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What’s the Natural Gas Value Proposition?

Natural Gas as a Transportation Fuel

EE[INI]MIES

Historically ~8:1+ price .
advantage Btu basis

= Long-term price stability
= Long-term price outlook

= No costly emissions
control systems

-

ABLINDANCE

U.S. #1 natural gas
producer in the world

100+ years of affordable
reserves

Basins provide increased
access to markets

Production can grow rapidly
with demand

ENVIRONMENTAL

27% lower CO2 emissions than petroleum
13 — 17% lower WTW GHG emissions
Lower in-use NOx emissions

Lower PM emissions

Quieter engines



Cummins Broad Product Range

A major expansion of the range since the late 1990s, with twice the number of engine
platforms covering 49 to 5100 horsepower
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Cummins Westport, Inc.

On Highway Heavy Duty Engines Design
Specifically for Alternative Fuels

*Based on Reliable Cummins Engine Platforms

Common parts and design provide heavy duty performance
*Engineered and Optimized Specifically for Alternative Fuel
«Continued improvement in reliability and cost of ownership

«Service Support through the Global Cummins Distributor network



2019 North America Product Line

Coming in 2020
.02 NOx!

SN ISXI12N

Peak Rating: 320 hp / 1000 Ib-ft torque Peak Rating: 400 hp / 1450 Ib-ft torque

66,000 lb. GVW 80,000 Ib. GVW
School huS/MD Truck/Shuttle Refuse/Transit/Regional P&D Regional Haul Truck/Tractor/Refuse
bus/8weeper/Yard spotter Truck/Mixers EPA/ARB Near Zero NOx
EPA/ARB Low NOx EPA/ARB Near Zero NOXx 0.02 g/bhp-hr (90% Reduction)
0.1 g/bhp-hr (50% reduction) 0.02 g/bhp-hr (90% Reduction)



Features:

ISX12N

LSN

Emission Certification

NOx Reduction to 2017 EPA
OBD
Cccv
TWC

Product Changes

EPA/CARB Near Zero (NZ) 0.02 g
NOx

90%
2019
YES

* Increase in size (TBA)

* One piece design

* Mid bed O2/Temp Sensor
» OEM Harness

* New fuel system improves
performance and reduces parts
content

* On-engine electric CCV filter with

2 CCP sensors
e CM2380 ECM
e 500 kbaud datalink
* New wiring harness
* New 2380 ICM

EPA/CARB Near Zero (NZ) 0.02 g
NOx

90%
2018
YES

* Same size as ‘17 ISL G NZ
* One piece design

* Mid bed O2/Temp Sensor
 OEM Harness

» Steel Pistons

* New Liners

* Improved Ring Pack

* New Valve Seat Material

* New Oil Cooler

» Improved Piston Cooling

» Additional crankcase pressure
sensor

 New CM2380 ECM

* 500 kbaud datalink

* New wiring harness

* New Ignition Control Module

EPA/CARB Optional Low NOx
0.1 g NOx

50%
2018
YES

» Same size as ‘17 ISB6.7 G
* One piece design

* Mid bed O2/Temp Sensor
* OEM Harness

» Additional crankcase pressure
sensor

« New CM2380 ECM

* 500 kbaud datalink

* New wiring harness

* New Ignition Control Module




Maintenance & Fluid Free Exhaust
Treatment | Three-Way Catalyst

= Similar to catalyst on gasoline passenger cars

» Packaged as a muffler with vertical or horizontal
mount

= Weighs ~100 pounds

= Benefits:
« More reliable, no downtime
« Maintenance-free, no filters to clean or replace
* NoO active regeneration required
 No SCR fluid or maintenance or costs



Presenter
Presentation Notes
The Three Way Catalyst is similar to a catalyst on gasoline passenger cars or pick-up trucks, this is the single most important difference between NG and diesel powered vehicles

Our Three-way Catalyst exhaust treatment is maintenance e free, no active regeneration, no fluids, no filter cleaning or filter replacements. 
Our NG engines are best suited for return to base, short haul, LTL, urban delivery most common for day cab operations. 
Packaged as a muffler with either a vertical or horizontal mount. 


Quiet Operation

= Spark ignition provides quiet
operation

Noise Comparison
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= Communities notice the natural gas
noise advantage.

and load

= ONE Diesel engine idling is louder 1
than 10 natural gas engines idling : D 0 Bl Seees |
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Presenter
Presentation Notes
Drivers frequently comment how quite the renewable natural gas engines operate


Why Is Near Zero needed ?

n Mobile Sources

Attainment and Nonattainment Areas in the U.S.
8-hour Ozone Standard
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O Nonattainment Areas (432 entire counties)
[ Nonattainment Areas (42 partial counties)

| PM
I O Attainment (or Unclassifiable) Areas (2668 counties)



Counties Designated by EPA as
Non-Attainment

EXTREME
= Los Angeles-South Coast Air Basin, CA

Counties Designated "Nonattainment”
far Clean Aur Act' s Mationa! Ambeent Ar Quality Standards (MAALS) *

= San Joaquin Valley, CA

SEVERE 15

» Los Angeles-San Bernardino Counties, CA
» Riverside Co, (Coachella Valley), CA

= Sacramento Metro, CA

SERIOUS
= Morongo Band of Mission Indians LM T
- LegEn:I & 1——-’“ 3 i
= Ventura County, CA B County Designated Nonattainment for § NAAQ S Pollutants e
[ County Dasignated Monattainment for 6 NAADS Pollutans
~ County Designated Monattainmant for 4 NAALS FPoflutants
MODERATE A County Designated Nonattainment far 3 NAAQS Pollutants
County Designated Nonattainment for 2 NAADS Pollutants
n Baltimore’ MD County Dasignated Honatainment for 1 NAAQDS Poliutant

= Dallas-Fort Worth, TX
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The Importance of Federal Standards for HD Vehicles

Figure 6-2: The Importance of Federal Standards
for Heavy Duty Vehicles*

215

20i6 Current EPA HD vehicles emissions:
; 2010 @ 0.2 NOx standard ....still not

clean enough to hit California Clean : .
Air Targets = Cummins Near Zero RNG Engines are

commercially available today moving goods
| with this technology will reduce corporate
GHG liabilities immediately.

200

150

125 Cummins Near Zero RNG
' engines reduce NOx 90%

75

50 :
E 023 ;arge

25 E
: 203T Target Renewable Natural Gas

Current Control Programs

South Coast NOx (tons per day)

o
2010 2012 2014 2016 2018 2020 2022 2024 2036 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

*The scenarios illustrated in this figure reflect natural turmover rates.
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California Optional Low Emissions
Tiers

Low NOXx

= 0.1 g/bhp-hr

= 0.05 g/bhp-hr

= 0.02 g/bhp-hr
Near Zero Emissions

= 0.02 g/bhp-hr NOx
e 90% reduction from current standard of 0.2 g/bhp-hr

CEC* has defined this certified
Near Zero emission level as
equivalent to a 100% battery truck
using electricity from a modern
combined cycle natural gas power

Zero Emissions plant.

= No tailpipe emissions
» Regardless of how low (NOx, PM, GHG, etc.)
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Renewable Natural Gas Improves GHG Profile

= Landfill gas and biogas that has been processed to “pipeline
guality” 1Is RNG

= CWI engines can operate on up to 100% RNG and are currently in
operation with RNG from landfills (landfill gas) & dairy farms
(biogas)

= RNG from some sources produces a negative carbon |nten3|ty or
sub-zero GHG emissions —

Waste Management,
Altamont Landfill
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Why Renewable Natural Gas Engine
Technology?

Environmental Durability
* NOXx is reduced by 90% below standard
» PMis reduced 90% below standard

= Renewable NG reduces Global Warming GHG emissions to Near
Zero

« Landfill source (GREET1 2016 and CA GREETZ2.0)
o Up to 97% reduction in CO2
o Up to 80% reduction in WTW GHG
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Electric Equivalent NOx

0.2
0.20
pd
% Using Assumes_ EV
0 15 current power IS
— . currerit
_g' t%Orvég[]grréde renewab_le certified at
0 batteries sources like 0.01 NOx
E‘ﬁ 0.10 RNG, wind emissions
power or solar
panels
0.04
0.05 0.03
: .02
0.01
0.00
0.2 g/bhp-hr EV EV EV 0.02 g/bhr-hr
Combined  Simple Cycle In-Basin @ @
Source: South Coast Air Quality Management District CYCle Generation a3 .-:_-._

Science & Technology Advancement Department
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Sub-zero Carbon Intensity

105 Diesel
Natural Gas @ @
- 2018 - ISX12N and L9N:
Sub-zero Emissions with
RNG: Cleaner than EV class

65 8 trucks.
(]
5 Fuel Cell
(o]
‘o™ 45 Battery
3 Renewable CNG
b Landfill Gas
; 25
o Renewable CNG
@ Wastewater Sludge
o 5 v
(§]
o Renewable CNG

Foin Food / Waste

Emissions
-15
-35

Source: California Air Resources Board, ""LCFS lllustrative Fuel Pathway Carbon Itensity Determined using CA-GREET2.0" 9/17/15.
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Natural Gas Playbook

CWIplaybook.com

NATURAL GAS
PLAYBOOK

= Online Natural Gas Playbook with tips and
tools to help customers with the successful
adoption of natural gas into truck, refuse,
school bus, and transit applications.

» Featuring a Well-to-Wheel GHG emissions
calculator and a Payback calculator.

= Organized into 5 sections to guide customers:

1. Assess
2. Specify
3. Prepare

4. Implement
5. Operate & Maintain
= “Print to PDF” feature allow users to create
their own Playbook of reference material.
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Presenter
Presentation Notes
Explain what the Cummins Westport website offers to customers by reading the points on the screen.

Click to advance the slide.


Natural Gas Playbook Emissions Calculator

RESULTS
eglon us Typlcal CWI ENGINE SELECTED
GHG Specification/Model GREET1_2016 ISX12N
Annual Total WTW GHG (C02eq) Savings with NGYs 58933

(Metric Tenmes per year)

% Reduction Relative to Current Vehicle Fleet 80.4%
Truck Equivalent GHG Avpided by Converting to MGY 201
# of Mear Zera Gas Trucks it Would Take to Generate GHG of Current Fleet 127.4
Tailpipe MOX Emissians Reductian with NGY 0%

[£ PRINTSPDF THIS PAGE



Presenter
Presentation Notes
Users input fleet information - location, application, model year, fuel usage, etc.
Users input fuel type – CNG, LNG, RNG
Calculate results:
Annual total Well to Wheel GHG savings with NGVs
Reduction relative to current fleet
Number of near-zero emissions vehicles to generate GHGs of current fleet
Tailpipe NOx emissions reductions


GHG Engine Emission Calculator

Region US Typical

GHG Specification/Model GREET1_20186
Application Heawy Duty Truck
Model Year / Vintage 2013

# Vehicles to Replace 1000

Vehicle Fuel Economy and Distance 100000 Miles @ 7MPG

Fuel Type CNG
Use RNG YES
Results
Annual Total WTW GHG (CO2eq) Savings with NGVs 156,131.2

(Metric Tonnes per year)

% Reduction Relative to Current Vehicle Fleet 79.8%
Current vehicle equivalent GHG avoided by converting to NGY 7975
# of Near Zero vehicles it would take to generate GHG of current fleet 4,939 3
Tailpipe NOx Emissions Reduction with NGY 90%

CWI Engine Model Selected ISX12M
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Presenter
Presentation Notes
Comparative output information customers seek 



ISX12 G Engines in Motion

2015

Attainment and Nonattainment Areas in the U.S.
8-hour Ozone Standard

C Attainment (or Unclassifiable) Areas (2668 counties)
O Nonattainment Areas (432 entire counties)
[ Monattainment Areas (42 partial counties)
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ISX12 G Engines in Motion

2018

Attainment and Nonattainment Areas in the U.S.
8-hour Ozone Standard

C Attainment (or Unclassifiable) Areas (2668 counties)
O Nonattainment Areas (432 entire counties)
[ Monattainment Areas (42 partial counties)




Moving Goods with Natural Gas Engines
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Presenter
Presentation Notes
Key fleets operating or contracting the use of our renewable natural gas engines 
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2019 OEM Availability

A R B@@r’cm@ Vehicles

QFREIGHTLINERY)
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e BLLUE BIRD

CILLIG

NEW FLYER
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NOVaBUS

ISXI2N
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MCI

@
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Benefits:

= Maintenance & Fluid Free Exhaust Treatment — same as your automobiles, no fluids, no
regeneration downtime, no cleaning or replacing exhaust treatment filters

= Environmental — Cleanest, most cost effective commercial goods movement power
available in the world today and for the foreseeable future, GHG credits transfer to shipper

= Low Engine Exhaust Emissions — NG engines broadly accepted by state regulators and
agencies with significant funding incentives in many states.

= Economics — lower cost per mile than any other technologies operating in return to base or
urban applications.
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Thank You!

* For more information:
Bill Boyce
East Regional Manager
(330) 720-9785
or
bill.boyce@cummins.com

= Or visit
Wwww.cumminswestport.com
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