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B Heavy Duty Euro 7 regulation

» EU7 applicable for New Types from 29/05/2028, All Types from 29/05/2029.

» Major modifications compared to Euro VI impacting PN regulation
o RDE specific limits instead of Euro VI Conformity Factor
o PN size limit reduced from 23nm to 10nm (accounting for up to 25% more EO PN)*
o Minimum power threshold reduced from 10% to 6%

Table 2
Euro 7 tailpipe emission limits for heavy-duty vehicles of categories M;, M;, N; and N;

On-road emissions limit

* PN10 fraction in line with available literature

rrit was conducted

WHSC (only Cl engines) WHTC (Cl and S| engines)

Change Change Change
Euro VI compared compared Euro VI Euro 7 compared
(mg/kWh) | (mg/kWh) | to Euro VI | (mg/kWh) | (mg/kWh) | to Euro VI | (mg/kWh) | (mg/kWh) | to Euro VI SHRRBHEr

NO, 400 200 -50% 460 200 -56% 690 260 -62%
PM 10 8 -20% 10 8 -20% — — -
PN,.* 8x10" 6x10M Na 6x10M 6x10M g 9.8x10" 9x10M -8%

£ change change :

No

co 1500 1500 change 4,000 1,500 -62% 6,000 1,950 -68%
NMOG — 80 -38%" 160" 80 ~-50% 240 105 -56%
THC 130 — - 160¢ - - — — —
NH; — 60 New o 60 New = 85 —
CH = 500 New 500° 500 hNo 750 650 -13%

3 change
N.O - 200 New - 200 New - 260 -

Notes: WHSC: World Harmonized Stationary Cycle; WHTC: World Harmonized Transient Cycle; Cl: Compression ignition; SI: Spark ignition;

= Particle number limit in #/kWh; * Only for gas engines;

Only for diesel engines;

4 compared to Euro VI THC

Source: ICCT — Euro 7: The new emission standard for light- and heavy-duty vehicles in the European Union, March 2024
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Fig. 2. Schematic of typical Euro VI heavy-duty Fig. 5. Schematic of a likely example Euro 7
diesel catalyst system (not to scale) heavy-duty diesel catalyst system (not to
scale)

Source: Johnson Matthey Technol. Rev., 2023, 67, (2), 239-245

*EFC™: Enhanced Filtration Coating

Pollutant EATS technical requirements vs. Euro VI

Other than DPF

- Urea derived particles

- Higher filtration performance

- Additional SCR brick in C/C position to achieve | - Increased total SCR volume

rapid NO, conversion light-off at vehicle start-up | => DPF downsizing

and in cold operating conditions

- Increase U/F SCR volume for higher total NO, - Reduced NO, inside DPF due to ccSCR negatively
conversion affecting overall passive soot RG efficiency

=> Higher robustness for more frequent soot active RG

- Lower pressure loss - Lower pressure loss
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» |biden SiC DPF technology is characterized by its sharp pore distribution, high thermal conductivity and
segmented structure which all together ensure high filtration performance and robustness.

Mean pore size

Porosity Cement

DPF design A | ]
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Plug layout Conventional

0.4

Wall thick. [mm] 0.18 0.18

log-differential pore vi

0.0

DPF Unit

Cell density [cpsi] 300 300

Fig. Examples of DPF cell designs for HD applications

DPF Block
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Fig. Gas flow simulation (Soot=4g/L)
> Bigger outlet channels to reduce INLET Q) U TLE T
friction at outlet channel. —\I Bl 8 b s
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> Increased # of inlet channels to AR, —FARY % =
increase inlet volume and filtration area _{IM T A Ty T
= f—s — —s —s
AP = AP, + AP, + AP; + AP, + AP
AP : Total pressure loss
Table 300/7 OFA and filtration area comparison AP,  :DP from contraction
AP,  : DP from inlet channel friction
Plug layout Normal AP;  : DP from wall and soot layer
AP,  : DP from outlet channel friction
OFA [%]
Filtration Area [cm¥/cm?] L. Fig. Pressure Loss Breakdown

Fig. 300/7 VPL after 10g/L soot loading

*Filter diameter 13”
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» Flow velocity through DPF walls was calculated for soot loading between 0 and 4g/L. Without soot, gas flow is
mainly going through the walls where inlet and outlet channels are adjacent, but as soot cake is building up
gas flow derivates to inlet/inlet walls location, which ultimately favors the accumulation of an overall
homogeneous soot layer thickness.
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» VPL technology reduces DPF pressure loss at life end due to its high total ash capacity and filtration area.
» It provides additional EATS design flexibility, either offering higher compactness or increased specific
component performance (like extended ash cleaning interval).

Conventional
plugging
= . Euro VI System size b DOC DPF SCR
% " up ,,/
N R
o ‘ . Euro 7 ] 1 i | |
R R (. -15% Conv. plugging SCR DOC DPF SCR
s | e
? VPL DPF volume,/ S
g reduction/ J
Euro 7 |
R D R :
VPL plugging SC oS = [<=>
. Y . Higher compactness or
increase SCR volume
5 6 7 8 9
Filter length [inch] (Diameter 13”) =) EATS design flexibility is expanded

Fig. Pressure loss at end of life condition (soot and ash condition)
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> Compact DPF have higher soot regeneration efficiency when exhaust temp. around 250°C.

Table Test sample level

Plugging Conventional E VPL i VPL 100%
Filter length 9" 97 1 75 90% |
Cell | | 809 VPL 7.5”L /
I 300cpsi/7mil —— VPLO |_.
.. 704 —@— Conventional 9”L
Filter dia. 127 ©
S 60% |
Catalyst Coated £
§ 50% |
Soot load 39g/filter 5
(] o, |
Artificial (powder) g 40%
Ash type ) g
accumulated by suction flow € 3994 |
Ash amount 1600cc volume ]
(470g/filter) 20%
Table ISC cycles 10% ¢
ISCL 1 ISC2 i ISC3 0% ' ' ' '
; ; ISC1 1st1SC2 2nd ISC2 1stISC3 2nd ISC3
Average ! !
exhaust 225° C ! 250° C ' 270° C _ . _ _
temp. : ! Fig. RG efficiency during RDE testing
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» Due to the combination of thicker soot cake and lower heat capacity (due to its shorter length), compact
DPF exhibits higher internal temperatures thus higher soot passive regeneration efficiency during 15t ISC2.

Contour of cross section (X-X’) Image of Soot  F.A.index Index of soot load
Max temp. on wall af. ash load per effective volume
4000s 4600s 4700s during ISC (Conventional =100) (Conv. =100)

)_(.J Plug

A1
e i I
Conventional {
9”'. :T

4700s

100 100

4000s

Temp. [deg.C]

W 390 -400
W 380-390
=370 -380
W 360-370
VPL = 350-360
B ’ b TP i / A i : 340-350
”

3800 3900 4000 4100 4200 4300 4400 4500 4600 4700 4B0O0 4900 5000 9 L 330-340

Time [s] :320-330

127 97

®310-320

Fig. Inlet gas temp. chart during 1stISC2 ot b
- =

W 280-290

W 270-280

W 260-270

= 250-260

VPL W 240-250

m 230-240

7.5”L m220-230

W 210-220
| 200-210

100 123
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B Further cell design optimization attempt

» Thicker wall adjacent to outlet channel is considered in order to have more homogenous wall flow velocity.
» ltis expected homogeneous wall flow velocity will favor faster even soot cake thickness build-up, thus

increase overall filtration performance.

0.4
LeVE| BL Optimized VPL Wall b/w In and Out channel Out and Out
(WT :0.18mm) (WT :0.23 and 0.15mm) 03 ‘ —

Flow velocity [m/s]
o
(5]

Velocity o 0.15 0.3
[m/s] . t B
Out In G In 0.1
Contour y e l I
of flow o3mm g meer T =15 }
. AR, b PRI S Y S E =
velocity iy o A i C E S| g 5| E %
il A = 3| 3| & 3
ki E £ | e E| £ E
.~ Thinner E % g = £ Z
In In In / In o o = o 2 o

PositionA] B |

Fig. Flow velocity at each position Fig. Flow velocity simulation result
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» Soot thickness on wall adjacent to outlet cell (A and B) became thicker and thickness at C location became
thinner as expected, however, the effect was limited, not supporting further development consideration.

Flow velocity [m/s]
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Fig. Flow velocity simulation result
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» Passive RG occurring on soot loaded DPF is one potential worst case PN leakage phenomenon which needs to
be tackled during Euro 7 RDE testing.

Mechanism - Soot loaded

90 %-tile value

J1-wal| and on-wall soot

NI

cle concentration [ # fem?)
= |
[uant 1 #] mam Nd

« When passive regeneration sets in, significant
portion of the on-wall soot cake remains,
which limits soot feed into filter wall, and thus
prevents in-wall soot to replenish

« Some soot pass through soot cake, but either
passes through filter or burns

SAE INTERNATIONAL New challenges on EuV! filter technologies with introduction of PN PEMS in ISC testing 18

Source: M. Petersson, Volvo Group — New Challenges on EUVI Filter Technologies with Introduction on PN PEMS in ISC testing, SAE 2018
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» Highest PN emission systematically occurs during 15t ISC3 when thin soot cake remains on-wall.
» WBW PN emission increases together with bare substrate pore diameter — Reduced by 70% with Euro 7

advanced coating.

Table RDE test condition EUVI conventional coat
T ke | comem | |
Cell structure 0s1.0
Plug layout VPL =
Cell density 300cpsi :3‘% I
Wall thickness 0.18mm E
Filter size D13”x7"L -'2-
EATS DOC + DPF —no urea E
injection i _
Test condition 1SC1-2-3 - K =
PN counter >10nm counter e Euro 7 advanced coat

Pore dia. [um]
Fig. PN emission over pore size
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PN [Gpart/kWh]

» Cell plug design has no influence on the extent of max WBW PN emission during RDE testing.
» OS ratio has marginal effect, increasing wall thickness positively affects filtration performance.

WT :0.17mm

/:T :0.18mm

2
St

/ 0S§1.5
/ WT :0.18mm
4 -30% PN reduction
by wall thickness increase

"

Pore dia. [um)]

Fig. PN emission over pore size

Influence of

cell design

Cell layout (inlet)

Cell structure

Plug layout

Wall thick. [mm]

Cell density [cpsi]

Filter size

Influence of

cell plug type

PN [GPart/kWh]

Conventional plugging

4

VPL

P
/‘ VPL has comparable filtration

‘ performance compared to
conventional plugging

Pore dia. [um]

Fig. PN emission over pore size




D)

>

4

Page15/15

2026/10/23 ,BIEEN

\ =

More stringent tailpipe emission limits will be introduced with Euro 7, requiring a global optimization of EATS
architecture.

Specific RDE limits, reduced particulate measurement size and the lowering of minimum power threshold
will overall require significant improvement of DPF PN filtration performance.

Through DPF cell design optimization (wall thickness, pore diameter etc) and its combination with advanced
coating it was confirmed Euro 7 PN emission limit could be fulfilled, even in the most stringent testing
conditions (start-up, soot passive RG during RDE testing etc).

Ibiden optimized plugging design (VPL) allows for DPF downsizing, providing additional EATS design flexibility

either offering higher compactness or increased specific component performance.
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