infrastructure

Giovanni Brero ENBF 41




NOISE BARRIER SUSTAINABILITY

) PROCEEDR

OPTIMISING RESOURCE USE
FOR ROADSIDE INFRASTRUCTURES

Material

Aluminium
Steel
Recycled PVC
Glass

PMMA

Wood

Details

Rock wool or polyester filling
Rock wool or polyester filling
polyester filling

+ steel frame + EPDM gaskets
+ steel frame + EPDM gaskets
Timber frame + HDPE sheet
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NOISE BARRIER SUSTAINABILITY

Mandatory impact category indicators according to EN 15804
-~ Resultsperdeclaredunit

Indicator Unit A1-A3 Ad A5 c1 cz2 c3 c4 D
GWP-fossil kg CO; eq. 1,6E+01 1,6E+00 2,31E-02  5.12E-04 1,62E-01 2 5E+00 1,0E+00 -4,28E+00
GWP-biogenic kg CO,eq.  6,18E-02 1,60E03 -99E01 313E07 1,10E05 1,10E-03 4,66E-05 -1,18E-02
GWP-GHG' kg COs eq. 1,64E+01 1,57E+00 2,35E-02 5, 13E-04 1,62E-01 2 49E+00 1,01E+00 -4 3E+00
?:I‘:E_ kg COz eq. 241E-03 5,65E-04 6,84E-06  2,82E-08 1,30E-06  1,09E-04 1,32E-05 -7,64E-03
Particulate Disease
GWP- matter — 1.96E-07 1,32E-07 1,58E-09 8,04E-12 1,45E-08 5,64E-08 3,96E-09 -2 52E-07
total kg COzeq. 1,6E+01 1,6E+00 -9,7E-01 5,13E-04 1,62E-01 2,5E+00 1,0E+00 -4,30E+00 emissions Incidence
kg CFC 11 lonizing kBq U235
opP eq. 315E-06  325E-07 248E-09 4.32E-11 3.82E-08 1.59E-07 7.04E-09 -1,83E-05 radiation, L 242E01 127E01  141E03 170E04 991E03 492E01 149E03 -1,77E-D1
human health 4
AP maol H* eq. 3,79e-02  1,03E-02 1,52E-04 1,07E-06  7,30E-04 4,72E-03 2,92E-04 -2,38E-02 Eco-toxicity
CTUe T.97TE+01 9 57E+00 1,52E-01 391E-03 1,00E+00 1,60E+01 2 81E+00 -3,6E+01
(freshwater)
EP-freshwater kg P eq. 2,32E-04 262E05 344E-07 162E08 823E08 478E05 392E07 -2 49E-04
Ep. Human ‘;’f’r"‘ztty' CTUh 976E-09  134E-10  907E-11  120E-12  140E-11  366E-09  144E-10  -943E-10
marine kg N eq. 8,62E03 398E03 GATEDS 264E07 268E04 146E-03  4,09E-04 4.93E-03 EENES] (EIHEE
Human toxicity,
EP-terrestrial mol N eq. 9,33E-02 4,738E-02 7,17E-04 299E06 295E-03 1,61E-02 1,37E-03 -4,70E-02 non-cancer CTUh 5.36E-08 1,68E-08 4 10E-10 1,69E-12 1,96E-09 1,38E-08 1,61E-09 -5 59E-08
effects
POCP - Nehgvoc 2368E02 106E02 163E04 7.93E07 75604 408E03  3,75E-04 1,25E02 L?e[}gtgse
’ . . dimensionles  123E+02  6,73E-01 1,44E-02 1,49E-03 6,/2E-03 4 40E+00 4 32E-01 -4 6E+00
ADP- impacts/Soil
minerals&meta kg Sb eq. 9,07E-06 7,00E-08  9,85E-10 1,60E-11 6,99E-09 668E-08 555E-09 -5,2TE-06 quality
Is*
; Additional voluntary indicators e.g. the voluntary indicators from EN 15804 or the global indicators according to 1SO 21930:2017
ADP-fossil* MJ 2,TE+02 2,4E+01 2,24E-01 1,22E-02 2,3E+00 3,8E+01 2,T4E-01 -1,14E+02
WDP* m?3 75E+00 512E02 6,02E-04 243E05 -39E-04 B63E02 8,11E-03 -4,15E+00
GWP-fossil = Global Warming Potential fossil fuels; GWP-biogenic = Global Warming Potential biogenic;
GWP-luluc = Global Warming Potential land use and land use change; ODP = Depletion potential of the
stratospheric ozone layer; AP = Acidification potential, Accumulated Exceedance; EP-freshwater =
e Eutrophication potential, fraction of nutrients reaching freshwater end compartment; EP-marine =

Eutrophication potential, fraction of nutrients reaching marine end compartment; EP-terrestrial = Eutrophication
potential, Accumulated Exceedance; POCPF = Formation potential of tropospheric ozone; ADP-
minerals&metals = Abiotic depletion potential for non-fossil resources; ADP-fossil = Abiotic depletion for fossil
resources potential, WDP = Water (user) deprivation potential, deprivation-weighted water consumption
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NOISE BARRIER SUSTAINABILITY

Resource use indicators
~ Resultsperdeclaredunit

Indicator Unit A1-A3 Ad A5 C1 c2 c3 c4 D
PERE MJ 3ATE+O1 9,02E-01 1,20E-02 4 A5E-04 350E-03 1,30E+00 295E-02  -3,9E+00
PERM MJ 1,12E+01  0,00E+00 O0,00E+00 0,00E+00 0, 00E+00 0,00E+00 0,00E+00 0,00E+00
PERT MJ 4 58E+01 9,02E-01 1,20E-02 4 A5E-04 350E-03 1,30E+00 295E-02  -3,9E+00

PENRE MJ 2,64E+02  2,38E+01 2,24E-01 1,22E-02  228E+00  3,77E+01 2,74E-01 -1,1E+02
PENRM MJ 971E+00 O0,00E+00 O0,00E+00 0,00E+00 000E+00 O0,00E+00 0,00E+00 0,00E+00
PENRT MJ 2,74E+02  2,38BE+01 2,24E-01 1,22E-02  228E+00  3,77E+01 2,74E-01 -1,1E+02
SM kg 1,81E+01  0,00E+00 0,00E+00 0,00E+00 ©,00E+00 O0,00E+00 0,00E+00 0,00E+00
RSF MJ 0,00E+00 O0,00E+00 O0,00E+00 0,00E+00 O000E+00 O0,00E+00 0,00E+00 0,00E+00
NRSF MJ 0,00e+00 0,00E+00 O0,00E+00 0,00E+00 0,00E+00 0, 00E+00 0,00E+00 0,00E+00
FW m? 1,73E-01 423E03  1,94E-04 200E-06  586E-06 T43E03  386E04 -859E-02

PERE = Use of renewable primary energy excluding renewable primary energy resources used as raw
materials; PERM = Use of renewable primary energy resources used as raw matenals; PERT = Taotal use
of renewable primary energy resources; PENRE = Use of non-renewable primary energy excluding non-
Acronyms renewable primary energy resources used as raw maternals, PENRM = Use of non-renewable primary
energy resources used as raw materials; PENRT = Total use of non-renewable primary energy re-
sources, SM = Use of secondary matenal; RSF = Use of renewable secondary fuels; NRSF = Use of non-
renewable secondary fuels; FW = Use of net fresh water
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Waste indicators

Indicator Unit A1-A3
Hazg';g:;‘:'e‘;aste kg 1,32E.01
woste diuposed K9 BOSE®2
Radioactive waste kg 3.26E.04

disposed

Output flow indicators

Ad

4,69E-03

4,16E-03

1,71E-04

A5

5,00E-03

3,36E-01

1,46E-06

C1

3,06E-06

1,53E-06

8,52E-08

c2

6,93E-05

5,64E-05

1,63E-05

c3

4,27E-01

1.47E+00

2,52E-04

Cc4

1.05E-02

4 87TE+00

1.60E-06

D

-8,43E-02

2,43E-01

-1,39E-04

Indicator Unit A1-A3
Components far kg 0,00E+00
re-use
Matena_l for kg 1,79E+00
recycling
Matenals for kg 1,43E-03
energy recovery
Exported energy,
electricity W 0005400

Exported energy,

thermal MJ 0,00E+00

A4

0,00E+00

0,00E+00

0,00E+00

0,00E+00

0,00E+00

Ab

0,00E+00

4 34E-01

7.44E-02

0,00E+00

0,00E+00

C1

0,00E+00

0,00E+00

0,00E+00

0,00E+00

0,00E+00

c2

0,00E+00

0,00E+00

0,00E+00

0,00E+00

0.00E+00

c3

0,00E+00

1,99E+01

0,00E+00

0,00E+00

0,00E+00

c4

0,00E+00

0,00E+00

2,00E-01

0,00E+00

0,00E+00

D

0,00E+00

0,00E+00

0,00E+00

0,00E+00

0,00E+00




YeigF NOISE BARRIER SUSTAINABILITY

How to implement environmental sustainability in GPP ?
« Confine declarations to modules A

« Eventually extended to modules C

* Clarify the use of module D

« Defined appropriate scenario for modules B

 ldentify a global indicator i.e.:

The Environmental Cost Indicator (ECI) is a single-score indicator
expressed in Euro.
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YeigF NOISE BARRIER SUSTAINABILITY

Some sustainable case histories considered in Proceedr research

Use of pregalva steel Integrated noise and safety barriers Special foundation systems
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Promorineg Sustainasie Roans THroueH
PusLic PROCUREMENT

ENCOURAGING INNOVATION AND SUSTAINABILITY IN THE ROAD
INFRASTRUCTURE SECTOR WHILE MODERNISING PUBLIC TENDERING
PROCESSES

Giovanni Brero ENBF




Thanks for your attention

*
* *
*
*
Rue Belliard 20

1040 Brussels
Belgium

info@enbf.be

www.enbf.org



mailto:inof@erf.be
http://www.enbf.org/
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