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The Challenge

» Aspects of global emission legislations focus on
real driving emissions that are measured on-
board during a test drive

= New regulations for additional gas components
require new solutions

» The next generation of PEMS systems must be
small, lightweight, and easy to handle, while still
providing accurate results even within a wide
range of ambient conditions

Benjamin C. Shade, Ph.D. | Market Development | 14 March 2024 |



The Solution - AVL M.O.V.E FT

= An FTIR-based multi-component emission
measurement system that can measure relevant
e gas components within one system

= Operates as an add-on to the well known AVL
M.O.V.E iS+ and iX test systems OR as a stand-
alone system
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The AVL M.O.V.E FT

= The AVL M.O.V.E FT is based on an FTIR
spectrometer that can simultaneously measure
multiple pre-calibrated exhaust gas components.

= The system does not require any supply gases,
which makes it ideal for mobile on-board
measurements.

= The simplicity of the system makes it easy to
transport and install, which is essential since these
systems must frequently be mounted and
dismounted to different vehicles.

General Specification

49.5x 36 x 18.9 cm

Dimensions (W x D x H) (~19 x 14 x 7")

Weight 18 kg (~40 Ibs)

22 -28VDC, max 20A, ~150W

Power supply after warm-up @ 20 °C
Ambient temperature -10-+45°C (14 -113 °F)
Ambient pressure 800 — 1,100 hPa (~0 — 2,000 m)
Ambient humidity 5-90 % rel., non-condensing

Measurement Ranges of Selected Gas Components

CQO, 0-20Vol.%
CcoO 0-5Vol.%
NO 0-1,500 ppm
NO, 0-1,000 ppm
NOx (NO + NO,) 0-1,500 ppm
NH, 0-1,500 ppm
N,O 0-1,500 ppm
HCHO 0-200 ppm

Other Gas Components

CH, THC NMHC, NMOG and many more

FTIR equiv.”

Analyzer Specification

Measurement principle FTIR (Fourier Transform InfraRed)
Detector cooling Thermoelectric

Optical bench purging Not required

Communication interface LAN TCP/IP (AK protocol)
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AVL M.O.V.E FT - Highlights

= One box including FTIR, sample pump and
: everything needed for the measurement

= No liquid nitrogen and no supply gases needed

Measuring NH;, N,O, HCHO and CH, functioning as
add-on for existing PEMS system

Optional CO, CO,, NO and NO, to function as a
complete alternative to an existing PEMS system
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= QOther components on request for R&D purposes
= Low power consumption ~150 W after warm-up
= Small footprint and lightweight (~40 Ib)
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Experimental Setup
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Data Presentation Format

= Comparison of raw emission concentrations over Cold Start WLTCs of
a gasoline vehicle
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Nitrous Oxide (N,O)

Time s
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Methane Hydrocarbons (CH,) NP
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Oxides of Nitrogen (NOx
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Nitric Oxide (NO) el
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Nitrogen Dioxide (NO,)
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Carbon Dioxide (CO,) eorn ool 2
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Carbon Monoxide (CO) P

Bench.Tailpipe.COL_1_int
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Chassis Dynamometer Testing Findings

= The M.O.V.E FT correlates well with

Rel A Abs A/ Range Rangewove rr AMADetector]  reference laboratory analyzers
AMA SESAM AMA SESAM (ppm) _ _

— — For species where relative

: - 9.27% - 0.0623% 1500 ' difference is >2% where the
N.0 - 14.1% - 0.00580% 1500 - concentrations are quite low, the
HCHO -212% - 0.187% 200 - absolute difference compared to
CH, 35.3% 4.88% 1.49% 0.268% 100 HFID full scale range of the M.O.V.E FT

is <2%

NOXx -14.7% -2.02% 0.121% 0.0145% 1500 HCLD
NO -14.5% -4.50% 0.122% 0.00853% 1500 HCLD
NO, - - - - 1000 HCLD
co, 0.0900% 0.679% 0.0337% 0.389% 200000 NDIR
co 0.577% -1.65% 0.00152% 0.00352% 50000 NDIR

Note: CH, range of 100 ppm is shown for calculation purposes only.
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Instrumented Test Vehicle
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Vehicle Speed and RDE Validation

= Testing of a different gasoline vehicle

—— GPS_GroundSpeed
—— 0OBD_Vehicle_Speed_Sensor_(PID_0D)
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> E
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& & &
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Ammonia (NH;)

Time ms 0.000 3393600.000 MAX AVG
FT_NH3 ppm 0.635 0.172  488.286 5.938
NP_NH3 ppm 1.582 1.163  345.997 6.133

FT_NH3_int 0.000 20151.740 20158.759 13609.048
NP_NH3_int

—— FT_NH3
—— NP_NH3

— FT_NH3_int ® ®

NH3 [ppm]

0.000 20814.652 20814.652 13672.157

— 35000
— 30000
— 25000
— 20000
— 15000
— 10000
— 5000

NP_NH3 int ® ®

NH3 Integrated

= Relative Differences:

" Am.o.v.e = =3.15%
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Methane (CH,)

Time ms 0.000 5201500.000 MAX AVG — FT_CH4
FT_CH4 ppm 1.989 1200 125313  2.161 —— FIDIS_CH4_C1_
FIDIS_CH4_C1_ ppm 2.974 1333 123.691 2.104 —  FT.CH4 int & »
FT_CH4_int 0.000 11239.705 11239.705 6566.861 : FIDIS CH4 C1_int ® ®
FIDIS_CH4_C1__int 0.000  11410.962 11410.962 6613260 | |  — o - 16000
' ' ‘ I 14000
- 12000 _
@
- 10000
o
8000 £
-6000 It
Q
L 4000
L 2000
Lo
= Relative Differences:

CH4 [ppm]

" Am.o.v.e = -1.50%

i i i i i | | | ‘ |
0 500000 1000000 1500000 2000000 2500000 3000000 3500000 4000000 4500000 5000000
Time [ms]

Benjamin C. Shade, Ph.D. | Market Development | 14 March 2024 |




Oxides of Nitrogen (NOx)

Time ms 400.000 6000400.000 MAX AVG — FT_NOx
FT_NOx ppm  0.960 1359  419.730  10.108 —— GPISNOx ® ®
GPiS_NOx ppm  -0.207 3320 404.047 11172 — FT_NOx_int ® @
FT_NOx_int 0.000 60648.677 60648.677 33090.970 — 1 : GPiS_NOx_int ® ®
GPiS_NOx_int 0.000 63025.907 63025907 34397.650 | . —————T 80000
' ' L 70000
L 60000 .
- 50000 ®
o
~40000 £
30000 &
=
L 20000
L 10000
140 - Lo
120 | | | | |
oo A NN USRI S S U 1 10 1 O S SO 0 S S—
T 80- | | | | | = = Relative Differences:
oy
o)
=z 404
] Amove = =3.77%
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Carbon Dioxide (CO,)

Time  ms 8900.000 3384400.000 MAX AVG —— FT_CO2_
FT_CO2_ %Vol  0.049 12332 1479%  10.007 —— GPiS_CO2_ *
GPIS_CO2_ % Vol.  0.107 13018 14678  10.184 —— FT.CO2.int ® ®
FT_CO2_int 0.000  33778.623 33778.623 17033.862 | : : GPiS_CO2.int ® ®
GPiS_CO2_int 0.000 34375.616 34375.616 17291.814 | — M w— ] 20000

- 35000
30000
- 25000
o
- 20000 £
- 150008y
(@)
- 10000
- 5000

—0
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Carbon Monoxide (CO)

Time
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In-Vehicle (RDE) Testing Findings

M.O.V.E
Detector

TDLAS

HFID

NDUV

NDIR

Rel A
M.O.V.E

NH, -3.15%
CH, -1.50%
NOx -3.77%
co, -1.74%
co -2.04%

NDIR

= The M.O.V.E FT correlates well with the
conventional M.O.V.E analyzers with all
species being <4% relative difference

= There appears to be a negative bias which
can be investigated further for
reproducibility
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Water (H,0O) - Bench Experiment

Water

30

E y =1.022x + 0.0506 4
— R 2 R2=0.9999 . -
w 620 o
w B i

5 15 -
> §° 0
O £10 .

o
= 35

S

200

s 0 5 10 15 20 25 30

Reference Concentration (%vol)

HovaCAL

- Driven by current in H, ICE, we will continue to investigate correlation between the
M.O.V.E FT H20 measurement and the reference HovaCAL
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Water (H,0) over Cold Start WLTC Tests

Time
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Water (H,O) over RDE Test

—— FT_H20_

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

------------------------------------------------------

" [% Vo]

_____________

FT_H20

___________________________________________________________________________

Benjamin C. Shade, Ph.D. | Market Development | 14 March 2024 |



Nnd Recommendations
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Conclusions and Recommendations

= The AVL M.O.V.E FT performed well as a measurement instrument in both laboratory (chassis
dynamometer) and real-world, in-vehicle (RDE) environments

— At low concentrations where relative comparisons can be misleading, the instrument performs well
when considering the available range of the measured constituent

= The portable system is lightweight and user-friendly without the need for on-board gases

» The H,O measured by the M.O.V.E FT compares well to the laboratory SESAM FTIR giving confidence to
future in-use testing (potentially) of non-carbon containing fuels where H20 measurement is crucial

= Additional data collection (both laboratory and real-world) from exhaust from a variety of fuel types
(e.g., diesel, CNG, H2, and blends) may pursue qualification the M.O.V.E FT as an alternative
measurement device for in-use emissions measurement
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