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Sustainability evaluation in asset management

platforms

[Open Question]
<<What does “asset management platform” mean?>> oraoes
Others..

“an asset management platform is a
powerful tool that allows businesses to Road verds/Safety

o ” . Operation Reactive
efficiently track, manage, and optimize maintenance
their assets.”

Congestion
CCAM

E-PMS ‘
Evolutive Managment
Pavement System
~
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E-PMS:
Evolutive Pavement Management System

A
ASPI| E-PMS is an innovative and strategic tool developed by MQVYON with the technical

N Teeh the i
supervision of vt Which is already in use to define and validate optimized maintenance
plans.

POLITECNICA

DELLE MARCHE

Monitoring

High-performance vehicles to collect performmance data on
* the slow lane;

| MAINTENANCE |
R s . nav | Knowledge
| DETERIORATION " "’::.. P : 20-years data collection used to define procedures and
: «local» decay curves
OPTIMIZATION Flexibil |ty

AND

G Decay curves can be updated to consider significant

variations of traffic spectra, weather conditions and
construction characteristics in each traffic section;

Sustainability

Enviromental Asphalt Rating (EAR) intrducted to evaluate
different maintenance strategies;

Evolutive [work in progress..]

Real time analysis of data from connected vehicles, fleet of
vehicles, embedded sensors

PROCESSING

Y .
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E-PMS:

Evolutive Pavement Management System

Performance Screening

Maintenance plan definition o Side Force Coefficient (CAT -

SKID Coefficiente di Aderenza
proceSS R Trasversale)
ESI S o MPD (Mean Profile Depth)
ROUGHNESS

o IRI(International Roughness
Index)

o Measures under traffic

o Measurement pitch: 10 metres

PERFORMAN
CE o AV (Deflection velocity of the
road surface) -> deflections
SCREENING BEARING (micron) -> S?CISOO (Surface
Curvature Index)
CAPACITY o Measures under traffic
o Measurement pitch: 10 metres
o  Thickness measurement by
Georadar
VA
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E-PMS:

Evolutive Pavement Management System

DATA ACQUISITION
Performance V2l Connection

Screening ] |

- -
E-PMS innovations
Real time "l Maintenance
. <—> Yy <—> E-PMS e
analysis Cll plan
o ————
I v Smart fastest lanes. 1
1 1
——————————— L L, 1 Tyres i
7’ LN | The interaction 1
. \ | between the 1
4 AUtomatlc 1 | Vvehicle and the et 1
deteriorations : e mmmmmmmmmoios (@) |1 pavemen takes e |
analysis : " I place through the 5 =0 |
These algorithms allow the I [ + bedded I tre, and this . 1
identification of distress I i Embedde I  technology is 1
through a Real-Time I I Sensors used to make 1
analysis of the pavment. 1 | Amonitoring technology, very fast !
The images come from 1 1 integrated into the
ASPI fleet of vehicles 1 | Pavement, capable of

acquisition on the -
N

moving on the network. acquiring "undisturbed"
measurements of the main

physical characteristics
U ——

inside the bounded layers R o,
(ex. temperature, humidity). g '4- N
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E-PMS:

Evolutive Pavement Management System

Data Processing
Traffic Data
Homogeneous
sections

DATA
PROCESSING

customised procedure to normalise the
traffic effects

a study of traffic spectra to define
updated Load Equivalent Factors (LEF)

traffic data available from tolling system
(close network)

The platform creates homogeneous
sections for each parameter (IRI, CAT,
SCI300)

Bridges have been considered as
independent homogeneous sections

The process adopted in the E-PMS
starts from a preliminary clustering in
function of the traffic. These data are
subsequently analysed through a
statistical process

LEF (ESAL/vehic) Motorway Type 1st lane 2nd [ane Motorway Type
511 e U7 LUK 68% 32% 4 lanes — high traffic
5,06 3 lanes — high traffic 83% 17% 3 lanes - high traffic
4,94 3 lanes — medium traffic 86% 14% 3 lanes — medium traffic
3,95 2 lanes — low traffic 97% 3% 2 lanes — low traffic

= ———— ST TS 2 mme

Data Navigation

-O-RiData -O-section O~ Attention Treshold -O- Critical Threshold

Optimal intervention

® IRl Data 1AL

——

T @ Section 155

1 l
1 @ Arttention Threshold 25
Al } Optimal intervention 275
@ Critical Threshold 3 ‘ﬂ\\

e

MW

Definition of

homogeneous sections
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E-PMS:

Evolutive Pavement Management System

Data Processing .
Deterioration curves

DATA

PROCESSING .

Prediction models and deterioration
curves represent a crucial aspect of any
Pavement Management System due to
many combined influences of traffic,
environment, pavement structure and
maintenance strategies adopted,;

For this reason, parametric deterioration
curves have been implemented within
the E-PMS;

This allows to customize the platform by
setting different parameters in each
traffic-section of the entire network.

1skid
Resistance

CATZO,S—mis A B ln(t)

2Roughness 0;=a- (561300r5o)b

. b
*Bearing o1 =a- (SCI300,g5)

Capacity d
E.-=c- (gg,max)

1 3,291 1 0,854
Nl,, = 0,0795 - ( ) . (—)
100 gz,max Er

1 Marchionna, A. P. (1994). Decadimento dell’aderenza sulle pavimentazioni autostradali. Autostrade.

2 Regression curve obtained from field data.

3F. Canestrari, L. I. (2022). Assessing the remaining structural life of motorway pavements at the network level from Traffic
Speed Deflectometer measurements. submitted to International Journal of Pavement Engineering.
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E-PMS:

Evolutive Pavement Management System

* An example of a homogeneous
sections decay curve;

Data Processing

Deterioration curves ° The purpose of the decay curves
is to estimate the residual

service life for each hom.sec.,
therefore of the entire network;

* Thanks to the use of
deterioration curves we can
predict how often we need a
maintenance activities;

DATA
PROCESSING +  We can define a scenario
according to the quality
parameters (skid resistance and
roughness);

* For each homogeneous section
we can predict the maintenance
for a short, medium and long
period.

~
MOQVYON
1 9%

nnnnnnnnnnnn

Grafico - Legge di decadimento

Soglia Di Attenzione

Seglia Di Intervento Ottimale (- Soglia Critica

— M
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E-PMS:

Evolutive Pavement Management System

Budget ed Importo lavori
SCENARIO —
50,000,000

Strategy

. S R — —

kpi: performance, economics...other
MQVYON autostrade”per litalia



E-PMS:

Evolutive Pavement Management System | EAR Index Introduction

Maintenance Plan
Maintenance plan definition
and optimization

OPTIMIZATION

AND
VALIDATION

PRODUCTION PHASE
3 29
e c
& 2 5 2
= S8 5
g% 8% 3
TE 83 9
@ = © o
F=] © =
i) =
Al A2 A3

» Residual service life < trigger value - Analysis of the adjacent sections (Fuzzy tolerance) >
Bering Verification of the distance between construction sites
capacity

» Residual service life < trigger value > Structural anticipation > Analysis of the adjacent sections }

— (Fuzzy tolerance) - Verification of the distance between construction sites

* Residual service life < trigger value - Analysis of the adjacent sections (Fuzzy tolerance) >
Verification of the distance between construction sites

* EAR (Environment Asphalt Rating) - EAR is an innovative index for assessing the
environmental impact of pavement maintenance operations on the motorway network

Materials and production processes as sustainable as possibile

REALIZATION
PHASE

Transport to the
worksite
Realization

S
>
]

Production Realization
autostrade”per litalia
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Environmental Asphalt Rating

Introduction: SUSTAINABLE DEVELOPMENT FACTORS IN PAVEMENT LIFE-CYCLE

MA"A‘ ‘.‘

ENVIRONMENTAL

Source: FHWA.

Sustainable
Pavement
Development

Planning & Design

Construction &
Rehabilitation

Operation &
Maintenance

Tender phase -
choice of suppliers

Cost-Benefit Analysis (CBA)
Life-Cycle Cost Analysis (LCCA)
Life-Cycle Assessment (LCA)
Multi-Criteria Decision Analysis
(MCDA)

Environmental Impact Assessment
(EIA)

Social Life-Cycle Assessment (SLCA)
Waste Management Plan

Pavement Management system
(PMS)
Site Maintenance Plan

Green Public Procurement (GPP)

11



Environmental Asphalt Rating

Definition

* The Environmental Asphalt Rating, hereinafter EAR, is an ENVIRONMENTAL IMPACT INDEX to be associated with asphalt concrete
mixtures used as part of scheduled maintenance plans. This index has been defined with the aim of:

2 - PROVIDE ASPI, AS A

4 - EVALUATE THE
CONTRACTING AUTHORITY,

1- UNEQUIVOCALLY 3 - FULLY MONITOR AND BENEFICIAL EFFECTS OF
WITH A BENCHMARK FOR
QUANTIFY THE POTENTIAL ESTIMATE THE IMPACTS NEW INTERVENTION
THE EVALUATION OF
ENVIRONMENTAL IMPACT BASED ON THE OFFERS TECHNOLOGIES IN TERMS
TECHNICAL OFFERS AND
DUE TO DIFFERENT MADE BY THE WINNING OF CIRCULAR ECONOMY
) THE ASSIGNMENT OF
MAINTENANCE STRATEGIES; CONTRACTORS. AND ENVIRONMENTAL

SCORES DURING THE

SUSTAINABILITY.
TENDER PHASE;

* The EAR indicator is a dimensionless number ranging from 0 (zero impact) to infinity

e The EAR is based on the Environmental Product Declaration (EPD) certification:

Product

Environmental
Category

Life-Cycle

TELL YOU HOW TO DO A Assessment WHICH GETS Product

Rules SUMMARIZED IN AN

(PCR) (LCA) Declaration (EPD)
Ay 7
MQUSH TECHE
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* The approach considered is the so-called “cradle to the gate + other
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Environmental Asphalt Rating

inition

Def

* The approach considered is the so-called “cradle to the gate + other”

Environmental impact assessment of 1 tonne of asphalt
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Environmen

Drafting of the EPD

Drafting of the EPD

tal Asphalt Rating

2 Parameter Absloute Weighting Normalization Relative impact Weighted value
! o value (vin)§ factor (wy) wvalue (Vy) (I¢%) (V)
1 Emissions - Category [A]
* GWP 6.15.10' | 3.00 8.86- 101 69% 2,08
I opp 670-107% 1 1.00 512-1071 0% 0.00
i AP 3.25-1071 ] 1.00 435-1071 75% 075
. POCP 1.68-1072§ 1.00 7.39-1072 23% 0.23
| EP 5.24-1072{ 1.00 1.07-10-1 49% 0.49
. ADPE 3.10-1073§ 1.00 236-1074 13% 013
| ADPF 3.19-10° § 200 3.39-10° % 1.88
s Total for emissions - A = 55.59
! Use of resources - Category [B]
I PERE 5.60- 101 0.00 5.39.102 - -
* PERM 1.76-10° 143 6.40- 101 3% 1.39
I PERT 5.78 - 10 143 6.03 - 107 10% 1.29
* PENRE 7.80-10° | 0.00 3.28-10° - -
I pENRM 2.56-103 143 278103 92% 132
i PENRT 3.33-10° 143 575-103 58% 0.83
SM 1.57-10° 1) 143 434.10% 0% 143
I RSF 7.76-107*] 143 1.91-10° 0% 143
. NRSF 1.15-1072) 143 1.13- 102 0% 0.00
| W 2.16- 109 0.00 2.45.10° - -
i Total use of resources- B=  76.80
. Output flows and waste - Category [C]
I nwp 3.32-107%] 1.00 6.43-1071 1% 0.01
* NHWD 9.21. 100 1.00 1.98. 107 0% 0.00
I rRwD 0.00-10° 1.00 1.91-102 0% 0.00
* CRU 0.00-10° 0.00 0.00 - -
1 MFR 464-1072} 2,50 670-1071 7% 233
I MER 0.00 - 109 2,50 3.40-10-1 0% 2,50
FEE 0.00 - 100 2.00 3.40-10° 0% 2.00
i EET 0.00-10° 0.00 0.00-10° - -
¥ Total output flows and waste - C =  68.32
! EAR= 6217

Chiola D, Cirimele V, Tozzo C,

An index for assessing the environmental
impact of pavement maintenance
operations on the motorway network: the
Environmental Asphalt Rating, submitted
to MDPI 2023.
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Environmental Asphalt Rating

Calculation process
NORMALIZATION g Study of the ’ Definition of WEIGHT VALUES
IMPACT

POSITIVE / (4) Vy = I; - wy for positive impacts
NEGATIVE

Extraction of
environmental

indexes from
EPD certification

(5) vy = (1 — If) - wy for negative impacts

Environmental
indexes normalization
and weighting

Sum of the
contribution
from the three

impact categories
(6) EAR=wa-A+wg-B+we-C (A,B,C)

1
A

Weighted sum of the impacts
A,B,C

s
EE
[4}]
E G
S &
29
>
CU
L

FINAL EAR __
(EAR corrected) Contribution Contribution Contribution

of noise of fatigue of TDC

coeffient/, coeffient/, coeffient/;
(19) EAR. = EAR - I, - I, - I

Performance
coefficients

ON TECNE
MQVYON (EGRE
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Environmental Asphalt Rating

Drafting of the EPD

EAR=0.654+0.25B+0.1C

Parameter Absloute Weighting Normalization Relative impact Weighted value
o value (vy) factor (wy) wvalue (Vy) (I%) (V)
Emissions - Category [A]
GWP 615-10'  3.00 8.86- 101 69% 2,08
obp 670-107%  1.00 512-1071 0% 0.00
AP 3.25-1071 100 435-107! 75% 075
POCP 1.68-1072  1.00 7.39-1072 23% 0.23
EP 524-1072  1.00 1.07-10-1 49% 0.49
ADPE 3.10-107%  1.00 236-1074 13% 013
ADPF 3.19-10°  2.00 3.39-10° 94% 1.88
Total for emissions - A = 55.59
Use of resources - Category [B]
PERE 5.60- 101 0.00 5.39.102 - -
PERM 1.76-10° 143 6.40- 101 3% 1.39
PERT 5.78 - 10 143 6.03 - 107 10% 1.29
PENRE 7.80-102  0.00 3.28-10° - -
PENEM 2.56-103 143 278103 92%, 132
PENRT 3.33-10° 143 575-103 58% 0.83
SM 1.57-10°1 143 434107 0% 143
RSF 7.76-107% 143 1.91-10° 0% 143
NRSF 1.15-1072 143 1.13-102 0% 0.00
FwW 2.16- 109 0.00 2.45.10° - -
Total use of resources- B=  76.80
Output flows and waste - Category [C]
HWD 3.32-107%  1.00 643-1071 1% 0.01
NHWD 9.21. 100 1.00 1.98. 107 0% 0.00
RWD 0.00-10° 1.00 1911072 0% 0.00
CRU 0.00-10° 0.00 0.00 - -
MFR 464-1077 250 670-1071 7% 233
MER 0.00 - 109 2,50 3.40-1071 0% 2,50
FEE 0.00 - 100 2.00 3.40-10° 0% 2.00
EET 0.00-10° 0.00 0.00-10° - -
Total output flows and waste - C = 68.32
EAR = 6217

17



Environmental Asphalt Rating

Performance Corrections

Finally, the EAR index, calculated as described above, must be adjusted based on the
expected performance in terms of residual service life, which is evaluated based on the pre-
qualification values (grain size, binder quality, binder %, voids %, ITS...):

« For open graded mixtures, an approach based on the top-down cracking evolution model
was used:

a= 1,008 — 0,071 - (eta c.b.)

a B
TDC(N) = TDCpax € 5 B =0,716 — 0.220 - ITS

« For dense graded mixtures, an estimation of fatigue axes is performed according to the
Asphalt Institute report (NCHRP 1-37):

log E* = 3.750063 +0.02932 p.,, —0.001767( Py )’ —0.002841p, —0.058097V,
V,., 3.871977-0.0021p, +0.003958 p.. —0.000017( ., )* +0.005470 .,
—0.802208 — | B : (-0.603313-0.313351 log( £ )-0.393532 log(7))
Vi +V, l+e
VY
MOVYON TECNE

18



Environmental Asphalt Rating

Performance Corrections

For surface mixtures only, emissions are also considered from the noise point of view,
calculated using the following model:

S S D S A\
CPXL =a, +a, -Log| — |+|a, +a,-Log| — ||-—>+|a, +a,-Log| — ||-—=—
: S, S, /| D, S, )| vMA

19



Environmental

Results

Asphalt Rating

53.33

49.32 50.24
44.53 I I
MIX1 MIX2

39.4740.34

MIX3

B EAR mEARC

39.6640.06

MIX4

20



Environmental Asphalt Rating

Latest revision of the method

Most recently, the EAR index calculation procedure has been updated considering the latest developments
in LCA methods, practices and standards.

Normalization Factor

. . . . Indicator Weighting Factor wy ~ Normalization Factor V, Unit of Measurement
v’ Consideration of the updated version of Environmental Com evirommertal ndictons )
Performance Indicators (Version 2.0). T e St e
EF, fri:water ggg i 13:3; ?Zf i 1812; mlj:; ]I-’[;ch
. . . . EP, marine 2.96 x 1072 1.95 x 10* kg Neq.
v Consideration of an updated set of weighting and Bl a7t A kh“ﬁiﬁoél
normalization factors, based on a much larger and publicly ADPF o PeAro Y
. . . WDP 851 x 102 1.15 x 10" m*
available library, to obtain a well-founded and shareable Py—
estimation of the EAR index. b Fpcleptind 00 x 1ga0 \
PERT 0.00 x 10%% 0.00 % 10*® MJ
PENRE 0.00 x 10%00 0.00 x 10*0 MJ
PENRM 0.00 x 10%% 0.00 x 1070 MJ
Refe rences. PENRT 0.00 x 10*%0 0.00 x 10+ MJ
SM .00 x 1010 .00 % 10490 kg
RSF ggg x 13*”“ ggg x 13“‘” NB

NRSF 0.00 x 10+ 0.00 x 1070 MJ

- EN15804:2012+A2:2019/AC:2021 W 000 1040 000 x 10°°

QOutput flows and waste (C)

- Sala S, Cerutti AK, Pant R,; Development of a weighting o 00 070 00 0% ks
4 . . . o B .00 % .00 x . g

approach for the Environmental Footprint; Publications Office s ool o b

of the European Union; Luxembourg, 2018. e oo x 1940 g i

EE 0.00 % 10+ 0.00 x 10*0 MJ

Tozzo C., Chiola D., Pierani M., Urbano L., Ricci R., Susani S.
Improving the EAR Index for flexible pavement and a preliminary definition
of an Environmental Index (ECR) for rigid pavement.

oy
MDPI 2024.

MQUIGN TEC
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Environmental Asphalt Rating

Latest revision of the method: results

I Original method [ Urdated method
12
10 — — —
= I I — — _
o 8 [ T — T ]
S — L
A6 ] —
=
= 4
Z
2
0
S > > o & ) N X > o
g4 «E’S& ﬁb ¥ = & > & GF
Q"* Y‘:} Q-}Nb &7 _ags e & & &
o & & 496‘ SF

Comparison of EAR values calculated with original and updated
method (no performance corrections applied).

Note: To efficiently compare the two methods, a second normalization to the EAR values is applied, dividing the EAR value of each mixture by the
maximum EAR value obtained from the entire set of mixtures. This is conducted separately for the set of EAR values obtained with the original

— A method and for the set of EAR values obtained with the updated method.

MQUON TECH
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Environmental Asphalt Rating

EXAMPLES: Geocomposite
Scenario 1: default boundary conditions + Geocomposite to restore bearing Capacity on the 20% of the Network*

@ PORTANZA [ RI SKID
SKID: 4.79%

B Importo lavori [ Budget

IRI: 22.39%

-O- VR Portanza ~O- VR Regolarita ~()- VR Aderenza ~O Indicatore di stato -O- IA1 O A2

PORTANZA: 72.82%
24

EAR =14.974.29911 P ——
\&\-&\8\
6 —_— = = . .
AN *the Scenario is just a demonstration of the tool and all the data and the graphs reported in this slide

MOVYON
= are not referred to a real case.



Environmental Asphalt Rating

EXAMPLES: Geocomposite

Scenario 2: default boundary conditions + Geocomposite to restore bearing Capacity on the 50% of the Network*

@ PORTANZA [ RI SKID
SKID: 4.69%

IRl: 21.9%

PORTANZA: 73.41%

EAR =14.283.487,82

-O- VR Portanza (- VR Regolarita

B Importo lavori [ Budget

VR Aderenza ~(O- Indicatore di stato <O~ IA1 O 142

< ‘Zs/—/‘:_\(w R
R S —
6 \N‘g‘—g\_,, >
‘—a"f—a——"—"&—%‘——o—
MOVY’,O\N *the Scenario is just a demonstration of the tool and all the data and the graphs reported in this slide
24

= are not referred to a real case.
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Environmental Asphalt Rating

EXAMPLES: Geocomposite
Comparison Between SCENARIO 1T* (20% Geocomposite to restore Bearing Capacity) and SCENARIO 2* (50%
Geocomposite to restore Bearing Capacity)

z

 20y-Budget: 100% » 20y-Budget: 98%

« Global indicator @10t year: 9,4y * Global indicator @10t year: 9,4y
« Global indicator @20t year: 8,9y

* EAR 20y: 14,974 M

* Global indicator @20t year: 9,2y
« EAR 20y: 14,283 M

Scenario 2

Scenario 1

MOVY’E)\N *the Scenarios are just a demonstration of the tool and all the data reported in this slide are not
A referred to a real case.
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Environmental Asphalt Rating

CONCLUSIONS

a)

b)

AS shown, Asset Management Platforms are spreading to manage different
components of the asset

A merging process of different asset management platforms is running to analyse
every aspect of the Asset by using one single Territorial-scale Digital Twin,

PMS platforms are used to support decision-makers by generating 20-years
scenarios

Comparison between different strategies can be made in terms of economic
aspects, Global-Performance and Sustainability

The ASPI|Movyon E-PMS allows sustainability assessment through the EAR Index,
which is one of the first examples of sustainability analysis integrated in a PMS

The challenge is to develop new procedures to track the whole process, from
tender phase to the execution.

26



Thank you.
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