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The “Emissions” Matrix

Breadth and complexity of powertrain solutions

Graphics courtesy of ET-Artworks 
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The “Emissions” Matrix

Breadth and complexity of powertrain solutions

Breadth and complexity of regulations
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The “Emissions” Matrix

Breadth and complexity of powertrain solutions

Breadth and complexity of regulations

Reducing R&D Cycle times
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The “Emissions” Matrix

Multiple

Powertrains

Regulatory

Complexity

Reduced R&D
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Powertrain Development Relative Effort Index (personal estimate)

Gasoline / Diesel ICE 100%
Combustion, emissions, engine 

hardware, calibration, durability.

Same process.

Battery Electric 80%
E-drive, inverter, battery pack 

integration, BMS, thermal mgmt

ICE HEV 120%

ICE + electric drive, 

transmission integration, 

energy management

ICE PHEV 140%
Hybrid + larger battery, charging 

and expanded operating modes

Fuel Cell
Relatively immature technology, 

energy management
200%+

H2 ICE 100%

Bio / eFuel ICE 100%
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Complexity of Light-Duty Vehicle (LDV) Emission Standards
The implementing regulation 

for brake, battery durability 

requirements was finalized 

in July 2026

EPA finalized an 

amendment to Tier 4 in 

February 2026

In June 2025, the Trump 

administration revoked the 

EPA waiver for California’s 

ACC II rules.

Study of Bharat Stage VII 

has begun. 

China 7 is expected to be 

finalized in 2026 and take 

effect in 2029 or 2030.

AIS-175

WLTP
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Euro 7 requirements – growing complexity

Laboratory

tailpipe emissions 

limits

Low temperature

emission

+ range            * LDV only

OBM (On-Board Monitoring)

• On-board emission monitoring

NOx, NH3*  and PM       *HD only

OBFCM
(On-board fuel/energy consumption meter)

• Real-world fuel/energy 

consumption

Battery durability

1
RDE limits
(Real Driving Emissions)

2 3

4 5 6

Brake dust limits
7

Tyre abrasion limits
8

New requirements
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EU7: A Step Change in Compliance Complexity

9

• Key EU7 Changes

• Broader scope: tailpipe, battery durability, brake and tyre emissions

• Continuous compliance monitoring (OBM)  Longer durability requirements:

• LD: 200k km / 10 years

• HD: up to 15 years

• Tighter real-world compliance requirements

• Technical Impact

• Light Duty => PN10, wider GPF adoption, Lambda=1 operation

• Heavy Duty => -55% NOx limits, N₂O regulation, increased SCR demands

• R&D & Calibration Implications

• Higher aftertreatment and sensor requirements

• Increased calibration complexity – combined with hybridisation

• Greater durability & lifetime validation testing

• Increased compliance and warranty risk

Durability and lifetime compliance are 

among the most consequential EU7 

changes, fundamentally increasing 

development and validation effort.
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Brake Particle Test Methods (UN GTR No.24)

• The brake unit is tested, and PM and PN emissions are measured separately for the front and rear brakes

• After corrections such as the regenerative-braking ratio are applied, total vehicle emissions are calculated.

Brake Test Cycle
192 km、More than 4.5 hours

Brake Test System
It consists of a brake dynamometer, cooling air 

to the brakes, and PM/PN measurement
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The “Emissions” Matrix

HORIBA – here to support you in The Matrix

=> Measurement

=> Integrated Solution Toolsets

=> Integrated R&D Environment
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Solving the “Emissions” Matrix – Measurement 

HydrogenParticulates

Altitude

E-Motor

Driver

Gaseous 
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Solving the “Emissions” Matrix – Integrated Solution Toolsets

VTMS:  Vehicle Thermal Management SystemAutomated Vehicle Soak & SOC

Automated BEV Range Test
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Solving the “Emissions” Matrix – Integrated R&D Environment

EU7 slide

IRLAM

H2
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Static DoE + Response Modelling Change, Test, Analyse, Iterate
Validation & 

ESO
Conventional

Timescale
Weeks Months Years

Dynamic 

Leaning
Change, Test, Analyse, Iterate

Validation & 

ESO
Empirical Digital 

Twin (EDT)

• Replace DoE with EDT

• Iterative physical evaluation

• Unchanged physical validation 

Dynamic 

Leaning
Virtual Evaluation

Validation & 

ESO

EDT + 

Scenario Based 

Development 

(SBD)

• Empirical digital twins

• Virtual scenario-based development evaluation

• Reduced physical validation

Dynamic 

Leaning

Opt.

Eval

Validation 

& ESO
Optimised 

Evaluation

• Empirical digital twins

• “Optimised” virtual evaluation 

• Further reduced physical validation based on high confidence

Powertrain Development Effort Reduction Roadmap
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Life in The Matrix – exciting ….

• A multitude of renewable energy vectors and new propulsion solutions

• An amazing collection of new tools and processes

Propulsion

Propulsion technologies exist in 
readiness to exploit all energy 
vectors and comply with air-quality 
regulations

All options are supported

Development

Development capability exists to 
deliver New Product Introduction 
(NPI) in all sectors

Digital Engineering methods deliver 
accelerated NPI

Energy

There are a myriad of new “fuels”, 
each with their own optimal 
applications.

All options are supported

H2

It is the Most Exciting Time!        HORIBA is with you on this journey 

Each solution needs the best energy & propulsion, and a fast road through development
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