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Natural Gas and Transportation

Economics — Lifecycle operating cost
superiority over diesel

Performance — same horsepower, torque &
fuel economy as base diesel

Emissions — ~25% GHGe reduction:
EPA/CARB 2010 certified

Energy security/ volatility— domestic natural
gas



Forecast: Delivered Energy Prices for Diesel &
Natural Gas Transportation Fuels, 2010-2035

2008 Equivalent U.S. Dollars Per Gallon Equivalent

Gas Shale Plays are an Industry Changing Breakthrough

North America Resource Estimates
2,119 Tcf of Total Resource

_ . _ * 95+ Year Supply at 75 Bcf/d
* 70+ Year Supply at 100 Bcf/d

Source International Gas Union, October 2009

Source U.S. Energy Information Administration, Annual Energy Outlook 2010



Fuel Ecommy

GX ANNUAL FUEL SAVINGS ESTIMATOR (STANDARD]
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These tables provide a quick
estimace of the potential
fuel saving achieved by a
sngle GX powered vehicle as
a result of che differential
price betwean LNG and
diesel, based on the vehicle's
fuel economy, annual
mileage and resulting annual
fuel consumprion.
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LNG Infrast
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LNG / CNG HD technology.



Volume and Range Comparison
Approximate

Diesel Volume Per 100 Range Per 100
; mi Gallons
i T =
650 mi
15 Gal.
i I
380 mi

28 Gal.

>
170 mi

* Estimate based on 6.5 mpg diesel, and same efficiency for NG vehicle



LNG vs. CNG

Re-fuelling time
LNG tanks are re-fuelled at 40gpm = 3-4 minutes/tank
Fuelling times same as diesel
Fast fill CNG takes as much as 5 x longer

Portability

Mobile LNG units can be relocated anywhere to meet
customers needs

LNG not limited by pipeline constraints

CNG stations need to be situated at large
interstate/intrastate pipelines



e Wesiport

8.9 Litre (540 cu. In.)
In line 6 cylinder
Charge Air Cooled (CAC)
Spark ignition
Ratings:
HP-250-320 hp
Torque: 660-1000 Ib-ft
2010 EPA and CARB certified
Manufactured by Cummins in

Over 6,000 in service.

Light Duty ( 1-5 litres)

Cummins Engine Plant- Rocky Mount, North Carolina

P x @

Westport 5]

In line 6 cylinder
High Pressure Direct Injection (HF
Compression Ignition
SCR Aftertreatment
Ratings:

HP-400-475 hp

Torque: 1450 -1750 Ib-ft
2010 EPA and CARB certified
Based on Cummins 2009 ISX eng
Engine conversion by Westport at
Westport Assembly Center, Delta, BC
Over 300 in service.

All classes of the veriicie iiar ke

>

Medium Duty (5.6-9 litres)

Heavy Duty ( 11-16 litres)

High Horsepower ( >16 litres)

Class-leading emissions performance while maintaining equal
horsepower, torque, and efficiency to a diesel/petrol-fueled engine

Westport



Westport B8 HPDI| Technology

Pilot diesel injected just prior to
natural gas to provide energy for
auto-ignition of gas injection
Natural gas injected at high
pressure at end of compression
stroke (no pre-mixed air/fuel)

Low diesel usage under all

Diese] Fuel
I E X X X R XL R X N J

Mzrevurzl Gz

Intake

Compression

conditions

. . Power
Diesel Engine Performance
remains Exhaust

Same high power and torque
Same or higher efficiency

Robust combustion over wide
range of fuel composition (no
premixed air/fuel so no chance
of detonation)



Westport B8 HPDI Fuel Injector

ommon-rail style injector
Directly replaces diesel injector

apable of independently injecting diesel and gas at up to 300 bar
4500 psi) injection pressure
Diesel used as an ignition source, actuation fluid, lubricant, and

oolant
. |

injector body

Diesel

e

HPDI

IRATT o,

gas needle

. [

-— pilot needle
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Legend: Commaon Rail Diesel Fuel Pressure
Common Rail Natural Gas Pressure
Pilot Injection Pressure




e Works like a “Thermos”

e Dual wall 3.5mm T304 SS

* Insulated by a vacuum and
cryogenic insulation materials

 Internal hydraulic LNG pump

e Can have 1 or 2 fuel tanks

per vehicle
Diesel Gallon Equivalent : 31 DGE 44 DGE 54 DGE
Total weight (full of LNG,
incl. brackets & piping) : 844 Ibs 1056 Ibs 1200 Ibs
Range at 5.5mpg US: 170 miles 245 miles | 300 miles




Westport 8 \\/estport HPDI — Operations

engine coolant to
rize LNG to CNG

Accumulator

Injector

.ﬂ‘-

f HP Diesel

Diesel Tank Diesel Trénsfer
mallest OEM tank) Pump/ Filter

HP Diesel Pump
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Loads > 100,000 Ibs

High fuel consumption 5.4 MPG
High annual miles 120,000 plus
Dedicated routes

Main transportation corridors
Range 250 to 500 miles one way
Engine > 400 HP, > 1500 |b-ft.
Trade cycle > 5 years

PACCAR customer

Dealer network engaged in natural gas




2 Most HD applications are Customized chassis
suited to Westport GX LNG integration to suit:

System
1450 — 1750 ft-lbs of torque Roll Off Trucks
400 — 475 hp

Heavy Haul
Refuse Transfer
Water Trucks
Flat Bed Haul
Dump Truck
Freight Haul
Derrick Rigs
Bulk Haul

D N N N N N Y N NN
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Application

Transport Robert: 180 LNG
Peterbilts

Vedder Transport: 50 LNG
Peterbilts

UPS: 48 LNG Kenworths
Heckmann: 200 LNG Peterbilts
Ryder: over 200 LNG trucks



LNG Safety




Thank You
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