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Mack Trucks + SCR
= EPA 2010

David McKenna
Director — Powertrain Sales & Marketing

US DEF supply strategy to 2010
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EPA 2010




What 1s Driving EPA’107?

Emission Standards

Particulates (soot)

Oxides of Nitrogen
(NOXx)

% Reduction in Emission

19741988 1990 1991 1994 1998 2002 2004 2007 2010

By 2010, Mack diesel engines will have near-zero output of all regulated em|SS|ns
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Technology Paths for EPA’10

Massive EGR + Emission Credits.
Diesel NOx Reduction.

Diesel NOx Adsorber.

Selective Catalytic Reduction.
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Massive EG
It's an
accepted
technical
erm - Just
Google it....

massive egr - Google Search - Microsoft Internet Explorer
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rroF Low Ermissions Combustion — One Path Forward? Torm Ryan

File Format: PDF iAdobe Acrobat - Wiewy as HThML

Premize. Lowest Possible Emissions and. Highest Efficiency in Diesel Engines .
Achieved Using: . Utra High Injection Pressure and Small. Holes. Massive EGR ..
sy 2 cowvisc edulsymposiums2005 _Symposiumidune®205%
208MRyvan_SvWRELpdf - Similar pages

rroF Diesel Endine Alternatives

File Format: PDFAdobe Acrobat - Yiew: as HThL

This represents & 17 percent improvement through the use of massive EGR
combined with the use of a. high-energy ignition system. The high-energy ignition

i= ..

sy osth govibridgesservietsbur 829804 -y Bb3inative 829804 pdf - Similar pages

rroF Diesel Endine Alternatives

File Format: PDF/Adobe Acrobat - Yiew as HThL

Massive EGR. Independent Yariables. Table 1. Independent Variables Examined in
the Cycle Simulstion Calculstions. TestiMWode ..

Wy Bere energy govivehiclesandfuels!
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Airinduction, EGR, and fuel econormy ilohn De Armond; Bob Hale)
Aszsuming a fhy-by-wire system, has there been any consideration to using
massgive EGR az a means of throttling the engine? | seems to me that with the
fast ...

warchive neticarizir_induction btml - 11k - Cached - Similar paces

Swhl Clean Diesel V¥ Consortium, 5 projects for developing an ...

Massive EGRin Heavy-Duty Diesel Engines (continued from CD V). Goal—achieve
201 0 HD on-road emissions standards wsing minimum post-combustion MO ..
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I%. The goal is to achiewe 2010 HD on-road ..
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Similar pages

Compression-ignition internal combustion endine - LIS Patent BEE3279
Specifically, since lowering combustion temperature is effective in reducing M,
thiz iz done by comparatively massive EGR. There is the concern that smoke ..

wyewewy patentstorm usiatent /865827 9-description himl - 63k -

Cached - Similar paces

Ulsd: Encouraging Sign For Diesel MoxPm Traps - ultra-low-sulfur ..
The scheme requires multiple fuel injections including post-main injection, allowing
"rich lowy-tempersture exhaust with massive EGR. ...

findarticles comdpiarticlesimi_mOCy His_11 _Sfai_75532057 - 34k -

Cached - Similar paces

rroF Stoichiometric Compression lanition (SCH Engine Concept
File Format: PDF iAdobe Acrobat - Wiewy as HThML
Massive EGR — high percentages of EGR at. relatively rich &JF ratio to reduce NOx.
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History of Exhaust Gas

Recirculation
EGR Flow Oxygen
Light EGR 1096-20%0 16-17%90
EPA’O4
Massive EGR 359%9060- >5090+! 12-149%0
EPA’10
Medium EGR ~28%0 ~16%0
EPA 10 w/SCR




Comparing Massive EGR vs.

MEGR + DPF EGR+DPF+SCR

Power Density | ess More

(HP per Liter) (New Engine) (Same Engine)
Heat Rejection MORE LESS
(Cooling Load)

Fuel Efficiency LESS MORE

(It’s a matter of | (It’s still a matter of
Physics) Physics)




Here are the Highway Numbers

Fuel Expense | Expense
Engine Economy Fuel Total per @ Savings
@ Usage mile 100,000 | <Cost>
$3.50/ga | Gallons mi
2007 6.5 MPG | 15385 $0.538 | $53,847 | Baseline

6.78 MPG| 14754 | $0.516 | $51,639
2010 SCR @ 3% 443 $0.012 | $1,218 | $990
DEF | @$2.75g | $0.528 | $52,857
2010 MEGR |6.37 MPG| 15699 | $0.741 | $54,946 | <$2089>
vs. 2007 - 2%
Net <945> | <$.031> | <$2089= | <$3079>

SCR vs. MEGR

CO2 Reduction
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Here are the VVocational Numbers

Fuel DEF Total Expense
Engine Economy | Economy Per @ Savings
@ @ hour | 2100 hr | <Cost=>
$3.50/gal | $2.75/gal
2006 Al* 3.5 GPH $0. $12.25 | $25,725 | Baseline
2007 MP7* 3.17 GPH $0. $11.09 | $23,299 $2426

2010 MP7 3.01 GPH | $0.248 | $10.78 | $22,643 $656

+3%0

2010 MEGR | 3.32 GPH $0 $11.62 | $24,402 | <$1759>
-2%0

CO2 18,228#

Reduction
*Reference chassis 2006 MR Auto Side Loaders & 2009 MRU Auto Side Loaders;
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EPA’10 S0 Far...
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EPA’'10 Solution In Action...

SELECTIVE CATALYTIC REDUCTION (SCR) - To meet the strict EPA 2010 emission
requirements, MACK trucks are equipped with an SCR system that reduces emissions

of nitrogen oxides (MOx) to a near zero level. The system consists of: a small tank for
the Diesel Exhaust Fluid (DEF) 1, a DEF supply pump 2 , an injector '3 , a muffler
with built-in catalytic substrates 4 , and an Aftertreatment Control Module (ACM) 5§ .




EPA'10 Solution In Action...

DEF TANK [%

Fa
>
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1 DIESEL EXHAUST FLUID (DEF) - The tank is filled with liguid urea (DEF),

which is a clear, non-hazardous fluid. As DEF freezes at approximately 12°F, the { }
DEF tempera-ture is continuously monitored and, when needed, heated to 60°F by

a heater coil located in the tank.
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EPA’10 Solution In Action..

-

2 DEF PUMP - This low-pressure pump supplies the DEF to the SCR injection system.
When the engine is turned off, the pump drains the DEF in the system back to tank.

/
1
\
/
/\
/

\\
K
\
\
X
\
X



EPA'10 Solution In Action...

DEF INJECTOR

3 DEF INJECTOR - The amount of NOx in the engine—-out exhaust gas is closely
monitored. When needed, a measured amount of DEF is injected directly into the
exhaust gas stream. The finely atomized DEF droplets mix with the hot exhaust

gases and turns into ammonia (MH3) and carbon dioxide (COz).

n

igsel ExhaustFluid Forum



EPA'10 Solution In Action. ..

DEF INJECTOR

L

3 DEF INJECTOR - The amount of NOx in the engine-out exhaust gas is closely
When needed, a measured amount of DEF is injected directly into the
exhaust gas stream. The finely atomized DEF droplets mix with the hot exhaust

maonitored.

gases and turns into ammonia (NH3) and carbon dioxide (COz).




EPA'10 Solution In Acti. ..

N |

Nﬂx + HH3 i N_z -+ Hlﬂ

L

ides
"""" s the catalytic substrates. The catalytic substrates
guickly enable the NH3 and NOx to chemically react to produce harmless nitrogen
(M2) and water (H20) vapor.



EPA’'10 Solution In Action...

5 AFTERTREATMENT CONTROL MODULE (ACM) - The entire SCR system is control-
led by the Engine Electronic Control Unit (EECU) by way of an ACM which controls the
in-jection flow rate of the DEF. Combined; these systems constantly monitor NOx levels

and various engine operating parameters. The system guarantees industry-leading fuel
economy and reduction of emissions which meet the strict EPA 2010 requirements.




The Mack SCR Blog
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Durable Trucks
for the
refuse industry.

Mack Refuse

Locate a Dealer
. Environment Dealer Search >>

here t oW

. 2010
o ( SOLUTION

Recent Press Releases
» Mack Offers Bendix Air Disc Brakes on Pinnacle
llodels

» Pors of Los Angeles and Long Beach Order 100
Macki Pinnacle™ DayCab Models

» Mack's Mckenna Talks SCR Yia The YWeb

M Employment Opportunities

& Mack Worldwide

New and Noteworthy
Midnight Trucking Radio [nieriew
lack and the Environment

v

v

» President Bush Sees CO2-Meutral Mack :";ﬁ' &l“‘hﬂ

» Mack CEO Discusses Hybrid Trucks Magazine ’
» 2008 Trade Shows & Conferences )

» Mackon Video ﬁr Mack Shop

» The 2008 Mack Driving Skills Safety Challenoge
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The Mack SCR Blog
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Horme - Dealer & Service Locations - Trudk Locator - Site Map - Site Search - Cortact Us

PRODUCTS | PARTS & SERVICE | MACHK LEASING | NORTH AMERICAN INSTITUTE | NEWS/EVENTS | MACHK SHOF CORPORATE

Titan by Mack
Construction Series
Highway Series

Refuse Series

Mack Powertrain
Talking SCR

Dave's SCR Responses
Mack in the Military
Mack on videno

Loading Dock

Product Irmage Download
Product Ingquiry
OneCall Complete Care
Srnartw apE

Midnight Trucking Radic
Intarview

Custorner Success Stories

Talking SCR

Dave McKenna, Mack powertain products marketing manager,
answers your guestions about SCR

responses.
There is a lot of talk these days about the different technologies truck
and engine manufacturers have chosen to meet the 2010 EFPA
emissions regulations. As you'e probably heard, Mack has chosen
Selective Catalytic Reduction, or simply SCR. Some folks have
speculated that we made this decision only because we're part of a
large global organization that uses this technology in Europe. That's
hogwash. And that's a kind way to describe some of the claims that
have been made about the technology itself, many contrary to basic
sciencel The simple truth is that SCR is "clearls” the best choice for
our customers- and, for that matter, anyone who owns or operates a
heawy-duty truck. Why? Answering this and others questions about
SCR is the purpose of this site. But | will give you one hint. Seen the

Dealer Locator

ISeIect... ;I

price of diesel lately?

Submit your question(s) below:
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M Employment
Cpportunities
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Guestion ()

/
\ /
6"/
Y,
? -

Nov



The Mack SCR Blog
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Dave’s SCR Responses;

hext page ==

Q: From Johno 1find your choice of the name Diesel Exhaust Fluid 4op pave 5 question here'm
(DEF) interesting. Are you fully committed to using a liquid urea

solution and are just trying to make the name sound mare

interesting, ar are you leaving yourselves wiggle room to use a

different fluid' in the event that something like direct ammania

injection becomes feasible? | know of at least one solid state

ammaonia absarption and release system being suggested for SCHE

applications.,

A: John...

I'd really like to take credit for the Diesel Exhaust Fluid, or simply
OEF, maoniker. But | must confess it was not me. But the name
simply refers to what the product actually is -- and more importantly -
- does. This is a continuance or offshoot of known accepted
automotive fluids such as windshield washer fluid and automatic
transmission fluid. In Europe, the term AdBlue has been used by
Daimler.

As far as making the name more interesting, | could do better than
DEF. But this is exactly what the product is. As for wiggle room,
wie are committed to Selective Catalytic Feduction using DEF --
period.
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o summarize...

 Mack will use the same engine as today.
 Add onis EATS only.

« Significantly improved FE.

 Significantly reduced CO: foot print.
 Known reliability of an integrated system.
e Certified and Compliant to EPA 2010.

* Driver and shop acceptance of Mack EPA
'10 demos Is very good.

e Visit www.macktrucks.com for SCR
system animation.
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