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What is LCA?

Evaluation of the potential environmental impacts of any product or service during its

entire lifetime.
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Fig 1: Life-cycle stages of a vehicle

LCA Framework \

Fig 2: Framework of LCA



International
Transport Forum

Provides a comprehensive evaluation of the environmental performance of different
types of vehicles.

Can be used to assess alternative fuels, considering the energy sources of the
electricity grid used to charge EVs.

It can account for the empty running of ride-sourcing vehicles/taxis between
passengers.

It can also include operational services required to charge and distribute shared
fleets.
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General Information about the LCA India Tool v1.0
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The tool provides a holistic assessment of 26 modes of passenger transport options,
accounting for energy use and GHG emissions (per passenger kilometer, vehicle
kilometer, and vehicle level) that occur in different phases of the life of the vehicles,
including:

- — ) Primary and
o0k

secondary material Vehicle assembly,
Vehicle extraction and ﬁ transport to point of
component processing use
- Transport :
{F" Vehicle c»omponent + end-of-life treatment
H=l fabrication
- Use
Primary energy Final use of the

Fuel extrac’Fion and |:> fuel/energy vector by

—  Operational services component production of the the vehicle

fuel/energy vector

e _ —— Infrastructure ¢ ¢ Construction, maintenance and end-of-life
component management of the transport infrastructure

Fig 3: Stages considered in the LCA India tool
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Workbook structure
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Input sheets

Base
input

EM <

eUsers can define input
values or choose to
maintain default values

eUsers define electricity
grid evolution scenarios

Vehicle
manufacturing

Transport <

Phase sheets

eCalculations  associated
with  manufacturing of
the vehicle including the
assembly and disposal

) e e AR SR

eCalculations  associated
with transport of the
vehicle from production

Use

Operational
services

Infrastructure <

point to purchase point

eCalculations associated
with the use of the
vehicle

eCalculations  associated
with operational service
needed by specific
vehicles

P [ ——————

eCalculations  associated
with operational service
needed by specific
vehicles

Summary

Graphs {

v

Result sheets

eTabular summary showing
energy consumption and
GHG emissions, per
passenger kilometer, vehicle
kilometer, and vehicle, in
each phase

esGraphical representation of
results in “Summary” sheet
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Life-Cycle Assessment.
of Passenger Transport

An Indian Case Study

Share of GHG emissions of key vehicle types by life-cycle phase
I Vehicle usage I :ﬁ;gﬂéggﬂ%’gtery I Infrastructure I Vehicle delivery

100%
90%
25%
80%
70%
60%
35%
50%
40%
30%
20% 39%

10%

Private car Private car Private scooter Private scooter Three-wheeler Three-wheeler Urban bus Urban bus Intercity bus Intercity bus Bus
(ICE) (BEV-IPS) (ICE) (BEV-IPS) (Diesel) (BEV-IPS) (Diesel) (BEV-IPS) (Diesel) (BEV-IPS) (FCEV)

Fig 4: Share of GHG emission of key vehicle types by life —cycle phase
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What next? The importance of freight

0.22%

1.06%
120%_\| [

\

3.40% = Cars

= Motor Cycles and
Scooters

= Auto Rickshaws
Taxis

= Buses

= All goods Vehicles

Fig 5: Percentage of different vehicle
types in Delhi (2022-23)

Third highest share in the road
transport sector

Lack of data availability for
freight vehicles

Comparison in passenger and
goods vehicles
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« Six Freight vehicle categories have been newly added.

» Light commercial vehicle Four-wheeler (ICE and BEV): GVW less than 3.5 ton
» Light commercial three-wheeler (ICE and BEV): GVW less than 3.5 ton

» Medium commercial vehicle (ICE): GVW more than 3.5 ton but less than 12 ton

» Heavy commercial vehicle (ICE): GVW more than 12 ton
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Light

Light

Light

v Light . . Medium
Commercial y commercial | commercial % Heavy
% Commercial 2 : Commercial s
vehicle four- hicle f vehicle three vehicle three e i Commercial
wheeler- ICE V; c]e OBuErV wheeler | wheeler BEV (:; cte ) vehicle - ICE
(N1 ‘:uee :" ICE(N1 (N1 e ;;ngy (N3 category)
category) ([Gvil\al 5505?!]) category) category) .<12T] [GVW >12T]
[GVW <3.5T] 27 [GVW <3.5T] | [GVW <3.5T]
City characteristics
Classification of the city (By population density) High density | High density | ~ zh density | High density | High density | High density
Vehicle characteristics
Fluid technology ICE BEV ICE BEV ICE ICE
Use of fuel/km
Natural Gas Natural Gas
Fuel type (fossil, EU (fossil, EU Diesel (Oil) | Diesel (Oil)
mix) mix)
Gasoline (Oil) [km/1]
Diesel (0il) Tkm/I1]
Natural Gas (fossil, EU mix) km/kg]
» No default
Electricity Lkt
Hydrogen [km/kg]

Fig 6: Classification of cities

Operational data differs based on
city.

Classification of cities has been
given as user input.

The user can select three given city
types or choose “User input” to input
other values.

The cities are classified based on
population density
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Classification of cities

Population classification Population Density Study Areas

(Population/ square

kilometer)

High density 10,000 and above Delhi
1,000 to 10,000 Dhanbad
Less than 1,000 Bokaro

Delhi: National capital of India
Dhanbad: Coal capital of India (Mining region)

Bokaro: Steel city of India (Industrial belt)
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Survey Locations Narel

dhT Transp ort Nagar

Fig 7: Survey locations of Delhi
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Survey Locations

Fig 8: Survey locations of Dhanbad
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Survey Locations

Fig 9: Survey locations of Bokaro
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Operational data collected




International
Transport Forum

The formula used for sample size calculation is

CV2[Z(a)]?
n= 52

N is the sample size
CV is the coefficient of variation
Z(o) is the standard normal distribution quantile value for the confidence level (o)

E is the level of accuracy (the margin of error for the estimate of the mean of the population).
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Sample size of data collected

N1(<3.5T) N2 (3.5T<N2<12T) N3(>12T)
Sample size ICE ICE
Three-wheeler Four-wheeler BEV
CNG Diesel Petrol CNG Diesel Petrol CNG Diesel Petrol CNG Diesel Petrol
NA 48 NA NA 13 NA

Delhl NA 114 NA NA 9

Dhanbad NA 63 NA NA 75 NA 10 NA 34 NA NA 79 NA
NA 40 NA NA 82 NA 18 NA 15 NA NA 29 NA
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Share of different vehicle categories

4.44

= LCV 3W CNG

= LCV 4W CNG

= LCV 3W BEV
MCYV Diesel

= HCV Diesel

= LCV 3W Diesel
= LCV 4W Diesel
= LCV 3W BEV

MCV Diesel

= HCV Diesel

= | CV 3W Diesel

= LCV 4W Diesel

|

= LCV 3W BEV

MCV Diesel

= HCV Diesel

Fig 10: Percentage of different categories of
vehicles surveyed in Delhi

Fig 11: Percentage of different categories of
vehicles surveyed in Dhanbad

Fig 12: Percentage of different categories of vehicles
surveyed in Bokaro
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Daily distance travelled

Daily kilometer travelled

N A OO
o o o o o

m Delhi mDhanbad m Bokaro

186.35
152.67
133.79
117711 115.04
103.16 103.33
87.25 89.76
77 69 75.00 80.00
I I I I I ] I ]
Light commercial vehicle Light commercial vehicle Light commercial vehicle Medium commercial vehicle ~ Heavy commercial vehicle
(GVW<3.5T) ICE 3W (GVW<3.5T) ICE 4W (GVW<3.5T) BEV 3W (3.5 T<GVW< 12T) (GVW>12T)

Vehicle categories

Fig 13: Daily kilometers travelled by different truck categories in surveyed cities
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Fuel economy (kmpl/kg per km)

N
(S]
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(S} o
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o
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mDelhi mDhanbad mBokaro

e 1850
' 16.76 16.59
12.97
10.30 10.76
9.56
7.22
5.39 5.54 I
Light commercial vehicle Light commercial vehicle ~ Medium commercial Heavy commercial
(GVW<3.5T) ICE3W ~ (GVW<35T) ICE4W  vehicle (3.5 T<GVW<  vehicle (GVW>12T)
12T)

Vehicle categories

Range (km)
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102.778
88.75
87.273
Delhi Dhanbad Bokaro
Cities

Fig 14: Fuel economy of different truck categories in surveyed cities

Fig 15: Range of 3W BEV
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Payload

30.00
25.00
—~ 20.00
c
o
c
g 1500
°
§ m Bokaro
10.00 = Dhanbad
m Delhi
5.00
o N - —
LCV ICE 3W LCV ICE 4W LCV BEV 3W MCV HCV
= Bokaro 1.00 291 0.36 3.27 7.53
® Dhanbad 1.18 1.29 0.33 3.50 12.94
m Delhi 0.62 0.74 0.38 2.65 4.67
Vehicle categories

Fig 16: Average payload carried by different truck categories in surveyed cities
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Operational data collected

Only CNG fuel vehicles were encountered during the survey in the LCV category in Delhi.
All the freight vehicles except LCV in Delhi were Diesel-fueled in the ICE category.

LCV BEV 3W penetration is very low in Delhi. No LCV BEV 3W vehicle was encountered in Dhanbad

and Bokaro during the survey.
In Dhanbad and Bokaro, some passenger BEV 3Ws are used for carrying goods.

No LCV BEV 4W was encountered in any of the three cities during the survey.
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Vehicle/battery data

« Relying on European/South American data for freight BEV battery due to lack of data
availability.

« Weight of materials data for light commercial vehicles three-wheeler (ICE & BEV) is
not currently available.

 Electricity usage for light commercial vehicles four-wheeler (BEV) is not currently
available.
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GHG emissions per vehicle
Heavy Commercial Vehicle - ICE (N3 category) . . m Vehicle and battery manufacturing,
[GVW >12T] assembly and disposal - Including fluids
Medium Commercial Vehicle - ICE (N2 . . .
l . Vehicle delivery at point of purchase

category) [3.5T<GVW <12T]

Light Commercial Vehicle three-wheeler BEV
(N1 category) [GVW <3.5T] Vehicle use (including fuel production) -

Light Commercial Vehicle three-wheeler ICE (N1 active travel

category) [GVW <3.5T
gory) [ ] Operational services

Light Commercial Vehicle four-wheeler- BEV

(N1 category) [GVW <3.5T]
m [nfrastructure network (from the vehicle

Light Commercial Vehicle four-wheeler- ICE (N1 | 1 perspective) Results not available at the
category) [GVW <3.5T] vehicle level

0 200000000 400000000 600000000
GHG emissions per vehicle ( [g CO: eq/vehicle])

Fig 17: GHG emission per vehicle in high density city
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Heavy Commercial Vehicle - ICE (N3 category)
[GVW >12T]

Medium Commercial Vehicle - ICE (N2 category)
[3.5T<GVW <12T]

Light Commercial Vehicle three-wheeler BEV (N1
category) [GVW <3.5T]

Light Commercial Vehicle three-wheeler ICE (N1
category) [GVW <3.5T]

Light Commercial Vehicle four-wheeler- BEV (N1
category) [GVW <3.5T]

Light Commercial Vehicle four-wheeler- ICE (N1
category) [GVW <3.5T]

GHG emissions per tkm

| |

| |

I |

0 50 100 150 200 250 300 350 400

GHG emissions per pkm ([g CO2/pkm] or [g CO2/tkm])

m Vehicle and battery manufacturing,
assembly and disposal - Including
fluids

Vehicle delivery at point of
purchase

Vehicle use (including fuel
production) - active travel

Operational services

m [nfrastructure network (from the
vehicle perspective)

Fig 18: GHG emission per tkm in high density city
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Preliminary results: City-wise Comparison of Energy Consumption

Energy consumption per vehicle
9000000

8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000 i I B
0
S s S
S S

i o ) & &
b@“ 660 bé\ b@
™~

Fig 19: Energy consumption per vehicle in MJ

24
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Preliminary results: City-wise Comparison of Energy Consumption

Energy consumption per tkm
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Fig 20: Energy consumption per tkm in MJ
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Preliminary results: City-wise Comparison of GHG Emission
GHG emission per vehicle
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Fig 21: GHG emission per vehicle in g CO:2 eq.
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Preliminary results: City-wise Comparison of GHG Emission

GHG emission per tkm
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Fig 22: GHG emission per tkm in g CO: eq.
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The majority of the LCVs surveyed in three Indian cities had a very low payload capacity.

LCVs are less efficient than MCVs and HCVs in case of energy emission/ GHG emission per tkm when

operating with very low payloads, but carry higher volume parcels (compared to their weight).
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* Q2 release of ITF Transport Life-cycle Assessment Tool for India v2.0 BETA

« Open to feedback and data

29
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Thank You
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