PRESENTED BY
Dale Rakochy (Sandvik Mining)
Darren Tasker, Dee Wise & Lars Bark (Volvo Penta)
Jaime Tomporowski (Atlas Copco)
Evelynn Stirling & Karsten Taudte (Cummins)
JP Ouellette (Kubota)

COORDINATED BY
Mahe Gangal and David Young (Natural Resources Canada)
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MDEC Diesel Workshop

OEM Integration of Tier 4 Engines

Toronto Airport Marriott Hotel
Ontario, Canada

Tuesday, October 7, 2014

07:30-08:30 Breakfast and registration
08:30 — 12:00 Welcome — Mahe Gangal, Co-chair MDEC Conference
Introduction of speakers — David Young, Secretary & Treasurer MDEC
Section 1 - Dale Rakochy (Sandvik Mining)
Section 2 - Darren Tasker, Dee Wise and Lars Bark (Volvo Penta)

Section 3 - Jaime Tomporowski (Atlas Copco)

12:00 - 13:00 Lunch

13:00 - 16:00
Section 4 - Evelynn Stirling and Karsten Taudte (Cummins)

Section 5 - JP Ouellette (Kubota)

Discussion and Conclusion, JP Ouellette, Co-chair MDEC Conference
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Workshop Address List — October 1, 2014

Brett Andrews

Cummins Eastern Canada
18 Vermont Crescent

North Bay, Ontario P1C 1L5

Inigo Assaripallam
MacLean Engineering
1000 Raglan Street
Collingwood, ON L9Y 371

Richard Banting

Workplace Safety North

690 McKeown Avenue
North Bay, Ontario P1B 9P1

Lars Bark

Volvo Penta
Gropegardsgatan, Gothenbug
SWEDEN 40508

Chet Beery

T.F. Hudgins

4405 Directors Row
Houston, Texas 77433 USA

Boyd Bishop

SMM Pogo Mine

PO Box 145

Delta Junction, Alaska 99737
USA

Darrell Brown

Goldcorp Musselwhite Mine
PO Box 7500

Thunder Bay, Ontario P7B 6S8

Aleksandar Bugarski
NIOSH/OMSHR

626 Cochrans Mill Road
Pittsburgh, PA 15236 USA

Kevin Burkholder
Cementation Canada Inc.
590 Graham Drive

North Bay, Ontario P1B 7S1

Bus: (705) 499-7208
email: brett.andrews@cummins.com

Bus: (705) 445-5707 x 291

email; iassaripallam@macleanengineering.com

Bus: (705) 474-7233
Fax: (705) 472-5800

email; rickbanting@workplacesafetynorth.ca

Bus: +46 31 322 1126
email; lars.bark@volvo.com

Bus: (281) 844-0591
Fax: (713) 682-1109
email: cbeery@tfhudgins.com

Bus: (907) 895-2744
email: boyd.bishop@smmpogo.com

Bus: (807) 928-2200 x 6235
email; darrell.brown@agoldcorp.com

Bus: (412) 386-5912
Fax: (412) 386-4917
email: abugarski@cdc.gov

Bus: (705) 472-3381
Cell: (705) 475-8378

email: kevin.burkholder@cementation.com




Remi Desrosiers

GE Mining

1940 Onesime-Gagnon
Lachine QC H8T 3M6

Roy Draffin

Mammoth Equipment & Exhaust
32 Tacoma Circuit

Canning Vale, Western Australia
6155 AUSTRALIA

Carter Elsasser

Wajax Power Systems

30 Vagnini Ct

Sudbury, Ontario P3Y 1K8

Per Erikssohn

Atlas Copco URE
Fabriksgatan 52
Orebro Sweden 70191

Habiba Essak

Goldcorp Inc. Musselwhite Mine
Box 7500

Thunder Bay, ON P7B 6S8

Derrick Flynn

FLOWMAX DPF

258 County Road 29
Frankville, Ontario KOE 1HO

Mahe Gangal

Head, Diesel Emissions
CanmetMINING

1 Haanel Dr., Bldg. #9
Nepean, Ontario K1A 1M1

Dwaine Gaudette

Goldcorp Musselwhite Mine
PO Box 7500

Thunder Bay, ON P7B 6S8

Gail Gauthier

Goldcorp Inc.

Box 7500

Thunder Bay, ON P7B 6S8

Monique Gervais
IAMGOLD Corporation
401 Bay Street, suite 3200
PO Box 153

Toronto, ON M5H 2Y4

Bus: (514) 420-5646
email: remi.desrosiers@ge.com

Bus: 04 19 985573
Fax: 6 18 455 1909
email: roy.draffin@mammothequip.cau

Bus: (705) 692-0707

Bus: 46 19 676 5791

email: per.erikssohn@se.atlascopco.com

Bus: (807) 928-2200 x. 5112
Fax: (807) 928-3069
email: habiba.essak@qgoldcorp.com

Bus: (613) 275-2222
Fax: (613) 275-1270
email: dwflynn@ripnet.com

Bus: (613) 996-6103
Fax: (613) 996-2597
email: mgangal@nrcan.gc.ca

Bus: (807) 928-2200 x 5140
Fax: (807) 928-2258
email: dwaine.gaudette@goldcorp.com

Bus: (807) 928-2200
Fax: (807) 928-3069
email: gail.gauthier@goldcorp.com

Bus: (647) 278-7120
Fax: (416) 360-4750
email: Monigue gervais@iamgold.com




Raafat Habib
ESW Group

Dale Harnish

Atlas Copco

3700 East 68" Ave

Commerce City CO 80022 USA

Tim Hinds

Glencore

3259 Skead Road
Sudbury, Ontario POM 2Y0

Brian Hooten

FMC

PO Box 872

Green River, Wyoming USA 82937

Ryan Jaeger

L&M Radiator

1414 East 37" Street
Hibbing, MN USA 55746

Ryan Jakov

The Mosaic Company
Highway 80 East
Esterhazy, SK SOA 0X0

Sian Jones

Vale NL

29 Gil Eannes Drive

St. John’s, NFLD A1B 5C5

Harsim Kalsi

Ontario Ministry of Labour
159 Cedar St., Suite 301
Sudbury, Ontario P3E 6A5

Seppo Karhu

Sandvik Mining and Construction
Vahdontie 19

Turku Finland 20101

Brad Ketola

SMM Pogo LLC

P.O. Box 145

Delta Jct., Alaska 99737 USA

Jacob Korytkowski
MTU America Inc.
39525 MacKenzie Dr.
Novi, Ml 48150 USA

Bus: (416) 671-2243
email: rhabib@eswqgroup.com

Bus: (303) 217-2817
email: dale.harnish@us.atlascopco.com

Bus: (705) 693-2761
email: tim.hinds@glencore-ca.com

Bus: (307) 872-2477
email: brian.hooten@fmc.com

Bus: (218) 362-7513
email: rjaeger@mesabi.com

Bus: (306) 745-3039
Fax: (306) 745-4326
email: ryan.jakov@mosaicco.com

Bus: (709) 745-5049
email: sian.jones@vale.com

Bus: (705) 564-7177
Fax: (705) 564-7437
email: harsim.kalsi@ontario.ca

Bus: +358-400-775-939
email: seppo.karhu@sandvik.com

email: Brad.Ketola@smmpogo.com

Bus: (313) 354-6304
email: jacob.Korytkowski@mtu-on-line.com




Brian Kutschke

US Local 6500

66 Brady Street

Sudbury, Ontario P3E 1C8

Mark Laine

Vale — NFLD & Labrador Operations
Suite 700, Blaine Johnston Center

10 Fort William Place

St. John’s, NFLD & Labrador A1C 1K4

Alain Landry

Glencore —Sudbury

6 Edison Rd.

Falconbridge, Ontario POM 1S0

Brian Lopez

Atlas Copco

355 W River Street
Elko, Nevada 89801

Stephen Lynch

Sifto Canada Corp.

300 N. Harbour Road
Goderich, Ontario N7A 3Y9

Bill Madura

FMC

PO Box 872

Green River, Wyoming
82935 USA

Greg Mascioli

Kidd Operations

PO Box 2002 Stn. Main
Timmins, Ontario P4N 7K1

Stan Mccarthy

Vale, Voisey’s Bay Mine Site

NFLD & Labrador Operations

P.0. Box 7001, Station C

Happy Valley-Goose Bay, NL AOP 1CO

Sean McGinn

MKNIZD Factors Inc.

340 Parkdale Ave., Suite 134
Ottawa, Ontario K1Y 1P2

John McLeod

Potash Corp. Allan Division
Box 301

Allan, SK  SOK 0CO

Bus: (705) 675-3381
Fax: (705) 675-2438
email: apaquin@uswsudbury.ca

Bus: (709) 752-3186
email; mark.laine@vale.com

Bus: (705) 693-2761 x 3693
email; alain.landry@aglencore-ca.com

Bus: (775) 388-4957
Fax: (775) 777-9448
email: Bryan.Lopez@us.atlascopco.com

Bus: (519) 524-8351
email: aldricht@compassminerals.com

Bus: (307) 872-2477
email: brian.hooten@fmc.com

Bus: (705) 267-8712
email: gmmascioli@gmail.com

Bus: (709) 922-4289
Fax: (709) 922-4540
email: stan.mccarthy@vale.com

Bus: (613) 808-3031
email: mknizd@gmail.com

Bus: (306) 979-4412
email: John.McLeod@potashcorp.com




Jeff Munk

FMC

P.O. Box 72

Green River, Wyoming USA 82935

Joshua Murrell

SMM Pogo LLC

P.O. Box 145

Delta Jct., Alaska 99737 USA

Charles Noonan
Testo, Inc.

40 White Lake Road
Sparta, NJ 07811 USA

Douglas O’'Connor

Doug O’Connor Consulting Ltd.
71 Lloyd Street

Lively, Ontario P3Y 1C1

J.P. Ouellette

Kubota Canada Ltd.,

5900 14™ Avenue

Markham, Ontario L3S 4K4

Brian Pare

SMM Pogo Mine

PO Box 145

Delta Junction Alaska 99737 USA

Dale Rakochy
Sandvik Mining

Jan Romo

Mine Mill Local 598/Unifor
2550 Richard Lake Drive
Sudbury, Ontario P3G 0A3

Brent Rubeli
CanmetMINING

1 Haanel Dr., Bldg. #9
Nepean, Ontario K1A 1M1

Rick Shulist

Ministry of Labour

217 York Street, 5thFloor
London, Ontario N6A 5P9

Bus: (307) 872-2477
email: brian.hooten@fmc.com

Bus: (907) 895-2480
email: Josh.Murrell@smmpogo.com

Bus: (800) 227-0729
Fax: (862) 354-5020
email: cnoonan@testo.com

Bus: (705) 562-9335

Bus: (905) 292-7477
Fax: (905) 294-1554
email: jpouellette@kubota.ca

Bus: (907) 895-2743
email: brian.pare@smmpogo.com

Bus: 705) 692-7335
email; dale.rakochy@sandvik.com

Bus: (705) 673-3661
Fax: (705) 673-1183
email; natalie.williamson@minemill598.com

Bus: (613) 996-6285
Fax: (613) 996-2597
email: brubeli@nrcan.qgc.ca

Bus: (519) 646-3249
Fax: (519) 672-0268
email: rick.shulist@ontario.ca




Oreste Simonetta

CSA Group

5060 Spectrum Way
Mississauga ON L4W 5N6

Branden Sitterud

Mac’s Mining Repair Services Inc.

225 West 400 South
Huntington UT 84528 USA

Cole Smith
PCS Allan
Allan, SK SOK 0CO

Paul Sparenberg
MTU America Inc.
39525 MacKenzie Dr.
Novi, Ml 48377 USA

Evelynn Stirling

Cummins Inc.

500 Jackson Street

Columbus, Indiana 47201 USA

Paul Summers

Miller technology Inc.

175 Eloy Road

North Bay, Ontario P1B 9T9

Darren Tasker

Volvo Penta of the Americas
1300 Volvo Penta Drive
Chesapeake, VA 23322 USA

Karsten Taudte

Cummins Inc.
Peter-Traiser-Strasse 1

Gross Gerau GERMANY 64521

Troy Terrillion

Newmont USA Limited

1655 Mountain City Highway
Elko, NV 89801 USA

Darcy Thomson

John Deere Power Systems
295 Hunter Road

Grimsby, Ontario L3M 4H5

Bus: (416) 747-2709
email: oreste.simonetta@csaqgroup.org

Bus: (435) 687-2244
email; branden@macsminingrepair.com

Bus: (306) 257-2107
email: cole.smith@potashcorp.com

Bus: (313) 204-2782
email: paul.sparenberg@mtu-online.com

Bus: (812) 377-6145
Fax: (812) 377-5179
email: Evelynn.j.stirling@cummins.com

Bus: (705) 476-4500
email: psummers@millertechnology.com

Bus: (757) 352-8178
email; Darren.tasker@volvo.com

Bus: 49 6152 174187
email: karsten.taudte@cummins.com

Bus: (775) 778-2149
email: Troy.Terrillion@newmont.com

Bus: (905) 945-7350
email: thomsondarcya@johndeere.com




James Tomporowski

Atlas Copco Mining and Rock
Excavation Technique

1025 Tristar Drive
Mississauga, Ontario L5T 1W5

Wayne Wallis

Mammoth Exhaust and Equipment
32 Tacoma Circuit

Canning Vale WA 6155 AUSTRALIA

Kevin Watson

Vale

7 Rink Street

Copper Cliff, ON POM 1NO

Matthew Weber
K+S Windsor Salt Ltd.

Michael Welsh

Ministry of Labour

347 Preston Street, Suite 430
Ottawa, ON K1S 3J4

Larry Widdifield
Caterpillar

399 North Shore Rd
Whitefish, ON POM 3EO

Bob Wilford

Wajax Power Systems
10 Diesel Drive
Toronto, ON M8W 2T8

David A. Young
CanmetMINING

1 Haanel Dr., Bldg. #9
Nepean, Ontario K1A 1M1

Bus: (416) 616-6981
email: jamie.tomporowski@ca.atlascopco.com

Bus: 04 08 359499
Fax: 61 8 9455 1909
email; wayne.wallis@mammothequip.com.au

Bus: (705) 682-8825
email; kevin.watson2@vale.com

Bus: (519) 972-2218
email: mweber@windsorsalt.com

Bus: 613) 727-2839
email: Michael.welsh@ontario.ca

Bus: (705) 866-6137
email: widdifield larry f@cat.com

Bus: (416) 259-3281
Fax: (416) 259-1863
email: bwilfrod@wajax.com

Bus: (613) 943-9265
Fax: (613) 996-2597
email: davyoung@nrcan.gc.ca
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Sandvik’s objective is iew:ff )
harm to our people, the
environment we work in, our
customers and our suppliers

SANDVIK
I
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Tier 4i engine integration

The challenge in 2011

In 2011 serial production was ending for the 060

Tier 2 Detroit Diesel Series 60 engine.

Sandvik needed an engine family for both the
Tier 4i and ‘non-regulated’ markets:

European Union (EU) Stage IIIB

US EPA Tier 4i or MSHA /CANMET for
underground mining in North America.

US EPA Tier 2 or 3 for ‘non-regulated’
markets with higher sulphur diesel fuels.

Non Road Emission Regulations

4.0
NO, (g/kwh)

6.0 8.0

SANDVIK
L

Tier 4i engine integration

Fuel requirements

Ultra low sulphur diesel fuel (ULSD) is
required for Tier 4i.

Already mandatory in the following
regions:

Europe

North America

158 Belont

. .>vs—sn
* Australia & New Zealand EE
2500-2000
* Japan I 20-500
Il 550008 Above
* Korea CorfictingMissing Data

Iformaton n s pe il
soma 3012

Diesel Fuel Sulphur Levels: Global Status.
June 20

SANDVIK
L
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Tier 4i engine integration
What was done?

Engine studies and supplier negotiations started in late
2008 / early 2009.

Engine selection was based on the following criteria:

World-wide support presence

Suitable power range

Simple, robust design

Compact installation

High performance, low fuel consumption

Commonality of parts across all Tier engines

SANDVIK
Tier 4i engine technology
Two technology paths
SANDVIK

W1 -3
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Tier 4i engine technology
Who was doing what?

Tier 4i 2011

225 to 560 kW

Selective Catalytic Reduction (SCR)

Volvo Penta
Scania
Deutz

Mercedes

Cooled Exhaust Gas Recirculation (EGR)

+ Diesel Particulate Filter (DPF)
Cummins
Caterpillar
John Deere

SANDVIK|
L

SCR

Typical system design

The engine is tuned for high NO,
and low PM.

DEF (AdBlue) is injected into the
exhaust gas stream at a rate of 3
to 5 percent of diesel fuel
consumed.

DEF (AdBlue) reacts with the NO,
in the SCR catalytic converter to
produce nitrogen and water.

‘AdBlue tank

SANDVIK|
L

W1 -4
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SCR

OEM challenges

‘DEF’ infrastructure required.
SCR muffler must fit within frame.

DEF (AdBlue) freezes at -11C and
decomposes slowly above 65C. Tank heated
by coolant and lines electrically heated.

Operating practices:
* ‘DEF’ contamination
* Low ‘DEF’ - engine de-rate

* System tampering

ULSD required.

SANDVIK
I

SCR

OEM challenges

‘Adblue’ or “DEF’ exhaust additive:

Aqueous solution consisting of 32.5% urea and
67.5% water.

Non-flammable and non-toxic.

Readily available from most diesel fuel suppliers.

Typically cheaper than diesel fuel.

Corrosive to some metals (copper).

N\ 15022241 [0

AdBlue/DEF
ONLY

SANDVIK
I
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Cooled EGR + DPF

Typical system design

* The engine is tuned for high PM and
low NOx.

Air Filter

VGT

* Cooled exhaust gas is recirculated
into the engine. Reduces oxygen —_l
Oxidation Catalyzed

concentration and combustion
temperature to control NOx
formation.

* PMis trapped in a particulate filter
and oxidized by active regeneration.

Common Rail Fuel System

0000

AP

T Tr_lﬁ
Ll Diesel
] Parculate
Filter

Fuel Injection

Catalyst
EGR Valve

OO

SANDVIK
I

Cooled EGR + DPF
OEM challenges

¢ Larger radiator required - up to 50% increase.
* Aftertreatment system must fit within frame.

* Exhaust gas >600C during active regeneration. Diff user
required at tailpipe.

* Ash accumulation. DPF must be removed within 5000 hours.

¢ ULSD and low sulphated ash oil required.

* Reliability of active regeneration system in UG application?

SANDVIK
I
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Tier 4i engine integration

Design considerations

An UG LHD has a low profile, enabling it to

work under low roof heights and in confined

spaces. PO e
AND REVETSE

LOW CENTER OF
GRATY

* Not suited to Cooled EGR + DPF layout

used in construction equipment installations.
WWEIGHT

* Larger radiator — higher profile gt e i
LONG WIHEEL.

Increase radiator fins — increased clogging o e

AND FEVERSE

Aftertreatment system needs to be located
high on the machine — limit water ingress.

. SANDVIK
Em——

Tier 4i engine integration
Design considerations

Volvo Tier 4i envelope is similar to current engine with the SCR
unit replacing the muffler.

Proven SCR technology from on-road trucks.

* Simple, robust ‘Tier 2’ style base engine.

No variable geometry or dual stage turbocharging.
Unit injectors with no high pressure common rail fuel injection.
* No DPF or cooled EGR:

*  Larger radiator not required.

No periodic removal for cleaning
No high temperature regeneration.

1 SANDVIK
I

W1 -7
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* Volvo with SCR was selected as the best candidate for

* Successful Tier 4i engine field testing was completed

* The Detroit Diesel Series-60 engine was replaced by:

Tier 4i engine integration
UG loaders and trucks

the 255 - 560 kW power range.

in 2010 (>3000 test hours).

* Volvo D13 & D16 Tier 4i for markets with ULSD —
Europe, North America and Australia.

* Volvo D13 & D16 Tier 2 for non-regulated markets.

SANDVIK
® —
Non regulated markets
Why Tier 2 ?
Tier 2 Tier 3
High NOx Low NOx
Low PM High PM
Lower Fuel Consumption Higher Fuel Consumption
No EGR - simple EGR - increased complexity
SANDVIK
° —

W1 -8
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Non regulated markets
Tier 2 vs Tier 3

Our experience from Tier 2 — Tier 3:

°

Increased diesel particulate emissions.

Increased fuel consumption.

Increased smoke at high altitude —
transient fuelling not optimized.

Blocked DPFs.

0.60

PM (g/kwh)

0.0 20 4.0 6.0 8.0 10.0
NO, (g/kWh)
SANDVIK
[ ]

Tier 4i engine integration

What are the T4i advantages?

Lower diesel particulate matter and
exhaust gas emissions.

Reduced fuel consumption.
Improved performance.

Reduced ventilation rates for
countries that calculate ventilation
on emissions output rather than
rated power - MSHA, CANMET.

SANDVIK
I
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Tier 4i engine integration

MSHA Ventilation Rates

The Volvo Tier 4i engines were tested
for MSHA approval to use in
underground mines in the United
States.

The reduction in ventilation rates
compared to the Series 60 Tier 2
engines were:

* LH514 — 24%

* LH517 — 43%

* LH621 — 46%

Ventilation rate CFM

28000

24000

20000

16000

12000

8000

4000

MSHA Ventilation Rate

©Volvo D13 T4i
@S-60 Tier 2

LH514 LH517

LH621

SANDVIK
L

Tier 4i engine integration

MSHA Particulate Index

The MSHA Particulate Index (PI)
was calculated to dilute PM to
1.0mg/m3.

The reduction in Pl compared to
Series 60 Tier 2 engines were:

* LH514 — 86%
* LH517 - 80%
* LH621 - 84%

Particulate Index CFM

28000

MSHA Particulate Index

24000

20000

16000

12000

8000

4000

OVolvo D13 T4i
@S-60 Tier 2

LH514 LH517

LH621

SANDVIK
L
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Tier 4i engine integration

CANMET Ventilation Rate

The Volvo Tier 4i engines were
tested for CANMET-MMSL approval
to use in underground mines in
Canada.

The Tier 4i powered Sandvik 500
and 600 series loaders have the
lowest ventilation rate in their size
class.

Ventilation CFM

28000

24000

20000

16000

12000

8000

4000

CANMET Ventilation Rate

OVolvo D13 T4i

11,000CFM

14,400CFM
12,400CFM

LH514

LH517 LH621

SANDVIK
I

Tier 4i engine integration

Performance

The Volvo Tier 4i engines offer more
broad usable torque for hydraulic load
and good lugging ability.

* Good torque rise
* Flatter torque curve
* Increased torque at low rpm

* Improved throttle response

Torque Nm

Detroit 6063MK32

Torque Curve ——Volvo TAD1360VE

1000

1400 1800 2200
Speed rpm

SANDVIK
I
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Tier 4i engine integration
Aftermarket Support

* Sandvik worked with Volvo Penta to identify
location of customer base and ensure global
support was established.

* Volvo Penta is responsible for the industrial engine
dealer support.

* Alternatively, Volvo Penta appoints a dealer from
within the Volvo Group i.e. Volvo Construction
Equipment.

* This allows access to the large dealership network
of the Volvo group.

Seschenan

SANDVIK
|

Tier 4i engine integration
Model vs Quantity

As of August 2014, Volvo Tier 4i engines have
been supplied:

* in more than 150 Sandvik loaders and trucks.
* to Canada, USA, Europe, Japan, Australia.

* in 7 different loader and truck models.

SANDVIK
|

W1 -12
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Tier 4i engine integration
Experiences

* SCR Muffler blockage:
LHD submersed in water — revised tail pipe
design.
Excessive idling in very cold conditions.
* ‘DEF’ Contamination:
Unclean operating practices.
* Mixing of ‘DEF’ and ‘Diesel’:
Different quick fill connections implemented.

* Operating at low DEF tank level:

Ignore warning and engine de-rates.

SANDVIK
L ]
Tier 4 Final
SCR technology required
SANDVIK
L ]
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Tier 4 Final

Volvo solution

D13 & D16 Tier 4i — Tier 4 final:

80% reduction in NO,.

‘Hot’ EGR to keep SCR catalyst operating at
optimum temperature.

Cooling package remains unchanged.
SCR muffler increases in size.

Introduced into Sandvik loaders and trucks
from 2014.

SANDVIK
Tier 4i engine integration
Thank You!

SANDVIK
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VOLVO PENTA

VOLVO
PENTA

MDEC conference - October 7th, 2014

Volvo Penta Participants:

Darren Tasker Director, Industrial Business
Dee Wise Regional Sales Manager

Lars Bark Engine Certification Engineer

Volvo Penta VOLYO
2 PENTA

Ww2- 1
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Volvo_Grogp

Group Trucks Group Trucks Group Trucks Group Trucks Group Trucks
Sales & Marketing Sales & Marketing Sales & Marketing Operations Technology
EMEA Americas APAC

BUSINESS AREAS

Volvo Buses Volvo Penta Governmariai

Sales r..

Volvo Penta VOLYVO
9 PENTA

Volvo group emi

technoloqgiles

IEGR EGR + DPF EGR + DFF EGR + DPF
+ SCR +SCR
2002 2005 2006 2007 2009 2010 2011 2014
Volvo Penta VOLYVO
& PENTA
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Volvo Penta’s
technology path

Crossroa

Particulates , 9/kWh

06 N EGR lower combustion temperature

Lower emissions than Tier 3
requires aftertreatment

0.5

Tier 4i could be met with two
main paths - EGR/DPF or SCR

Base engine «  That Tier 4f (2014) would
trade-off curve require both technologies was
common industry belief

0.4

0.3

Tier 4i platform for Tier 4 final

High NOx engine
Low fuel consumption

Diesel Particulate Filter

0.2

0.1

Tier 4i M

2 4 6 8 10 NO, g/kWh
Volvo Penta VOLYO
@ PENTA
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Tier 4 Selective Catalytic Reduction (SCR)

AdBlue tank

Exhaust gas
{containing NOx)

/ AdBlus

AdBlue Mifrogen
+ Exhaust gas Walar to the
(confaining MOx) environment

Volvo Penta YOLLYVO
v PENTA

SCR — our choi
2011

*  Lower fuel consumption

* Base engine technology & envelope unchanged
+ Cooling package remains unchanged

* Flexible installation of aftertreatment

* Reliable & proven aftertreatment

* Greater power densities

* No Diesel Particulate Filter

* No need for regeneration
»  Service intervals remain unchanged

OEMs recommended to not take on big installation projects
involving EGR/DPF for 2011. Rapid technology development!

Volvo Penta YOLLYVO
8 PENTA

W2- 4
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SCR — our choi

2014

Particle mass control
directly by engine design
and calibration

NO, to be controlled by
an SCR after treatment

system

Volvo Penta VOLYVO
© PENTA

Low fuel consu

«  Automotive base engine

+ SCR technology

« Limited amount of EGR

*  Maximizes the amount of Oxygen
« Optimizes the Horsepower output
« PM from engine below Stage 4

level

Example based on D13 engine: = C'FJT!I'HIZES Fuel EﬁIGIE‘I'IC}I'

« Oil change intervals: 250h

e Fuel price: 1€/

« Constant load 75%, 1800rpm

e 703,000 litres of fuel

o 6%=¢€42,180
Volvo Penta VOLYVO
L PENTA

W2- 5
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Simplicity
Optimized Fuel Consumption
Maximized Power Qutput

Volvo Penta YOI
it PENTA

.10 2014

Maximized Uptime
Proven Technology
Easy to Install

Volvo Penta YOI
12 PENTA

W2- 6
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Keep 1t simj

Wy
)

'. Oxidation catalyst DOC

Partic iter DPF

Re ation

Duai Stage Turbo

Lower fuel consumption

- Base engine technology & envelope unchanged
+ Cooling package remains unchanged

* Flexible installation of aftertreatment

* Reliable & proven aftertreatment

* Greater power densities

* No Diesel Particulate Filter/ Oxidation Catalyst

* Vanadium SCR substrate

* No need for regeneration

+  Service intervals remain unchanged

OEMs recommended to not take on big installation projects
involving EGR/DPF for 2014. Rapid technology development!

Volvo Penta YOLYO
¥ PENTA

Ww2- 7
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SCR Substrate

Washcoated catalysts Tier 4i Vanadium extruded catalyst Tier 4F

Framework (not active)

« Large active mass
« Excellent durability
» High activity at low temperature

* Cells density same as for Tier 4

- Increased NOx conversion

Volvo Penta VOLYO
i PENTA

Certifications
Volvo Penta

Lars Bark
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Current certti

engines

« TAD941VE Tier 2
TAD134XVE Tier 2
TAD136XVE Tier 4i
TAD164XVE Tier 2
TAD166XVE Tier 4i

Fiadlllieu Ilirsasz e

certifications

5L Q 105-160kW (140-214HP)

POWER [kW (US HP)] })
Volvo Penta VOLYVO
DR PENTA

P
=R

Ww2- 9
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Authorities and
certificates

MSHA is the only
form of international
standard for mining
certificates

Volvo Penta YOoOLVO

Lars Bark PENTA
19

Ventilation rat

+ The gaseous ventilation rate (Qgas) is the dilution air
quantity required to reduce the specific (toxic) exhaust
gases to the following levels:

MSHA Canmet
CO, 5000 ppm CO, 5000 ppm
CcO 50 ppm CcO 50 ppm
NO 25 ppm NO 25 ppm
NO,  5ppm NO,  3ppm
SO, 2 ppm
e ¥oRYR

20

W2 -
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Ventirlation Ra

MSHA

* MSHA and Canmet have different ways of calculating the
Ventilation Rate

* MSHA calculates the ventilation rate per gas component
+ NO
+ NO,
+ CO
+ CO,

Volvo Penta YOoOLVO
Lars Bark PENTA
21

Ventilation Ra

canmet

» Canmet prefer to use a weighted calculation of all the
components, EQI, Exhaust Quality Index

]

CO NO DPM DPM DPM
EQI =——+—+ +1_5[S02+—]+1.2[—N02+—2

50 25 2 3 2 3

* If needed a similar method to MSHA is used, selecting the highest

* Ventilation Rate determined by a single component.

Volvo Penta YOoOLVO
Lars Bark PENTA
22
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Particulate In

MSHA

« Since MSHA VR exclude Particulate measurements there is an
addition to the existing VR, which is called Particulate Index,
”PI”

» The particulateindex is the dilution air quantity (Qdpm) needed
to reduce exhaust DPM concentration to 1000 pg/m3

Volvo Penta YOLVD
Lars Bark PENTA
23

VR and PI, MSH

+ Every approved engine gets a VR and a Pl for MSHA.
* In practice, the highest of the two will be the "used indication
number” for that engine.
Fall f s AAEIA ——
Hime Salety and Health Adminktsation & |
R T e e ey R N L TaLL]
Las= i smpact gere
Approval Engine Mool HP & %,@ OPM  BPM Filter EIF Filter £
Musnber  Mamilactures RPM Al \R gramsShe groms g for 50 lor 2.5
10608 weitighled -hr grama fhr grames |
Elewvation welghted
ns CUMMING eH33 od @ AN} 4000 B.38 1 22 B1
EMAL110017 2200
07- VOLVO PENTA TAD 1363VE requires 469 @ 14000 3000 4.62 0.02 0 46
EMA120001 DEF 1900
07- WVOLVO PENTA TAD 1384VE requires 510 @ 14500 2500 41.07 0.02 Q 39
EMALZDB00T DEF 1900
07- WVOLVO PENTA TAD 1365VE requires 551 @ 16500 3000 44 0.02 0 43
ENATZDMM DEF 1900
Volvo Penta YOLLYVO
Lars Bark PEMNTA
24

W2 -

12



MDEC 2014

Test cycles can

Rapid Toxic Gas Search
« The aim is to find the operating points with the highest NO, and CO concentrations

* The concentrations shall not contain more than:

+ 2500 ppm CO "‘: Power
* 1500 ppm NO, 150 1
+ 150 mg/m3 DPM 30 /:-_ l«_ —
250 | \
«—o—>ry \

0 500 1000 1500 2000 2500
pm

=a—|FN Power 375 kW

« For a Tier4f engine the test serves the purpose of finding these points and include them in the
ventilation rate test (MAPTEST).

Volvo Penta VOLYVO

Lars Bark PENTA
25

Ventllatlon rate

45000 ]
40000 | il
35000 | i
30000 | i
25000 | I
20000 | '
15000 |
10000 3
5000 |
8 el '-Lwﬂ l-.-n.m :_._m-u ] rm-u ! --a--rn ':w-l. _._IHmlJ._._J-unH :
) O O 00 -
“Official M3HA vantilstion rate nef recelved]
Lo e Yorvo
26

W2 -
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Ventilation rat

2

MSHA VR [cfm]

45000
40000 |
35000 |

30000 |
25000
20000
15000
10000
5000

1Az Ihl‘ﬂ I‘ Alrpaa
II-.I\:'I.

| wapsanT 'll.n-um
e 1S

*Official MSHA ventilation rate not received!

Mlum rl.u-'u'-t :_r_l

LL2 I'-lli |l-f"lh"ﬂ
h:lxl.l el

[l ™
Ll T

Volvo Penta
Lars Bark
27

PENTA

Ventilation rat

41

Particulate Index

"CThe sl MSMA sentilation rate not recsied?

3000 |
2500
2000

£ 1500
1000

500

0

-:-1 ‘-l-n-]

.u.

Volvo Penta
Lars Bark
28

PENTA
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Ventilation rat
Particulate Index
14000
12000
10000
8000
E
“ 6000
4000
2000
o -u
i o lm()f‘;:clal MSHA ventilation rate not received! r .
Volvo Penta VOLYVO
Iz.grs Bark PENTA

Ventilation rat

To be able to compare various engines, the authorities use the
unit [ventilation rate [cfm]/bhp] (MSHA)
MSHA [cfm/bhp]
fisiannis
e
¢?€¢“ e q@-ﬁ‘%@'ﬂ 5
& P P «‘9 «‘lg \.,S?’
“0fficial BIEHA ventilstion nof recalved!
Volvo Penta VOLYVO
sars Bark PENTA

W2- 15



MDEC 2014

Ventilation rat

To be able to compare various engines, the authorities use the
unit [ventilation rate [cfm]/bhp] (MSHA)

MSHA [cfm/bhp]
£ & &
A »;*‘ ¢ +a> &

* 4@‘9 «?0» Sl x‘p x"‘g «"9 «‘g‘»

“0#fic I:l BESHA weetilztion rate nat uﬂl wdl

Volvo Penta

I;I:rs Bark m
ventilation rat
compar 1sons
MSHA Ventilation Rate [cfm]
500 L
o
E yi0m0 ¢ * Coprin
2 ;
.‘ *.' WP T}
3e * pfedsanh
20000 fl it‘. rf * i A
A A
10000 & AA
[ 10 100 ] &0 Wil i ] [
T Yorve
32
W2 -
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ventilation rat

comparions

MSHA Ventilation Rate [cfm/bhp]

"' L
L4 &
) iSie v -
%ﬁ* ‘ %
5
i
2 : .I.' \d
E a0 5 ~ S * & :::::em
a0 & & & A ‘ “ Fy &P T
1
a0
! o 160 160 100 ] o w00 100 830
Hedsepdrt
Volvo Penta VOLYVO
Lars Bark PENTA

33

Shelf life versus temperature

Months
40

35

30

25

<10°C <25°C <30°C <35°C

Source: ISO/DIS 22241-3

Volvo Penta
34

YOLVO
PENTA
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Temperature profile

= Aahus HeatM:
Aahus test cycle on testbed R21
(TAD1360VE - 256kW@1900rpm)

Distribution [%]

I I I
150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Temperature pre SCR-catalyst [°C]

Yolvo Penta VOLVO

e EU on-road Euro VI regulations introduce particle number limit - 2014

o EU commission have initiated discussions about Stage V but no legal
draft is yet available

o New law expected to be published 2015, earliest
o Normal lead time for industry to comply is 5 years
o Stage V earliest by 2019

e Technology will change in the next 5 years

Volvo Penta YOLLYVO
& PENTA
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DIESEL
ENGINE
UPDATE

COMMITTED TO SUSTAINABLE PRODUCTIVITY

We stand by our responsibilities towards our customers,
towards the environment and the people around us.

We make performance stand a test of time. This is what
we call — Sustainable Productivity.

I
< | K

3- 1
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CONTENT

General update about what has been done and what's ongoing

R A e = P s T Sy,
T | M, gy o
; &y LT . 1 b
L

= Existing and coming legislations

= Engine info and cleaning technolo

SUSTAINABLE PRODUCTIVITY
Why do we do this?

= New legal demands in some countries

= Atlas Copco will commit to a sustainable
environment

= Major mining houses outside of regulated
areas start to request this to fulfill their
companies environmental goals

Sustainable

Eug-toin-a-Dip

Capable of being conlinged wilh
e Ipng-taim atfect
an this efnranmat
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EXISTING AND COMING LEGISLATION

Two different legislation is driving the development

= There is two different legislation/ratings existing e ‘;:;“;;-1‘-.
— Europe (CE) is using the "Stage” ratings o F ®
— US (Construction/EPA) is using the "Tier” rating ‘:‘ .I ..:..'_"
= They correspond accordingly: ‘:-
— Stage 3A = Tier 3
— Stage 3B = Tier 4i
— Stage 4 = Tier 4F

= Examples of other countries that don’t belong to above regions but have same
regulations as above are:
— Japan
— lIsrael
— South Korea

= There are other legislations existing locally but are not corresponding to above:
— US (Mining): MSHA
— Canada: Canmet

_—
Htlas Copeo
je—————

EXISTING AND COMING LEGISLATION

Different power ratings has different dates
(Green=Current, red=has passed, Blue=will come)

= CE*-directive 2004/26/EG (equal to US EPA*)
— Stage Ill A (EPA Tier 3)
= 130 -560 kW 2006-01-01
= 75-130kW 2007-01-01
= 37 — 75kW 2008-01-01

— Stage Ill B (EPA Tier 4i)
= 130-560 kW 2011-01-01
. 56 — 130 kW 2012-01-01
. 37 — 56 kW 2013-01-01

— Stage IV (EPA Tier 4f)
= 130-560 kW 2014-01-01
= 56-130kW 2014-10-01

— Engines delivered to OEMs (Atlas Copco) before the effect date of the legislation may be used
without any measures within CE. For EPA the term “with in reasonable time” is used.

— Flexiplate allows limited usage of earlier Stage approved engines within CE.
— Main source for knowledge about regional emission demands: www.dieselnet.com

*) CE = European community _
EPA = U.S. Environmental Protection Agency Htlas Copeo
|
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GLOBAL REGULATIONS AND EXPECTATIONS

Global Emissions Regulations.

I
Estimation done by Cummins Inc. Marked with * is expected to happen Atlas Copeo

EXISTING AND COMING LEGISLATION

Global sales of clean engine??

= |tis allowed for a Customer Centre to offer a higher (cleaner) rating of the
engine than the demands in that country but its up to the local Customer
Centre to make sure that the demanded fuel quality is offered and available
in that country.

= For Example a Stage 3B/Tier 4i or Stage 4/Tier 4F engine will demand a
sulfur ratio below 15 ppm compared to a Stage 3A/Tier 3 engine that
demands a ratio below 5000 ppm or percentage of weight, e.g. 0.05 % to
0.50% as per CANMET ratings

= This engines also need engine oils of “low ash” type. For example Deutz
class DQC Il LA or DQC IV LA.

E—
Atlas Copeo
e ——— )
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ULTRA LOW SULPHUR FUEL STATUS

Diswzal Fusl Sulphor Lavets: Clobal Suves
Jumi 2012

E—
Atlas Copeo
e ——— )

EXISTING AND COMING LEGISLATION

Global sales of clean engine??

= The Customer Centre also needs to inform the customer that the Stage 3B/Tier 4i technique is
based on a particle filter in the larger engines (115kw an upwards). When this filter is full it needs
to be clean burned or otherwise the engine will downgrade the power and the machine will be
extremely slow on tramming speed. Stage 3B/Tier 4i engine below 115kw has only catalyzer and
not above process

= The clean burning has to be done approximately around every sixth engine hour for a Stage
3B/Tier 4i. The burning process takes approximately 20-30 minutes and needs a hot engine to do
so. If the engine is shut down under this period the process has to start all over again.

= The Stage 4/Tier 4F engines will have a “simpler” burning process due to that they will be burning
the filter continuously. The disadvantage with the Stage 4/Tier 4F engines is that they need
Urea/Adblue. It is Customer Centre’s responsibility to check that Urea/Adblue is available in the
country before offering Stage 4/Tier 4F engines to the customer

= The CC also has to check with local dealers that they have been trained on these new engine
types.
I
Atlas Copeo
|
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]

L'\r
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EXISTING AND COMING LEGISLATION

How do AC handle machines with old engines when
higher cleanliness is required?

= lts not possible to be ready with the engine change project to the start date of the new
legislation due to possibility that engine supplier are not ready with their design in advance to
the start date. When that happens their is two different way of supply "old” engines legally.

= Pre-buy: AC has ordered the engine from the supplier and got it delivered to our factory
before the start date of the new legislation. This engine is allowed to deliver in any machine
without any time limit (CE) even after the new legislation has started (or within reasonable time
for the EPA regulations).

= Flexiplate: With in CE there is a system with an number of “exception-licenses”. That means
that AC for example receive 100 flexiplate (“exception-licenses”) for the “36-55kw range”
before the legislation starts. AC are then allowed to deliver 100 machines with an engine of the
previous Stage-rating in the new legislation period but the engine can be purchased from the
engine supplier even after the start date of the new legislation.

= Combination of Pre-buy and Flexiplate: To be able to meet Stage 4/Tier 4F regulations
there is a possibility to combine above alternative (certain limitation exists). For example a
Pre-buy Stage 3A (bought during the 3B period) engine together with a flexiplate is OK for
Stage 4/Tier 4F.

e
AtlasCopeo
|

ENGINE INFO AND CLEANING TECHNOLOGY

———
Atlas Copeo
e ——— )
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ENGINE INFO AND CLEANING TECHNOLOGY

Available technics for Stage IlIB, Tier 4i

Exhaust Gas Recirculation, EGR
Cooled exhaust gas reenters the
cylinder in order to reduce NO,

Diesel Oxidation Catalyst, DOC
Converts carbon monoxide CO,
hydrocarbons HC, and Nitrogen oxide
NO into carbon dioxide CO, and water.

Diesel Particulate Filter, DPF

Filters about 99% volume of the
Particulate matters, carbon monoxide
CO, and hydrocarbons HC

During regenerating PM are converted
in carbon dioxide CO, and ash

High Pressure Common Rail Fuel
Systems

Extremely sensitive to contamination
(dirt) and water in the fuel system.

Optimize
combustion

= SCR - Selective Catalytic Reduction
The Nitrogen oxides NO, are chemically
reduced to Nitrogen N, and water vapor in a
special catalyst.

_—
Htlas Copeo
je—————

REGENERATION MODES

= Passive Regeneration — Once soot accumulates to a certain level, the soot
accumulation rate is balanced by a natural oxidation of collected soot.

= Active Regeneration — There are three different types of active regeneration.
— Automatic Regeneration — This occurs during “in mission” machine operation.
Based on the inputs to the DPF, the control system will initiate automatic
regeneration when necessary.

— Manual (Non-Mission) Regeneration — This is initiated by the operator via a
switched input when the system has not been able to perform automatic regeneration
during “in mission” operation. This mode of regeneration is only possible when the
machine is “out of mission” and meet the configured entry conditions.

— Service Regeneration — This is done by a trained service technician

_—
Htlas Copeo
je—————
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DPF REGENERATION STRATEGY

Passive
Regeneration

Occurs naturally above 300C (572 F) DPF bed temperature
utilizing the energy and oxygen available in the exhaust
system.

Automatic
Regeneration

Available if operating conditions do not allow Passive
Regeneration to maintain low soot

loading in the DPF. Additional fuel is added to raise the
temperature in the DPF to oxidize soot particles.

Manual (Non-
Mission)
Regeneration or
Service

On-board soot cleaning option. Advanced notice will be
provided to operator via new indicator lamp (~1 per shift).
This is initiated by the operator via a switched input or a
service technician.

Regeneration

Remove & Clean

If above strategies are not employed and
operating conditions continue, a derate and
Red ‘Stop Engine’ lamp will occur. The DPF
will need to be removed from equipment for
cleaning

R e

15 Atlas Copeo

|
How The DPF Works
Exhaust Tallpipe
= =
— \,
- x

Diwsel Oxidation Catalyst Diwsel Particulate Fiker ’—_

Ce eatadvtic malinal mack Caramic val fow itar capbures T —

above STET (I00AC) in psiiee up B A5% of thi cartan ol '

T R e S L T 1 (PM) carrisd by the MO, This

Pitrag i Datod di (MO) which callects on e fiter 1o fom [ m =

guidipes the carkon oo Carbge Dagodiy [0y fwiich .—— =

b i Galppe i Chiean Qe
Active Regeneration Filter Service

When ool accunulation in the DPF exceeds ool andabon 3 pensdc Bl up of inconmiues il #=h

i N rabgn g & peoend 10 privent Ber ploggng, TR & will ity raauin: ARsr

arfusted by smad quantiies of sl from a dosing mecioror HRPCR samita claaning, though anty

injection pulse during st bliow down, Tre haat rekeassd fno dame rEquined S 100G nbEnaE

er Burning) al 1022°F( S50°C) ervures suffcien] oxdabon 1o e woed

R e

1 Atlas Copeo
|
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ENGINE INFO AND CLEANING TECHNOLOGY

Deutz selected technology for stage 3B, Tier 4i, larger engines

Basic Principle of active DPF Regeneration System

internal combustion engine

DOPFF module

turbocharger

DrBE SET bumer

N CHUAAE ST el presaune
SR
sansor overview for DPF sysiem with busrer

E—
Atlas Copeo
e ——— )

ENGINE INFO AND CLEANING TECHNOLOGY

Additional components on a Stage 3B, Tier 4i, larger engines

Additional 3B components
Dl dacoupling ebarment ExhLs! papd SONENE

SEunBTe QERgn| /\
g

B pump OFF module

DPF system with burlh'l'

E—
Atlas Copeo
e ——— )
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ENGINE INFO AND CLEANING TECHNOLOGY

Deutz selected technology for stage 3B, Tier 4i, smaller engines

Internal combustion engine
“—

DOC module

Exhaust decoupling
Turbocharger element

schemabic overview for DOC system

ENGINE INFO AND CLEANING TECHNOLOGY
Additional components on a Stage 3B, Tier 4i smaller engines

W3- 10
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INTRODUCTION

= During typical operation the Cummins Particulate Filter oxidizes collected particulate
matter using only the energy and oxygen available in the engine exhaust.

— Under these conditions, typically, the surface temperatures of the outer body of
DPF will not exceed 400° C (752° F).

= However, when automatic regeneration is required, the system will intentionally
elevate exhaust temperatures in order to create the conditions needed to oxidize the
particulate matter.

— These temperatures are higher than those normally encountered for the equivalent
duty cycle.

— OEM equipment design provisions are required to ensure that the higher
temperatures have no adverse effects on equipment systems, bystanders or
environment in the vicinity of the exhaust system components and outlet.

— These temperatures may occur for extended periods of time
up to 40 minutes.

Htlas Copeo
e ——— )
STAGE IlIB/TIER 4 INTERIM ARCHITECTURE
= CEGR for NOx reduction
= Regenerating particulate filter (DPF) for PM reduction
AP
T —
— He dosing T r
— T Dissal
- | g IPIH::H -
/ =
Direct Flow Air E l""
Cleaner (5]
OOOOOO)| esnvamm
- i o
Shutoll
Wb
Htlas Copeo
e ——— )

W3 -

11



MDEC 2014

ENGINE INFO AND CLEANING TECHNOLOGY

Deutz selected technology for stage 4, Tier 4F

= Additional SCR with Urea additive for continually burning the filter (no
burning brakes as on 3B/4i)

E—
Atlas Copeo
e ——— )
ENGINE INFO AND CLEANING TECHNOLOGY
Additional components on a Stage 4, Tier 4F
= Two boxes on top of engine compared with one on Stage 3B/4i
= Additional Urea tank and pump
Urea Dasing
-g . CR unit
OPF Unit i
EGR
Cooler
E—
Atlas Copeo
e ——— )
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STAGE IV/TIER 4 FINAL SOLUTION

Direct Flow
Air Filter

Diesel
Particulate sl scr  scr
Filter

Urea Doser

=
7]

3
°
<3
O
<

OO000O

i

EGR Valve

Level Sensor

Urea Tank

E—
Atlas Copeo
e ——— )

STAGE IV/TIER4 FINAL SOLUTION

EcoFit by Cummins Emission Solutions leverages innovative designs to
improve aftertreatment integration & performance

Diesel Oxidation Catalyst (DOC)

Achieves required PM reduction
and operates in passive only mode

Selective Catalytic Reduction (SCR)

Reduces NOx emissions to near-zero levels
through robust, extruded SCR substrate for
maximum reduction & performance

E—
Atlas Copeo
e ——— )
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LOW DEF CONSUMPTION
Subtitle Arial Bold 18 pt (copy and paste this text)

= Latest generation SCR system for Tier 4 Final enables an average DEF
dosing rate of just 3% to fuel used

= Dosing rate is determined by duty-cycle
SCR system — better insulated

and designed for more efficient
low temperature NOx conversion

EF Doser & Decomposition
Reactor enhance spray pattern
\ mixing

Engine ECM controls DE
dosing and constantly
monitors SCR system to
achieve lowest possible ,
dosing rates while
maxingizi duction
/

E—
Atlas Copeo
e ——— )
STAGE IV/ TIER4F DIESEL EXHAUST FLUID
= DEF will be required for StagelV/Tier4dF Engines
= DEF (or AdBlue) is a solution of 32.5% high purity urea
and 67.5% deionized water .
= Acts as a reactant to deliver ammonia to the SCR 4 n :
catalyst !
= Safe, stable and easy to handle:
— Non-toxic | ;3:) gal. tote
— Non-polluting e
— Non-flammable
— Non-hazardous 55 gal. drum
= AirShieldTM DEF availabl a
Cummins Filtration
2.5 gal. bottle
E—
Atlas Copeo
e ——— )
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ADVANTAGES OF NEW TECHNOLOGY ENGINES

= Lower Ventilation Requirements

= Reduced Emission
90 percent reduction in Particulate Matter (PM) & Nitrogen Oxides (Nox)

= Reduced Fuel Consumption

= High Pressure Fuel System for Improved engine Response

= MSHA/ CANMET Approved, On going testing still being done
= Lower Operational Cost

All of the above mean improved conditions underground for personnel

e———
Htlas Copeo
je—————

CHALLENGES FOR NEW TECHNOLOGY ENGINES

= Operator awareness regarding Regeneration and what happens if it does
not happen as scheduled

= What are the effects of excess idling and low load conditions

= Will operation cycles for different equipment provide required loads for
Regeneration? Some units have short peak loads and run below 50% load
most of the time

= Hot surface Protection,

— some sites prefer additional protection in terms of wraps and coatings. This is not
possible with higher Stage and Tier engines.

— Will there be changes required to protection and procedures due to higher
surface temperatures during forced regeneration

= Additional requirements for operators and technicians, making sure DEF
fluids are filled, checking back pressures, servicing DPF units

= How to effectively add technology to lower Stage/Tier engines, not to make
them in higher levels, but to provide lower particulate emission

e———
Htlas Copeo
je—————
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Committed to
sustainable productivity.

|
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&

Clearly Better.

Cummins Off-Highway Capability
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Clearly Better.

Meeting Near-Zero Emissions
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Meeting ‘Near-Zero’ Emissions

A 90 percent reduction in PM & NOx emissions to ‘near-zero’ levels

4.0

2.0 2011/12 Achieving more than emissions compliance:

Reducing fuel consumption
Improving engine response
Enhancing equipment productivity

0.40 2014/15

Oxides of Nitrogen (NOx) g/kW-hr

0.02 0.20

Particulate Matter (PM) g/kKW-hr c

Meeting ‘Near-Zero’ Emissions

Emissions from 25 x Tier 4 Final machines will be equivalent to just
1 x Tier 1 machine !

ITier 4 Final = sy $w. o Po. P

Tier1= e

W4 - 2
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Off-Highway Emissions

~
Staggered effect dates — EPA recognizes challenge ﬂEEM of
meeting a much broader power range than on-highway J i ko

PAOMIA | Al Above 74 HP Now At Tier 4 Interim

PAONBCY elow 74 HP Moves To Tier 4 Final

174-751 HP Moves To Tier 4 Final

75-173 HP Moves To Tier 4 Final

Over 751 HP Moves To Tier 4 Final

Differing Emission Levels

Above 74 hp - most severe -
Tier 4 Interim Tier 4 Final
kW HP 2011 2012 2014 2015
o . . [ WL R FRY I E]
T6 - 129 - 1T
e
228440 O oed i 3 ] L
A58 - 560 M - T

Above 751 hp - severe

2011 2015
e ——
P 1 T
C et T R A
~———

Below 49 hp - less severe
2008 2013

| il [EIT
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Skid Steer To A Mine Haul Truck

= Cummins off-highway portfolio for mobile equipment
spans a 49 to 4200 horsepower range

= From 2.8-liters to 95-liters

Broad Engine Range

Cummins is ready for Tier 4 Final all the way from 2.8 to 95-liters
with the ‘right technology’ for each power band

-
- I e ——
- L _—__ _ _ "'}
- e —
- e
b m——
E . S HHP
m —
o _ )
_i " — Heavy-Duty
e -
- =
= L}
MidRange
il G J 05Ka5
" L[]
oy [ Compact
S [l QsF2A Of-highway Engine Hangs
in

T T T T T T T T T T T Li T T T T T T T T

EEEEEEEEEEEEEREERE R

Clearly c
Better.
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A Huge Diversity Of Equipment

= Powering hundreds of OEMs
= Widest range of applications in the industry

= Unrivalled experience of duty cycles & load factors

Building On Strong Technology

Cummins off-highway utilizes our proven on-highway technology
— a major advantage

tam
4 o

[T - b R ] L]

WA OT7 g AT ] -

. OF s . e L] - -

LA 1] Oy L] - -

Tar 4 iT B L] L]

..... | ! |

g Wl | P T2k r ] ] L]

Fo i O gty W ' - -

- d | & b L]

s | 1 | I I I I I
P40 Ty FALTOI = - ]
ai ¥ L] L]
—n
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Leveraging On-Highway
= Preceding on-highway experience allows Cummins to leverage
proven base engines & technology for later off-highway use

= With the technology solution validated - we can focus on
optimizing for off-highway applications and duty-cycles

On-Highway Off-Highway

EPA ‘Tler 4 Interim/Stage |1IB

2007 2011
EPA » Tier 4 Final / Stage IV
2010 2014

QSB6.7

ISB6.7

Clearly
Better.

System Integration
Cummins design, build & integrate the complete Tier 4 system

from air-intake to exhaust
Fuel\
Systems .
i

Turbochargers

Filtration

Electronic
Controls

Aftertreatment

Combustion
Technology

Clearly
Better.

.

=
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&

Clearly Better.

Tier 4 Final Products 49-675 hp

Tier 4 Final: 49-173 hp

QSRS QSiss OSBAS

49-74 hp 85-130 hp 121-173 hp
37-55 kW 63-07 kW 90-129 kW
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Tier 4 Final: 146-400 hp

SbBaz ESLD
146-310 hp 250-400 hp
109-231 kW 186-298 kW

]
—rre—
e
=
frbe
™
»

S Cans

ki

Clearly
Better.

Tier 4 Final: 335-675 hp
SEIR SRS

335-512 hp 450-675 hp

250-382 kW 336-503 kW

gl P = R
Clearly u m

Better.
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Machine Integration

= We analysis specific duty cycles and identify opportunities to
improve equipment performance & reduce fuel consumption

= ‘Stop-Go’ and torque shaping features created for the specific
machine duty cycle

Clearly
Better.

Pre-designed For Final: Same Cooling

= Minimal or no change to equipment cooling package
size moving from Tier 4 Interim to Final

= Heat rejection decrease with lower EGR flow balances
small CAC heat rejection increase

= Advantage of using cooled EGR at Interim

w4 - 9
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Selective Catalytic Reduction (SCR)
1,000,000+

= SCR systems supplied by CES since 2005 Euro 4
= Leveraging 26 billion miles of on-highway experience

= Cummins Emission Solutions industry leading expertise
in catalyst coatings and system interactions

Diesel Oxidation
Catalyst (DOC)

Selective Catalytic
Reduction (SCR)

Clea Fl'y’ Emission
B e_n er. e Solutions

Tier 4F: Aftertreatment Configurability

= Easier packaging without the compromise of a ‘one-box’ approach

DOC-SCR In-Line

C|ear|y QSB4.5 Example
Better.

w4 - 10
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Tier 4F: Aftertreatment Configurability

= Custom fitted to the application

DOC-SCR U-Shape

QSB6.7 Example

Clearly
Better.

Tier 4F: Aftertreatment Configurability

= Adaptive to the machine envelope

DOC-Vertical SCR

Clearly e
Better.

w4 - 11
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Tier 4F: Aftertreatment Configurability
= Making most effective use of the available real estate

DOC-SCR
Switchback

QSL9 Example

Tier 4F: Aftertreatment Configurability

= Fully integrated with the engine

<5 Q* | DPF-SCR
T
Clearly
Better.

W4 - 12
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Ready For More Uptime

= Cummins ‘Expert Diagnostics System’ (EDS) has introduced a rapid
repair capability with a user-friendly approach over the last year

= Intuitively looks for previous diagnostics & repair for a specific fault
= Single tool for all Cummins electronic engines & aftertreatment

i T

e ——— AW o

Clearly
Better.

Tier 4 Final Field Test
200,000+

= Test hours to be accumulated by Cummins Tier 4 Final field test program
= Over 70 machines generating hours across many different applications
= Achieving uptime availability equivalent to Tier 3 engines

W4 - 13
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Clearly Better.

Looking Ahead To Potential
Future Emissions

Proposed EU Stage V

Stage V now looks near certain for the EU

European
Commission

EU NRMM Amended

" Over 751 hp now included

" EU willrequire a new emission standard_called
Particle Number (PN) standard

" PN count standard would force the use of Diesel
Particulate Filters (DPF) for 25-751 hp construction
engines

= Particulate Matter (PM) mass standard will be
lowered for Stage V compared to Stage IV

" Earliest likely date 1.1.2019

Clearly e
Better.

W4 - 14




MDEC 2014

Diesel Particulate Filter

Traps & Oxidizes
Microscopic PM

Diesel Particulate Filter

Human Hair

Clearly

Better.

EPA Tier5? -

wEPA

* The consensus in the engine industry is o Frctecscn
that the EU is ahead of the EPA with Gk
regard to PM count

= Qver 751 hp already included in EPA
Tier 4 Final for 1/1/2015

_-_

® |t could be assumed that any future . l

Tier 5 will also focus on reducing

greenhouse gases
® Tier 5 debate remains in its infancy —

but Cummins has initiated technology
planning

Clearly c
Better.
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Ready For Future Emissions

® Diesel Particulate Filter (DPF) is
the only way of removing
microscopically small PM below
2.5 micron - so reducing PN
count to meet a PN standard

= Cummins next generation
DPF design will achieve this

= Work underway to increase
catalyst efficiency and a major
reduction in aftertreatment size

Better.

ey E S

Better.
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KUBOTA'S T4 AFTER TREATMENT SOLUTION

MDEC Workshop
October 7th 2014

For Earth, For Life
Iiuhata

Tier 4/ Int. Tier 4 Regulation & ATD Introduction

EPA Emission Regulation (56 kW-130 kW)

2012
PM >93%
Reduction

2015
NOx > 88%
Reduction

After treatment systems are necessary to meet Tier4 / Int.Tier4 regulation.

W5- 1
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Tier 4/ Int. Tier 4 Regulation & ATD Introduction

[KUBOTA’s Solutions to meet EPA Emission Regulation

Model Year
2005 2008 2007 2000 2009 2010 2011 2012 2013 2014 2015
e GEA T EENEDEREn =
83 KW <18
Engine Optimization  (Same Engine Oulling)
195 KWW =37
GRS + EGR +(DPF) + (Turbo)
Engine Oplimizabion
AT S KW =50 Closed Breather
{Same Engine Outline)
Engine Optimization
* Mechanical Timer EGR | Turbocharger
565 kW =75
CRS + EGR +0DPF de-NOx
+ {Turbo) + {Intercooler)
75 5 KW =130 CRS EGR | Inlercooler

DOC (Diesel Oxidation Catalyst) with or without DPF (Diesel Oxidation Filter)

Tier 4/ Int. Tier 4 Regulation & ATD Introduction

[After Treatment Solutions ]

No Marme of ATD Pl D% co HC Canfiguration Regeneraton
Hos Function Oncize Ondize Oudize Ondize
: |Digsel Omgghon CMalysy Eff L Fr Gy
ok * appro 10:30%
' Oulidize & Traj i i
5 DOC + DFF Function ] Cxicize: Onidize Ciridlize iria Hatie
(Diesel Particulate Fited) - Active
Etfect ~
Approx. ouer 5%
e Function Hone Reduction Hone None Dozing Urea e
[Zelective Catahbc Reduction) Components
Effect
<Romarhg> _|
Rederence from johnson Matrey homepege

KUBOTA “DOC+DPF” solution is the most reliable and will work under all load conditions.

W5 -



Differences between “DOC” and “DOC+DPF”

MDEC 2014

DOC Only

System

DOC + DPF

PM is decreased by combustion

Basic Concept PM is decreased by After Treatment Device
Configuration Wall Flow Flow Through
PM Trap Used Not Used
Typical PM Reduction Over 90% 10-30%
Regeneration Passive / Active Passive
*EPA PM Emission 0.02 g/kw-hr 0.02 g/kw-hr
Certification
56-130kw PM Certificate 0.02 - 0.001 g/kw-hr 0.02 glkw-hr
(-2012)

/* DOC Solution

PM is decreased by improving combustion with high pressure CRS,

Variable Gate Turbo and Intercoolers
DOCs reduce less PM than DOC+DPF.
Kubota DOC T4F engines will require an intercooler

* DOC+DPF Solution
Balanced PM and NOx are exhausted by optimized combustion.

After Treatment traps over 90% of PM
\ Kubota T4F engines do not require an intercooler

)

Differences between “DOC” and “DOC+DPF”

DOC Only

System

DOC + DPF

PM is decreased by improving combustion

(Using high-tech devices)

-~

Basic Concept PM is decreased by ATD
P ((Over 90% PM s trapped by DPF )
Configuration Wall Flow Flow Through
PM Trap Used Not Used
Typical PM Reduction Over 90% 10-30%
Regeneration Passive / Active Passive
c *EPA PM Emission 0.02 g/kw-hr 0.02 g/kw-hr
56-130kw PM Certificate 0.02 - 0.001 glkw-hr 0.02 g/kw-hr
(-2012)
DOC Only )

Does NOT

Trap PM

W5 -
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Differences between “DOC” and “DOC+DPF”

System DOC + DPF DOC Only
Basic Concept PM is decreased by ATD PM is decreased by improving combustion
P (Over 90% PM is trapped by DPF ) (Using high-tech devices)
Configuration Wall Flow Flow Through
PM Trap Used Not Used
Typical PM Reduction Over 90% 10-30%
Regeneration Passive / Active Passive
. *EPA PM Emission 0.02 g/kw-hr 0.02 glkw-hr
56-130kw PM Certificate 0.02 - 0.001 g/kw-hr 0.02 grkw-hr
(-2012)

f DOC+DPF
Wall Flow

®Able to trap PM
@Able to oxidize PM (SOF) & PM (soot)

DOC Only
Flow Through
®Unable to trap PM (soot)
@Able to oxidize PM (SOF)

SOF=Soluble Organic Fraction

SOF

(Soluble Organic Fraction)

Sy
s, e

fTeae

Differences between “DOC” and “DOC+DPF”

Make up Structure of PM

ud et

evtes v 4
x.

/* DOC

% DOC+DPF

DOC can not oxidize soot.
Soot passes through the DOC.

The DOC can reduce SOF which is part of PM.
Some soot flows out into the atmosphere.

K DPF can reduce(oxidize) soot and SOF. /

W5 - 4
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Differences between “DOC” and “DOC+DPF”

System DOC + DPF DOC Only
Basic Concept PM is decreased by ATD PM is decreased by improving combustion
P (Over 90% PM is trapped by DPF ) (Using high-tech devices)
Configuration Wall Flow Flow Through
PM Trap Used Not Used
! Typical PM Reduction Over 90% 10-30%
Regeneration Passive / Active Passive
EPA PM Emission 0.02 g/kw-hr 0.02 g/kw-hr
Certification
56-130kw PM Certificate 0.02 - 0.001 g/kw-hr 0.02 g/kw-hr
(-2012)

additional energy such as post injection.
The exhaust gas temp. typically must be above 250°Cto keep passive regeneration.

Active Regeneration
Typical active regeneration occurs when there insufficient heat in
the exhaust gas to oxidize PM being collected in the DPF.

Active regeneration is automatically controlled by ECU.
Exhaust temp. is raised by injecting a small amount of fuel (Post injection) into the DOC.

the carbon from the filter.
This is all done without any operator intervention / automatic.

KPassive Regeneration \
Passive regeneration is an automated regeneration system using only the exhaust gas stream without

The resulting chemical reaction over the DOC raises exhaust gas temperatures high enough to oxidize

_/

Differences between “DOC” and “DOC+DPF”

System DOC + DPF DOC Only
Basic Concept PM is decreased by ATD PM is decreased by improving combustion
P ((Over 90% PM s trapped by DPF ) (Using high-tech devices)
Configuration Wall Flow Flow Through
PM Trap Used Not Used
! Typical PM Reduction Over 90% 10-30%
Regeneration Passive / Active Passive
Certificat PM Emission 0.02 g/kw-hr 0.02 g/kw-hr
56-130kw PM Certificate 0.02 - 0.001 glkw-hr 0.02 g/kw-hr
(-2012)

DOC+DPF
DOC Function

-- Passive Condition --
—Requires temps above 250°C *
1. HC & CO reduction
2. NO conversion to NO,
3. PM (SOF) reduction
-- Active Condition --
—Requires additional fuel injection (post injectiol
1 - 3 are same as passive condition.
4.Raises exhaust temp. to around 600°C

DOC Only
DOC Function
-- Passive Condition --
—Requires temps above 250°C *
1. HC & CO reduction
2. PM (SOF) reduction

*Typical requirement

o

W5- 5
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Differences between “DOC” and “DOC+DPF”

System DOC + DPF DOC Only
Basic Concept PM is decreased by ATD PM is decreased by improving combustion
P! ( Over 90% PM is trapped by DPF ) (Using high-tech devices)
Configuration Wall Flow Flow Through
PM Trap Used Not Used
| Typical PM Reduction Over 90% 10-30%
Regeneration Passive / Active Passive
Certificat PM Emission 0.02 g/kw-hr 0.02 g/kw-hr
56-130kw PM Certificate 0.02 - 0.001 glkw-hr 0.02 glkw-hr
(-2012)

/ DOC+DPF DOC Only \
DPF Function DPF Function N/A
-- Passive Condition --

—Requires temps above 250°C *
1. Trap PM
2. PM (Soot) reduction by NO,

-- Active Condition --
—Requires temps around 600°C

1. Trap PM

2. PM (Soot) reduction by NO, & O,
K *Typical requirement

Differences between “DOC” and “DOC+DPF”

Certification Data: “Cummins 3.3L with DOC only” VS “KUBOTA 3.8L with DOC + DPF”
1. Kubota has 20 Times Less PM —

S
e e ——
| E— B | e CN— T CO—————
ol B s — el s SR M~
Fir B - - =T F TLT LR T
Al 30 1w [ AR FLIPSSEN & DMMA COWSREY GTETENE | FIFCAL BLURR SPPLCATES

2. Kubota has Less NOx Amount

camastaun | e |
| L naraEY § Dbt Comtncs, ATHTEN | Terri e L T |
| T Do ket T 4 inrrrima bt -
3 4gRW-hr T | vt e ot = Tinsiee. G atiril Brmenn
TS | e T
| A G LB ST
I.._...,... (=2 | |- -

%]
CUMIAING HKUBOTA - — -l . !

“DOC Only” meets minimum PM limit — There is no margin
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DOC vs DOC+DPF

DOC Only
Meets PM regulation certification with no margin at test condition.
Operators can NOT detect abnormal PM level since the engine can NOT calculate
PM without a filter and sensor
May not be suitable for low load duty cycle.

DOC+DPF
Has enough PM margin to meet regulation in field customer use.
Never exceeds abnormal PM due to PM trapping .
Can be used at any duty cycle.
More suitable for all applications.

Status of Engine Situation (Example) DOC + DPF DOC Only
* Warm air temperature
1 * Heavy-load operation Oxidation Oxidation
x Ab: 250 * High engine speed
E|X|Gasz;£>“g BOC
(Inlet of ) “Typical Below250 *  Cold air temperature %
requirement *  Light Ioa.d operation Trap PM May exceed PM levels
+ Low engine speed
* Combustion trouble X
* Aged deterioration Oxidation & Trap PM May exceed PM levels
PM Amount Oxidation «  Using illegal fuel
(Inlet of DOC) Capability

Usual engine running

Oxidation

Oxidation

DOC vs DOC+DPF

[ Cost of Installation ]

< Deutz TD 2.9 L4 >

< Kubota V2607 T4 >

For Earth, For Life
Wuhala

¥ Is the “DOC Only” solution a compact device » mmmmp Only Slightly

v Is the “DOC Only” easier to install compared to the “DOC+DPF" ?
v'More precious metals are required for a DOC
v'Charge-air cooler and Muffler are required = additional costs
v'Fewer electronic connections
v'No sensors are required

< DeutzTD 3.6 L4 >

NO

W5- 7
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DOC vs DOC+DPF

Length| Dia Deutz DOC Length +60 mm Diameter - 13 mm
(mm) | (mm) vs
Kubota | 468 | 203 Kubota
Deutz 528 190
Difference | 60 -13
TD2.9 & 3.6
Deutz
Length [ Dia — i
(mm) | (mm) Kubota V2607/vV3307
KBT 468 | 203 (o DOC Length +26 mm Diameter +6 mm
Cummins | 494 | 209 vs
Difference| 26 6 Kubota
QSB3.3
Cummins
Muffler is required NO Muffler is required

DOC must be longer since oxidation must be completed while exhaust gases flow through the DOC

DITID J
Source: Kubota internal survey
Content tam DOC+«DPF DOC only Commant
e P = T mwm:q:mn:'mu_u.
Extra roam far fitting an Intercooier on application
:pmmmm L ] * m-::l:cr'wrmmmn ehopidaa
Space alter & After treatment package of “DOC only™ is
treatment * % smallor than “DOCs DPE=,
Hakse & % % W
Cortification by the
Swisa Federnl Office for 4 % & .
the Enviranmant
Parformanc
™ = Smoke * W *
Vibration * & k]
Fual afficloncy & o LA
Cuiput of *DOC only™ with intercocler is
Dutput i o * % ¥ goulvalent with one of “DOCDRF",
“DOC only® does not requl wal
Extra oparation Wk Rokk cagedanmen reman
“DOC anty” daes not have natural aspiration
Ling up * & * * ok madels.
=0OC anly® requires less human machin
Interface complaxity % % * o interface. = "
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DOC vs DOC+DPF

DOC+ DPF DOC Only
Operation No exhaust temperature limitation Exhaust temperature must stay above 250<C
Swiss . . . ) . .
. DPF complies to Swiss regulation. DOC does not comply with Swiss regulation.
Regulation

After Service

DPF requires cleaning (3,000 hours)

DOC requires no cleaning

Installation

More compact unit with no muffler or
charge-air cooler required.

Charge-air cooler and muffler are required
raising the cost of installation

requirements.

Swiss Regulation

The Swiss Federal Council amended its Ordinance on Air Pollution Control (OAPC)
on 2008. OAPC requires to equip the machines mentioned below with a particle
filter system.

1. Construction machines manufactured in 2009 and later
2. Construction machines which have an output of < 37 kW

EU: There is recent movement to require < 37 kW engines to match EPA
Also the EU is considering to regulate the “size” of PM versus
current method of “by weight gathered. May require a DPF.

W5- 9
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CONCLUSION

DOC+DPF is the low risk / less limitation solution and better for the environment. We
believe our solution can fit any application in any situation with environmental
compatibility.

Kubota took a serious and guaranteed approach to meeting emissions under the real
world use by customers and operating conditions.

For Earth, For Life
Iiuhata
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