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TECHNOLOGY 
PERSPECTIVES TO 

MEET EURO 7 / BS VII
FROM H2 IC ENGINES 
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Sustainable Mobility is the need of the hour
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Decarbonization in Transportation 
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HYDROGEN FUEL

Energy 
Carrier

Zero 
Carbon

Highly
Efficient
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Types of Hydrogen

Process

Source

Color

Note: SMR = steam methane reforming. 
* Turquoise hydrogen is an emerging decarbonization option
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Fuel Cell Vehicles vs. H2 Internal Combustion Engine Vehicles

Fuel Cell Vehicles

Fuel cell vehicles utilize a fuel cell stack to convert hydrogen 

gas into electricity, which powers the electric motor. They 

offer high efficiency and zero tailpipe emissions.

H2 Internal Combustion Engine Vehicles

H2ICE vehicles employ a modified internal combustion engine 

that burns hydrogen gas as fuel, generating power through 

combustion. These vehicles are relatively simpler in design 

and leverage existing infrastructure.
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Hydrogen Program in India

Nodal Ministry for the implementation of Hydrogen 
Energy and fuel in India

2021 202220132004

National Hydrogen Energy 
Board

MNRE

MNRE

National Green H2 

mission

Set up a Steering Group under Mr.
Ratan Tata, Member of the Board and
Chairman of Tata Sons, to prepare a
National Hydrogen Energy Road Map
with a target of one million vehicles
based on hydrogen energy by 2020

Established another
committee with 3 sub-
groups for dealing with
Hydrogen regulations
and Standards.

A high-level steering committee was
constituted under the chairmanship of Dr K.
Kasturirangan, ex-Chairman, ISRO, on
Hydrogen and Fuel cells by MNRE which
identified 07 mission mode projects for
India

NGHM was launched by
Hon’ble PM Shri Narendra
Modi on on 4 January 2022
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National Green Hydrogen Mission

➢ Decarbonize energy/industrial/mobility sector

➢ Develop indigenous manufacturing capacities

➢ Create export opportunities for GH2 & its derivative 

Objective:

➢ Strategic Interventions for Green Hydrogen Transition 

Programme (SIGHT)

➢ Strategic Hydrogen Innovation Partnership (SHIP) 

(PPP for R&D)

Components of NGHM:
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Automotive Regulations for Hydrogen Fuel

MoRTH

CMVR TSC 

Guiding Document

GSR 889 (BSVI)

Hydrogen as an 
Automotive fuel

Draft GSR 683

H2 for BS-IV Vehicles 
(Retro fitment)

GSR 585

HCNG

GSR 579

Hydrogen Fuel Cell

Standing Committee on 
Implementation of Emission 

Legislation

(SCOE)

BS VI Part I 

F.Y. 2020-2023

BS VI Part II
F.Y. 2023 onwards
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Indian Regulations for Hydrogen Applications

Automotive 
Indian Standard 

Committee - AISC

AIS 137

BS VI 
Requirements

Part 1:

L2 Vehicles

Part 2:

L5 Vehicles

Part 3:

M&N Vehicles

GVW > 3.5 tons 

Part 4:
M&N Vehicles

GVW < 3.5 tons

AIS 157

Hydrogen Fuel 
Cell Vehicles

AIS 195
Hydrogen Fuel for 

H2ICE
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What’s new in Euro-7 regulations?

• limits for emissions from brakes

• Rules for microplastic emissions from tyres

• longer durability

• more effective emission tests

• better market surveillance tests

• fuel and technology-neutral emission limits

• regulating additional pollutants

• On-road tests with broader range of driving conditions
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Changes from Euro 6 to Euro 7- Light duty

Parameter Euro -6 Euro-7

Limits Different for different 
technology/fuel/ category

Technology and fuel neutral limits for 
all category

Pollutants Criteria pollutants Lowest limits of Euro-6 for Criteria+ 
additionally NH3.

THC and NMHC separate

Useful life 160000km/5 years 200000km/10 years

Boundary 
conditions

Standard Much wider boundary conditions of 
temp/altitude, etc

Diagnostics OBD OBD+OBM+OBFCM

EVAP Hot soak + diurnal Hot soak+ diurnal +refuelling loss

Non-exhaust Not applicable Brake (PM and PN) and tyre emissions 
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Changes from Euro 6 to Euro 7- Heavy duty

Parameter Euro -6 Euro-7

Limits
Different for different 

technology/fuel/ category
Technology and fuel neutral limits for all 

category

Pollutants
Criteria pollutants

Lower numerical limits than Euro-6 for 
Criteria+ additionally NMOG, CH4, N2O, 

HCHO

Useful life
700000km/7 years 875000/15 years (N3/M3)

Boundary 
conditions

Standard Much wider boundry conditions of 
temp/altitude, etc

Diagnostics/
FC

OBD OBD+OBM+VECTO

Non-exhaust Not applicable Brake (PM and PN) and tyre emissions 
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Hydrogen Engine - Development
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Historic Timelines for H2ICE
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Favorable Factors for H2ICE
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Fuel Injection Approaches for H2ICE for BS-VII
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Lean Combustion for H2ICE
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Hydrogen ICE Development Challenges for BS-VII
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Hydrogen ICE Development Approach for BS-VII

Thermal & Structural Strength 

Review

Fuel system Selection 

Finalisation 

Engine Component Modifications Turbocharger Matching and Selection

Power, Torque, BSFC 

optimisation & After 

Treatment Selection

Steady State Calibration Transient State Calibration

Swirl, Tumble, Squish 

Review

CR Review, 

Injection strategy 

review

Design Review of Existing SI Engine Project Report & Closure

Project Kick-Off
OBD Demonstration

Scope of ARAI Activities

OE and ARAI scope

OE Scope

Proto engine development 

Proof of Concept

Emission Optimization

Inputs (2D,3D, engine 

test data)

Material Compatibility Studies
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H2 ICE Design Review

Cylinder Head Design Review

Cylinder Head 
Cooling and Water 
Pump Review

Intake Manifold Review

ECU Controlled Cooled EGR 

Turbocharger Review

Valve Timing Analysis

Piston Design Review

Valve and Valve 
Seat Review

Catalytic Converter 
Review
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H2 ICE Design Changes to meet BS-VII norms
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Cylinder Head Design Review

• Hydrogen engine requires minimum swirl, hence  swirl reduction is required on existing  cylinder head

• Review of adequacy of water jacket cooling for existing SI  engine water pump for H2 ICE

• Spark Plug size and heat range to be selected and cooling requirements to be verified

23
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Intake Manifold Review

Review of existing manifold from charge distribution point of view

➢ Existing plenum volume & runner length are considered as base case on the basis of swirl test results. 

➢ Then two separate conditions are taken for simulation purpose.

➢ Similarly with increased & decreased runner length simulation are carried for finalization of runner length
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EGR and Turbocharger Review

➢ Cooled EGR adaptation allows for higher compression ratios (greater compression via the piston of the air-gas mix inside

the cylinder during combustion) and higher efficiency without getting knock.

➢ Turbocharger operation to be reviewed from material and efficiency perspective. Boost pressure & air /fuel flows

requirements are calculated.
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➢ Alloy material for exhaust valve should withstand high temperatures & material embrittlement

➢ Optimum valve timing (IVO, IVC, EVO, EVC) is recommended after evaluating different combinations

Valve, Valve Seat and Valve Timing Review
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Piston and combustion chamber

• Following points are considered for combustion bowl optimization:

▪ Compression ratio  

▪ High Squish for better turbulence

• Heat treatment for piston to withstand increased thermal load  in 

consultation with Piston manufacturer

Piston Design Review
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Air In

ECM

HSDA

Fuel Flow 
Meter

Exhaust

Turbocharger
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Hydrogen Engine Calibration Process 
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• MBT Timing mapping
• Torque table mapping
• Exhaust temperature model 

mapping
• Catalyst temperature model 

mapping
• RELAMPC/RPM to engine 

mapping

Steady State 
Calibration

• Sensor Characterisation
• Throttle mapping
• Volumetric Efficiency mapping
• Primary Ignition timing 

calibration
• Drag torque calibration 

Pre-Run 
Calibration

• Turbo feedback mapping
• Torque Curve 

Calibration/Confirmation

• Transient fuel 
Control/confirmation

• Transient timing 
Control/confirmation

Transient 
Calibration

• O2 Closed loop Response time 
& time delay 

• DFCO Calibration
• Commanded Lambda 

Calibration 
• Rear O2 Calibration
• Engine start time & flare  

Calibration 

Emission 
Calibration

• Sensor monitoring
• Oxygen sensor 

detorioration
• Misfire
• Catalytic convertor low 

efficiency
• Knock Detection

OBD
Calibration
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▪ Hydrogen is a promising energy source for pollution reduction and meeting BS-VII regulations.

▪ Technology innovations are required to overcome challenges and meet BS-VII with sufficient margins 

▪ Indian regulations are being continuously upgraded - Performance and safety aspects are given equal 

importance

▪ Development of R &D and certification facilities is the key for success of Hydrogen ICE and Fuel cell program 

in India.

▪ Emphasis  to be given Training for awareness to concerned stake holders.

▪ The real challenge ahead is to ensure the best safety practices and continuous up gradation of technology in 

the coming years

Summary
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THANK YOU!!


