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PR ERCES RS EEEL(DOC) - J5AFHER A BLTER T Y A R R A TR
BEREASIE - DA BE BV (e EEDPRAERER IR+~ 2 (LA - DPFEZE T e
5 [ZEPRBE R ZHLIRY) » IR £ 2 DOCHL SCRIRHE T S LB [F S - B 5%
BT AL AR TR D 2 FOREY) EEAFECO ~ HC ~ NOx » HE (LI IR
flr Z S ERER ~ FARCREIEE AR - HiDOCEEHEA(LK
JERTAE > FEATE{E20-40%2 PM » DLk 40-70% [EYCOBAHC - [ &7 il
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~ DP R4 H] f{i§#85-95% PM > 50-95% COEZHC - [iiNOX %1 SCR JfE 25 2
HETTHRLRNBAH 0 » Y ERER B I T5%L [ - fh4h » NEBERASGER - DPF
BISCREMMAEE » #EE471420-308 2 ] » RMEHIE R EfE -

Exhaust gas oxidation (DOC/): NOx reduction (SCR/):
2NO+O, = 2NO, INH INO+O IN,+6 H.,O
2C0+0, = 2C0, 2NH, .., *NO+NO, = 2N,+3 H,0
4HC+30, = 2C0,+2H,0 INH INO, = 3.5N,+6 H,O

" DOC SCR
/DPF /DOC

C(s) oxidation (/DPE):
C+NO, = CO+NO
C+2NO,= CO,+2NO
C+0.50, = CO

C+0, = CO,

Urea dosing
system

NH, oxidation (/DOC):
4NH, 4, +30,; = 2N,+6 H,0

& 4.1 U5 [ EREEH TR
T AL JSHPHIE TR S e SR I PR

Typical Emission Reductions (percent)  Typical Costs ($)

Technology 0] MOx (1] co

Diesel Oxidation Catalyst (DOC) 20-40 A40-70  40-60  matenal $600-%4,000
mstallation: 1-3 hours

Diesel Particolate Filier (DPF) A5-95 B5-95  50-90 material $8,000-%5%0,000

Aclive o Passive installation 5-8 hours

Partial tiesel Particulate Fiver (pOPE)  up 10 60 A40-75 | 10-60 matenal %4,000-%6,000

Partial or Flow-through installation 6-8 hours

selective Catalytic Reduction (SCR) ° up to 75 $10,000-5%20,000 Urea $.80/gal

Closed Crankcase Ventilation (CCV) ™ varies
Fxhaust Gas Recirculation (EGR) © 2540
Lean NOx € -ll-ll'r‘ﬂ {LNC) © 5-40 £6,500-%10,000

‘May be combined with DOC or DPF systems to reduce PM, HC and CO emissions.

Bkl AHE  http://www3.epa.gov/otag/diesel/technologies/rétsditm#dpf(US EPA)
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4.3 SEREHITR R E LS TR

FROHHTER Ry 2 BRE RIS 5 [ RS R Ry IR H i8R i B B R PR UL
H(AIZEEEPA2010~ B ANHIFIEEY) » £ &ERILTAE " RIIBHUREE 54
NE] o GRS AERERNY ~ BRAAMIEINY ~ Bl DA EHERUEE A RUR B % 2
IR S SR B 3% ~ AL RENISH & F—aey A E] > BRSNS [ R
ZEIR o LR - TR OLERUR E RIS T2

(1) A ETS YR B E - 3 S an B & 52 RERL I 2 %45 (Diesel
Particulate Filter ff % DPF) ~ 25 52 M (L 22 & £ 4% (Selective  Catalytic
Reduction> f§fESCR)~ #{EHEK £4% (Ultra-Low Emissions f§fEULE >
DOC+DPF+SCR) 45 &/ LfE L 23 (Diesel Oxidation CatalystsEfEDOC)
ik EIEH 4t (Hydrocarbon Dosing SystenfiiffHDS) ~ R Z2IE 5 £47t(Urea
Dosing Systems) 5|Z2ZEd 1% & #H 28 22 i #5 4H (Engine and Aftertreatment
Control Modules) # {& HF 1 & 4% 47 & < & 2% (Ultra-Low Emission
Systems,Decomposition Reacter)

(2) R E PR A o oK 2 FRRUEAR > £ LI SCRE DPRRIEF i # & HfE
[FIRF Ry e 25 P RSO BV EOK - EE dmaxat /T 1R A A B Gaat - DA4E
INEEfE > T (EE S L

(3)EAIERASTEEL - BI5GB L BRET e BIR TR HE T TIRPROR 55/ ] 5
TS K S SR e S B e T -

(4 )HEBASE IR BRI R A SN » 5155 5 R A% BAH BRAH (TR LSS
R RE EAN SRS (BN E] - BEEF L S ER A T2 1R A

44 WEEUNG

Ry B RERR A ] BB IS B R SR AU AR BE LS TR Ry A 1 SR A T2
R - H AR fn R R R SR s - HTRIIARZIECEEURO 6%
AMENER > EHERLR [FRFE S CR DPRG AT AEjn ke A AR K » IS H A A
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FEE P IIRDPREBI R . 2% A SR & i B & e rn (e R St T
B o TRIAIEA [RIH RS [ R MR THAR - (e A P B R e R (o IR TR
B HATam A MERYEDK > H Rl o g5 58 4 S BRIy JEFER Ry
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FEHA > R RLPR A o S R AR T ST - B AR A E S
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6.

Fo S5 I8 (R0 P ] 7688 B 8 1Y S5 R B B SRR IR AR i B 25 i By A~ ]
G EECH > E L A% 4 SCR ke DPF Sy NOx k2 PM Z )22
Fof o IR E A GER - S00M B G FRENA A F Worr (fEHE PM2s) BEIX
WE 14.1% > LU EBESIHE v - 1 2HEWANCAaEAFER > 5
DR T A B - 10 4 ~ 5 SRS R PR R (Rl e 17 R 0 22 - i
FROKHRA BAOR B < BN ALY 10 HERZIKFEIR 258
HE > ARSI LUR D B A R 4 7 TUE TS AR E - MR m s
FE vn TE B 38 5 5T B » 7 R MR [5) B9 B 5 | B2 R M 1T 3 A S A & i
JAMERYEK - BRI U5 2 DPF A a] Ja A% 28 fe (A R AR 58 A 4 IR oh 4
RMhRE R AR -
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[1] rhEE N BN B ECAS B A+ & S e 55 - {8 T A AR A 2 > T A R AR BRI -
http://www.gov.cn/zhengce/index.htm

[2] RESGHPETERETSE - PE RN - http://www.gov.cn/zhengce/index.htm

[3] FREE AN RIEAEFHE RGBS RS T = TR S S - GelBBieEE
#l - http://pv.energytrend.com.tw/news/20151119-126%8l.ht

[4] TFEUHRESEREES > TEIERAMEER - http://www.zhaogiweb.com/

[5] Asia Biomass Office http://www.asiabiomass.jp/english/

[6] Guidelines on Biomass/Biogas Power project Dgweent in Indonesia.
http://aseanrenewables.info/publication/re-guidelom-biomassbiogas-power-project-develo
pment-in-indonesia/

[7] Summary of Policy Guidelines for Bioenergy Powéechanism in Vietnam
http://aseanrenewables.info/publication/summarpaliey-guidelines-for-bioenergy-power-i
n-viet-nam/

[8] Department of Alternative Energy Developmentailand. http://weben.dede.go.th/webmax/

[9] REJH kS 1T EIE T (2014-2026F) » T A FAEREIR(S B4 -
http://www.cnrec.info/zcfg/gnzc/2014-11-20-3153.htm

[10] dEE M AR S5 E&A » http://baike.baidu.com/view/12076812.htm#2 6

[11] BAELE NSRRI - (2014) » T hdT 5l s [R5 ~ Fraihhin
A5 P rp e £ [ O E S A R LR ) IR (T iR e B Zstat =
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Cummins Emission Solutions (China) Co., Ltd.
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Innovative Technology.

Customized To Fit Your Equipment.
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Brief Introduction

Cumiminsg Emission Solutions, & wholly owned
aubsidiary of Cummins Ing., is the langest workd
integration provider in aftertraatmant tec hinoloogy
and emission solutions for the commenzial on
and off highway engine market . | devalops and
produces vanous emission solutions and systems
for the Light Duty, Midrangs, Haswy Duty and High
Homsepower engine. Cumming Emission Solutions
can produce and Integrala amission systems, such

Worldwide Locations:

* LS Coburnious, 1 Hessyrardfars * fgiia: Purne

= UEA Jaresube, W) » Chire Bairg
& LEA: wirers Foed, W & LI Darfingfon

* Brail- S0 Pacla
= Sl Al Prelors

* LiSa: Shougkhoe, Wl
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as oddation catahsts, wall-flow and hall wa b-fiow
paniculate filters, and sedective cataltic reduction,
ete. host importantly, depending on roh practical
exparience and preliminary developmental ability,
Cumming Errission Saltions can provida compiate
exfiaust aftertreatment emission contnol sustenms
and ntegration solutans for Chinese and global
CLISHOImIEs.

Cumming Errission Solutions belongs to Curmmins
Componants Busingss Linit, with key oparations
in the LUrited States, China, India, UK, Brazil and
South Africa, and senves both OEM and anging
first fit and retrofil customers. Cummins Emission
Soldtlons {Ching) Co Lid. |, located I Yizhuang
Econemic-Tes hnology Develbpment Arsa in Bedjing,
Chira, was founded in Augusl 2007, The cormpany
is a wholly owned entenorise of Cunming in Ching
with a colkction of development, production
and marketing, and dedicated to develop and
produce Eum 1V, EWo ¥ NS 1V NS Y and above
aftertreatmeant systems. 18 factony in Beiling was
DUl In 2008, over 10,000 squans meters langs,
and with aboul 10 mificn dolars invesiment, is the
blggast one of the familiar enterprisas now in Ching,
The factory had the official mass production in
Saptambar 2009, and the curmant annual capacty is
up 1o 90,000 s2ts in 2012, In 2013 CES China) is
axpactad 10 mach the 480,000 sats of production
capacity This is the first aftertrest ment systems
manufaciuring base of Cummins in Asia-Pacilic
rgion, which marks a new promotion of Cummins!
focalzation manufactunng capacity InChina,

With advanced technokagy and rich global support
exXperance, Cummins Emizsion Solutions has
launchad serias of amission fachnology solutions
far the different region and custorrer requirsmen s
in ordar to meel the more stringant emission
regulations in the warkd, and has becone the workd
bancer of thaamission SystaETs.
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Integrated Systems

Adomgy with e morne siringenl emission reguiations
and knowledage of exhiaust aftertreatiment products,
customers expect thalr cormmerial vehickss to have a
syslerm with refiable operation, high performancs and
fuel efficiency. With professional syslem knowledie
anc unigue refiability, also deap understanding to
application requiremeants of custormers and rich
experiences on vehicles and engine applications,
Summing Emission Solutions will provide complata
systam integration solutions for our customears.

Why Choose Cummins Emission Solutions

GES experiznce with engines, controls and
aftertreatment integration
® Watching parformance with enging systems
B Controbs Integration with engine and altertreatment
B Knowledge of componant controls
Componant innovation and design capability
B Doser (HO and EDF) core technology controd and

production capacity
B Catalys! parformancs rasearch and syskem ntegration
B Sansor perfonmance rasesrch and system integration
B Affsrtreaiment contral module development and

prociucts capatbillity
Aftartreatment system integration capability and
EXDEMEncE
& Europe: Furo 445 — SCR system

Furo & —= DRF+SCH system
B China: MES 40 — SCH syalem
M54 —= PHS systam
M5 5 — DIEF systam
B L5A: ERA 205V — DPF systam
EPA 2010/2013 = DPF4+50H syslem

Local producer
® | avaraging invesiment in local design and

devsdoprment
B Manufacturing scals - CES +Faweck
8 Purchasing scalks through collaboration
B L ow cost products designed for China markst
B Ok resporse 1o cuslomer and marked reguirements

5
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EcoFit Selective Catalviic Reduction
[SZR)-
For Buro 44 Euro 5/ ER& 2010 AT Solution

SCR systemn use ures dogser system to inject DEF
into exhawst, DEF mmacts with heat and comerts to
SITITONIa, AMmons - rascts wikh NOx and passes
cer the catalyst, then comverts MOk o hanmiess
nitragen . and watear

Gobal experience and appfication in CES Dy the
e of S0

Cinly SCH-700,000 units with 180 billon kiometars
SCR appeeation in 2010 DPF+SCR] system0.6
midion hours 30 milion kilometers)
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Emission Solutions
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EcoFit Diesel Particulate Filter {DPF)-
For Eurc 5/ EPAZ007/ EPA 2010
AT Saolution

[Miesel Particutate Filter captures particle emisslon
through & combination of surface-type and deap-bad
filtration mechanisms, such as diffusion deposition,
Inertial deposition o fow-line inlsmeption, Gollectad
particulatas are ramoved from the filter through
thermal regeneration, continuously or paricdicaily.
Diesel filtars are very affective in controding te solid
part of PM armission, the afficiency B more than 90%,

Global experence and appication in OES by the and
of 2010k

Only [ -1 milion units with 400 bilion kilometers
CPF application in 2000(0PF+2CR) system-0.8
roillican hotes (30 milian kKicmetsrs)

L ba—
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Partial Filter Catalyst (PFC) -
For Eurod AT Solution

Fartial Filter Catalyst captures partial particie
amision through a combination of surface-type
and deep-bed liltration mechanizms, sach as
diffusicn depaosilion, inerlisl deposition or fow-ine
intercepdon. Gollected particilales are rermoved
from the filter through passive reganaration with
S0%-50% ol PM reduction efficiency,

PFC in CES is al market verification phase, has
finished matching cetification on kay light-dufy
engine.




Emission Solutions

DEF+SORE R F Y -
BRE/ZEZ00 SRR AR

HAZEHOREEIOMMEN FrEFRNHS
BEiNEx WEHS{kREEE DOC) | ekl
i14E88 (DPF1 | ®PEHE(LTFR (SCR) §%
B y—ERIEFIHE, @1 HD0OC/OPF FSCRE
& HEmBsfiEn B4 dEems i
FEEEES AmidEEIMORNE Y. 82l
BEGRILLES & ER  DOC/OPF+ SCR
SERGE REWIEE O WEEACRE ZRIEN
FiREREE #mailEEefiEEL0I0H R
MEH,

BE0OFE ERATRERBARELERER
eFERSHRAOT

DPF+-ECH 2010 B2 A - 600 E E30007 4 )

DEF+3CR Integrated Systems -
For Euros/EPAZ010 AT Solution

I ordar to meet Euppean & or EPA 2010 emission
fecuiation, afermeatment Systam wil becomsa 1o
complizated, DOC/DPF and SCR will be Inbegrated
a5 ahe subsystam. By combimng & DOC/DPF
with a SCF swstem, can renmve over 90 percsnt
of Particulatea MatterPM) LEIng passke and aciibe
mopeneration to alow more control in oxdizing and
chaaning the filtar By engling optimization with afar
freatment sustern DOC/DPF+ SCR can deal with
P and MO eMcliently and meduce thair emission
substantially, so that to mest Euopean & or EPA
20710 amission regulation

Giokbal experence and application in GES ty the
end of 2010

DPF+SCR application in 2090 2008 milion hours (30
rrion klmetens)
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Key Components
EcoFit Hydrocarbon Dosing Systems (for 2007 DPF system and 2010 SCR/DPF system)

This dosing system is designed to inject diesel lued into exbaust
system betore DOG/OPE when PM or sool leading ‘in DPF
accurmulaied 1o such a degres. Then the diesel fusl or hydrocarbon
injpcted will react chamically with NG of exhaust gas in catabyst o
creale more NCL a5 well as release beal. These NCy5 and hesting will
reach with soat or PM, and 2o on finish the regeneration, The major
componants of Foobil Hydrocarben Dosing Systans incude injector,
fual shutofi vakee and air shutoff vahe,

EcoFit Urea Dosing Systems

Cammins Emission Belution & no stranger to aftertreatment system integration and subsystem design, which
B why we are pleased o introduce our newest Innesation - The EcoFit™ L Dosing System, This patentad
deskn s an essential part of any Selective Catattic Heduction {SCE) atterlreatment system, acourstely designed
o reduce oxides of nitrogen (MO, while providing best-in-class of ownership, performance, and reliability to
any diesel engine manulaciurer, Cur goal & o make you more compelitive by providing solution with reduced
instaliation costs and better fugl aconomy.

B Urea Metering Module

The Urea Metering Module is g high-accuracy unil for injecting urea into the exhaust
aftertreatment system. A controd module calculates the axact dosing rate of urea
bazed on varous engine conditions, and the uraa mibes with air from tha vehicla
compiessed alr system, Atomized ured is then sant theough the Injection Nozzke inta
ther exhatsl system, upstream of the SCH catalysl.

B injection Nozzle

Ther Infection Mozzle B a robust compenent thal delivers alomized urea
and air mikiure upstream of the SCR catabyst, The design allows injection
in the center of the exhaust gas flow, which minimizes the risk of deposits,
A relatively largs orifice sizing In the nozzle also provides excaeptional
tolerance to contaminants.

B Aftertreatment Control Module

The Aflertreatment Contred Module transiates datalink-commanded dosing rales
info supphy module inputs o acourately deliver the: reguired dosing quantities, The
indepandent Afterfreatment Control Madule can also be used o control other
endinsefed componants i the engline or afterireaiment systam,

11
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Research and Design

CES (China) has lop-lalents of altertreatment
industry include 7 doctors and 47 masters, Our
system angineering solutions include system
integration and modeling, regeneration and
thermal management sclutions, emissions
compliance testing, Electronic Control Moduka
{ECA) tuning and canaing, catalysl developmant
including substrales and coalings, and global
prototypng. We have tha capakility to perfom:

B Coallng and substrate performance
developrient and application experisnces
acoumuiation

B Aging mechanisms research for subsirate
peafonancs

® Modeling capabillity for systam optimization

| [Durability and fatique test

B System performancs festing

SEimenkL s (OPF)

2010 SCR+DPF
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Product and Manufacture
Rapid production with quality assurance

GES has much more advanced and lasier
production lines than the others in China, and tha
chasigned annual maxdmem viekd s S50 units, 1t
is the only autormatic production lines in China,

I arder o acheve global smissions standards, we
abways adopt the advanced guality conlrol procsss
in the produce and manufaclure of afterlreatment
products. And GES has past 1B0/TS168944/
[SCTA00EOHSAS 18001 cartification.

ESAEEET S
Exhaust Gas+ Processor Assembly Line

13



Market and Customers
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customear is differant and kKnows the imporance. of knoking
al each application in emerging emissionsg markets
reguires special conslderation, Gur EcoFlt products
prosice leading-edoe emission Bchnology, customized o
fit CEM solutions. Wework closealy with our customears fo
privide a highly integrated product to mesat your endging
and emissions needs. From enginesred componenlts
such as our Ecobit Urea Dosing System to comphate
afterfreatimant systems, our expertise and cusiomesr-
arlented foous deliver the exact solution you specify Tor
wowdr products and the smdronment,

W ane adopling existing and proven produects as well as
devaloping new systams o address amerging emissions
i markets such as China, India, Korsa and Russis, For
exanpks, Ve have introduced SCR and DPF system of
Eurod and Tierd Interm compliant syslem ints Konean
market and are developing BEurob Tierd Final comphiant
systern for Korean OEMs which are Tata Daswoo,
Daswoo Bus, Hyundai Heawy Ind, and eto,

® Dedicaled lo working and sourncing locally

B Global alterlrealiment products sendce capabilily




SR E Distribution and Service

B PEHTH B Ak R B i oA R g T AR Gummins has a completed netwaork ol service
MEAsEREERNG, BNCSEHE T 2058 prosdders with locations spread all over the colntry.
litsl i EsdnELEEREE HESE We are alteady developing a comprehensive training
i program so thal you can tave encugh confidence in

our altertreatrment syskem.

124 B4 508 & Pl 12 Distribution Centers
dr. W SeAF. BE BB, OEN. R Baijing, Shenyang, Uruamgi, Xi'an, Shanghal,
# ER. M. EH S &4 Wizhan, Chengdu, Kunming, Guangzhao,

Shanzhent, Hong Kong, Taips

T E Bl el (i)
1 Parts Distribution Genter {Shanghai)

CHEREENSEE
3004+ authorized dealars

15
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d Emission
e Solutions

CES Product and Technology
Overview

CES China Engineering

B BRER TS S
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On-Highway EPA & Euro _Staﬂdﬂrd&
NZES E#Jl%l*ﬂﬂﬂ?dﬂﬁ; LG

Strategies for Emission Control

HERS=HlI SR B
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Proven Solutions 21 FREAN 5 %=

CES has a broad portfolio of emissions systems and experience to deal with
the upcoming emissions regulations around the world

GESﬁsﬁjﬁﬁiﬁﬂ%EWEEE;%%TLAWEE?%&H&SH?HF&E

ey tion Aftertreatment
Emissions Regulation ’“'%’r"'l:ﬂ” CEG“':’ poc |Pm Filter| ScCR

EPA 1954 o
EPA 7004 &
Eura IV
Eure V' &
EPA, 2007
EPA 2010
Tierd Interim / Stage B
Eura VI {a likety architectura)

Unrivalled CES Technology Experience
CESTS{CLLRITIARE

* DPF — 1,290,326 units = SCR — 1,036,470 units
66.73 billion miles 44.36 billion miles
1,290, 3265 , 1 0682000 = BCR —1,035 4TOIEFER |, 10z E

= 2010-2013 Technology (DPF + SCR) — 482,609 units
21.9 billion miles
= 2010-201 354 (DPF+SCR) - 482 GUOTERH |, 350288

L

Cumrmngs Canfidestial

46



CES#AREED

CES R&D Capability CESHIf A TiE 1)

R ER FaER FREGLMEAR HERIBSEOER
Application Platform Subsystems Rules, Tbﬁls_,
Technology Technology Technology Core Technology

Vehicle and Powertrain
Integration
EWMEN ARG

Integration

Afterfrement System
BRERGERR

CymminsConfidannst

Subsirate i
Coating BE
Canning 84

Installation Hardware 225 84

Cantrol Algorithmis SR
Sansors {3
Wiring Hames &

Raganerati .
HE L
Basembly/DFMA 2 S0 DFMA

47

| Thermal Seisnes & Fluid | |
Mechapics
WA

Malerials & Catalysts
BV &

Mechanical Design ' -
LM B :

Applisd Mechanics
i

Acoustics J1E

Elecironic Controls:

AT



Extensive Catalyst and Substrate Knowledge
i = A A B

» Expertise on substrate materials SR HAESE Ues
i TR J
- Cordierite, SiC, Mullite & AT filters, partial filters 5 o =
EOME, ek 8RS E ' S
» Expertise in catalyst coatings £ B LS Tk S
AR
— Oxidation catalysts FUik k52 | —
~ Particulate filter catalysts {553 iRt Rasam "EE?E-
— SCR catalysts {Vanadium - CuZe — FeZej5CR B2 e i
(WIS - faAk — SR i"_
— Ammonia oxidation catalysts % a7 O it
* Degradation and aging mechanisms#i {4 % 452 - 4 28 W?éﬂ
HIBE ST
- End of lfe performance @it iEA bt WP
= System effects and interactions ﬁﬁfsﬁaﬁkﬁzﬁﬁrﬁ
= Experienced staff of PhD, Scientists/Engineers ﬁa&$ -
BT ?P&FE mtﬁhmﬂiﬁiﬁ

8 e Sl

CES Modeling Capabilities CESFEIZEES]

* Knowledge and Skillsi[iE 5H:HE
= Ansys Fluent/APDL /Werkbench, AVL Fire & Beost, Star-CD, Chemkin, KIVA, CFD-
Fla, Flow Master, VAC MAP, LMS Sysnoise, Cybar-AT, GT-Power, Safe Technology
fe-safe & Verity, Mathworks, Matlab/Simulink
= Analysis Led Designé i3 |Sigit
— CFD
« Spray — size distribution ! angle / penetration length / erosion / cavitations
« Multiphase flows (reacting & non-reacting)
« DOC, enhanced DOC and three-way catalysts — chemistry / kinetics
« DPF — soot loading / migration / regeneration
+ BCR — dosing / decompesition / mixing / reactions
« Flow & thermal analysis on aftertreatment and exhaust systems, EGR mixers,
conjugate heat transfar, intake/exhaust manifolds, eto.
— Structural analysis £5484547
« DOC/DPFISCR and packaging stresses
« Flow-coupled thermal strass, sensor brackets
« Durability and fatigue analysis
— Acoustic and aero acoustic analysis EES15E%
— Systemn performance ZHETHEE m&ﬂnf;

Cummins Confidents 0
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4 i SEr A
CES Testing Capabilities CESilll 1.t /)
Emission testing BERRIET
— Multiple test celis with broad-ranging capabilities for small to HD engines
Major U5, and European steady-state and transient cycles
— Variable flow CVE dilution system
Horiba bench for PM, NCOx, THC, CO, CO,, and O, measuremeants
In-use testing and OBD
— GCiMass, FTIR, Mass-Spec, EC/OC, BET/BJH, SEM, and core- and micro-reactors
- Qpacity measurement
Unregulated emissions testing (Unique capabilities) JE3IRHERGRIE,
— Source dilution speciation for EC/OC, trace metals, ions, and C1-C*® hydrocarbons
- PCDOVF (dioxinfuran) measuremants with modified EPA Methods 00234 and T-O9
— Eura VA PM counting (sizing) with full CVS dilution or partial dilution systems
Structural testing £,
— Durability and fatigue testing of aftertreatment systems and/or companemts
- Random wvibration (PSD) and shock (SR3) test
— Substrate retention test
~ Multi-axis simulatmn table vibration test
Acoustic testing = =21,
Mechanical development L4

Performance 142 Emission
~ ATI, dosing/spray, GPE. . .1 o Stiin

Packaging and Design &48 f1% 1

ErNEeasE

= Flexibility in assembly, interface

to OEM chasms OEM it 541 % Fotc BT A
« FELTLAGE Benefits: {7 4k

. Cumpact assembly {3 Em  |* Vehicle system int

= Robust design (fewer parts, space enviror
higher ri ﬂ:t&) 11-31!%]3'“ e Fﬁiﬁlﬂiﬂ ;
LSRR S

= Insulation strategy B SR e
: lm%mved serviceability 15 H11%  |. |

= Flexible inlet/ outlet iari.‘antatii:m:
FNE P rﬁﬂ
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Controls Capabilities 14 ﬁajj

= Controls delivery content £l % f: : = 53;5“:'
fif %2 2 R P —
~ Aftertreatment control system e
softwarre /i3 4k 1545 o R 4 61 iy e — T
— Development of aftertreatnmnt } s i "
« Temperature, pw&swé gas quaﬁty

(Mox #E, 1. = {aER {T\lﬂk}
— Digital control hardware 5=l

1

- Adapted from high volume products |

TR S e

~ Harness designs and snmﬁirg .

AR

Development and Validation Capabilities

rEdh I A MBS uk BE
Modeling capability for system [/ component
optimization

Dura.nllr.lr and fatigue test of mmm system

andfor com
ﬂﬂ!ﬁﬁﬁ-ﬁhmﬂﬂﬁ#ﬁﬂ LR v e HiE
e el e vaeos 2oy . [ Randem Vibration Subsirate M- ARE
=1 o PSD) | Retontion Test | %‘m
:‘: and Shock (SRS) _ |Tabe

R =

mmrem— gy M

=
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Robust Engineering Development Process

I X x

Concept Design | pesign in :
De Analysi = it Execution
sein apabili
g = | Sizlianlai s & Analysis

ajqeljsy

=
4]
ot
(2l
[
@
=
=
=

13 Emission
Solutions
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CES Products CESF=g FCOFT

« EcoFit Diesel Particulate Filter (DPF) Systems52iffiEE
iR
— Reduces Farticulate Matteriilz L8R
= EcoFit Selective Catalytic Reduction (SCR) SystemsiftiFE{E
fEEERER
-~ Reduces Oxides of Nitrogen (NOx) Hi< Sk

« EcoFit Ultra-Low Emission (ULE) Systems #E8{EHISIF 5%
— Combination system of DOC+DPF+SCR

« EcoFit Diesel Oxidation Catalysts (DOC 4%l S L L 28
— Passive flow-through catalyst (2-way, DOC)
- Reduces Particulate Matter

17 Simie sl

__._

CES Products CESF=5 FooFit
» EcoFit Hydrocarbon Dosing System (HDS)@ SEI R 5t A‘?
k4

— Injects fuel prior to DPF. typically engine mounted : é
- Enables active regenearation T

* EcoFit Urea Dosing Systems [REEEN =5
= Urea Supply Module pumps Uraa out of tank
- Urea Doser injects Urea into decomp reactor
= Urea Contral Uinit manages controls and dosing
- Available as an airless or an air-assisted systemn

* Engine and Aftertreatment Control Modules S5
GBI

= Monitors temperature, backpressure and NOx emissions

- Provides logic between engine and aftertreatment to maintain
emissions

= EcoFit Ultra-Li Emissi LE) Syste
Dangompusiﬁu%ag::ltﬁ %t&#tﬁlﬂ sﬁﬁsﬁﬁﬂ

~ Mixing chamber where DEF dissociates into ammonia and carbon R
dioxide when sprayed into the hot exhaust gases e Emission
Solutions

e 18

52



Product Lines;=5a%% —COrF

EcoFit EcoFit EcoFit EcoFit
Oxidation Diesel Selective Catalytic | Ultra-Low
Catalysts Particulate Filter | Reduction [SCR) Emission (ULE)
(DOCs) (DPF) Systems Systems Systems
(Nat. Gas) RO ERS | EEEMCER R | BIEHERSR
E A A
Tier 4 Interim EPADT Euro IV Euro Wi
JEMERARTERED EEz007 ErErTE Bl
3 Way Catalysts Tier 4 Interim Series Eura WIPT EPATD
=ik JEiEREAR R BB EERT Z=EZ010
Lean Burn Catalysts  Eura W NS IV EPA13
Era e ]| EfF =Y w2013
Tier 4 Final Trer 4 Final
JEiEEEA kS JEEEEAl BT

Doser Module On Tank Mount

+ System Optimization: Removal of urea
linesHL i R E ik #E, BIER. RILRHE
1t
Reliability improved due to less parts =
T g

» Integration Ease : One fit to chassis 5
B, —iRikEGEdE

« Cost saving i# U {4

&

Cummins Confidential
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Accessory Supply

Urea tank assembly Urea dosing assembly Urea line, heated/unheated

B A B e L R EER, dndhr s dnap

Coolant valve Alr oil separator Ambient T Sensor Exhaust pipe clamp

P 1 il U4 s B i e e HEALE e

Mozzie Seat  MNozzle retainer nut Metal flex pipe Emission

v i 1 05 A IR AL Solutions
Cummins Confidential

Cummins Strength — System Integration

Eﬂﬁﬁﬁ{iﬁ%—fﬁﬁﬁm
Tacl-:- ::::gln ggh?%;un:
IBERAR

Filtration

Coming Copngest
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Who We Serve [ii FHZ=451

Cumming Confdental

55



