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Amminex company iniro

® Amminex is a Danish clean-tech
company; spin-off from university

m Since December 2016:
Daughter company of Faurecia

m Core technology: ASDS
Solid ammonia for optimal SCR function

Supply in
Northern

) I Europe from
Denmark
REFILL LOCATION

m ASDS launched for emissions upgrade of L _— ¥
trucks/buses; proven for LD/LCV

= HQ, R&D and production in Denmark

m Euro VI-equivalent retrofit fleets:
» >300 in Cph/Scandinavia
s 120 = 900 in London
n ~50 million km so far... &

m Cartridge refill and distribution in operation

m Ready for Germany

m Ready for OEMs for Ultra-Low NOx programs...

Amminex®
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Amminex is daughter company of Faurecia:
A global automotive industry leader

HIGHLIGHTS 2016

€15.6 Billion

Value-added Sales*

€18.7 Billion
Total Sales

98 700

Employees

*Value added sales : Total Sales w/o Monoliths

35

Countries

Go)s 30

(\J R&D Centers

6 000

ﬂ“@ Engineers
& Technicians

Faurecia acquires Amminex to
accelerate efficient nitrogen oxide
reduction for passenger and
commercial vehicles

aurecia today announced that it has increas rdl participation in the Danish company
AH‘I rough a share purcha mr ed an A'n"\ nia
Sto Systen (A\ DS ™) whi I has efficiency to almost
completely !r inate nitrogen oxide (NOx) pollutants from die engines
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ASDS™ Technology

m AdAmmine™ is the core material in all products
s Solid, safe ammonia storage (“*ammonia in salt”)
= 2x volumetric capacity compared to lia. ureq)
» Cartridge not pressurized at room temperature

m ASDS™ provides ammonia dosing on-demand

s Plug & play system replacing an AdBlue system

= Controlled release:
Pure NH; on-demand intfo exhaust line

m Direct ammonia dosing: “Always-on SCR”

s Enables the full conversion of the SCR catalyst,
also at temperatures below 200°C where DEF
dosing is critical

‘V-'

Limitation: T, > 200 °C f
AdBlue - spray - evap./ mixing - decomp. - NH,
AdAmmine™

ASDS™ = NH. G Releases ammonia via
= NH; Gas Ammonia Storage and

Delivery System
= (.=

VERT Forum 2018

ASDS™ for commercial vehicles

37| 2NHy#+ NO +NO, > 2 N+ 3 H,0 ‘

Always on: Ty, >120°C

Amminex®
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Performance examples: Light and heavy vehicles

m OEM passenger cars / SUV / Pick-up truck segment

= Euro é6d: Below 40 mg/km proven on cycle =
and in PEMS testing

s For China NS-6b, less than 50 mg/km proven
m US Tier2-Bin2 proven with 50% margin w/o heat
strategy (Pick-up fruck; 10 mg NOx/mile) B e
m Commercial vehicle segment (incl. refrofit): =
s Euro VI proven on WHTC and low load/speed

Heavy-Duty Diesel
and Natural gas

cycles.
s Real Driving Emissions below Euro VI NOx: 2 NOX/bhp-hr =
— Europe: In-service cqnformify (with PEMS) EPA 2010 diesels l' .Q‘n Euro V
proven at <20% engine load In.real driving ll,,\| o] vehicles
. . o ded with
— US perspective: ASDS has proven high SN -/ DS &
DeNOx performance well below current 5 {'g“, {§‘| ™ DOC/DPF/SCR
250C Not-To-Exceed temperature S _i _.l D ot o
-—— —— -—— i N Thiruvengadam
ThreShOId. E eTTol. “ler“F:]ﬂssicl)n'r 5
Outperforms current EPA2010 systems “ 8 S S polltant fom
g .OQD 3 technology
U
o

ASDS PEMS

m Emissions vs. fuel economy:
goods moving

= DeNOx performance achieved without/ Yeneles o
reduced engine thermal management.

Near Dock
ASDS (MLTB)

Amminex®
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ASDS-upgrade to reach near-zero polluting diesel bus:
From 17 g/km to 76 mg NOx/km in London

m London city bus: ADL Enviro 200 MLTB vehicle speed (0-50 km/hr)

b ) ¥ ~ 10 km/hr (6.2 mph)

m 451 Euro V Cummins engine, non-EGR N FUL AT A TR Y
| l -~I17km/hr(10.5mph) '4 ,'! of (] ,1"

| F|TTed W|Th ASDS & ‘. ‘ Outer London ' ' ‘ Inner London * :
= DOC/DPF/SCR/ASC exhaust by Eminox ) . i

m Emissions on London bus cycle (MLTB):
s Engine-out emissions: 17 g NOx/km

n Tailpipe level: 76 mg NOx/km
(< 0.1 g/kWh)

m 99.6% NOXx reduction
Ultra-low NO,
N,O (CO2-eq) less than 1%

Targers

NO NO ; o P co, CO gy NH , NH ,
Units: gRm gm ghm pkm ghm gRm ppm (Max] | pom {Avg)
Aralyser: BAG FTIR FILTER MODAL E4AG Calculamg FTIR FTIR

Wiir + 1% | Less han
of Easalire | 5% of iotal 25ppm or 10gpm or
lowear

Target 0.5gkm 0.1g%m 0.0g&m L e oog fower
acourscy) | emissions

Reamemt| _oson | oo, | oo BD0E+11 BEED P 250 0.0

Coooe _K_ooor Y =omo | 3seEsn BI53 L77% 5.543 1.705

Fissult 15% % O B2t o4 9% 15% 22% 17%

PazaiFall Pass Pass #DIVID! P Pass Pass Pass Pass

Euro VI equivalent retrofit req. from Transport for London

- incl. limits on secondary emissions Am m i n exY
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Retrofitling with transparency to customers and local
communities in real-time

LIVE NOxTracker™ App

m Convincingly illustrates how ASDS™ is
dealing with the NOx problem

\ AN‘DRDID APP ON
P Google play

£ Available on the

. 8 App Store

m Free to download on the App Store and on
Google Play.

1

Copenhagen - Clean Air Retrofit = Fe qiur es:

400 2 6<i
Sy, b

Number of vehicles driving

5 -I . o 5
o weren City selection
g; Realtime NOx Emissions ;—I
- ,/4.0 &
oVg P, $ 2  Ambient temperature 3 Total NOx removal
91% 0,65
NOx reduction gNOx/kWh est
5 1800f293 23% L. : . . §
Buses Driving  Cold Dr 3 Current NOx emissions (in real-time) 7 Number of ASDS cartridge refills
4 NOx reduction 8 Distance driven

Amminex®
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From MLTB to London winter conditions 2017/18

m One-week data from multiple buses from current Metroline locations in London

m Observations:
- SCR temperature frequently below “MLTB level”
- Average SCR-temperature: 225°C
- 30% operation below 200C

m Full dosing enabled below 150C: Average conversion above 96%
m All-included tailpipe ppm average: 20-25 ppm
- ASDS enables full capture of retrofit investments for health damage cost benefits

" 60 e o . ) ®
a5 ° e Conv. ® Speed (inst.) o Yo e
50 ~ W % ®
‘‘‘‘‘‘ ® * v .‘ 0e® ] ” bl o
40 ° > M '.ﬁ & e +
o 0, z Hamps : ° " f" . e r e ’ L
ortholt = e z 4 Hea 30 ° ' : S - :
» % oy e 00 -~ Y °
S 20 “ ! LI
% 9 . ! : D)
® ! ) * e
10 |®
... e 9 R N
ZSLlondonZ( ) gun qusme = , . : e : i ' o “wee
150 175 200 225 250 275 300
Madam SCR temperature (deg. C)
g Tussauds Londor % @ The BALSAN
" Marble Arch © SOHO E(‘ u r
@, HydePark London m m I n ex
8 3 et O T solid tfechnology - clean air
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Performance example from Copenhagen:
Urban driving with full dosing capability

NOxTracker™ Fleet-summary Admin~ Profile v
1923 Date:| 25/10/2016 14:00 Interval: 24 hours B
Map DeNOx SCR-T NOx In/0Out
L1e S % 100 mm o ————— e o o = [
*h - [t Date: 25/10/2016 13:24 e® b Il o
- / g + | DeNOXx(%): 85.5 P . "B
1 Temperature(*C): 180 [a]

P e | NOxOut(ppm): 71
& \ -2 DPF NOx Reduct
IS Low-T SCR

DeNOX (%)
n ~
o v

_—— g ==

@
o

D
..‘

[

Q@
Q
—-— e

I
I
I
Normal AdBlue SCR :
I
I
I
I

- activation with X comfort zone
ISk v # | ASDS without CO2
Y penalty
il 1
1 0 b e e e e e el
150 175 200 225 250 275 300

Typical single-decker bus in Copenhagen/central Europe:
Even more often below 200°C SCR temperature than in
London; NOx reduction without excessive heat management

Amminex®
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Comparison: New Euro VI vehicles still have dosing
limitation during slow-speed city driving

m Euro VI PEMS Study from JRC:

No AdBlue dosing in slow
urban driving

- High tailpipe NOx
in urban driving

Science of The Total Environment

vy 1 WVolume 609, 31 December 2017, Pages 546-555
ELSEVIER |

NO,, NH3, N,O and PN real driving emissions from a Euro VI
heavy-duty vehicle. Impact of regulatory on-road test conditions
on emissions

Pablo Mendoza-Villafuerte, Ricardo Suarez-Bertoa & &, Barouch Giechaskiel, Francesco Riccobono, Claudia

Bulghereni, Covadonga Astorga, Adolfo Perujo & &

H Show more

https://doi.org/10.1016/).scitotenv.2017.07.168 Get rights and content

Open Access funded by Joint Research Centre with PMC deposit

Under a Creative Commaons license open access

Highlights
Current boundary conditions lead to underestimation of NO, emissions.

High NO, emissions were observed in urban environments.
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Demonstration of light-vehicle retrofit solution
for low emission zones

m Product sirategy and main features of ASDS-based solution:

s Engine-independent upgrade with low impact on CO,
(~1% CO, from SCR brick & ASDS)

s Adding under-floor SCR with low back-pressure to the existing Euro 5
DOC/DPF.

s SCR-reductant to activate the “cold” position of under-floor SCR:
LD-ASDS with controller installed in spare-wheel well

s Stand-alone integration:

— Not engine recalibration or modification on the certified
DOC/DPF or hot-end exhaust in engine compartment.

— Use existing vehicle power/battery system
s Customer-friendly solution with up to ~16,000km range

m Option for smart-phone App for vehicle
(existing smart-phone platform for retrofit of CV fleets)

Amminex?
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Euro 5: Initial configuration

Euro 5: EGR, DOC & DPF

Particles: \/

NOx: X

Amminex®
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LD-Reftrofit of Euro 5:
Interfaces and main functions in stand-alone solution

m System configuration: OEM DOC/DPF + ASDS & SCR

m Retrofit NH,;-dosing strategy based on:
s ECU input for exhaust mass flow
m NOx and Tscg-sensor

m NO, sensors up-/downstream SCR 12 Volt

Option for signals for driver

Reading CAN-info

EGR

___________________________________

Particles: \/

NOx: «/

Amminex®
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Compact system:
LD prototype placed in spare-wheel compartment

-~ -

S

» : . SCR and NOx/T sensors |
Fits easily in spare-wheel compartment!”) installed in “tunnel” in
In specific vehicle, 12V power is located next to system. under-floor position

Servicing: Exchanging cartridges at “refill” takes less than two minutes.
A simple procedure done at dealer or certified workshop

(*) Example in existing Euro 5 car. Not with system cover;

controller not shown. Not optimized/matured for specific vehicle A m m i n exY
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PEMS test results of retrofitted Euro 5 car: ~ 40 mg NOx/km

m Independent RDE PEMS testing by TU Graz | MWW A;(! i
= Before (OEM Euro 5): TDELJ‘ﬁﬂ ; a [ ﬁ il UM
800-1300 mg NOx/km xample: I —

2: CADC 1 e e —wldSCRI InP (* C} \_

= With BlueFit™ : Multiple tests with e —-; N A
~40 mg NOx/km (25% reduction) —— R )

m Emissions upgrade with low CO,-impact (~ 1%).

Test car:
C-segment Euro 5 (1.5 liter)
upgraded with ASDS and uf-SCR On-road NOxTracker from vehicle test in Copenhagen
- : ) Map DeMNOx SCR-T MNOx In/ Out DPFF
_ E D;' : -;I" é S0 EDDE“
l:ﬂg;[i].@vﬁ: ’ m ‘
2 |
Hvidovre ¢0 h_ atthiol Ty o DeNOxtd TR

Amminex®
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Euro 5§ Demonstrator vehicle:
Reftrofit impact relative to rating on EQUA index?

Ratings Explained

Upper
Ppe! External reference point

bound?

Download the data

View the top Euro & diesels currently on sale
EQUA Euro 6 Diesel

View the top Euro & petrol and hybrids currently on sale
EQUA Euro & Petrol and Hybrids

View all Euro 5 vehicles

Search:

®

A 0.00 0.08 Meets Euro 6 limit for diesels,

meets Euro 4 limit for petrols

INDEX Aft
B 0.08 0. etrLS Conformity Factor
under Euro & Real Driving
FONSRED BY
EMISSIONS ANALYTICS Emissions regulation J
c 012 018 eets Euro 5 limit for diesels
similarto 2.1 Conformity
der Euro 6 Real

issions regulation)

D 018 Euro 4 limit for diesels

E 025 Euro 3 limit for diesels
F 0.50 0.7 mparable Euro standard:
y equal to 6-8 times Euro
G 0.75 1.0 nparable Euro standard:

y equal to 8-12 times
limit
Show 10 v entries H 1.00 ne Mo comparable Euro .standard:
e gremal to 12+ times
uro 6 limit
Make = Model = Fuel Type = Model Year “  Upits: g/km, * exclusive, 2 inclusive

. Driven Wheels Transmission Euro Stage = EQUA Agq
-~ - Rating =

mega die 2014 ‘ Engine S‘ ‘ Power Bhp‘ ‘ Drive _rain‘ ‘ Driven ... ‘ ‘ Transmis... | | Euro Stage| | EQUA Agq...

Diesel 2014 15
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Overview:
Target of ASDS core components and system elements

18

ASDS (all-in-one box)
= Two cartridges: 2 x ~4.5 Liter solid with dosing
conftrol (18 liter AdBlue equivalent)
SCR
» Use existing Euro 6 SCR catalyst for uf-integration
» NOx- and T-sensors

Vehicle interfaces
= Power: 12V; 350W peak; 30-80W average
» Interface to CAN; key-on signal; exhaust mass
flow input
Performance target:
s Targeting 80 mg NOx/km in typical PEMS testing.
s Dosing strategy with emphasis on low-speed city
driving.
Range vs. servicing:
s Cartridge exchange at dealer / workshop
= No involvement of driver needed.

VERT Forum 2018

m Add-on service:

+ » NOxTracker (data
subscription not

\" included)

/~ J = BlueFit™ App for

NH, Customer
- e
© AsSDS-fit™
+ .
Emissions: ﬁ
Range: lkﬁﬁ

777

ooooooooo
eeeeeeeee

‘Controller & SW C

= S
R S —

2l
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AdAmmine cariridge refill/distribution

Global/regional expansion in
cooperation with leading industrial
gas company:

Refill & cartridge supply cooperation
discussions with Linde AG ongoing.

. 50 m|| Iion km driven Focus on sustainability and clean-tech solutions. THE LINDE GROUP

The Linde Group & Amminex The Linde Group worldwide - global presence in more than 100 countries®

m Supply of refilled ammonia cartridges

= > 50,000 refilled cartridges supplied
(equivalent of 1000 ton AdBlue)

s Equivalent to approx. 120,000
cartridges for LD-systems

m Current solid ammonia supply
corresponds to ~ 700 million km of

passenger car SCR driving <7C B g e
THE LINDE GROUP

Amminex®
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Solid ammonia systems endorsed by authorities in China

China-MEP endorses use of Solid
ammonia SCR (SSCR) for NS-V1/6
legislation having emphasis on RDE /
conformity

B D ARIFIBHSRIPE

.=‘ Ministry of Environmental Protection of the People’s Republic of China

IRAFESBLE
25 20175 H65S

T &7 <NahF B RMREARK > BLE

B ¢ s AR NE A IR 5 A ¢ R ARRNEASSRMAE  SERER, MEFERE, REVERAEEGHR, F
HBYENES REEAEARME. FERPFENIETT CUANESRITRERERED « MPLH . HEBWT. LEXHFATAIEFITERP
R (http: www.mep.gov.en ) Hiflle

BEAEER AR, (XTEF NANEHRSRIAEARE> Ml (378 (1999) 1348) Bik-

BitfF: HEhEE SRR AR AR

IR RIPER
2017E128118

PiE: §Y. BHK - EEHFERAT (B » SELFEREEFERPR-

FERIPE AT 201 TEL A L2 BEE

s I E AN QD
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“«

11. All new diasetrehterfe should install qualified ATS devite, seeh as DPF,
SCR etcﬁencourage to using solid ammonia SCR (SSCR). Adopt SSCR o
SCR technonge’ﬂanmonh-slip.muchomnol due tesavoie pd‘l‘!ﬁti(ﬁagain.
12. City bus, sanitation, mail vehicle, logistic etc. should priority select
new energy vehicle, or replace energy clean energy vehicle; For those
kind of diesel vehicle must install DPF, SSCR or SCR etc. after treatment
device.

T M
The Policy of Vehicle Emission Control
Technologies #1355 £ AR R B R
=. iIBEH source Control

(—) A FREAE, BRERL LS
New produced and imported vehicle, motorcycle and
relévanhtiefighhe £ L Z kM & F S E AN EE KBS ELAE
=3 Lo i 3L A BE g e ok - — —]’tjﬁ%%i[s(ﬁ %"
& 3 I 4 4 AT Fﬁﬁ%‘ (SSCR) . % FI SSCR. SCR ##1
BAR, BRIEHEEN LALA TN, -—— -
12. Tk, T, 6fB, MimFT Lt eEEFHRERERE.
VERERE S E R A, BT ik B B ik A 42 0l I R % DPF,

SSCR = SCR #5544 HEF,

[
-
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Future Ultra-Low NOx programs: Benefits from direct-NH; SCR

m Reduced need for thermal management at
cold start / low load

m Earlier start-of-dosing in cold start

m Development & calibration:
Simpler dosing map & stop/start

m Simpler mixer 2 Reduced back-pressure
- improved peak Hp-rating of engine

m Dual dosing for SCRF+ uf-SCR - improved IRAF

Dual NH;-dosing
configuration

Cq pq biliiies v NH3Act[mg/s] Diesel hybrids or stop/Astart:
. ° ° ° 350 —tSCRIN[C] Imn)ediate dosing.after

= Elimination of deposit removal controls by mols] | o dropped to
“extra” active DPF regeneration 150 .

Al (EC’
NH3 dosing(mg/s) /

i

m Reduced need for EGR in urban driving:

Tser

Improved soot-to-NOx balance Diesel-hybr
(Engine off) &
m Freezing issue eliminated l
50 NH; dosing 0.5
m OBD Impacts - examples: . ;
= Urea quality control eliminated O 5 Dt
s Improved pin-pointing expected .
Amminex?’
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Cold climate:

Freezing of AdBlue vs. NH;-release from ASDS

m Time to dose at freezing conditions: 70

minutes allowed for AdBlue under
current EPA 2010 rules

m The ASDS is ready to function after few

minutes (before SCR light-off)

m Winter operation in Sweden confirms
good DeNOx performance in real
driving

Conventional technology (AdBlue)
Freeze Protection

Issue: Whether SCR systems are designed to ensure that DEF does not freeze or
refreeze during operation
EPA Thinking:
— Freeze protection systems will be evaluated as Auxiliary Emission Control Devices (AECDs)
— Engine designs expected to incorporate DEF thawing and freeze prevention technology
— For engines installed in equipment not intended to operate in cold temperatures, in lieu of a
DEF thawing system, manufacturers may demonstrate engine is designed not to operate in
freezing conditions
Examples:
— The following test procedure has been offered as an example of a test procedure that could be
used for ensuring that the AECD is used appropriately
«  Prior to Procedure:
— Temperature: DEF at 20° F (maximum)
= Soak Conditions:
Temperature: O0° F {maximum)
—  Time: 72 hours or solid DEF (whichever occurs first)
«  TestDuty Cycle:
Temperature. 0° F {maximum)
- Time. 70 minutes (maxanum)
*  Start engne and icie with no engne oad for 20 mnutes
» Oporate engine at no more than 40% kad at ratcd spood for up to 50 minutes
— SCR systems that are capable of fully functional dosing at the conclusion of the test procedure
may be considered acceptable

2011-07-26 U.S. Environmental Protection Agency 17
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L ’

8071 ) 218% 0.82

4of 5 53 %

Interval:| 2 rours m
i) = b = s = = Distanice Deiven Cartridge Re

93.279 km 133

el 4 l H n n. h_ M V- L
| SRy o DeMre0q TSR

= Test Duty Cycle:
— Temperature: 0° F (maximum)
— Time: 70 minutes (maximum)
»  Start engine and idle with no engine load for 20 minutes
»  Operate engine at no more than 40% load at rated speed for up to 50 minutes
SCR systems that are capable of fully functional dosing at the conclusion of the test procedure
may be considered acceptable

Amminex®
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Example of NH;-impact in cold-start cycle

m Improved SCR calibration and high

Dosing Release... @ Temp. aftertime Tailpipe NH3

DeNOx performqnce proven by HME: @WHTC @SCRin @WHTC  NOx-emissions  dosed
. Reference with AdBlue-system 200°C ~570s 100%

" ASDSTSYSTem with 28% lower NOx- ... std. from AdBlue (with ASDS) 200°C ~5705s -28% 11 279

emission at WHTC compared to i ser cataystiignt-of 269

AdB|Ue-SYSTem (SOme dOSlng) ... atrelease temperature Amminex 120°C ~170s -60% 31g

m NOx-emission can be reduced

by 45% with advanced dosing T = &
o U 3004 | T=120°€ | T=200°C e IS
release at 120°C (DEF/AdBlue: e | Reesetem. |-
QOOOC) ...; 250 I'I'II'I'III'IEEX 3 em ue SI em
= With dosing confrol opfimization, i ® __j /_ ______ P, e e e e e P
OverO” ~75% reducﬂon Of NOX_ :2 150_- ................. ................. 5 \ ........... T =180°c ......................................................................................
emission with ASDS-system TN R e R — e ——
: - -catalyst
compared to DEF/AdBlue system & 1 )| pemnsor | | — S | —
. . SCR-catalyst : ; : | SCR inlet temperature at cold WHTC I
could be realized with same N < ]| |
CCITC”YS“ 0 200 400 600 86:' ' !10'00 " 1200 1400 1600 180X
me/S
m Potentials identified: e —
aptatlono oa ovemor allpipe
= Use improved DeNOXx @WHTC & NOx-emissions s Delta
performance for recqlibrqﬁon of Base with ASDS (Temp. release 120°C) 100% 31g 100%
engine for beﬂ'er fuel economy Base with ASDS and Load Governor activated -17% 35¢ +13%
(COz) qnd/or Final calibration of Load Governor -41% 38g +23%

= Down-size of SCR catalyst.
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