Please Assess and
choose wisely......get me
out of this Green
house......its too hot
out here

Carbon footprint assessment of roads during construction
and maintenance using CHANGER & its application
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few facts well known but not well realized
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Impact of GHGs emission- Slow but precarious
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India’s Commitment

Voluntary commitment in COP 21- India to reduce the Emissions Intensity of
its GDP by 33 to 35 Per Cent by 2030 from 2005 Level

Some part of the responsibility lie on us- the highways fraternity

Not only ‘coz of commitment towards UNFCC but ‘coz of our responsibility
towards the environment we live in and our descendants would be living




Steps already taken

A. Legislation/ policy based

MORTH circular No. RW /NH-33044/53/2013-S&R(R) dated 20t November, 2013 on
“Improvement of National Highways from considerations of greenhouse gas emissions
and life cycle cost”.

Inclusion in TOR of DPRs
4.11.5. Material Investigations

“Environment friendly materials”

“As per MORTH circular No. RW /NH-33044/53/2013-S&R(R) dated ZDth
November, 2013, alternative pavement materials and technologies for road
construction shall be assessed and compared in the design stage. The
alternative resulting in substantial reduction in GHG emission and with
least life cycle cost shall be recommended for implementation.

Technical and economic feasibility of wusing industrial byproducts,
recyclable and waste materials shall be assessed depending on their
availability in the concerned region.




Steps already taken

B. Code/ Standard based

Draft code

Guidelines on Reducing Carbon Footprint in Highway Projects

Draft Code

Guidelines for Green Highways Rating System in Indian (GHRSI)
Perspective

IRC:SP:108-2015

Guidelines on Preparation and Implementation of EMP

IRC:SP:58-2001

Guidelines for Use of Fly Ash in Road Embankments

IRC:SP:98-2013

Use of Plastic Waste in Bituminous Mixes in construction of National
Highways

IRC:120:2015

Recommended practice for recycling of bituminous pavements

IRC:SP-101-2014

Interim Guidelines for Warm Mix Asphalt

IRC:SP-100-2014

Use of Cold Mix Technology in Construction and Maintenance of Roads
Using Bitumen Emulsion

IRC:SP:53-2010

Guidelines on Use of Modified Bitumen in Road Construction (Second
Revision)




Steps already taken

C. Assessment tool based
Calculator for Harmonized Assessment and Normalization of Greenhouse gas
Emission for Roads, abbreviated as CHANGER by IRF in 2010.

Quality And Reliability Of The Databases And The Calculation Procedures Has Been
Validated By The LAVOC (Traffic Facilities Laboratory) Of The Swiss Federal Institute

Of Technology

Updated and Indianized in 2017
Construction and maintenance stage
All emission factors in-built

Additions made in Web based version 2.0.0 of CHANGER

1) In-built embodied (cradle to site including factory process) GHG emission factors for
bitumen types used in India viz. CRMB-60, CRMB-55, CRMB-50, PMB-40 and PMB-70.

2) In —built direct (at site on heating) GHG emission factors of VG-10, VG-30, VG-40,
CRMB-60, PMB-40.




Steps already taken

C. Assessment tool based

Additions made in Web based Version 2.0.0 of CHANGER

3) GHG emission factors (cradle to grave) of materials to be used in construction
or onsite activities have been updated based on latest available National and
International data sources

4) India specific coal and imported coal emission factors had been added to the
onsite page.

5) Emission factors of paper, paints, and additional types of plastics have been
added.

6) Additional entries can be made based on site specific conditions

7) A sub module on loss of carbon sink due to removal of vegetation is being
added




Screenshots of CHANGER

— Welcome to CHANGER 2.0.0
/ &) \ The Indianized Version
e CHANGER allows the nser to caleulate greenhouse gas emissions produced during road construction and maintenance. Emission factors of various types of road construction
2 L 0 I 0 aterials, transportation modes, fuel and energy sources are inbuilt in the caleulator making it ready to use and providing a common base of emission factors compared to other

calculators. Its vast database i3 based on authentic documents, research and experiments. It is easy and simple to use. For every stage data has to be inserted in white boxes and

Calculator for Harmo“i“_d i results are displaved in grey boxes. The system is quite flexible: it allows to navigate back and forward through various modules and use each of the modules independent of the
Assessment and Normalisation other based on data availability and purpose. The help menu provides guidance throughout the process.

of Greenhouse gas Emissions

for Roads CHANGER Version 2.0.0 (2017) 13 an updated and Indianized version wherein emission factors of India specific pavement binders at different temperatures have been added

and others have been updated based on latest available databazes. This version also allows to add any number of tems and compare scenarios.

3 CHANGER
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Forgot Password 777

Technical partners : Sponsors :
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INTERNATIONAL ROAD FEDERATION (IRF)
FEDERATION ROUTIERE INTERNATIONALE

http://changer.indiairf.com/




GHG emitting activities in Pre construction period- Inputs for CHANGER
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GHG emitting activities in construction period- Inputs for CHANGER

Construction

Onsite impact
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Slipform paver




Data Collection -Basic Data

Basic Data

Data Collection - Basic Data

Project : Corrections H Mr. X

“ Administratar V'

Clearing and Filling
Cut Transport
Fill Transport

On-5ite Impacts

Location

Country 1 |India

Al

Location

DELHI

Total road area

Road length

Lanes
Paved Shoulder
Unpaved Shoulder

General description

| ;

0| km
Total number width
0 om
0 Ojm
D olm Total Paved Area: | 0 m?

Total Area: 0 m?
[ Save |

Data Collection —Pre Construction- Clearing and Piling

Basic Data
Clearing and Pilling
Cut Transport
Fill Transpart
On-Site Impacts

Data Collection - Clearing and Pilling
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Total Paved Area
Total Area
Road Length

Machines

000 ml

0.000000 m?

000 km

Surface cleared / km

Machine use (hours / hectare)
Fuel congumption

% Biofuel (0 - 100)

Vegetation

Olhakm

Ofhour

OlL / hour

o

Trees removed | hectare
Average age of trees removed

Transportation

Oftrees { ha

Olyears

Transportation distance
Transport mode

Inland Waterways

Total surface cleared : Oha
Total clearing hours = Ohour
Total fuel consumption = oL
Total number of trees removed ; | Oltrees
Total weight of trees removed 2] olt
Okm T.Km - i
v]




Data Collection —Pre Construction- Cut and Fill Transport

Basic Data

onstructio

Project : Corrections
Data Collection - Cut Transport (From Road Site to Disposal Location)

Clearing and Pilling

Location Distance
Cut Transport
Fill Transport 1 10.00
On-Site Impacts 2 10.00
3 10.00
[} 10.00
7 1.00
8 10.00
9

Weight Transportation mode
Road - Light vehicles
s (15-35T)
200 Road- Truck (36-6T)
200 Road -Trucf (6.1-10.8
200 Road - Truck (11-21T)
200 Road -Tmc_}(ﬂ[ﬂ.l -326
]
200 Rail - Diesel
1.00 Rail - Electric

200

Data Collection —Pre Construction- Onsite Impacts

Data Collection Project : Corrections 2 wrx
EBaslc Data " " 0 Administrator v
TETTTN | Daiacolecton On.Sie impacts
LIS Tnmapent Estimated quantity of electricity to be purchased during road construction project -
Fill Transport

On-Site Impacts

Estimated quantity of transport fuels to be purchased during road ion project

Super Gasoline - unleaded
Diesel

Bichizsel

Liguefied Petroleum Gas (LPG)
Natural Gas

Petrol

Kerosene
Coal
Imported Coal

Paper
Estimated quantity of Paper to be purchased during road construction project

Paperboard (General Construction Purposes)
Fine Paper
1 Packet Ad Paper - 500 Sheets

Type

zewf

Quantity Emission Factor

10.00 2
10.00 1




Data Collection —Materials- Construction Material Quantity

s Construction Material Quantity

Contruction Material Quantity

Project ; Bikaner-Rigid paveme

=

Category of material

: [List Bituminous Bound Mat v
Bitumen & Bituminous

Cement & Cement Concrete
Granular Construction

Materials Transport Summary

Road Construction Machinery

i

changer Help |

Select material

[# Bitumen (Refinery)-Embodied

(s CRMB-60 at 60°(Direct)

(4] WG-30 at 70°C (Direct)

[# Bituminous emulsion-Embodied

(£ CRMB-60 at 70°C (Direct)

(4] VG-30 at 80°C (Direct)

[# Polymer-modified bitumen (SBS, EVA, etc)-Embodied

(s CRMB-60 at 80°C (Direct)

(2] WG-30 at 90°C (Direct)

[#l Binder for lukewarm asphalt mixture-Embodied

[t CRMB-60 at 90°C (Direct)

14 ViG-30 at 100°C (Direct)

[# Fluxed Bitumen (fossil flux)-Embodied

(s CRMB-60 at 100°C (Direct)

(2] VG-30 at 110°C (Direct)

[l Emulsion 60-Embodied

[+ CRMB-60 at 110°C (Direct)

(4] VG-30 at 120°C (Direct)

[# Emulsion 65-Embodied

(2] CRMB-60 at 120°C (Direct)

12 VG-30 at 130°C (Direct)

|2 Emulsion 69-Embodied

(2] CRMB-60 at 130°C (Direct)

[21VG-30at 140°C (Direct)

[2ICRMB 50- Embodied (Recycled rubber)

(2] CRMB-60 at 140°C (Direct)

[21VG-30 at 150°C (Direct)

[2CRMB 55- Embodied {Recycled rubber)

(2] CRMB-60 at 150°C (Direct)

121VG-30 at 160°C (Direct)

[*]CRMB 60- Embodied (Recycled rubber)

(5] CRMB-60 at 160°C (Direct)

12 VG-30 at 165°C (Direct)

2] CRMB 50- Embodied (Virgin rubber)

(2] CRMB-60 at 170°C (Direct)

12 VG-10 at 50°C (Direct)

[2CRMB 55- Embodied (Virgin rubber)

(2] CRMB-60 at 180°C (Direct)

[21VG-10 at 60°C(Direct)

|2 CRMB 60- Embodied (Virgin rubber)

(2] CRMB-60 at 185°C (Direct)

[21VG-10 at 70°C (Direct)

|2 PME 40- Embodied [21VG-40 at 50°C (Direct) [21VG-10 at 80°C (Direct)
|2 PMB 70- Embodied [21VG-40 at 60°C(Direct) 121 VG-10 at 90°C (Direct)
|21 PMB-40 at 60°(Direct) [21VG-40 at 70°C (Direct) [21VG-10 at 100°C (Direct)
|21 PMB-40 at 70°C (Direct) [£1VG-40 at 80°C (Direct) [£1VG-10 at 110°C (Direct)
|2 PMB-40 at 30°C (Direct) 141 VG-40 at 90°C (Direct) |£1VG-10 at 120°C (Direct)

[:] PMB-40 at 90°C (Direct)

(4] ViG-40 at 100°C (Direct)

(2] VG-10 at 130°C (Direct)

[:] PMB-40 at 100°C (Direct)

(4] ViG-40 at 110°C (Direct)

2] VG-10at 140°C (Direct)

[:] PMB-40 at 110°C (Direct)

(41 ViG-40 at 120°C (Direct)

[ VG-10 at 150°C (Direct)

[:] PMB-40 at 120°C (Direct)

(4] ViG-40 at 130°C (Direct)

(2 VG-10 at 160°C (Direct)

(2] PMB-40 at 130°C (Direct)

(4] ViG-40at 140°C (Direct)

(2] VG-10 at 165°C (Direct)

(2] PMB-40 at 140°C (Direct)

(4] VG-40 at 150°C (Direct)

(2] VG-10 at 170°C (Direct)

(2] PMB-40 at 150°C (Direct)

(4] VG40 at 160°C (Direct)

(2] VG-10 at 180°C (Direct)

(2] PMB-40 at 160°C (Direct)

(4] VG40 at 170°C (Direct)

[# Cold mix asphalt-120°C

Types: Unbound; Hydraulically bound; Bituminous bound; Plastics; Metals; Paint; Rubber; Timber




Data Collection —Materials- Construction Material Transportation

Contruction Material Quantity
Bitumen & Eituminous
Cement & Cement Conerete
Granular Canstruction

Materials Transport Summary

Road Construction Machinery

Project : Corrections

Materials Transport - Bitumen & Bituminous Mixes-Flexible Pavement

Distance 1.00km - - Distance 1.C0/km

Weight 1007 |- Quarry Refinery > |Visight 1.00T

Mode | Road - Light we ¥ . * * * Mode Rail - Electri ¥
Distance 1.000 km Distance 1.00(km Distance 1.00(kmi = =
Weight 1.00T Weight 1.00F [Weight 1.000 _’J Rail H“d"""l
Maode Road - Truck (1 ¥ Maode | Foad - Truck (* ¥ Maode Inland Waterw: ¥ s

1.00)km

V

- Distance
1.007 - Storage A= weight 1.00T
Road - Truck (1 ¥ (Mode Road - Light ve ¥

1.00km

1.00/km
1,007

| Road - Truck {2 T

Distance 1.00km
[Weight 1.00TF
Mode Road - Truck ¥ |

sl [ [N N NN SN SN SN G SN NN NN RN R

Distance | 1.00 km Distance
Weight 1.00T Weight
Mode | Road - Truck { ¥ l Mode
1.00/km
1.007

Rail - Diesel ¥

e od § 1 7 ' 0 ' 7 1 7 1 [ 1 | ] |
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Results

Easlc Dats

Project ; ICT Pyt. Ltd,

pocomiutn | Results - Consolidated Results
A Pre- Construction
sk IA. Clearing and Pilling
Fil Tra15p:'t - rp— 10, ]
On-Site Impazts 0,4
D b BN :
IC. Fill Transport D0034e22278 10,2
On-Site Impact )
A, Electricity otz {£0, -2
B. Fuel 101388500087 10, g
IC. Paper (1T 100
D. Other @ 10, -2
Construction Materials a 100, -2
Materials Transport Tl 100,

Construction Machines

E.D?BBFWISZGZEE 1C0,

.Eq

Total CO, Equivalent Emissions

EEBIMEEMT 100

Results both combined and sub module wise can be generated
- Results can be exported to excel for easy comparison and graphical representation




Carbon footprint assessment (MT) using CHANGER for Bakaner
Ghat bypass (7 km)- live project
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Flexible has the least emission. Emission of CTSB is 4.6% more than Flexible. This is a site
specific assessment considering the source distance, fuel requirement, local availability
and embodied emission of type of materials.

CTSB has the lowest thickness of pavement (560mm) compared to flexible (695) and
rigid (670mm)
Flexible has the lowest life cycle cost



What remains ...... ?

All DPR consultants to Use the relevant codes and assessment tools to compare
different pavement types and choose the most emission efficient alternative.
All contractors to use the tools to assess their emission performance during
construction

The road project proponents to consider pavement life cycle GHG emission as a

mandatory factor along with life cycle cost analysis for decision making.

It is only if we are aware of the source and magnitude of GHG emission,

measures can be taken to reduce it




For any queries regarding CHANGER one may write to:

Tamosi Bhattacharya
Environmental Planner
Member- Environment Committee, IRF
Sr. Manager, Environment Division, ICT. Pvt. Ltd.
india@irfnet.ch / tamosi.bhattacharya@ictonline.com




