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TOPICS OF TODAY'S PRESENTATION

= Sustainability definition
s \What it means to be “sustainable” road
s Drivers of sustainable roads initiatives

s Sustainable pavement programs worldwide
e DuboCalc from Holland

s Focus on green recycling technologies
 Recycling HIR, CIR, FDR

= Long-term pavement performance studies

= Comparative LCA studies

s Conclusions



SUSTAINABILITY

“‘development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs.” @

Current Future
Human Human
NEE S Needs

(1) Brutland Report: “Our Common Future,” 1987, UN World Commission on Environment & Development.
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SUSTAINABLE ROADS: 2009

Roads that are “effectively &
efficiently planned,

designed, built, operated,
upgraded, & preserved by

- Sustainable roads
and optimal mobility

means of integrated policies
respecting the environment
& providing the expected

SOCIO-economic Services

with optimal mobility & o RS
safety” @ ensure sustainable | pscussonparen
economic growth. e

(2) ERF & IRF BPC: “Sustainable Roads and Optimal Mobility,” October 20009.




WHY ASPHALT ROAD SUSTAINABILITY?

It Is well-established that per-capita GDP growth Is directly proportional to
the length of the highway network.

Per Capita Lane Miles




SUSTAINABLE ROADS: TODAY

"ASPHALT SUSTAINABILITY AND
PAVEMENT — ENVIRONMENTAL
DURABILITY"™ LIFE CYCLE

TR

(2) ERF & IRF BPC: “Sustainable Roads and Optimal Mobility,” October 20009.



SUSTAINABLE ROADS: 2014 IN THE EU

"ASPHALT SUSTAINABILITY AND
PAVEMENT — ENVIRONMENTAL
DURABILITY"™ LIFE CYCLE

Pavement service life x

and maintenance
treatments are
Influenced by
durability



SUSTAINABLE ROADS: 2014 IN THE EU

“...In a post fossil-fuel
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INCENTIVIZING GREEN ROADS
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INCENTIVIZING GREEN ROADS: DuboCalc

Ministry of Transportation Netherlands

1. The DuboCalc software

2. The Library: a reference database with basic information

3. The project document (or project data)

Instructions for use of DuboCalc can be found at
https://www.youtube.com/watch?v=LJY9QzxIW2w



INCENTIVIZING GREEN ROADS: DuboCalc

« Calculate the environmental impact of material and energy use

« Judge the sustainability of a design relatively quickly and easily
« Achieve significant environmental results

« Based on the methodology of the Life-cycle Analysis (LCA)

« Takes into account all the relevant environmental effects during the entire
course of a project

« Expresses the effects of the project on the environment

« Environmental effect categories

« These effects are then translated into shadow prices

« This result is expressed as the value in Euros of the ECI

Instructions for use of DuboCalc can be found at
https://www.youtube.com/watch?v=LJY9QzxIW2w




INCENTIVIZING GREEN ROADS: DuboCalc

« Calculate the environmental impact of material and energy use
« Judge the sustainability of a design relatively quicRly and easily
« Achieve significant environmental results

« Based on the methodology of the Life-cycle Analysis (LCA)

« Takes into account all the relevant environmental effects during the entire
course of a project

« Expresses the effects of the project on the environment

« Environmental effect categories

« These effects are then translated into shadow prices

« This result is expressed as the value in Euros of the ECI $$$

Instructions for use of DuboCalc can be found at
https://www.youtube.com/watch?v=LJY9QzxIW2w




INCENTIVIZING: CO2 Peformance Ladder

Vendors qualify for five levels
of demonstrable CO2
management capabillities.
With each level the owner
(began with the rail agency in
Holland) can offer discounts
off the tender bid.

Level 5 10%
Level 4 7%
Level 3 4%
Level 2 2%
Level 1 1%

0 Supp|yChain Insttute for
A Industrial
5 Iitatives Database T Nt Pty
The Supply Chain Initiatives Databaseis aninteractive and user-friendly database

of case studies that describe supply chaininitiatives for energy savings and GHG
mitigation in industry.

€ USING THE DATABASE

Prorail's CO2 Performance Ladder w DR

BACKTO SEARCH

v SCl Information

Activity types
Organisation leading the initiative Prorail

Europe, Netherlands

Region from which the initiative is ed



INCENTIVIZING: CO2 Emissions Calculators

Carbon footprint
asphalt:

60 g CO, equiv/kg

Excerpted from J. van de Zwan, “How to Diminish Carbon Footprint of Roads,” E&E 2012, Istanbul, Turkey



INCENTIVIZING: CO2 Emissions Calculators
>,  United States Environmental F

Carbon footprint
asphalt:

60 g CO, equiv/kg

Carbon footprint |
OI’ange JL”Ce /processéd

within
1600 g CO, equiv/kg

| 24 hour

Carbon footprint
cheese burger:

6000 g CO, equiv/kg

Excerpted from J. van de Zwan, “How to Diminish Carbon Footprint of Roads,” E&E 2012, Istanbul, Turkey



INCENTIVIZING: CO2 Emissions Calculators
, United States Environmental Protection Agency.

Carbon footprint
milk:

2500 g CO, equiv/kg (17.6 Ib CO, equiv/gallon)

1087 |

| ‘ v‘.‘j‘ ¢ " 2




INCENTIVIZING: asPECT in the UK

asPECT Version 3.0.0.4
— About
This tool i= an execution of the protocol for the calculation

of life cycle g k gas issions generated by

o eee oo e naures e sscnasmewe | PFOtOCOl — @ defined set of “rules”
cycle stages as per the cntena laid out in the above protocol

and accompanying guidance document.

— for footprinting asphalt products

. . Vizit the Sustainability of Highway= website for up to date
essential materials

information and the latest versions of the Protocol and and appllCathnS
sustainable solutions Gu::m:e documents and the asPECT software and users
guide.

asphalt

= Guidance — explains the decision
making process behind the

Protocol and provides worked
examples

=~  HIGHWAYS
AN icency

REFINED
BITUMEN
ASSOCIATION

Copyright © 2010 by TRL. All rights reserved.

= Software — faciliates the
calculation for those that choose
to use it (calculations can
alternatively be embedded into
other company systems)

= Software User Guide

www.sustainabilityofhighways.qgov.uk



http://www.sustainabilityofhighways.gov.uk/

INCENTIVIZING GREEN: AlIBack2Pave

Sponsor: Confernence of EU Directors of Roads (CEDR)

Funding: $620,000
Goals: evaluate feasibility of moving to 100% recycled roads

Currently relying on WMA technologies



INCENTIVIZING GREEN: CoRePaSol

Advanced Cold Recycled Bitumen Stabilized Pavement
Solutions

Sponsor: Confernence of EU Directors of Roads (CEDR)
Funding: $480,000

Goals: evaluate feasibility of moving to 100% recycled base
and binder layers

Tasks: - establish new mix evaluation procedures and
pavement design protocol
- establish long-term ecostability



INCENTIVIZING GREEN ROADS: USA

‘geenroads 501(c)@3)

PR-1 Environmental Review
Process

PR-2 Lifecycle Cost Analysis

PR-3 Lifecycle Inventory

PR-4 Quality Control Plan

PR-5 MNoise Mitigation Plan

PR-6 Waste Management Flan

PR-7 Pollution Prevention Plan

PR-8 Low Impact Development

PR-59 ement Management

tem
PR-10 Site Maintenance Plan

PR-11 Educational Outreach

Environment & Water

Access & Equity

Construction Activities
Matenals & Resources
Pavement Technologies

Custom Credit

'[March 8-5, 2015
‘The Hotel at AUburn Univers

.
e ey 4 A
» WMA & High RAP/RAS/GTR Mixes ~ » Pavement Preservation
» Optimized Structural Design » Implementation
/' ‘,,’

Official registration information will soon be av'af | www.ncat.us
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—
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~ Asphalt Te
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INCENTIVIZING GREEN ROADS

U.S. Department of Transportation
Federal Highway Administration

SUSTAINABLE T h
HIGHWAYS INITIATIVE

Overview FHWA Initiatives Resources Contact

The Sustainable Highways Initiative supports programs and activities conducted across the
Federal Highway Administration to facilitate balanced decisionmaking among environmental,
economic, and social values — the triple bottom line of sustainability.

ACCESS THE TOOL >

=7 INVEST

ECONOMIC » SOCIAL » ENVIRONMENTAL




INCENTIVIZING GREEN ROADS: FHWA

oooooooooooooooooooooooooo
Federol Highway Admlmstrohon

SUSTAINABLE
HIGHWAYS INITIATIVE

INVEST (Infrastructure Voluntary
Evaluation Sustainability Tool) was
developed by FHWA as a practical,
web-based, collection of voluntary best

practices, called criteria, designed to
help transportation agencies integrate
sustainability into their programs
(policies, processes, procedures and
practices) and projects.




INCENTIVIZING GREEN ROADS: INVEST

Project Development by Criteria Scorecard

Custon Core
Criteria’

PD-17 Energy Efficiency
=20 48 Site Vegetations

PD-19 Reduce and Reuse Materials

PD-20 Recycle Materials

PD-21 Earthwork Balance

PD-22 Long Life Pavement Design

PD-23 Reduced Energy and Emissions in Pavement Materials
=2D+24 ContractorNamanty

PD-25 Construction Environmental Training

PD-26 Construction Equipment Emission Reduction

PD-27 Construction Noise Mitigation

PD-28 Construction Quality Control Plan

PD-29 Construction Waste Management

Total Number of Criteria in Scorecard --- --n

1- Indicates the core aiteria that must be induded in the custom scorecard.
The user may choose as many additional criteria as desired.

:
£
Y
Y
Y
Y
Y
Y
Y
Y
J
Y
Y
Y
Y

LSS S S S G S <. <. < <. UrbanBasic
< < <L L <L <. <. < <. RuralBasic
< < < L 2 <L 2 2 <2 <2 <2 Rural Extended
< < WL A4 L LS




INCENTIVIZING GREEN ROADS: INVEST

INVEST Implementation Sites

By the Numbers

55 INVEST implementation
projects

In 25 statesand DC

By 29 agencies, including:
+ 10state DOTs

* 13 MPOs

* Federal Lands Highway
Divisions (all 3 divisions)

* 4 other transportation
agendes

State DOT @

MPO @

Federal Lands Highway
Other @




INCENTIVIZING GREEN ROADS: INVEST

TABLE 1: POINTS FOR AVERAGE RECYCLED CONTENT (PERCENT BY WEIGHT OR VOLUME OF MATERIALS)

Points Earned

Recycling Method Used 3 4 5
Percent average recycled material (ARC) 30% 40% 50% or more
required for recycling in pavements
Percent average recycled material (ARC) 40% 50% 60% or more

required for granular base course or

embankments

2-6 points. In-Place Pavement Recycling

TABLE 2: POINTS AWARDED FOR IN PLACE RECYCLING

Points Awarded by Method of Recycling

Percentage Pavement Area Recycled HIR CIR

50-74% 2 3

75-99%

100%




SUSTAINABILITY/DURABILITY STUDIES

Cold Insitu Recycling Evaluation

A Report of Research by

R. Gordon McKeen, P. E.
Director, Materials Research Center
Alliance for Transportation Research
1001 University Boulevard SE, Suite 103
Albuquerque, New Mexico 87106-4342

Under Contract for the

New Mexico State Highway and Transportation Department
Research Bureau
P. O. Box 1149
Santa Fe, New Mexico 87504-1149

Over 130 CIPR projects
studied.

Service lives exceeded the
10-year design life.

Compared to mill and
overlay, the CIPR projects
saved

$12,109 / lane-mile



SUSTAINABILITY/DURABILITY STUDIES

COLD IN-PLACE RECYCLING (CIR) TECHNIQUE IN NEVADA: FIELD
PERFORMANCE EVALUATION FOR A DECADE OF IN-SERVICE PERIOD

By
Selvaratnam Sanjeevan

ssistant
and Environmental Engineering

atnamaunr edu

Murugaivah Piratheepan
Research Scientist I

& Environmental Engineering
Reno/ MS238

G

E-mail: mpiratheepan @hunr edu

Elie Y. Hajj. Fh.D.
Assistant Professor
superpave Center

Anita K Bush PE
Chief Maintenance and A

(775) 888-7487
i @ dot state avns




SUSTAINABILITY/DURABILITY STUDIES
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Phone: (775) 784-1180

E ail siehGuureds Service life extensions

Anita K Bush PE

e magemeat Eagace projected to 20 years

Coes o 57 before rehab required.

E-mail: abushia dot state nv.us




COLD RECYCLING ECO-STABILITY

Two Life Cycle Assessment studies ¢2&5b) have been published recently,
showing the relative environmental impact (fuel consumption most
notably) of different asphalt application (paving) technologies.

Energy consumption (MJ/t)

I B e ]

Bituminousconcrete 1 279 | 38 | o275 ] 79 | o9 | 680
Road base asphalf concrete __
High modulus asphalt concrete ——m

Warm mix asphalt concrefe 9 | 654 |
Emulsion bound aggregate |6 | 385
Cold mix asphalt 6 | 457
Road base asphall concrete with 20% RAP — 5 | 538 |
Road base asphalt concrete with 30% RAP [ 9 | 510 |
Road base asphalt concrete with 50% RAP ;-2? | 454 |
Emulsion in-situ recyclin -] | 139 |

(5a) Chappat, M. & Bilal, J. “Environmental Roads of the Future,” 2003.
(5b) Epps, J. & Robinette, C. 2010 TRB 10-2679.



COLD RECYCLING ECO-STABILITY.

Two Life Cycle Assessment studies have been published recently,
showing the relative environmental impact (energy consumption, most
notably) of different asphalt application (paving) technologies.

Energy consumption (MJ/t)

__l
Road base asphalt conCrete _ T
High modulus asphalt concrete —“m

Warm mix asphalt concrete : /5 | 654 |

Emulsion bound aggregate : O (6 | 365 |
Cold mix asphalt 2 80 /0 Red u Ctl O N | 457 |
Road base asphalt concrete with 20% RAP % | 538 |

Road base asphalt concrete with 30% RAP
Road base asphalt concrete with 50% RAP
Emulsion in-situ recycling

(5a) Chappat, M. & Bilal, J. “Environmental Roads of the Future,” 2003.
(5b) Epps, J. & Robinette, C. 2010 TRB 10-2679.



CONCLUSIONS

Sustainable recycling technologies are proven across the globe

to extend pavement service life in an economical and eco-stable
manner.

- Long-term pavement studies bear this out.
- Eco-analysis and LCA prove the eco-stability of recycling.



CONCLUSIONS

In Europe, owners are providing monetary incentives to achieve

sustainability goals of durability and eco-stabillity.
- DuboCalc and
- CO, Performance Ladder are seminal developments.



CONCLUSIONS

Trends toward greater implementation of sustainability programs
are clear. Given demonstrable pavement durability & long-term
performance data, we must ask ourselves what does our industry

need to do to expand sustainable pavement construction
technologies like recycling?



GREEN RECYCLING TECHNOLOGIES
ARE MARKET-READY.

THANK YOU.



