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01 EU VII REQUIREMENTS ASSESSMENT CUMMINS | EMISSION SOLUTIONS

BS VIl What is changing

Lower limits are only one part of the change: RDE, additional pollutants, continuous monitoring and longer life act together.

THE COMPLIANCE BOUNDARY EXPANDS IN FOUR EU VIIHEAVY-DUTY EXHAUST LIMIT ENVELOPE
DIRECTIONS

Pollutant breadth Pollutant Laboratory RDE

NOx remains central, while NH;, N,O and

PN1, add coupled constraints.

10 P I NOx mokwn 200 260

° Operating breadth

RDE evaluates real-use windows—not only PN

controlled laboratory cycles. I 10 W 6 x 1011 9 x 1011
e End of useful life breadth

Main life extends into additional life: 700k — NH3 mg/kWh 60 85

875k km for the heaviest classes.

OBM continuously observes emissions and
reports exceedance /system health.

0 Monitoring breadth I No,O  morwn 200 260

] ] RDE conformity factor =1.0 PN cut-off shifts 23 =10 nm
Design consequence: architecture + controls +

diagnostics +service

IDesign target: a monitored, real-world, end-of-life emissions envelope.
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02 EU VII SYSTEM CHALLENGES CUMMINS | EMISSION SOLUTIONS

OBM, PN4o, NH; and N,O and extended EUL

The challenge is simultaneous control: a lever that improves one pollutant can consume margin elsewhere.

EUL ENVELOPE -+ 700,000 km / 12 yr — 875,000 km / 15 yr

Continuous monitoring Filter-integrity

constraint

Monitor NOx / NH5 / PM; detect =2.5x Count 10-23 nm particles; regeneration,
exceedance; communicate system health clean-filter state, cracks and sealing
and drive repair. become visible.

ROBUST
COMPLIANCE

MARGIN

Dosing-margin By-product constraint

constraint N
More reductant helps NOx—but New regulated species; chemistry
increases slip, deposits and ASC depends on temperature, NO, ratio,
conversion burden. dosing and catalyst state.

. J . J

[ Aging + poisoning + sensor drift + maintenance variability progressively consume margin ]

IEUL impact: Maintaining robust emission compliance over extended EUL is top design constraint
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03 INDIA FIELD LANDSCAPE

India operating environment

Fuel / DEF quality and incorrect aftermarket practices can accelerate loss of catalyst, filter and diagnostic performance.

CUMMINS | EMISSION SOLUTIONS

DEF / UREA QUALITY

) Dilution or non-standard
concentration

() Contamination / short filling / poor
storage

) Deposits, dosing restriction and
NH; availability loss

7

\

DIESEL QUALITY

Adulteration and variable fuel
properties

O Higher sulfur / ash / incomplete
combustion risk

O Catalyst poisoning, soot loading
and regeneration stress

J

.

AFTERMARKET
PRACTICES

) Incorrect cleaning / non-OE
replacement

Sensor / dosing emulator or
system tampering

Leaks, substrate damage and
diagnostics defeated

FIELD STRES S

DURABILITY
STRETCH

Deposits / poisoning / thermal
damage

BS VI reference

+25% distance ¢ +175k km

700k km ~=———p

Conversion + filtration loss

OBD / OBM margin lost

BS VII / EU VII target

875k km

More exposure to poor
inputs, service variability
and cumulative aging

Ilndia principle: certify on controlled inputs—but design for imperfect fuel, DEF and maintenance through EUL.
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04 ARCHITECTURE PORTFOLIO CUMMINS | EMISSION SOLUTIONS

One solution does not fit all applications

Architecture choice should match the thermal management requirement, RDE corner cases, EUL risk and vehicle integration
constraints.

LOW- COLD FUEL PACKAGE / EUL
ARCHITECTURE FUNCTIONAL SCHEMATIC LOAD START ECON. COST | ROBUST.

s INTa) ~

SINGLE DOSING boc DEF

—> SCR + ASC

Thermally favourable / DPF _v [ ] { 000 o000 000

loaded duty cycles
= J
( )

SINGLE +

DEF
; DOC
E‘o%-traﬁlgominated [EHTR DPF SCR + ASC ( X J ( X J ( X ) [ X ) [ X )

thermal deficit

DUAL DOSING D1 D2
—»| Doc SCR-1 SCR2
Sustained low-load / ENG DPF ASC (X X J (X X J ( X J o0 ([ )

wide temperature
window

DUAL + HEATER p; D1 D2
— 5| Doc SCR-1 SCR-2
Repeated cold + low- ENG EHTR DPF ASC 00 000 o () ()

load corner cases

Trade-offs are qualitative and application dependent; final selection requires duty-cycle and aged-system eee stronger / lower burden oo weaker / higher burden
simulation.

Portfolio rule: preserve single dosing where thermal management margin exists; add hardware only where the duty
cycle demands it.

PUBLIC Cummins Emission Solutions | BS VII/ EU VII Design Strategy 5



ﬁﬁEéRCHITECTURE LOGIC CUMMINS | EMISSION SOLUTIONS

corner cases—not average duty cycle—select the

%E g/belrrt ﬁlgttclulsggnissions during its worst thermal windows while avoiding unnecessary fuel, power and packaging
penalties elsewhere.

HIGH RDE CORNER CASES THAT SET
COLD MARGIN
- SINGLE + HEATER DUAL + HEATER
STTAR e Cold start / short trip
Sore Cold-start dominated ¢ otherwise RS EEle) SN 5 S - 3 o Tirs't
SURE _ low load « highest corner-case minutes dominate cumulative
thermally healthy operation NOx.
burden
Extended idle — launch
Stored heat decays; rapid NOx
pulse meets low NH; availability.
Unladen / low BMEP
Hcg\p 8haust enthalpy persists
SINGLE DOSING DUAL DOSING across multiple work windows.
Descent / overrun / cold
Loaded oyl - sustained  Pogedlowloxd o UER o+ TR
temperature * limited cold starts ; Temperature collapses and
operation recovery is delayed.
LOW RDE windows can count above 6% Pmax ¢ CF
=10
A >
LOW THERMAL mgmt. demand / HIGH HIGH THERMAL mgmt demand / LOW BMEP

BMEP

Architecture rule: loaded long-haul can retain single dosing; repeated cold / low-load exposure justifies dual dosing
and/or heating.
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06 NO CONTROL CUMMINS | EMISSION SOLUTIONS

N,O Constraints

Formation pathways depend on catalyst formulation, NO, / NH3 balance, temperature history, mixing and system deterioration.

LEVER MAP: WHAT MOVES N,ORISK? QUALITATIVE OPERATING WINDOW
Catalyst chemistry Gas composition Thermal state Low-T nitrate / High-T NH,
Cu loading / speciation « Fe  NOy/NOx » ANR « NH;  Low-T nitrates / NH,NOs * O NHsNO; pathway oxidation pathway
vs Cu « ASC PGM selectivity storage * O,/ H,0O high-T NHj3; oxidation 2

risk

Control
— window

N,O at system-out

A

Exhaust / catalyst temperature —
AGING
EEEECT

v

J INH; storage / activity + 1 dosing
Dosing & mixing low / SV Aging & poison demand
1 temperature non-uniformity ¢ narrower
Transient over-dose * Residence time « channel Hydrothermal aging « sulfur / NOx—NH:s-N,O window
maldistribution « deposit distribution « heat /mass oil ash < urea deposits
release transfer

IEUL requirement: co-optimize NOx conversion, NH; slip and N,O on aged catalysts—not only on fresh-system maps.
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07 PNy + RDE

CUMMINS | EMISSION SOLUTIONS

PN4o makes filtration integrity an end-of-life requirement

The new 10-23 nm fraction and real-world transients expose filter states that PM mass or steady-cycle testing can miss.

COUNTED PARTICLE RANGE

EXPANDS
PN3 legacy
NEWLY range
COUNTED
10-23 nm
10 nm 23 nm 100 nm

PN limit applies in lab + RDE

Small absolute leak or
regeneration slip can consume
the full PN margin.

RDE-CRITICAL FILTER STATES

Cold / clean filter

Low soot cake and condensation /
nucleation sensitivity

Passive / active

Fﬁ&ﬁ&ﬁﬁ%&% and transient

particle release

High NOx-to-soot
operation

Aged / serviced system

Cracks, plugs, sealing errors and
ash burden

>99.9% FE may be required in aggressive

operation

DESIGN LEVERS TO HOLD
EUL MARGIN

Substrate / coating

High intrinsic FE across
clean, soot-loaded and
regeneration states

Canning / sealing

Zero bypass; robust mat
retention and thermal-
mechanical integrity

Regeneration
L0 Phecessary high-

temperature exposure and
post-regeneration slip

Diagnostics /
REVERGlausibility, ash

strategy, repair verification
and tamper detection

Validate fresh — regen — aged —
repaired

PNy + RDE requires ultra-high filtration efficiency and zero-bypass integrity through regeneration, aging and

Iservice events.
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08 DESIGNSELECTION PHILOSOPHY CUMMINS | EMISSION SOLUTIONS

Design elements

Select the minimum-complexity system that closes NOx, NH3, N,O, PNy, OBM and E UL margins for the intended application.

1 DEFINE THE APPLICATION 2 QUANTIFY THERMAL DEFICIT + AGED 3 MATCH THE DEFICIT MECHANISM
ENVELOPE COMPLIANCE MARGIN
Duty cycle N
‘ BMEP distribution * cold starts Cold-start deficit
idle » ambient « altitude dominates ?
ADD HEATER
( ) \ /
Engine-out / thermal YES . NO ¢
a NOx /PN ¢ mass flow ¢ Can da SIngle—dOS 4 N\
temperature o heat—up rate < S ys tem Clos e a || Sustained !Ow-load
- —_— RDE —p operation?
( ) . ADD 2nd DOSE
Vehicle constraints +EUL margins? \ Y,
° Space « 24/48 V power ¢ ¢
backpressure ¢ cost « service ~ ™\
. ) B oth mechanisms severe?
Field + EUL robustness N L DLl AR )
6 Fuel /DEF quality » tamper « aging
* repair quality
\ J SINGLE DOSING

4 MULTI-OBJECTIVE OPTIMIZATION +
VALIDATION NOx NHs / N,O PNio Fuel + DEF + OBM +EUL

conversion selectivity filtration eewgr robustness

Verify fresh ¢ mid-life « EUL « RDE corner cases e faults / tamper ¢ repaired system

Loaded long-haul — Single dose Mixed / low-load — Heater or dual Urban cold + low-load — Dual + heater

IOne regulation; multiple duty-cycle architectures. The winning design is the least-complex system with durable
margin.
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Data Complexity & Standardization

o Ooo

o ®@ ¢

Early Diagnostics (The
Fragmented Era)

Timeframe: 1980s — Early 90s

Capability: Primitive, proprietary emission
monitoring.

Limitation: No universal standard;
required brand-specific tools or manual
fault code reading.

Regulated OBD (The Universal
Standard)

Timeframe: 1996 (US) / 2001-2004 (EU)

Capability: Standardized 16-pin
connector, universal Diagnostic Trouble
Codes (DTCs), real-time parameter
viewing.

Impact: Revolutionized the repair shop by
providing technicians direct access to
vehicle diagnostic data streams.

OBD + OBM (The Connected Era)

Timeframe: Euro 7 Implementation & Beyond

Capability: Continuous, over-the-air compliance

monitoring and wireless data transmission to
regulatory clouds.

Impact: Shifts focus from fixing broken
components to ensuring lifetime environmental
accountability.

1980s

Time

»

Future
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EU7 Emission Threshold Limits

NOx

Nitrogen Oxides

ﬂ J Ent!:iia

o
:2m° PM
9 o :
07y @ Particulate Matter

TEST CELL

M - - |
Llcsusiyoua v U - '~:' — :'A
— | — ( il | 0 - S ..'!,

RDE PEMS

200 260 650
60 85 150 N.A.
8 N.A. 20 25

Based on EU7 LDV assumptions



Euro 7 OBM calculation challenges

Key technical, validation and implementation risks

G Sensor performance

Accuracy, drift, ageing, response time and
NOX/NH; cross-sensitivity.

e Model robustness

Cold start, transient operation, altitude, ambient
temperature, fuel quality and aged components.

e Work and flow accuracy

Reliable exhaust-flow and engine-work calculation,
particularly during low-work operation.

° Measured vs. modelled NOx

Plausibility checks and stable source selection
during missing, invalid or noisy sensor signals.

e Trip suitability

Short or unsuitable trips can provide insufficient
data; valid status may need to be retained.

o PEMS correlation

Cumulative OBM NOx and NH; results must
correlate with PEMS during RDE/ISC validation.

End-of-life calibration

Conversion-efficiency and NH; estimates must
remain representative with ageing and component
degradation.

Signals and communication

J1979-2 versus J1939 coverage, signal definitions,
continuous vehicle-mass availability and OEM
interfaces.

Regulation and data

Evolving HDV PM/NH; details, data storage, OTA
reporting, traceability, cybersecurity and anti-
tampering.

Primary development focus Accuracy across real-world operation ¢ Robust fault handling « PEMS correlation ¢ Stable regulatory interfaces







