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Evolution of Diesel Technology
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Evolution of Diesel Technology
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Meeting ‘Near-Zero’ Emissions

90 percent reduction in PM & NOx emissions to ‘near-zero’ levels
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Reducing fuel consumption
Improving engine response
Enhancing equipment productivity
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Meeting ‘Near-Zero’ Emissions

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

machine !
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Cycle Composite BSNO2/ BSNOx %
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Exhaust Emissions from European Market- 2013-24-0154
Published

Available Passenger Cars Evaluated on Various 09/08/2013

Drive Cycles

Cecile Favre, Durk Bosteels, and John May
AECC
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Figure 13. PM mass emissions at 25°C

<

S1P1- 6




MDEC 2013

Particle Mass Emissions

Particulate Mass emissions [mg/km]
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Figure 13. PM mass emissions at 25°C

Particle Number Emissions
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Figure 14. Particles number (PN) emissions at 25°C
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Particle Number Emissions
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Figure 14. Parficles number (PN) emissions at 25°C
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Reducing CO,
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Waste Heat Recovery vs. Hybrid
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How Does Waste Heat Recovery Work?

< Engine Power | f'- s

40%

How Does Waste Heat Recovery Work?
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How Does Waste Heat Recovery Work?
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Alternative Fuels
Shale gas has doubled available gas reserves

Natural Gas Proven and Potential Reserves 2009 (Trillion Cubic Feet-Tcf)!

17,000 Tcf

Ly Canada @ Europe @ cis
Probability of United States .
extracting China
gas with
current
technology

Middle East &
- Africa
6,259 Tcf @ Asia Pacific
Latin America

Global
Reserves

Source: EIA, BP, Rogner, Schlumberger, CERA, NPC EB

Many Projections Support This View

Projected Nat Gas U.S. Spot Price
($/MMBTU)

7 “We don't see spot prices
6 going above $5 by 2020 or
$6 by 2030.”
5 - Dr. Mary Barcella, Director
s Global Gas, CERA
wergy Outlook
3. (IEA)
-#-ForecastData « H
2 Natural gas pump prices
-=-IHS CERA will remain well below
! diesel for a long time.”
0 - Andrew Slaughter,
Economics and Energy
PO N I I Advisor, Shell
DR NG g ,
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Typical 2010 NG Combustion Technology
Spark Ignited Stoichiometric w/ Cooled EGR

Stoichiometric EGR
Three Way Catalyst
Architecture

—] ?_l (| "Camye |
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k— Fuel

Spark Ignited

= Fuel and air are premixed
outside the cylinder

Charge Air Cooler

= Spark plug ignites the
mixture

= Air flow controls fuel flow

Throttle

= Air/Fuel ratio controls
emissions

Typical 2010 Emission Compliant
Heavy-Duty Diesel Product Architecture
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NO&anucigoni T T ° TNTX
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Particulate - =
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Natural Gas Vehicle Use Rapid Evolution

Cummins / CWI

Natural Gas Engine
Production

2013

Urban Transit

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Simple Fuel Price Math

1 million BTUs (MBTU) ~ 8 diesel gallon equivalents (really
7.7.DGE)

$2.80 / MBTU NG wellhead price ~ $0.35 / DGE (1)

= NG Pump price ~ $2.00 / DEG
- NG-Diesel price spread: $2.00

= Transportation, overhead, profit, etc. ~ $1.65 / DEG

= If NG wellhead price doubles to $5.60 / MBTU, pump price adds
$0.35

- NG-Diesel price spread: $1.65 ... or higher, depending on how
crude oil price moves

&
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Volume and Range Comparison

Diese Tank Spac_e Range Per 100
— per 100 mi Gallons Tank Space

N 1

650 mi
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Barriers To Large Scale Adoption

= Fueling infrastructure

— Public natural gas fuel stations are sparse outside of a
handful of metro areas (e.g. southern California)

= Fuel storage

— Storing natural gas on vehicles is more complex than
petroleum-based fuels. (Cost, space claim, and weight)

= Engine/Vehicle availability and cost

— Until recently, few natural gas options were available and
they are expensive

&
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Innovation In Critical Component
Technologies

SuperTruck Program Objectives
= 50% increase in vehicle freight efficiency

(ton — miles per gallon)

» 20% engine fuel consumption improvement
— in vehicle demonstration

= |dentify technologies to reach a 30% engine
Improvement

= Baseline is a 2009 state-of-the-art Class 8
linehaul vehicle

&
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Technologies for 50%

Efficiency

Engine Thermal

= Turbine Expander

(" Base Engine & Aftertreatment ) SuperTruck Efficiency Improvement Results
= Piston bowl size & shape 52%
= Calibration optimization 5, -
= Lower dP EGR loop £ 50%
= Turbocharger efficiency -g
" AfterTreatment Efficiency ) & 48%
®
Parasitic Reductions 2 46%
= Variable flow lube pump :‘;
= Cylinder kit friction © 44%
= Cooling & fuel pump power &
L J
ay B
Dok Friction &  Aftertreatment ExhaustWHR Coolant WHR
Baseline Parasitics ~ Combustion
AirHandling
WHR system

= Low GWP Refrigerant

= EGR, Exhaust, Recuperator c
®

Vehicle Integration

WHR Exhaust
Heat Exchanger Exnaust
Aftertreatment

WHR
EGR Heat Exchanger

WHR
Recuperator

WHR
Condensor
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Vehicle Integration
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Innovation You Can Depend On”

w W] {5 Wi i) EF = Linnovation
Sur Laquelle Vous Pouvez Compter
» BIFICE R DT ES -
Innovacién En La Que Usted Puede

Confiar = AIZ|E £ Q= S A

= Inovacao Que Vocé Pode Confiar

= Jagf o w g finft & =

One World. One Mission.
Technical Excellence.
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