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Global Retrofit

CRT":; 80,000+
London LEZ
Paris

German E-Zones

Swedish E-Zones
Belgium

Chile

Over 20 years in emission control
15 years’ experience in SCRT”®

SCRT®: 4,500+
UK -
Paris
Belgium
Barcelona
Sweden E-Zones
Denmark

Hong Kong
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UK Retrofit SCRT® market : All schemes allow retrofit Euro VI solutions to tackle NO2 exceedance

2017 2018 2019 2020 2021 2022

Transport for London = 5000 buses £80m project

Clean Bus Fund = £40m Bus retrofit

Clean Air Zones x 29 cities £220m funding

London ULEZ London Phase Il ULEZ M25
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Clean Air Zones

Final Air Quality Plan published July 2017

Detailed plans to be produced by 29 Local Authorities

Easildon District Coventry City
Coumncil Council

East Somerset
Coancil

Cooumil Council

Leads City Council

Eath and Merth Derky City Council | Manchestar City

Birmningham City Farsham Baoraugh
Baorough Council

Mattingham City
Coun

Rochford District
Counc

Ratherham
Metropolitan

Borcugh Counci

Southamgton City
Council

Shockport
IMetropoiitan

Ecrough Council

Surrey Heath
Crigtrict Souncil

Bolton Gateshead Wew Forest District Rushmoor Tameside
Metropolitan Metropolitan Borcugh Counci Metropalitan
Borough Ceuncil Borough Council Borough Council
Erigtal City Cowncil | Greater Londaon Salford Trafford

Autherity Metregolitan IMetropalitan

Borough Council®! | Borough Council ¥

Bury Metropeoliten | Guildferd Borough Shefield City
Borough Ceuncil Council Counc

Draft Plans for consultation by March 2018

Final plans by December 2018
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London = Biggest NO2 exceedance in UK !

The ULEZ is the same as the Congestion
Charge zone
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London Ultra Low Emission Zone & TfL

Central London ULEZ

= Confirmed date: 8 April 2019

= Area as congestion charging zone

= £100/day £1000/day penalty

= Expansion - Phase Il Greater London expected
for bus, coach and truck from 26 October 2020

= TfL - 5000 buses retrofit programme Euro VI

Ultra Low
Emission Zone

I:l Ultra Low
Emission Zone (ULEZ)

- Additional residents”
90% discount area

Main roads within
the ULEZ

Vehicles retrofitted to Euro VI (CVRAS) or TfL MLTB
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Clean Air Zones

= Plan for Clean Air Zones or ‘equally effective measures’
= Original 5 Clean Air Zones to be introduced by 2020

= Birmingham

= Leeds

= Nottingham

= Derby

= Southampton

= Additional zones to be introduced by 2021

= All zones likely to focus on buses, possibly coach & other heavy duty
vehicles

= Clean Vehicle Retrofit Accreditation Scheme
(CVRAS) approved technologies will be compliant
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Government Support for Retrofit

£40m Clean Bus Technology Fund £220m for a new Clean Air Fund

Announced in September 2017
Local Authorities can bid for up to £3m for local projects

Only for Clean Vehicle Retrofit Accreditation Scheme

(CVRAS) approved technologies "

HM Treasu Fo Y
J'Um‘\ Bdgu * ‘k o

£220m Clean Air Fund

For local authorities in England
Focus on additional measures to minimise impact on local people/businesses

With existing funding focused mainly on buses :-
DEFRA consulted on what support is needed for retrofit in other sectors (RCV Coach etc)

Consultation closed 5 January 2018 https://consult.defra.gov.uk/airquality/additional-measures/

),
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CVRAS: Clean Vehicle Retrofit Accreditation Scheme

= Approval Standard for CAZ and ULEZ in UK e independent

checking bodies technical
0.5, DVSA advisors

{VIOISA) e LowCVP

= Scheme was published on 3 August Loca

authorities

Independent

certification
body
eg. Esl

eg TN

= So far only scheme fully released is for bus

Robust

: Test Facilities
technical
standard for e.g. Millbrook
retrofit systems

- CO&Ch, TrUCk & RCV |n progress Policy makers

eg JAQU -
DFT/DEFRA,

= UK approved test cycles

= Company and technology accreditation required

http://www.energysavingtrust.org.uk/business/transport/clean-vehicle-retrofit-accreditation-scheme-cvras
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CVRAS: Clean Vehicle Retrofit Accreditation Scheme

= Same emission targets as TfL + new national drive cycle for buses

Exhaust emission parameter Maxir_num Revised LUB Test Cycle 2017

::ia:en rirtnltted 700 i S—— ﬂ rases
Primary emissions w08 = e =
Mixed oxides of nitrogen NOx 500mg/km
Nitrogen dioxide NQO, 100mg/km . |
Particulate matter (PM) PM 10mg/km = 400 | M
Number of particles (PN) PM 6 x 10'"/km % A |
Secondary emissions & 200 lj | ‘
Nitrous oxide/methane N,O/CH,4 (as CO»e) | < 5% of CO, »
Carbon dioxide CQO, < 1% increase ” I
Ammonia NH; 10ppm average 100 n{ I |

25ppm peak Jﬂm h “ » m “l Tu
In service o w0 o oo - o o
Mixed oxides of nitrogen NOx rmet
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CVRAS: Clean Vehicle Retrofit Accreditation Scheme

Buses Vehicle Emission Testing Procedure LowC'™
® Test procedure — Clean Vehicle Retrofit Accreditation Scheme/TfL Bus test

® Real world cycle — Revised LowCVP UK Bus (RLUB) Cycle. (Rural at end)

CVRAS Status — yellow thc

Vehicle Test cycle System Vehicle Registered
Approvals approvals | database

Bus — Dyno 500mg NOx
25% laden . RLUB 5% COz2e .

Confirmed 100 mg NO2

Coach — Dyno 500mg NOx
50% laden . LUC . 5% COze O

(100% pax) Proposed 100 mg NO2

Truck — N2N2  Dyno 500mg NOx
50% laclen LuT 5% COz2e
Or dyno max. Track 100 mg NO2
LHAC
Van — N1 Dyno 250mg NOx
50% Iadene. LUT or 3% COz2e
Or ref weight  WLTP 100 mg NO2
Taxi — Dyno 250mg NOx
1 pass or . PCO O 3% COze
ref weight CENEX or 100 mg NO2
WLTP

>80% incl

VP | Connect
ow | Collaborate

Low Carhon Vehicle Partnership | Influence

Eminox .
average dully Green Urban

conversion

Monitoring or

OBD

Monitoring or
OBD

Monitoring or

OBD

Monitoring or
OBD

?

Baumot
Eminox

Do we want to make Coach and Truck
any different limits to Bus or keep all
the same at 5% CO2e and 100mg
NO22

Van and Taxi, can argue that WLTP
cycle is most appropriate for Euro 6
equivalence, however we have real-
world cycles for each?

PCO is worst case and may give

higher NOx

. AMMINEX
Autogas lpg

® Test to be undertaken at a vehicle laboratory using a chassis dynamometer
= Test conditions: 50% of seated passenger load (or 25% of total)

® Measurements: NO, NO2, NOx, N20, CO2, CH4, PM, PN, THC plus NH3

Revised LUB Test Cycle 2017
ondan Phase 2

Syt

-

VP
Coach Vehicle Emission Testing Procedure LowC™
® Test procedure — Clean Vehicle Retrofit Accreditation Scheme

® Real world cycle — LowCVP UK Coach (LUC) Cycle.
® Outer London Bus, + Rural Bus, + Motorway

®" Test to be undertaken at a vehicle laboratory using a chassis dynamometer
® Test conditions: 50% of GVW load (or 100% of total passengers) up to max Dyno inertia
= Measurements: NO, NO2, NOx, N20O, CO2, CH4, PM, PN, THC plus NH3

]

Motorway

Rural
s Outer

; A A , f

W, T ‘M,‘. il ‘«‘i 1 '\ ““' f "“ w\‘l
T
Jul.t '\‘ U AL “m ‘

| vomet

LJUwL

. PO . P
Trucks Vehicle Emission Testing Procedure LowC™”
®= Test procedure — Clean Vehicle Retrofit Accreditation Scheme

® Real world cycle — LowCVP UK Truck (LUT) Cycle.
= Abbreviated TfL AM urban peak, + WHVC (WHVC urban and rural combined into single phase)

" Test to be undertaken at a vehicle laboratory using a chassis dynamometer

® Test conditions: 50% of payload up to max Dyno inertia — Track PEMS Test additionally for
Large HGV exceeding Dyno capability

" Measurements: NO, NO2, NOx, N20O, CO2, CH4, PM, PN, THC plus NH3

1000

Speed (km/h)

Eminox — A Hexadex Company




Clean Vehicle Retrofit Accreditation Scheme

)

MILLBROOK
x Abatement Summary Sheet - MLTE Cycle -t"i_:'_""__:-_-_

ey = [Emilnox Lid
H H H H H | customer Address:  |Mier Rose. © Road Estats, ugn, 1 . D21 168
= Chassis dyno testing at Millbrook required by engine type e oo o ;
! Viehicle No: L13 FoP
Viahicie Type.' Voo 85H DYMAMOMETER SETTINGS
Engime: [Euro v Drasel Hybmd FERTIA 14,632 kg
= = = = - = Transmission L AUTD F 55593 N
In service validation via telemetry to confirm > 80% reduction s s o T
Fued Bafch MNo: N = 0.4 1900 Mo *
Mitbrook Project No:  |PTH20-078-01 F -0.0018520 Miomh®*
Test Mo. 6282, 6205, 6286 Engine Summary
Date 170207 MiOx MO, N,O CH, [ CO,; . NH,
Exhaust Emission Parametar Reduction prre wons | oo ‘“?::""” ‘“?:”"” Sio | oty m:::
2haza 1 Ot [ oy 11.895 1.369 MIA LA, 2183 0.00 MIA
Ferfﬂrmancﬂ Phasa 2 nner Londos 15.546 2251 MNA MiA 1223.3 0.00 MNA
Compined resuit 12.908 1614 MNA MiA 1003.6 0.00 MNA
Test Mo. 6282, 6205, 6286 Tailpipe Summary
P u 40 C Date ATHZ20T MNOx NO N: O CH4 CO 3 CO; ug NH 5
rimary emissions v =y
N . . P T B T2 WY B e
Mixed oxides of nitrogen NO, 500mg/km =B80% reduction T s 2o e mam 20m oy ot e
Nltmgen dlﬂxlde N 02 lﬂﬂmg;‘rkm Phasa 2 nner Londos 0473 0.055 0123 0,000 1168.3 366 414
Compined resuit 0.305 0.037 0108 0,000 986.3 321 E70
Particulate Matter (mass) PM 20mg (or 10mg) /km ChangevsBaseine | -o7em | aram EE Pass
Particulate Matter (count) PN Bx10% km
Targets
MNOx MNO CO3z CO; ug MNH 5
Secondary Emissions —= 2o 2o ey B
Nitrous oxide/Methane N,O/CH,asCO,e  <5% (or 3%) of CO, ] R P e
Carbon dioxide co, < 1% increase ” ' ' resutie2% | emissions | OV
Ammonia NH, 10ppm Average A —— E:x ;;3 ';f; 3‘::% ';a"
25ppm Paak ET% % 55.4% e
[PazsFall Pass Pass Pass Pass Pass
“*Baseline CO2 Result taken from MLO20168265, MLO2016286, MLO2016267.
ene
Three test conducted wusing same calibration, not performed consecutively.

Based on Millbrock's im house validation of CO2 <=2% these three test results resultin a

Low SEU[n‘g failure on repeatsbility dus to GOZ2 repeatability of 3 45%

Low Cartsom Vehicte Partnership trust
D02 equivalence factors: CO2 -1 - N20 - 298 - CH4 - 25,

Compling Enginear: 5 DATE: 20M22017 Approsing Enginesr: ’_ﬁ R DATE: 2103017
. oain
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Approved Technology for CVRAS

SCRT retrofit technology for Euro VI emissions levels

A PN (‘NOz

. .

A PM NOx

Plus :-
On Board Diagnostics integration

Real time Telemetry data

CRT and SCRT are registered trademarks of Johnson Matthey plc

Retrofit

- &
ey

B s %
' w /
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SCRT® System Schematic

Filter

DOC Catalyst

CRT
Catalyst

Mixing
section

SC '
SCR Cleanup

— - Catalyst - - = ~
a B o=t DI Catalyst
-

e e ———————

& I

SCR Catalyst
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Eminox SCRT®system development process:-

SCRT? System Overview - Development process SCRT" System Overview - Development process

Each system variant needs to be :-

= e ouze CLU to mode velondy, ured mpschon and morg pnor Io eres peoduchon

' 1 '

(9 Clean Vehicle Technclogy Eminox
Clean Vehicle Technology Eminox

o W LHEZR 3T L assr acannng echnakocy e maks s ool of thi hus chagsis

= Designed

= Optimised

= Tested

= Proof fitted

= Field Trials

Prior to volume supply
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Much higher engine out NOx levels from newer vehicles (Cummins 6.7L)

* Eu3 NOxoutput 11g/km

Eud/5 NOx output 24.79/km
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Eminox Retrofit SCRT Emissions Improvements - 99.5% reduction

Comparison of Engine out NOx v Tailpipe NOx on Euro Il, lll, IV and V vehicles over
MLTB cycle

Engine out Nox (g/km)

Eminox Tailpipe Nox (g/Km)

1
1.344
7.5
1.43
0.8 1.47 1.47 .49 .43 0.1 0.3 0.45 0.5

Nox (g/km)

e
T ——

DENNIS TRIDENT ~ DENNIS DART VOLVO B7TL SCANIA L94 BMC CUMIMINS BMC/ CUMMINS ADL E400 VOLVO B5H ADL 400H VOLVO B9 TL TFL / CVRAS
EURO Il EURO I EURO Il EURO I ISBE EURO I ISBE EURO IV EUROV URO V HYBRID EURO V HYBRID EURO V EURO VI
STANDARD

Bus Application and aftertreatment
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SCRT Euro V to IV = validated at Millbrook

MILLBROOK
TfL NOx Abatement Summary Sheet - MLTB Cycle (q"f';'”__-___
Customer: Eminox Ltd
Customer Address: Road, Corringham Road Industrial Estate, Gainsborough, Lineolnshire, DN21 1GB
Test Purpose: TFL NOx Abatement Testing
Vehicle No: ¥Xi2 FPE
Vehicle Type: ADL E&00 DYNAMOMETER SETTINGS
Engine: Diesel Euro V 1o Euro VI retrofic INERTIA 14403 kg
T ission: Auro P 83.07 N
Fuel Type: Diesel F 03610 Nkmh
Fuel Batch No: A F 0.33530 Nikmh =
Millbrook Project No: | PT0120-020-01 F -40.0020330 Nikmh *
TestMo. 6539, 6540, 6541 Engine Summary
Date 0510612017 NOx NO; N0 CH, CcO,- CO; o NH 3 H o
el e | e o i - z - Test Mo, 6530, 6540, 6547 Tailpipe Summary
Analyzer| MODAL MOoDAL FTIR (Eng) | FTIR {Eng) BAG Calculared | FTIR (Eng) Dﬂ B 'ﬂﬁll'ml M1 'III H':II Nﬂ H G ::'H c'a c' a HH
Phase 1 ouwerionden 22 63070 /A 11242 0.0 NIA 2 F L & i _eq 4
Phase2  inneriondan andes | 347 1538.8 0.0 NIA . r 7 F r F
Combined resut | 4781 | 2232 1238.5 0.0 NiA Units: # L] ﬂ'-'lﬂl jl-*lTI' ¥ ki g L] ﬂ'\-‘lﬂl P (atax)
B e MOMRAL FTIR{Tai FTIR (Taif) FTIR {Tail) BAG Calcrladed FTIR {Tail)
[Test No. 6539, 6540, 6541 Tsilpipe Summary Pl 1 Cuter Lomdan o117 0.2 0240 0,000 1111.1 T1.6 T34
Date 0510612017 NOx NO » N,O CH., CO, CO: o NH 3
unt|  g/km gkm | § ghm gikm g/m gkm | ppm jmax) |
T e e L e Phasa 2 inner Londan o217 0.oar 0194 LERL ] 146683 59.2 FLT
Phase 1 ouseriondon 0.117 0.012 0.240 0.000 111.1 718 7.34 Cowmiburmesd resul 0 145 0010 [ 0000 12405 R 3 a8
Phase2  inneriondan 0.217 0007 | fo.1es 0.000 1466.3 59.2 6.67
Combined result 0.145 0.010 0.229 0.000 1210.8 88.2 8.28 [:I"I.]I'ﬁ' ve Basaline A% O S ' B i FPass
Change vs Baseline -004% -00.5% 23% Pass \ - - .
Targets
Ny NOA PM PN co, CO; o ™ NH 3
units:]  gikm g/km g&m Prkm g/km gkm ppm (Avg)
Analyser| BAG FTIR{Tan) | Fuler Weight PMP BAG Calculared FTIR
Within +1%
_ " [Less than 5%
Taer D5gkm | Oighkm | 001gkm |6.00E+11/km Lﬁ:ﬁ';‘; oftotal CO2 | PP O
emissions
Reltve Lime 0.5 0.1 0.0 E.00E+11 1276.7 5% 10.0
Combined resuit 0.165 0.010 0.0083 4.82E+11 1210.9 5.33% 311
33% 10% 63% % 5% 3%
Pass/Fail Pass Pass Pass Pass Pass Fail Pass
*Baseline CO; results taken from tests MLO2016040, MLO2016041 & MLO2016042 run in 2016
Candidate tests are - MLO2016539, MLO2016540 & MLO2016541, conducted on 5 June 2017
** Concession on CO; ., result given by Finn Coyle (TfL), 06 June 2017
CO; eguivalence factors: CO,:1 - N,O (298 - CH, - 25
(Compiling Engineer: ’4_,;‘ = DATE: D5/06/2017 ‘}pprmr'ng Engineer: ﬁ DATE: 07/06/2017
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Volvo B5 Hybrid - Challenging inner city stop / start duty cycles

Euro 5 Hybrid bus — Test result over London MLTB Cycle = 97.7% NOx & NO2 reduction

),
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In service compliance & real time monitoring

Control and Diagnostics Interface (CADi) g telemetry systems

= On board diagnostic integration for Euro V (De-rate) S o

= Real time monitoring of system performance

= Maintenance alerts for operators

100 mbar

= 80% in service performance is a CVRAS requirement
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Validated in service via Telemetry....

@ Astrata : GLSi X

e - a x

< (¢ ‘ @ telemetry.eminox.com/Default.aspx?Fleet_Summary&aid=412

%@ o

S Apps Wb SIMProvd € JIRA ¢ ASM - Diesel Exhaus

[ Matlab License info

®El’l’lll'|0x ¥ carlos | Profile | (UTC+00:00) Dublin, Edinburgh, Lisbon, London | FAQ | What's New | Log out =
STRATFORD
Fleet Monitoring Fleet Summary Asset Replay Reports Settings
@
o

A @ (zsi2d]
3 EAST BARNET o G o

S0UTHGATE OO01 AR

ARNOS CROVE

4 View Replay || Export History | Back to Live SummarvA NSINC VN36 1 20 [BJ 1 1 DRZ]

SCR Temperature | Urea Tank Level Tailpipe NOx <100

Y ) ) MI( Live NOx Reduction (%) |\vg Live Tailpipe NOx (ppm) Max Live Tailpipe NOx (ppm)  AdBlue Level T DPF BP <20 KPa
% - L = m " ; . . ° ° ° 74: 24hr Ave. NOx Reduction (%)
e & 3 L)
3 : sy 0:035: 240 Adbiue (k)
k. M Wi e » | . : s e e e sl MR
4 5 s
i i r 3 E s 8 % 1 2 [ ] (] [ ] 99: Sytem at Operating Temp. (%)
o, i m 270 80 100 16 37 . . . 32 kmy'h South\West: Heading
EAST FINCHLEY e’ 7 \ 260 82 100 14 32 . . . ['.’I?a‘l Spééd GTDQHE [‘I‘IE‘W 'rhﬂtorv} [‘ﬁew LiE
4 % 3 255 83 9% 10 17 o [ ] (] eaps  Replay)
SROUCK END . .
2,
rsg‘" x 260 83 100 17 37 . . .
: “8 = | e - . e e e 000
< X ] 275 83 99 3 7 . . . |
st o g B m | s e . e e e
Hallaway :_:'_\V 280 83 100 2 3 . . . Mitenam .;romley
2 ;s = g 280 83 100 1 4 . . . Thornton
i g P STH 4 4 4 forden Heath
S AT p 280 83 100 13 2
NI }; 3 QueTn :I:zaberho
5. LR Olympic Park 270 83 4 13 . . .
CANDEN TOWN 75 P4 & : . West
ndan Zoo ® < Victoria Park 265 & 6 17 o (] @ | Croydon Wickham
A A222 -
= @ The British Libr 2ot & 260 82 12 21 . . . ’ A722
b, = A S !
o e C o= s : s e e e -
@ = €
¢ London & m 7,
% @The British Mu o = . . . ® o o
"“:IFN SoHD oI VHITEGHAFEL 4 ;. o 255 & “ 5 [ ] (] (]
ke LON 1203 v,_s 255 83 14 20 [ ) [ ) [ ) _ -
<57
Hyde Park LOﬂdOI’I The Shard @ CANARY WHARS
(] @ Biq Ben

ameT T ED
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Technology Partners - Scandinavia & UK AMMINEX "

Sohd Technology Clean Aur

@@

Eminox

= Unigue Ammonia dosing systems that can
operate in low climate or exhaust gas
temperatures

= Collaboration for the Scandinavia market

= |Lowest results ever recorded at Millbrook from
Retrofit SCR technology

= UK co-operation was launched at Coach & Bus
UK in October to target new market sectors

= Suited for challenging duty cycles such as RCVs
and Non Road Equipment
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Technology Partners - Germany

=  Announcing today at the VERT Forum ®

' i iSSiONS | PURItech”
New partnership to help reduce diesel emissions in Germany! Eminox 2%

Wo;king Together

or .

Cleaner Air
&

= 28 air quality regions & more than 60 municipalities Eirflgrstarke Allianz

across Germany, need to take action to reduce pollution. Saubere Luft

= PURItech of Germany + Eminox Limited
Collaboration to supply retrofit Euro VI solutions
for the German Market

= €150m, as part of the €1bn funding programme Clean air 2017-2020,
to upgrade city buses using retrofit technology

‘!
b
,\s
"o

= Again system will need to comply with Euro VI emission standards and
reduce NO2 emissions accordingly. www.puritech.de

Followus 9 »{

),
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Eminox Retrofit solutions

Over 99% reduction of pollutant emissions is possible

PM PN

'tNOx dNOz 4 &

Upgrades Euro Il IV & V vehicles to Euro VI emissions levels

= Proven in real world tests, supported by in service telematics

= Upgrade around 15 buses for the cost of one new bus !
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Questions ?

carlos.vicente@eminox.com
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