SUUISTAINARLE MATERIAIS &
“CIRCULAR ECONOMY -ROAD INFRA”

Engineering Excellence :
We need to Change the Way we Deliver
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CIRCULAR ECONOMY IN CONSTRUCTION %CSIR

Introduction

« Traditional road construction = linear model: take — make — use — dispose

« Circular economy = keep materials in use longer, reduce waste, and minimize environmental impacts
* Road construction has huge potential due to high material volumes and frequent rehabilitation

tttttt

Why Circular Economy?
* Roads consume large amounts of aggregates, asphalilt,

&N energy
G.‘ Wekeengl ¢ Construction and demolition waste is a major waste
RECYCLING stream

CIRCULAR ECONOMY . . . -
« Growing climate and sustainability targets demand

resource-efficient solutions
oo « Circularity reduces lifecycle costs and improves
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L €end of life

Circular Processes Across Road Construction

Life cycle Design — prioritize recyclability

Construction — minimize waste, use recycled materials
Maintenance — in-situ recycling, sealing, overlays
End-of-life — full-depth reclamation and reprocessing



Material Reuse & Recycling % CSIR
Reclaimed Asphalt Pavement (RAP) in new asphalt mixes $24. C3I3
Recycled concrete aggregates (RCA) in base layers

Waste materials:

Plastic-modified bitumen, Rubberized asphalt (tires)Glass, slag, fly ash, bio-binders

On-site recycling (in-place recycling)

Design for Longevity

Durable materials - fewer rebuilds

Modular pavement layers for easier rehabilitation
Perpetual pavement designs

Asset management based on lifecycle cost analysis

Reduce Virgin Resource Use

Substituting natural aggregates with recycled ones
Using industrial by-products (slag, fly ash, silica fume)
Increasing RAP content to 60% revising the standards
Bio-based binders from lignin, algae, or waste oils

Energy & Emissions Reduction

Warm Mix Asphalt (WMA) - 20-40% lower
emissions

Renewable energy in asphalt plants

Electrified or hybrid machinery

Digital Tools Optimized transportation logistics to cut fuel use
BIM for material tracking and design optimization

Sensors and loT for condition monitoring

Predictive maintenance reduces waste and premature failures




SUSTAINABLE PAVEMENT CONSTRUCTION PRACTICES

e \Waste Plastic Roads

e Warm Mix Asphalt

e Stabilization Technology
e Recycling of Pavements
e Modified Binders/ Mixes

e Use of Marginal/Alternate Materials
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The Green Effect - 60% RAP

Material Savings Per 332.1-ton HMA Mix
DBM
With RAP | Without RAP
Bitumen Used, tonne 7.1 16.6
Aggregate Used, tonne 137.6 314.5
RAP used, tonne 187.4
Savings in Aggregate, tonne 177.2
Savings in Bitumen, tonne 9.5
Emission Savings Per 332.1-ton HMA Mix
DBM
With RAP | Without RAP

3.5 8.1

Material consumption /savings

BITUMEN : 57%

AGGREGATE : 56%

Emission saving

Emission Bitumen,
tCO2 eq
Material Embodied Emission Aggregate, 08 19
Energy, tCO- eq tCO2eq ' '
Total, tCO2eq 4.3 10
Savings, tCO2eq 5.7

Hot Mix Plant,
tC02eq 20.3
Savings, tCO2eq 2.3

During construction
tCO2eq

CO2: -10%




12222 )

USE OF RAP LEADS TO LOW CARBON EMISSIONS:
CONSTRUCT RESPONSIBLY

THE CARBON
FOOTPRINT
OF ASPHALT
PAVEMENTS

A REFERENCE DOCUMENT
FOR DECARBONIZATION

Joseph Shacat
Richard Willis, Ph.D.
Ben Ciavola, Ph.D.
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WARM MIX ASPHALT

VWM A

— “...a group of technologies which allow a
reduction in the temperatures at which asphalt
MmMixXtures are produced and placed.”

5 HMA emission normalized to 100%
EE|
. 8
i Heating &
b | ik 557 [ 46% | 8 Hot Mix
& } 153% lsa% || ® Warm Mix
'S | V a1

o°C SOI’C 100°C 150°C 20(l)°C [

Cold Half Warm Wamm Hot

Asphalt Asphalt Asphalt Asphalt

< Technology Trend = Lower Temperatures ] Fuel o2 0 S02 NOx TPV

VwWarm Mix Asphalt (VWMA)
— Fundamentally mno different tham HMA
— Production Temperature 20-30°C (35-55°F)

lower



Comparison of GHG Emission

CO, Emitted (in Tonne CO, eq) Pavement Layout
A Assumptions:
Input Material Premix Seal Coat 1. CBR of Soil 8%
EC 50 mm 2. Traffice 100msa
HMA CMA HMA CMA _ i . Sources
£ Included
Bitumen/Emulsion 40.2 21.4 43.5 18.2 2 WMM | 250mm -
Crushed A 8.2 2.7 =
rushed Aggregate = CRANULAR SUB BASE PQC: Pavement Quality Concrete
. . 5 DLC: Dry Lean Concrete
During Construction - 141.5 ’7.5 141.5 7.5 E BC: Bituminous Concrete
Total ( 189.9\ ( 37.1 \ 187.7 28.4 \ & \?\/me D\:Insewlliitul\rnnino:s
: Wet Mix Macadam
S~
WMA HMA Methods CO, Emitted (in Tonne CO, eq)
Consolidatedresults: [tC0,-eq |Consolidatedresults:  [tC0O,-eq o _
Pre-construction 0 Pre-construction 0 Rigid Pavement Flexible Pavement
On-site impacts 0 On-site impacts 0 Embodied Energy 1246 95
Construction materials: [17390.0 |Construction materials: [17980.0 Durin
: : & 6.6 84
Material transport: 9482.8 Material transport: 9482.8 construction
Construction machines: 6.1 Construction machines: 6.1 Material Transport 46.7 40.7
Total CO, equivalent  [26,878.7Total CO, equivalent 27,469.1
emissions: 0 emissions: 4 Total 1299.3 219.7,




Cold-in-Place Recycling (CIPR)

BC=50

damaged DBM=60
BSM=115

GSB=200 GSB=200

Alternate: CIPR
Mill & Fill

Field Implementation CIPR

ENH2 ENH21 ENH31 ENH5

Aggregate Saving [

= 119483
'mﬁﬂf‘ 17655 4 36,723 Tonne

Bitumen Saving

14,302 Tonne

Emission Saving

"2i03 16,475 Tonne

%

L oo

Benefits of CIPR



Optimize Design - Crust Reduction & Aggregate Savings

Conventional Design

I Y
BC 40 mm
=8
80 mm
A 4
N
250 mm
_v
A
GSB 200 mm
_v

Traffic 20 msa

CBR 9%

Reduction in Crust Thickness:

CTSB Design

A

25% Crust

140 mm Reduction

Conventional to Stabilized N
Pavement Design

=|w

CTSB
(Cement Treated Sub-
Base)

200 mm

WMM layer reduced by 100 mm (From 250 to 150

mm)

DBM layer is reduced by 30 mm (From 80 to 50mm)

BC layer is reduced by 10 mm (From 40 to 30mm)

Volume of Aggregate saved:

et Length Width Depth
(m) (m) (m)
WMM 53,263 7.24 0.10
DBM 53,263 7.08 0.03
BC 53,263 7 0.01

* Approximately 1,18,000 tons of aggregate saved.

e Corresponding saving of 4000 truck trips and diesel requirement.

Volume
(Cu.m)

38,563 m*

11,313 m?

3729 m®



CARBON SMART ROADS

World’s First Field Trial of Bituminous
Surface Layer with Bio-binder produced from
Rice Straw/ Biomass Pyrolysis

Trial stretch on Jorabat to Shillong (Barapani) section of
NH-6 (Old NH-40)

26" October 2024

India's First Road Trial Using
Technical Textiles Made from End-of-
Life Plastic Launched

In a pioneering step towards sustainable
infrastructure, CSIR-Central Road
Research Institute (CRRI), in
collaboration with Bharat Petroleum
Corporation Limited (BPCL) and
supported by the National Highways
Authority of India (NHAI), launched
India's first road trial using technical
textiles made from end-of-life waste
plastic.







THE PROBLEM: Bitumen Shortage & Rising Pollution
~aJN

Crop fire points in India STAGNANT DOMESTIC PRODUCTION

; Increasing Su |
Blt“men III]])Ol‘tS figures in ‘000 mt g p p y

-49% of Demand Gap met by Imports

10,083

9,250
8,409 A
7,524
6,708 6,720
5,564 5,241
4,892 4,902 S.087 S, 189 a,502
,915
3,263
2,055
1,630
877

FY 19 FY 20 FY 21 FY 22 FY 23 FY 24
Projected Estimated Estimated

B Demand ™ Production M Imports

ESTIMATED ANNUAL IMPORT COST: 25000 CRORES

HE BURNING PROBLEM
RICE STRAW IN INDIA




THE SOLUTION : BIO-BITUMEN %CSIR

XX
CSIR-CRRI & IIP developed the process to produce bio-

bitumen by doing pyrolysis of rice straw. The produced bio-
bitumen was extensively tested by CRRI on all the performance
 parameters of a National Highway

Creating future fuels

World’s First Field Trial of Bituminous
Surface Layer with Bio-binder produced from
Rice Straw/ Biomass Pyrolysis

Trial stretch on Jorabat to Shillong (Barapani) section of
NH-6 (Old NH-40)

26t October 2024

Technology Patent Filed
(Application n0:202411063553,
a Dt 23/08/2024)




Chemical Properties: SARA Analysis

The composition of developed bio-bitumen is made similar as fossil-based bitumen
* SARA Analysis of pure bio-bitumen and petroleum Bitumen are performed.

* The following table indicates the Average weight percentage of Bitumen components present
in bio-binder and bitumen samples.

VG 40 (conventional petroleum based 15.93 31.36 44.34
bitumen)

Bio-Bitumen (30% replacement) 14.12 36.47 41.46



Bio-Bituminous Mix Evaluation

« Samples Prepared using Marshall Compactor
« BC-l: 5.2% Binder Content
« The coating and strength of bio-bitumen is found similar as conventional bitumen




Performance Evaluation of Bio-Bitumen Mix for
strength, durability and moisture resistance parameters

Strength: ITS Test Design Parameter: Resilient Rutting: Dynamic Creep
Modulus

Type of Mix Indirect Tensile Strength | Tensile Permanent Axial Strain,
(kPa) Strength Modulus, MPa @% 50 © C

Dry Wet Ratio (%)

Conventional VG 40 1105 1002 90.7 3350 1.80

Bio-Bitumen ( 30% 1050 962 91.6 3400 1.79
replacement)
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ot Geocells

energising lives

A geocell is a 3D honeycomb structure made from high-density polyethylene (HDPE) that
creates a cellular confinement system to stabilize soil for various civil engineering
applications like roads, retaining walls, and erosion control.
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Laboratory Performance of PhoeniX 3
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t First Plant Trial = 21/01/2025 ]
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]
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« Plant Trial at NH-709A Camp at Kithore Tata Projects Ltd.




Loop No 1 — DND-Faridabad—-KMP Expressway CSIR
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India's First Road Section Constructed using Technical Textile made of End-of-Life Waste
Plastic

Technical Textile — Geocell made from End of Life Waste Plastic
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Laying of Phoenix Geo Cell




@ .
... Inauguration of Construction of Road Section using Phoenix Geocell g
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India's First Road Section using Technical Textile made of End-

of-Life Waste Plastic
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India launches first field trial using waste plastic
geocells to build roads in difficult terrains
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In a new initiative to tackle end-of-life
plastic waste, the Central Road
Research Institute (CRRI) and Bharat
Petroleum Corporation Limited
(BPCL) have developed Geocells—
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WHAT IS REQUIRED FOR INDIA TO MARCH B o)
TOWARDS CIRCULAR ECONOMY IN ROAD CONSTRUCTION

WHERE WE ARE?
WHAT WE HAVE?

WHAT WE DON’T HAVE?
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