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Roadmap for LDV legislation

< LDV édkie Edited 7. Julv. 2023

Region 2016 2017 2018 2019 2020 2021 2022 2(23_ 2024 2025 2026 2027 2028
ission St Euro 6b _ Euro 6d-TEmp  FUrOBO-TENE ) EuroBd ez 7T Euro Ge il Eurobe-bis-FCM

VI
o Odlan ‘20

Test Cycle NEDC
: : IJ_L = : H H H Euro 7
Test Procadura 692/2008(*1) 01Sep 17 2017/1151, 1154, 1347, 2018/1832

Emission Std.
Test Cycle . . . . : . . . Advanced Clean Car Il Regulations was
Test Procedurs | o= -1 sbparl:B i | o : : CF“‘"“ : : . , : _adopted in 2022.
I ~ Next emission standards, LEV IV will
ISston =t start from MY2026
Tast Cycle
FrlCALEOENA L e e
Errission St SPN23 will be added as one of pollutant
components from Oct.2023
. Test Cycle
Test Procadurs
e S
® Test Cycle
... . . . AlS 137 Part 3 ~ Next emission regulation, China 7 is
; ; ; i i i i i i ~>under discussion. Same as Euro 7, NH3,
" Ermission Std. o ; : : - EREE SPN10, Brake dust are considered.
Test Cycle .
Test Procedhre ’ GB18352.5-2013 . GE18352 6 2026 PROCONVE L8 will start from 2025
— i i i i = T = T emersssssaass - RDE with Conformity Factor, unique
Emission Std. PROCONVE L6{415/2009) PROCONVE | 7 (492/2018) PROCONVE L8 (492/2018) NMOG Iimits
Tast Cycle

Test Procedurs ABNT NBR 6601 (for Lab test)
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Time schedule of HDV Emission Standards

< HDV >ﬂ Eclited 4. Sep. 2023

Region 2016 2017 2018 2019 2020 2021 ” 2024 2025 2026 2027 2028 2029 2030

Emission Std

Test Cycle

Test Procsdurs 582/2011

Ermission Std CFR 86 subpartA Cleaner Trucks Plan

Test Cycle + Low load cycle

Test Procadurs

Emission Std Low NOx Omnibus -> will be align with EPA

—— Test Cycle for otto-cycle/for diesel cycle + Low load cycle

ol CALIFORNIA
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Test Procsdurs The California Low-Emissi

)
2
||

Test Procadurs Hr15Feb. 19

Test Cycle ESC/ETC

0
i

L=yl MoRTH/CMVR/TAP-115/116 Issue Mo 4 PartX AlS137 Part 4

Emission Stdl N B

Test Cycle

Test Procadurs

GB17961-2018

Emission Std

WHTC/WHSC
Conama 490/2018 Last update : 8" Sep 2023

Test Cycle ESC/ELR/ETC

Test Procedurs Conama 403{2008
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<HDV>Topics about emissions and fuel economy/CO2/GHG
® Finalized Y Underdiscussion

® Low NOx Omnibus

Omnibus
® Cleaner Truck Plan

MY2027 (EPA)
* GHGs Phase 3 with

part 1065 amendment for
H2 or NH3 fueled engines

® Proconve P8§('22-)

@ - Euro VI equivalent limits

(ICS by PEMS)
(NHs, PN,
ISC by PEMS)

*CO2 target from 2030

“*Euro VI/7

- Regulatory unification
with LDV
- RDE based limits

- SPN 10, NMOG, N20, CH4

®BS VI(‘20-)

(NHs, PN,
ICS by PEMS)

© 2023 HORIBA,, ILtdl.. Al rigihts resenvedl

- Euro VI equivalent limits

® China VI a(‘19-)

5 @ China VI b(21-)
= - Euro VI equivalent limits

(NHs, PN,
ISC by PEMS)

® PN limits (23 ~)

Last update : 8t Sep 2023
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Exhaust Emission Limits
M1, N1 vehicles - Euro 7 Vs Euro 6d

1000

|5.. 500

m Euro 6d-PI m Euro 6d-ClI ® Euro 7 proposal by EU-COM

100 100
80
68 68
60 60
| | 45 4545 | | |

N/A N/A N/A
NMHC THC NOx PM  SPN23 —SPN10 CH, N,O HCHO
[mg/km] [mg/km] [mg/km] [mg/km] [mg/km] (Euro 6d) (Euro 7) [mg/km] [mg/km] [mg/km] [mg/km]

X 10M[#/km]
New Components

*1 : NMHC is only for Pl vehicles in Euro 6d, for all vehicles in Euro 7
*2 : THC + NOx is only for Cl vehicles in EU 6 changed to NMHC and NOx separated limits in Euro 7
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Comparison between Euro 7 and Euro VI emission limits sy
Cold emission, Hot emission, Budget limits

m Euro VI WHTC(CI)

500500 500
460 460 Euro VI WHTC(PI)
4000 4000 m Cold missions
3500 5 350 ® Hot emissions
® Budget
2700
160 16 150 160 .49
10 10 0
66 g 656570
| I| o om W
- H ]
THC/NMHC* CHa NOX SPN23 —SPN10 NH, N,O HCHO
[mg/kWh] =>NMOG [mg/kwWh] [mg/kWh] [mg/kWh] (Euro V1) (Euro7) [mg/kWh] [mg/kWh] [mg/kWh]
[mg/kWh] x 101 [#/kWh]

New Components

*1 : THC is for Cl engines and NMHC is for Pl engines in Euro VI. NMOG is proposed for both in Euro 7.

* Euro VI limits are Lab limits and proposed Euro 7 limits are RDE limits.
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Background: Euro 6/VI—>7/VII Topics

I

6dSIPI V i i i i
od Sl DI 4 - V4 4 4 - - - - - 4 4 -
LDV st v Y i i i i i a2
7 v -V i i B B - el
- - - lopm - - -
- KA 10pprm vV vV
ViR - pvemEen - --- vV v -

®Euro 7 Difficulty for the customer L o
v No RDE Limit SPN23 | Number o sold particles of 23nm o more
v Additional regulated component
- Reduction of emission of harmful substances : NMOG, HCHO, NHz, N20
- from SPN23 to SPN10 *1
v' Especially NH3 reduction, mass production technology has not been established.
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New Analytical Technology
for Euro / China-7




More info:

What iS “IRLAM”? https://www.horiba.com/en_en/irlam/
Newly developed gas analysis technology by HORIBA

by HORIBA
IRLAM : InfraRed Laser Absorption Modulation

@ High accuracy
> Infrared absorption utilizing QCL(Quantum Cascade Laser)
v Apply a latest technology to PEMS
€ Compact
» Small gas cell (Herriot cell)
v' PEMS optimized hardware design
& Utility free
» Unnecessity of purge gas, liquid nitrogen (LN2)

v Unnecessity of mounting gas cylinder in vehicle

HORIBA © 2023 HORIBA, Ltd. All rights reserved Confidential 11
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https://www.horiba.com/en_en/irlam/

IRLAM Is in-house made core components

B Atype of semiconductor laser emitting light with wavelength in the mid-infrared region,
where many gas molecules exhibit the strongest absorption,

B The laser chip consists of several hundred layers of semiconductor thin film, and by
controlling the material composition and film thickness, the emitting wavelength can be
arbitrarily designed.

B HORIBA is capable of designing and manufacturing OCLs from 4 to 10 um.

&Y ZUZLO TMURIDA, LWL Al TIYTIW 1e5CI e

HORIB&CL module HORIBA in- house QCL QCL manufacturing process

Automotive



Mid-infrared absorption spectroscopy for gas analysis

Absorption intensity

1.00E-17 E FTIR
-~ cof —_NDIR IRLAM
E 1.00E-18 f
5 __— NHq
4 N,O
g 1.00E-19 - NO,
T |
\CE_,/ 1.00E-20 -
1.00E-21 ” . #L
3 4 5 6 7 8 9 10
Wavelength (um)
Measurement principle name
NDIR Thermal radiation source
(Non-dispersive infrared spectroscopy) + optical filter
FTIR Thermal radiation source
(Fourier transform infrared spectroscopy) + interferometer
IRLAM Quantum cascade laser
H( (Infrared laser absorption modulation) (QCL)

Automotive

® The mid-infrared region (3 to 10 uym) is

useful for gas analysis because many
gas molecules show the strongest
absorption in this wavelength region.

\_

Iout
Lambert—Beer law | Conc - L « log ;

-» Sz #m
|n < > OUt

in

Straight tube cell " CQSt
small size
Multi-pass cell Multi-component
(White cell) measurement
Multi-pass cell High sensitivity
(Herriott cell) low interference
|
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Interference with H,O and CO,, N =AM

5 ‘| 25
—— HCHO (New NDIR)
4 L], ——H20 (FT) 20
——CO2 (FT)
—_ P <
E 3 \” 15 &
Q. Q
-.— :
g S
Q (o]
S S
2 S
T T
_1 I I I I I I _5
0 300 600 900 1200 1500 1800 2100
Time (s)
®  This sub-ppm offset probably comes from H,O and CO
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Wwhy IRLAM for PEMS? — Robust Against Temperature

Former OBS weakness was robustness against climate. IRLAM could be countermeasure.

N20O Zero
4
3 A
Limit: 0.3% of full scale
E‘E
S 1
g ®
§° ¢ o © ¢ o
O '1
z
-3
-4
" 0 10 20 30 40 50 60 70
IRLAM is very stable method Analyer Temp.dege]
agalnSt tem pera’[ure Change N20 Span 1000ppm
Zero: <2ppm, Span: <10ppm 12;2
1015 Limit: 2.0% of reading 2
ElOlO o
£ 1005
g 1000 .. .. .. .’ .. "
8 995
g 990
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980 A4
975
0 10 20 30 40 50 60 70

HORIBA
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Analyzer Temp. [degC]
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NH3 Zero
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Why IRLAM for PEMS? — Robust Against Barometric Pressure

Former OBS weakness was robustness against climate. IRLAM could be countermeasure.

N,O Zero N,O 200ppm N,O 1000ppm
I I I I I I
IRLAM keeps SR Sl EEBUREE omer) | [ Lo o
B 0.4% FS S | 2.0% RS R € 2.0% RS s
stable up to ok : g
S 3 S
— @ ) 6 m
w o0 0O0-0O00O0 0000 0 > u o )
3000m i 1 g 88 g ¢ : Ny 5 0 ¢
. o @]
elevation, S - 2 G 1of—0-§F
- z =
Zero: <lppm, » 4 20 S O
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Automotive 60 65 70 75 80 85 90 95 100 105 60 65 70 75 80 85 90 95 100 10f 60 65 70 75 80 85 90 95 100 105
Ambient Press. [kPa] Ambient Press. [kPa] Ambient Press. [kPa]



IRLAM Is very strong against vibration.

FTIR uses moving average to capability to chancel vibration affect, it causes slow response.
NH; Sweep Zero

IRLAM data below is the raw data.

M Profile
v Sweep : 1-100 [Hz], 9.8 [m/s"2]
v Shock test : 50 [m/s"2]

Very strong against vibration

N,O Sweep Zero
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New Gas PEMS for Euro 7

THC, CH, (Fip;

CO Low/High, COz, NO, NOZ’ NH3, Nzo,
HCHO, CH, Low/High [QcL-R], THC FiD]

N,O, NH; [qcL-R]

o

New Gas PEMS

Latest prototype

CO, CO,noir], NO, NO, [cLp

Size that can be installed inside car
HORI BA © 2023 HORIBA, Ltd. All rights reserved
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RDE Test Setup

Test Vehicle
« 1.8 L/ Gasoline / NOVC-HEV

Equipment . =)

« New Gas PEMS = & =i
(CO, CO,, NO, NO,, N,O, NH5, HCHO, CH,) -

« OBS-ONE-PN10

« OBS-ONE EFM (Max. 4.5 m3/min)

HORI BA © 2023 HORIBA, Ltd. All rights reserved Confidential 19
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RDE Trip Information

8 %

PS Yehicle Speed [kmh]
H = 5

-~
fa

il “\WM | Mﬂ” ‘

.

g &
T

« Urban >> Mountain >>Rural
- Total distance: 71.9 km | \ et e

GPS Altitude [m]

i

e Total duration: 123 min

o

T L] L] T T T
] 1000 2000 3000 4000 5000 &000 7000
Time [5]
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Emission Measurement by IRLAM

e
'i\\ IRLAM

by HORIBA
16
14 LA4 mode LA4 mode
(Cold start) (Hot start)

12 ———======= :
- ’ 14
g_ 10 \ —HCHO (FT)
2 12 A —— HCHO (IRLAM) |
g 8 | | — > 10 f
c : !
S & . o il
e ;" I
2 4 2 L)
* . . S 4

H H o
2 i i © 2 | *\ I A | (\ ] A |
0 e . i JMWMWWme@M_ 0 -
i i B
-2 I T T T T T T T T
0 300 600 900 1200 1500 1800 2100 2400 2700 -4 ' ' ' ' ' ' ' ' '
_ 260 280 300 320 340 360 380 400 420 440
Time (s) Time (s)

W Good correlation with FT-IR results

@ Much higher resolution in concentration than FT-IR
HORI BA © 2023 HORIBA, Ltd. All rights reserved
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Analyser Drift Check Result

CO-L CO-H CO, NO [0} NH;
[ | Zero 1.0 96 66 0.3 0.1 0.2 0.1 0.0 0.19 0.5 0.7
m
Drift Result PP Span 11.7 154 441 3.9 0.8 4.7 7.6 6.5 0.03 8.5 17.2
[% of rdg] | Span 0.2 0.1 0.2 0.2 0.1 0.3 0.8 0.5 0.1 0.5 0.2
Zero 75 - 2000 - - 3 - 2 - 10 -
EU7 LDV [ppm]
Span 75 - 2000 - - 3 - 2 - 10 -
Proposal
[% of rdg] | Span 2 - 2 - - 2 - 2 - 2 =
HORI BA © 2023 HORIBA, Ltd. All rights reserved Confidential 22
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Correlation test setup with new analyzer

HCHO Lab QCL#2 PEMS PN10 | PN10
CO, CO,, NO, NO,, New Gas Lab PN10 PN10
N,O, NH;, HCHO, CH, PEMS 2
NO, NO,, N,O, NH;|  Lab QCL#1 MEXA CO, CO,, NO, @ Dilution air
Test Vehicle
1.8L / Gasoline IZ> CVS
NOVC-HEV '\ =) —\
Exhaust gas
| Pitot flow meter
Chassis dynamometer
Test Cycle
WLTC / 23°C / Cold start
HORIBA

© 2023 HORIBA, Ltd. All rights reserved Confidential
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Correlation between OBS-ONE-PN10 and SPCS

Emission result and Correlation

PN Emission Result 3.0E+07
8.0E+11
o 2.5E+07
7.0E+11 ; . g
Euro7 Limit =
c 6.0E+1] fom oom o o o o o o o o o o o o o 2 oEs07
~ .g ‘
By o R = 0.9952
# 5.0E+11 s
: "l
S 1.5E+07 e
S 4.0E+11 -23.2% g o b
& S & 4
£ =
w 3.08+11 8- 1.0E+07 "
= L
2.0E+11 g
; 7.20 x 100 #/km 9.37 x 10%° #/km D oEroc
0.0E+00 005400
OBS-ONE-PN10 MEXA-2310SPCS 0.0E+00  5.0E+06  1.0E+07  1.5E+07  2.0E+07  2.5E+07  3.0E+07

SPCS Concentration #/cm3
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CO

CO
10000
» Euro 7 proposal < 500 mg/km 2000 —— PEMS RLAM
7000 —— MEXA
6000
£ 5000
co 2 4000
100 3000
2000
90 1003 JL 1I L 1 .
80 1000 T
0 300 600 900 1200 1500 1800
70
60 CO
E 9000 Cco —— PEMS IRLAM
Eﬁ 50 11 412 8000 100 - MEXA
40 7000 ap
6000 80
30 £ 5000 70
= 60
20 = 4000 E o
3000 a
10 2000 :g
0 1002 20 ; |
PEMS IRLAM  Lab IRLAM  MEXA Direct 0 50 20 ‘o 13
Time (s) 1250 1300 1350 1400 1450 1500 1550

Time (s)
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Cco,

co, Cco, ——PEMS RLAM
160000 — MEXA
140 140000
120000
120 100000
£
80000
: 94,94 &
100 94.77 = 0000
£ 40000
ei 80 20000
o I
60 0
0 00 600 900 1200 1500 1800
40 Time (s)
20
0 Error from Dry-Wet conversion

PEMS IRLAM  Lab IRLAM MEXA Direct
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NOX

160

= Euro 7 proposal NOx < 60 mg/km 140

120

100

NOX E 90

o 60

1 40

20

0.9 .

0.8 -20
0.7
0.6

£
S 05
£

0.4 20

0.3 15

10

0.2 .

0.1 E o

o

0 -5

PEMS IRLAM  Lab IRLAM  MEXA Direct 10

-15

-20

HORIBA
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NOx
— PEMS IRLAM
— MEXA
Lab IRLAM
l —
900 1200 1500 1800
Time (s)
NO,
— PEMS IRLAM
— MEXA
Lab IRLAM
L
900 1200 1500 1800
Time (s)
|



PEMS IRLAM

HORIBA

Automotive

0.34
. )

Lab IRLAM

MEXA Direct

25

20

15

22
20
18
16
14
12

a 10

NOO N O

1800

N,O
—— PEMS IRLAM
Lab IRLAM

J—— e —— ol o

300 600 900 1200 1500
Time (s)
N,O —PEMS RLAM
Lab IRLAM
60 120 180 240 300
Time (s)
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NH,

NH;
350
—— PEMS IRLAM
= Euro 7 proposal < 20 mg/km 300 .
200
£
NH; S 150
10 100 \
50
9 0 k- 0 3 3 = o —
8 50
0 300 600 900 1200 1500 1800
7 Time (s)
6
E NH; ——PEMS RLAM
o 2 Lab IRLAM
£ 220
4
180
3
140
£
2 & 100
1 60
0 20
PEMS IRLAM Lab IRLAM MEXA Direct 0
200 260 320 380
Time (s)

HORIBA
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HCHO

0.5
0.45
0.4
0.35
0.3
0.25

mg/km

0.2
0.15

0.05

0.231

PEMS IRLAM

HORIBA
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HCHO

0.132

Lab IRLAM

MEXA Direct

ppm

HCHO

[ N R N TR TR ST B NN )

© 2023 HORIBA, Ltd. All rights reserved

900

Time (s)

1200

= PEMS IRLAM

Lab IRLAM

1500

1800
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HORIBA choose IRLAM for PEMS. Therefore, HORIBA
supply Laboratory Test Equipment by IRLAM, too.

NH3 Measurement by PEMS (OBS-ONE XL-1) and Stationary Equipment (MEXA-ONE XL-NX)
600

—Stationary IRLAM —PEMS IRLAM Test Mode: WLTC (Cold)
"= 500
Q -
R NHa| Stationary | PEMS correlation coefficient (R1)
< 400 IRLAM | IRLAM
kS Phasel(g) 0.160 0.167 Phasel 0.996
g !‘ Phase2(g) 0.040 0.041 Phase? 0.998
5 300 Phase3(g)| 0.019 0.017 Shased 0.992
g Phase4(g)] 0.033 0.027
8 200 Total(g) 0.251 0.252 Phase4 B
s Total(mg/km)|  10.78 10.81 total 0.997
@
A 100

Excellent Correlation.

O 200 400 600 800 1000 1200 1400 1600 1800

IRLAM Stationary Equipment can be used for NH3 Reduction R&D in Test Cell.




All-in-one Compact analyzer can be used not only RDE.

1 Analyzer can be used for
several test cells.

Analyzer can put inside car
and ready in soak room.

Confidential
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