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ARAIO The Automotive Research Association of India

Progress through Research
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ARAI R&D Roadmap
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Major R&D Drivers

Low Carbon Pedestrian & Light Green Sustainable/
Footprints Passenger Weight Technologies Smart
/ Improving Fuel Safety Materials/ mobility
Economy / Power structures

Train engineering
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Role of ARAI in the field of Alternate Fuels

(. )

eDesign and Development
of Three Wheeler, Four
Wheeler, LCV and HCV
CNG, LPG vehicles

eUnique lubrication system

for two stoke CNG/LPG

'ational Data Bank

Key role for drafting
regulatory framework
e Formulation of
Automotive Industry
Standards ( AIS)

¢ Enforcement guideline

Regulations

Skill
r Development

Type
Approval N

¢ Training to Road
Transport Authorities &
retrofitters

e Training programs for
industry

Certification of CNG/LPG
kit components,
systems, engines and
vehicles

\_
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ARAI Research & Development for Emission Reduction
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Vehicle Technology Alternate Fuels Operation/ Driving

(17-23% Avg. fuel consumption improvement) (19-33% CO, Reduction) Pa tte r n

Efficient

Powertrain Design CNG, HCNG, Dual Fuel,
. _ Ethanol, Biodiesel,
Light weight Methanol

Materials

Duty cycle & Operating
pattern study

Laboratory Simulation
and Correlation

Newer Technology

Designs: GDI, HCCI, Assessment of
alternate fuels for

Emissions, Vehicle

Hybrid Electric Vehicle Performance and
Prototype Material Compatibility

On road emissions
measurements
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ARAIO Integrated Approach for Clean Air
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Government
Policies and
Incentives

Control of In- Road / Public
use Vehicles Infrastructure

Vehicular Fuel and
Technology Energy
Solutions Management

Regulations
and
Standards




ARAI  Progressive Emission Regulations
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TERI-ARAI Study

Sub-sectoral distributions-PM2.5

Industries
Overall contribution 30%

Stone
crushers
6%

Transport
Overall contribution 28%
Cars
Bus 12%
9%
Tractor
5%

3

LCVs
3%

17%

wheelers

Residential
Overall contribution 10%

Kerosene
10%
LPG
1%

Others

Overall contribution 11%

Jlandfill 5% incinerat
fires ors
3% 6%

Cremator
ia
2% Construct
ion
Restaura A%
nt

5%
Airport Waste

Dust

Overall contribution 18%
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Emissions Roadmap & Conflicting Demands

BSFC (CO2 Emission)

Legislative
Requirements

Development

Combustion '

Emissions

NOx (g/kWhr)
N w = (%) ] ()]

-
L1l

o
L

30%

43%

80%

BS 1 BS IV BSV BS VI

Market Demands

80%

No Chnage 50%

+ PN:8.0x10"!

BS 1 BS IV BSV BS VI
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ARAI Alternative Propulsion system
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Tt 1

Hydrogen

Iimproved Displace Fuel Cell
Vehicle Fuel Petroleum g
Economy & - Battery Electric
Emissions . Vehicles (E-Flex) -
_ Hybrid Electric
~ Vehicles (including
Plug-in HEV)
IC Engine and - -
Transmission
Improvements Time
B>
Petroleum (Conventional & Afternative Souwrces)
Energy/Fuel b Bio Fuels (Ethanol £85, Bio-dieser) >
Diversity

T}Elgctricity {Conventional & Alternative Sources)
> Hydrogen )
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Air Quality

egradation

I \3 IE—
Global \ Stringent

Warming Emission
Alarm Norms

Need for
Alternative
Fuels

Dependency
on Foreign

Countries for
Fossil Fuel 4

Reduced
Fossil Fuel
Depletion

Increase in
Oil Price



ARAI BS VI- Canvas of India

Progress through Rese

* Scale of operation is a challenge

* Vendor development and product reliability

* Diverse technology handling

* Cost sensitivity

* Regulatory complexity- Emission, FE, Crash, Alternate
fuels and so on
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ARAI Alternate Fuels Available In India
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 Compressed Natural Gas (CNG)
* Liquefied Natural Gas (LNG)

* Hydrogenated CNG (HCNG)

* Liquefied Petroleum Gas (LPG)
* Methanol

* Ethanol

* Hydrogen

e Di-Methyl Ether (DME)




ARAI Regulatory support
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Bio-CNG / Bio-Methane
GSR 498 (E) dated 16" June 2015

Ethanol (E-85 and ED-95)
GSR 412 (E) dated 19th May 2015

Hydrogen (Notified for BS-VI)
GSR 889 (E) Allows use of Hydrogen

Liquefied Natural Gas

GSR 643 (E) dated 27" June 2017

Hydrogen — CNG
Under Discussion

Biodiesel (B—20 and B-100)
GSR 412 (E) dated 11th April 2016

Dual fuel — Diesel/CNG, Diesel/BIO-
CNG & Diesel/LNG (GSR 1151 (E) )

Di-Methyl Ether
Under Discussion
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About 16470 km long
Natural Gas pipeline
network in operation

about 15000 km long additional
pipeline network have been
identified. PNGRB/Gol has
already authorized entities to
construct about 14500

NG Network In India
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ARAI® Technology Migration
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A Direct Injection

BS-VI Onwards

Sequential Injection

BS-VI

BS-1V Throttle body Injection

BS-1II
Gas Air Valve

BS-II Venturi System

BS-I

>
1998-2003 2003-2005 2005-2010 2010-2020 2020 Onwards
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32.8 Lakh CNG Vehicles

Percentage Share of CNG Vehicles
1% 1%

1

1%_I

m Delhi/ NCR

® Maharashtra
B Gujarat

B Haryana

= UP

= MP

m AP/ Telangana
m Others



ARAI® On Road Application Scenario
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= More 200 Million Vehicles are on road with conventional fuels

» 76% road vehicles are 2 wheeler, 8% Passenger cars, 4% three wheelers, 5% commercial vehicles and
7% Tractors.

= 3.28 Million vehicles are on CNG. India is having 5% largest CNG fleet in the world

= 1550 CNG stations.

» Delhi is the showcase example for world, having entire public transport on CNG

* CNG Network in India: 16200 km NG pipe line and which will be doubled, by 2020 connecting 300
cities, is World'’s fasted growing Natural Gas network and expected to have 15 Million vehicles on

Natural Gas.

= Approx. 1.2 Million Vehicles are on LPG with over 1000 LPG stations



ARAI On Road Application Scenario
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= Ethanol is being used as 5% blend as oxygenates for petrol vehicles.
Usage of 10% ethanol is expected

» Bio-diesel : Trials on B10, B20 and B100 blends are showing
promising results

= HCNG (Max 20% Hydrogen blend in CNG) technology feasibility is
demonstrated

= Methanol: Methanol is being used as secondary fuel for fuel cell
vehicle

= DME is being explored for diesel vehicles

@. OME u
» Indigenous plug in CNG hybrid buses demonstrated in CWG 2010 b

e et



ARAI CNG — A Clean Fuel
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Local Pollution — Reduce air pollution specially in cities

= Very low PM emissions
Gasoline 0.32 0.05 0.01 -
generated from CNG fuel
Diesel 0.18 0.09 0.17 0.014
= For each km of vehicle driving
CNG 0.24 0.03 0.01 -
generates around 15 - 30%
lesser CO2 emissions as 15-30% lesser CO2
compared to fossils fuels
Gasoline 103-111 -
Diesel 96-97 7-13 %
! s
| CNG 76-86 15-30 % !
H |
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Emission factors of in-service vehicles

CELEBRATING

L
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ARAI Socio-Ecological Impacts of Using Natural Gas
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Boost to

Agricultural
Sector
Innovations

Energy Securit‘

Ecological @

Balance

l Employment
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ARAI Challenges for Alternative Fuels in India
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* Inadequate distribution infrastructure vrs. Increasing

demand
* Technology and localization of supply chain
* Harmonization of regulations
* Development of vehicle &M programs
* User Acceptance
»  Stricter enforcement on the field
* Elimination of Spurious Kits/ components

*  Fire Safety

* Disruptions from E-mobility solutions and renewable

generation

* BSVIdevelopment challenges



ARAI

Progress through Research

Thank Youl!
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Renewable Power Generation status in India

« Indian renewable energy sector — Fourth in the world ~ INDIA SOLAR DEMAND FORECAST

m Annual rooftop — Cumulative

* CAGR of 9.29 per cent over FY08-18. Annual utilty-scale Sefarinstaiiations (VW) Right-hand scale
* India added record 11,788 MW of renewable energy 1oe0e ' '
capacity in 2017-18 and 1,832.26 MW (grid 8000 -
interactive and off-grid) in April-July 2018. B0
« As of July 2018, total renewable power generation 4000 -
installed capacity (grid interactive) in the country 2,000 -
stood at 116.82 GW, which is 33.81 per cent of the oSSR N .
total installed capacity of 345.49 GW. o o e e
« With a potential capacity of 363 GW —
+ As India looks to meet its energy demand on its own, ~ UTILITY-SCALE SOLAR PROJECTS BY STATUS
which is expected to reach 15,820 TWh by 2040 i it
* Huge FDI, Government and Private equity investment 9,026
in pipeline

» By the year 2040, around 49 per cent of the total
electricity will be generated by the renewable energy.

- . 6

In-operation Under development Tendered

Source: Mercom Capital Group (Dec 2016)
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Lowering transport related CO2 is a key for sustainability

Globally, transport accounted for one quarter of
total emissions in 2016, a level 71% higher than
what was seen in 1990.

Overall, the share of road transport emissions
increased by two percentage points to 74%, while
air and water transport remained unchanged.

The Americas historically had the highest
transport emission levels of all regions, and this
has continued over recent years, though Asia is
quickly closing the gap with annual growth rates
five time larger than the Americas.

Today both regions have transport related
emissions > 2.5 GtCO2

Source: European Federation for Transport and Environment, April 20

/ Reviewing the EU climate target
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