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Two-Wheeler Fuel Efficiency




Recent ICCT papers analyze pathways for reducing two-
wheeler CO, emissions in India

* Fuel consumption reduction technologies for the two-wheeler

ﬂeet N Ind|a (https://theicct.org/publications/2w-fuel-reduction-india-mar2021)

* Fuel consumption standards for the new two-wheeler fleet in

Ind 1a (https://theicct.org/publications/fuel-consumption-2w-india-aug2021 )

« Market analysis of new two-wheeler fleet for FY 2020-21
(Forthcoming)

» Estimating electric two-wheeler costs in India to 2030 and

beyOnd (https://theicct.org/publications/E2W-cost-2030-India-jul2021 )
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For all these analyses, the market share of motorcycles is
/0% and scooters is 30% based on vehicle sales trend

Market share 2020-21
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. oooooooo 29.3% motorcycle less than 150 cc, 55.0%

« The adoption of Fuel injection
technology is a significant step in
the technology level, post BS VI

By Type

aaaaaaaaaaaaa
Royal Enfield, 3.8%

By OEM . Bajaj, 11.9%  TVS, 14.2% Honda, 25.3% Hero MotoCorp, 36.7%
5 1.2%
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BS VI two-wheeler fleet-engines are 100% equipped with
Fuel Injection, Transmission of all scooters are CVT, 40%

motorcycles use 4-speed manual transmission

Category Motorcycle less than 150 Motorcycle more than 150 cc m
cc

Engine Fuel injection(Fl), capacitor ~ Fuel injection(Fl), single spark Fuel injection(FI), spark
charge ignition electronic ignition injection
Compression ratio 9.9:1 Compression ratio 8.5:1 Compression ratio 10:1
Transmission 4-speed manual 5-speed manual Continuously variable

transmission (CVT)
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Many technology options to reduce fuel consumption of 2W

Type of Applicabliity In Applicabliity In Applicabliity In
technology Specific technology small motorcycle large motorcycle scooter

Engine friction reduction

Engline Lubricating oil additives v v ’

technology
Cam phasing v

5-speed manual transmission v
6-speed manual transmission

Transmission Dual-clutch transmission

technology Improved CVT v
Electronic clutch
AMT
Start-stop

Low-rolling-resistance tires
Vehicle

technology Low-drag brake calipers

Mild hybridization

Electrification

- RSN RO (-
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High compression ratio

Variable valve lift
Advanced engine
o technology
I C C1 Gasoline direct injection
Exhaust gas recirculation
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Individual technologies arranged in the order of cost-to-
benefit ratio. Upto 42% CO, reduction® can be achieved in
motorcycle less than 150 cc

20,000 ®
Mild hybrid

15,000

® Advanced start-stop
(coasting start-stop, in gear
start-stop) with e-clutch

High compression ratio
10,000 ®

[ J
Start-stop (ldle start-stop)

® 5 speed manual transmission

Direct manufacturing cost (INR 2020)

5,000
Low friction
lubricant (10W30) ® Engine friction stage 2
@® Engine friction stage 1
o < ® Low resistance tires (RRC 20)
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CO, reduction (%)
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~44% CO, reduction in scooter emissions possible for a cost of
less than INR 24,000

25,000
Mild hybrid @
)
S 20,000
N
(44 ® Improved CVT
Z
<
whd
3 15,000
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o
£
*3 @ Advanced start stop with modification in CVT
o 10,000
=]
% Start-stop
E o (idlestart-stop)® ® High compression ratio
9 5,000 Low f_rlctlon
= lubricant
a (10W30) @ Engine friction stage 2
® Engine friction stage 1
o PR Low resistance tires (RRC 20 )
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Upfront cost parity of E2W is near with
FAME+state incentives

Upfront cost parity for mid-range electric motorcycles
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Payback period for E2W is shorter than the most expensive
|ICE technology

M Direct manufacturing cost ¢ payback (years)

31.000 M Direct manufacturing cost & Payback (years) 7 26,000
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PKI PK2 PK3 PK4 PK5 Electric 1,000 |
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CO; estimation:reduction from 2020-21
CO, estimation:reduction from 2020-21

* Individual technologies were combined to form packages PK1,PK2,PK3,PK4 and PKS5.
Battery electric technology is considered as a technology package

Electric
scooter
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Manufacturers likely to choose a combination of ICE
improvements and electrification to meet CO2 standards

\\
T o ™ e e e
Electric two-wheeler share (%)

ICE CO; reduction (%)

11



Based on the market share, the possible target for the fleet is 25.3
gCO,/km for 2025 and 20.5 gCO,/km for 2030

ICE motorcycle,
1%

Large
motorcycle,
10%

32%(13%+19%) of electric two-wheeler in
the fleet achieved through the fleet average

i C Ctrget of 25.3 gCO,/km in 2025
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ICE
motorcycle, Large
10% motorcycle, Fleet Small
10% average

ICE
scooter,
96%

61%(41.2%+20.4%) of electric two-wheeler
in the fleet achieved through the fleet
average target of 20.5 gCO,/km in 2030
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Fuel efficiency labelling could be designed based on the

CO, target for 2025 and 2030

8 B
£ _.-~" one star
37 v‘b’/ e
= e ®  ° 1o star
26
= ° e o.-% ® o
e
-%5 ° L ® 0: o ;- thige star
£ . o0
24 JPtad . .--o6 % % o .
c S A e aii
8 5 /./' ..~ ® o i four star
] e °e o  oe --""
2 _tleét average 2020-21:00 ° _.‘:_o—’ ® 0%
e . o R N
E. 2 - 2902 S ° - five star
2 __-2-5¢% ..‘ i
81 foeemm"" ¢%===""— 2025 target
E : -2030 target
0 ®0wale'Pened % (]
50 70 90 110 130 150 170 190 210 230 250
Kerb weight(kg)

| saratng | 2r | 3sr | dstr | Ssar_

Sales weighted market share for 0.4 % 12.4% 86.9% 0.3%
labelling design based on
5-star given to 2025 target

8 o
£ _.-~" one star
g )

3 iy s to star
E6 s
= b 7 o -% ® o
o [ ]
.%5 ° o i e 0: o 4~ thige star
£ P .
24 Pl o 66 9 ®e® o
c .,” o ° P
o - i
S, 7T - 0% e __.s-- fgur star
© P 0% o _ce.---
2 _tleét average 2020-21 90 © ° 2 e,
2 -7 o e te” ° oo e
§ 7 v % %38 « o8 -~ five star
[ .8 [ J (] =
3 R ’0‘ 2025 tayget
8 s 72030 target
0 0 et ned % 0
50 70 90 110 130 150 170 190 210 230 250

Kerb weight(kg)

sarcing | 2ot [ s | sl | Selr

Sales weighted market share 0.5 % 35.3% 63.9% 0.3%
for labelling design based on
5-star given to 2030 target

13



Full electrification of new 2W should be the aspiration for 2035

« Post BSVI fuel injection technology allows two wheelers
to incorporate many cost-effective ICE technologies.

« |ICE technologies are cost effective as compared with EV
till 23% of CO, reduction.

 New 2W average CO, target of 25 gCO,/km for 2025 will
ensure ~30% EV share, whereas a 20 gCO,/km for 2030
will enable ~60% EV share.

icct .
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Light-Duty Vehicle Fuel Efficiency




Passenger car CO, emission and fuel consumption values, normalized to NEDC
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- Curb weight CO, Hybrid PHEV+BEV Year Curb weight CO, Hybrid PHEV+BEV
(kg) (g/km) (%) (%) (kg) (g/km) (%) (%)
2017 1395 118 2.7 14 2017-18 1064 120.6 0.00 0.01
2018 1397 120 3.7 2 2018-19 1078 121.9 0.01 0.06
2019 1415 122 54 3 2019-20 1068 122.4 0.03 0.10
2020 NA 107 12.4 10.6 2020-21 1081 121.4 0.13 0.2
https://theicct.org/publications/fuel-consumption-pv-india-apr2021 T o
cars, by manufacturer.
~unzom | viozom | 201 |
| BEV | PHEV | BEV | PHEV | BEV | PHEV_
140 | Tesla-Honda 84% 0% 74% 0% 60% 0%
113 Dalmler 2% 17% 10% 22% 6% 16%
120 | Hyundal n% 8% M% 4% 14% 1%
A . Renault-Mitsubishl  10% 4% 8% 4% 8% 3%
E 100 VW Group 0% 10% 8% 8% 7% 5%
?: AVERAGE 0% 9% 7% 9% 6% 5%
80 | f Kla 9% NM% 9% 12% 9% 9%
BMW 8% 17% 6% 18% 5% 13%
Ford-Volvo 8% 23% 4% 19% 2%  13%
60 1 PSA-Opel 7% 5% 6% 5% 4% 3%
FCA 6% 6% 5% 4% 1% 1%
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Toyota-Mazda 1% 3% 1% 3% 1% 1%
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 . = = = e = =

https:/theicct.org/blog/staff/atmanirbhar-bharat-targets-may2021 https://theicct.org/publications/market-monitor-eu-jul2021



FY 2022-23 standards already met by some
companies thanks to EV sales

250
® With flexibility mechanism
230

Isuzu N
nda¥
210 { 020/10’1\ st
w2

190

Fo

Skoda
Honda

Nissan

130 Renault

Maruti  Hyundai

500 700 900 1,100 1,300 1,500 1,700 1,900 2,100 2,300 2,500
Weight (kg)



Comparison of flexibility mechanisms for FY 2019-20 and FY
2020-21
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Multiple technology pathways to exceed FY 2022-23 standards

140
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Low viscosity oil,
Low resistance
tires, Aero
improvement &
low cost ICE
technologies
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increase in CNG
vehicles from
6.2 % to 15%

Using all
Flexibility
benefits.

Increase EV
from 0.2%
to 1%;

Target (113.7 g/km)

Increase hybrid
from 0.04% to 5%

FY 2022-23



Market leading cars like Maruti Dzire already show better fuel efficiency

than required by FY22-23 standards using off the shelf

|CE technologies

160
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8 o 2015.;, MT
2020, MT 7015, MT
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80
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® Gasoline B Diesel FY17-18 FY22-23

I ‘ ‘ t » Every manufacturer’s “Dzire” for meeting PV fuel consumption standards in India:
https://theicct.org/blog/staff/dzire-pv-fuel-consumption-standards-india-nov2020
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BS VI versus BS IV CO, emissions (g/km)
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Adoption of WLTP will prevent gaming of inertia weight class and
close other loopholes

30%

BFY 2010-11 MFY 2018-19
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20%
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i C C t Distance from inertia step

ON CLEAN TRANSPORTATION > Inertia of outdated regulation: https://theicct.org/blog/staff/inertia-class-india-jan2021
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Indian LCVs smaller, lighter, but not much more fuel efficient than EU
counterparts — Need to adopt fuel efficiency standards for LCVs in India!
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Hybrid benefits of ~20-25% achievable at INR ~1600/ percent CO,
reduction in 2025 versus conventional vehicles without stop/start
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o)
I CC t Potential uptake of hybrid vehicles in India, forthcoming
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Potential pathway for light-duty fuel efficiency standards in India

« Switch to WLTP testing from April 2023 after implementation of FY
2022-23 fuel efficiency norms

« FY 2023-24 onwards compliance with standards should be set in WLTP
terms (113gCO,/km as measured on WLTP)

Follow EU pathway for standards implementation with 4-year lag

Standards in gCO,/km | FY 2023-24 FY 2027-28 FY 2031-32 FY 2035-36 FY 2039-40
as measured on WLTP

Passenger Cars (M1)

Light-commercial
vehicles (N1)

icct ’
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ICCT India Initiative: http://www.theicct.org/india

Anup Bandivadekar
anup@theicct.org

@theicct
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The International Council on Clean Transportation (ICCT)

=  Non-profit research organization

The mission of ICCT is to = Air Pollution and Climate Impacts
dramatically improve the =  Focus on regulatory policies and

environmental performance and fiscal incentives

SR Re= Mo Il -  Activity across modes including
aviation and marine

and transportation systems in

order to protect and improve =  Global outreach, with special focus
on largest markets

public health, the environment,

and quality of life. =  Offices in Washington D.C., San

Francisco, Berlin, Beijing




India has been making slow but measurable progress on

reducing transportation emissions
Vehicle fuel efficiency standards
 The first PC FE: 130 gCO,/km in 2017 and 113 gCO,/km in 2022
 The first HDV(>= 12 tons) FE rule adopted in August 2017
 The first HDV(< 12 tons) FE rule adopted in July 2019
Zero-emission vehicles (ZEVs)
 Lower GST rates for EVs; exemption from compensation cess
 FAME-II fiscal incentive

 Road tax waiver and additional fiscal incentives proposed in several states including
attractive electricity tariffs for EV charging stations

 Numerous additional non-fiscal incentives such as permit waivers, green license plates
Energy diversity
» National Policy on Biofuel, 2018
o 20% bio-ethanol blending target by 2838 2025 (>6% realized in 2020)
o 5% bio-diesel blending target by 2030
0 PM Ji-Van Yojana for 2G ethanol from March 2019 onwards
Iccte than 4 million CNG vehicles on road as of March 2021
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Total cost parity of E2W is already here with

FAME + state incentives

10-year TCO (INR)
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10-year TCO parity for mid-range electric motorcycles
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Well-to-wheel GHG emissions are 34% - 50% lower for battery
electric 2W

ICE small Electric Electric Electric

motorcycle motorcycle motorcycle ICE scooter scooter
(97.2 cc) (3.5 kWh) (2.7 kWh) (1095cc) (2.9 kWh)

Well-to-tank g CO, .q/km no 287 217 12.8 317
Tank-to-wheel

g CO; eq./km 383 0.0 0.0 434 0.0
Vehicle production

g CO2 eq./km 49 50 39 47 42
Battery production

g CO> eq./km 0.0 20 16 0.0 17
Total g CO2z eq./km 542 357 271 609 375
Life-cycle GHG savings - 341% £0.0% _ 38 49

compared to ICE

(o)
I C C t > httos://theicct.org/publications/fuel-consumption-2w-india-aug2021
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Life-cycle GHG emissions analysis shows the
advantage of EV pathway

300 4 20-year GWP for methane
M Fuel/electricity production
B Fuel consumption

W Maintenance

B Hydrogen tank manufacture
B Battery manufacture

B Vehicle manufacture

I Current policies vs Paris
Agreement-compatible
electricity mix
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Life-cycle GHG emissions (g CO, eq/
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Gasoline + Diesel + Natural gas Battery EV, Battery EV, Fuel cell EV, Fuel cell EV,
biofuels biofuels + biogas 2030-2044 renewable natural gas renewable
grid mix electricity hydrogen hydrogen

Figure Figure 6.5. Life-cycle GHG emissions of sedan segment gasoline, diesel, and CNG ICEVs, BEVs,

(@]
I CCt and FC 5§ FCEVs projected to be registered in India in 2030.
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Doubling the fuel economy of large motorcycles possible at a

cost of less than INR 67,000
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Technology cost curve shows till what level of CO,
reduction benefit can be cost-effectively availed. There are
two ways of plotting technology cost curves

Compliance cost for 2W CO, standard

Technology exhaustion approach Cost beneficial EV penetration approach

EV is introduced only after all
ICE technologies are exhausted

Per gram

EV cost < per
gram ICE cost

Use ICE technologies

Compliance cost = EV penetration % x EV cost
+ ICE % % ICE cost

icct )
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