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Disclaimer

This reportwas prepared as an account of work sponsored, in part, through a grant from the United
States Deprtment of Energy National Energy Technology Laboratory, projeBEE000607.MNeither

the United States Government, nor the Center for Transportation ardEifivironment, nor any grant
subrecipient, nor any agency thereof, nor any of their employees, makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, appratus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necesseoihstitute or imply its endorsement,
recommendation, or favoring by the United States Government, or the Center for Transportation and the
Environment, or any grant sefecipient, or any agency thereof. The views and opinions of the authors
expressed herai do not necessarily state or reflect those of the United States Government or the Center
for Transportation and the Environment, or any grant-sabipient, or any agency thereof.
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Secti on 1: Introduction

There is growing interest in the U.S. for alternatives to petroldased transportation, as Americans are
turning away from gasoline and diedekled vehicles for a variety of reasons. Rising and unstable
gasolineand diesepriceshave severely strained the economy and have led to inflationary pressures.
Continued turmoilinthe Mied I &4 t S @Sa G(KS ! yAGSR {GFrdSaQ 2Af
addition, vehicle emissiongarticularly from older model vehicles, contributegoor air qualitywhich

can inturn contribute tovarioushealth problems. Deployment of alternative fuel vehicles (AFVs) into the
marketplace can help alleviate dependence on foreign oil, offer moreeaféesttive transportation

options, andmayreduce hamful pollutants. These vehicles use low cost, domestically produced energy;

fuels such as propane and natural gas are abundant in the United States and have a lower carbon content

than gasoline and diesel. However, to have a noteworthy impact on the ecpnemergy security, and
the environment, significant strides must be made in the education, acceptance, and deployment of
alternative fuel vehicles.

This workbook is a product of tf&outheast Regional Alternative Fuels Market Initiatives Prograome

of twenty Clean Cities Implementation Initiatives to Advance Alternative Fuel Mayiaeits from the U.S.
Department of Energy. In partnership with Clean Cities Georgia, Palmetto State Clean Fuels Coalition,
Alabama Clean Fuels Coalition, East Tennesser Elggds, Middle Tennessee Clean Fuels, and West

Tennessee Clean Fuels, the Center for Transportation and the Environment was awarded $580,900 from

the U.S. Department of Energy. Figu@d K2 g & [/ t Sty / AGAS&aQ asStSOiAzya
advance alternative fuel markets.

Clean Cities’ Selections for Implementation
Initiatives to Advance Alternate Fuel Markets

Raleigh, NC

@ Loxd project reciplent

[l Projects inchude activities in shaded states

Figure 1: Clean Cities Initiatives to Advance Alternative Fuel Markets

Theprimary objective of theSoutheast Regional Alternative Fuels Market Initiatives Progranto target
andoffer remedies taobstacles to alternativéuel vehicle adoption and us&@heprogramfocuses on a
four-state region that includes Alabama, Georgia, South Carolina, and Tennessedsandollaborative
effort between the following partners:

1 Alabama Clean FueBoalition
1 Center for Transportation and the Environment
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Clean CitiesGeorgia

Palmetto State Clean Fuels Coalition
East Tennessee Clean Fuels Coalition
Middle Tennessee Clean Fuels

Clean Fuels of West Tennessee
Southern Company

City of Atlanta

=A =4 =4 -4 -4 -4 -4

The workbod is organized into three parts:

1 Alternative Fuels Readiness Workbook Part 1: Natural Gas Vehicles and Infrastructure
1 Alternative Fuels Readiness Workbook Part 2: Propane Vehicles and Infrastructure
1 Alternative Fuels Readiness Workbook Part 3: Policy

Thepurpose of Part 1 and Part 2 of the workbooks is to provide resources and tools to help educate fleets
about natural gas and propane vehicles and to introduce common issues associated AFV implementation.
Each workbook includes an introduction to the faald discusses the various applications appropriate for

the fuel. There are also sections that highlight available vehicles and discussions regarding vehicle
acquisition and fueling infrastructure. Information is included regarding various incentives egigprs

that may be available to a fleet, focusing specifically on the-&ate region, to help in the deployment of
natural gas and/or propane vehicles. There are also case studies from thstédeiregion highlighting

fleets that have successfully deged alternative fuel as part of their daily operations.

Part 3 is a resource for policy and decisinakers highlighting policies and regulations supporting
alternative fuel deployment, with a particular focus on policies relevant to natural gas apdmeoPart 3
includes policies that are in place in the fesiate region as well as those in place throughout the United
States. The intent is to introduce policy and decigioakers to supportive policies that they may wish to
consider in an effort to quport alternative fuel related activities in their state.

In addition to using the workbook as a resource, fleets and pafiggers are encouraged to engage with

their local Clean Cities Coalition partners in their efforts to deploy alternative fuedsCiEan Cities

Program is sponsored by the U.S. Department of Energy and supports public and private partnerships to
FROIYyOS (KS ylIiA2yQad SO02y2YA0S SYy@ANRBYYSyidlftz IyR
petroleum consumption in transporten. There are nearly 100 coalitions throughout the U.S. The

coalitions are a valuable resource and are available to help fleets and consumers find answers to

guestions regarding alternative fuel vehicles.

Websites for each ofthe-d (i | G S NI Thied godlifiond ate &g foflows:

Alabama Clean Fuels Coalition: http://www.alabamacleanfuels.org/
Clean CitiesGeorgia http://www.cleancitiesgeorgia.org
Palmetto State CleaRuels Coalition: http://www.palmettocleanfuels.org/
East Tennesseglean Fuels Coalition http://www.etcleanfuels.org

Middle Tennesse€lean Fuels http://middletncleanfuels.org/
Clean Fuels diVest Tennessee: http://cfwt.tn.org

Readersare f 82 Sy O2dzN}y 3SR (2 @AaAd GKS | o{ ® 5SLI NIYSy
web site for additional information regarding AFVs. Readers can access the AFDC web site through the
following link:

http://www.afdc.enerqgy.gov/
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Key Terms

Alternative Fuel:Defined by the Energy Policy Act (EPAct), a fuel that is substantiallyetaieum,
yields substantial energy security benefits, and offers substantial environmental benefits; fuels can
include:natural gas, liquefied petroleum gas (propane), edadived liquid fuels, hydrogeik85,
electricity,and pure biodiesel.

Alternative Fuel Vehicle (AFVA dedicated, flexible fuel, or duiel vehicle designed to operate on at
least one alternative fue

Autogas:Alternative fuel consisting of at least 90% propane along with smaller amounts of other gases
such as propylene, butane, and butylene.

Bi-Fuel:Describes a vehiclgith two separatefuelingsystemsgnablingthe vehicleto run onone fuel or
the other.

Dedicated FuelA type ofalternative fuel vehicle designed to run only on one type of.fuel

Dual- Fuel:These vehicles are traditionally limited to healyty applications, have fuel systems that run
on natural gas, and use diesel fuel fgmnition assistance.

GasolineGallonEquivalent (GGEEquates the energy content of any motor fuel, including alternative
fuels, to that of a gallon of gasoline

Greenhouse Gases (GHGgases that can absorb and emit infrared radiation

Liquefied Petroleum Gas (LP@)nother name for propane; LPG is a domestically produced, clean
burning, lowcost alternative transportation fuel.

Original Equipment Manufacturer (OEMEompany thafirst creates a manufactured product available
for resale In this case, the company may produce AFVs and sell them directly to the public.

Propane VehicleDedicated or bfuel vehicles that have the ability to run on propane.

Well-to-Wheel: Atype oflife-cycle assessment used for vehicles and vehicle flielss developed to
consider the impact of alternative fuels and new vehicle technologies.

Key Terms are words or group of words that appear frequently in this workbook. This section is used as a

reference point to define these significant words. Themgris were definedrom the Alternative Fuels
Data Centefwww.afdc.energy.govandcumminsengines.com.
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Section 2:  About Natural Gas

Naturalgasfirst became available as a transportation firethe 1930s Advancements in engine and
storage technologymore stringent emissions standardsnd lower costhave led to an increase the
interest in andthe viability of natural gas as a transportation fudlatural gas is alean burning
domestically produced, and widely available fudistorically nhatural gas costs leger Gasoline Gallon
Equivalen{ GGE) compared to gasoline and digaslof 2014, fleets using natural gas are saving around
$1.50 per GGE.

Natural gas is used in twforms in vehicles either as Compressed Natural Gas (CNG) or as Liquefied
Natural Gas (LNG).

CNG is stored onboard vehicles in cylinders at a pressure of 88600 pounds per square inch.
Vehicles fueled by CNG achieve a similar fuel economy teotiomal gasoline powered vehicles on
GGHhbasis A GGE equals about 5.66 pounds of CNG. CNG is appropriate forggitm, and
heavyduty applications.

LNG is a clear, odorless liquid that forms when natural gas is cool&bfbdegrees Fahrenheit
through a process called liquefactiddNG is stored onboard vehicles in doutalled, vacuum
insulated pressure vesseldNG offergreaterenergy content by volume in a given tank compared to
CNG A GGE equals about 1.5 gallons of LI\NN& isappropriate for mediurnand heavyduty

vehicles, and provides greater range options compared to CNG because of the greater energy
content?!

Natural Gas as an Alternative to Petroleum

Seventyone percentof all petroleum used in the U.S. is dedicated @nsportation? In March 2013,
the U.S. imported 52% of theefroleum consumed nationalf/ln contrast, 80%00% of the natural

gas consumed in the U.Bomes from domestic productiohln recent years, natural gas production
has reached its highest record@nnual total since 1973. This production increase can be attributed
to more efficient, coseffective drilling techniques. Theansportation sector accounts for less than
one percentof natural gas use in thU.S., while oil and petroleutrased fuels amunt for 936 0f the
aSO002NRa FdStf O2yadzYLIiAzy o

The worldwide supply of petroleum resources are estimated at 1,350 billion barrels, while natural gas

resources are estimated at 2,260 billion barrels (energy equivalent basis). Predictions with current
utilization rates show thagjlobalpetroleum resource will last 46 years, while natural gas resources
have the ability to last for more than 120 yed&Betroleum availability predictions may decrease
based on future utilization ratefRReserves of natural gas are expected to keep prices steady through
at least 2030, and this price is expected to remain significantly lower than gasoline ordiesel.

Figure2 representsthe total number of crude oil and petroleum products imported to the U.S. since

1985. Even with a slight decrease over the past few years, the U.S. is spending nearly $1 billion a day

on imported oil. Instability of oil producing countries ledd priceincreases for gasolingnd diesel

1 http://www.afdc.energy.gov/fuels/natural_gas_basics.html

2U.S. Energy Information Administratiohanual Energy RevieBgptember 2012

3 http://www.pickensplan.com/news/2013/04/18/usn-trackto-spend400-billion-on-imported-oil-in-
2013/

41 YSNA OF Qa b | { Maw¥af Gadriving CHarfigd | y O S @

5 American Clean Skies Foundatibmiving Natural GaReport April 2013.

61 YSNXA O Q& b | (i Nazxiraf GadDMekicle Indlubtry Dyériiénd
“www.ngvc.org/gov_policy/documents/cng_propane 11.27.13.pdf
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which negatively impacts the U.S. economy. Shifting to U.S. sources of energy detireaskance
on foreign governments, allowing the U.S. to effectively manage its own energy policy.

CNG has becomemore attractiwe option for vehicle fuel due to the rising prices of petroleum
April 2013there was approximatelg $1.50differencein the GGEas shown irFigure3. With diesel
and gasoline prices expected to rise, predictions expect natural gas to cost 5@baletisese fuels
by 20252 LNG prices are not as well advertised as CNG prices due to many LNG stations being
privately owned and operated.

Asthe percentage ohatural gas vehicleNGV$in the vehicle market continues to growhere will
be less spending on imported oil and more domestic reinvestment with the saiagsal gas

contributesapproximatelyfour million jobs and ove$3856 A f t A2y G2 2dANJ yI G6A2yQa SO
Thousand Barrels
6,000,000
4,000,000
2,000,000
0 T T T T T T
1985 1990 1995 2000 2005 2010
— U.S. Imports of Crude Qil and Petroleum Products
Figure2: U.S. Imports of Crude Gind Petroleum Products
SourceU.S. Energy Information AdministratidPetroleum & Other Liquids
Average Retail Fuel Prices in the U.S.
4 -8~ Gasoline
§ & CNG
g =¥ Diesel
£ ,I’IFI—I—I~I—I“'-—._.ﬂ}‘r.—._.’.>.
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Figure3: U.S. Average Retail Fuel Prices
Sourcehttp://www.afdc.energy.gov/data/10326

8 http://www.anga.us/media/content/F7D1441A89A5D06A
9EC93BBE46772E12/files/transportation%20brochure.pdf
9 hitp://www.entregapipeline.com/theimportanceof-naturalgasto-the-us-.economy.php
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While the number of availabl@assenger vehicles, trucks, buses, vans, and heatyNGVss

constantly increasing G KS ! ®o{ ® 5SLI NIYSyid 2F 9ySN&tEnaad ! f G SNY I
that less tharone pecentof the U.S. total vehicle population in 200@&s omprised of NGVaVith

new technology and support, NGVs offer many advantages over conventional gasoline or diesel

vehicles.

Natural Gas Availability

The U.S. is well positioned to provide natugak as a transportation fudtigure4 showsthe U.S.

natural gas pipeline network and its availability for states to produce natural gas foAftegrding to

the U.S. Energy Information Administration, the U.S. has more than 210 natural gas pipeééngssys
and 305,000 miles of interstate and intrastate transmission pipelifiesre are more than 1,400
compressor stations located across the country that maintain pressure on the natural gas pipeline
network. The U.S. also has more than 11,000 delivemtpaind 5,000 receipt points for natural gas,
24 market centers, 400 underground storage facilities, 49 locations where natural gas can be
imported and exported, and 1,400 interconnection points that provide for the transfer of natural gas
throughout the US®°

Legend

= Interstate Pipelines

— = |ntrastate Pipelines

Figure4: U.S. Natural Gas Pipelines
Sourcehttp://www.eia.gov/pub/oil_gas/natural_gas/analysis publications/ngpipeline/ngpipelines_map.html

LY KAa wnmu {GFGS 2F (KS | yXteyevéloRmeNBfndEal galNS & A RSy (i h
will create jobs and power trucks and factories thataré¢ S NJ | Yy R OKSF LISNE LINBP @Ay 3
havetochoa S 60SG6SSy 2dzNJ Sy @A NBhé Y.Siyan udanf-BomagliediieSiO2 y 2 Y& d&
the NGVmarket Although the U.Surrentlyranksonly twelfth globallyin number of natural gas

10 hitp://www.eia.gov/pub/oil_gas/natural gas/analysis publications/ngpipeline/index.html
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fueled vehiclesbetween 1999 and 2009 the consumption of natural gas in the transportation field
tripled 1! NGV sales are expected to grow 10% per year through.2019

The sutheast region is also well positioned to access natural gas thrthegpipeline network.
Figureb highlightsthe pipelines serving the fotstate region ofAlabama, Georgi&gouth Carolina
and TennesseeMultiple interstate natural gas pipelines run through the area. With NGV demand
expected to increase as game and diesel prices continue to risihe Southeashas the ability to
adequately suppor€NG/LNG for fleets and consumer vehicles alike.

iy
| lerstate
| trastate \‘\L

Figureb: Southeast Natural Gas Pipelines
Sourcehttp://www.eia.gov/pub/oil_gas/natural gas/analysis_publications/ngpipeline/southeast.html

As the demand for NGVs grows, the economy will shiftraewd job sectors will develop. The
development of the NGV market will have an economic impact by creating the following types of
jobs:

1 NGV and parts manufacturing, sales, and service
1 Infrastructure manufacturing, sales, installation, and service

1 hitp://www.rff.org/Publications/Resources/Pages/18aturalGasVehicles.aspx
12 http://www.usatoday.com/story/money/cars/2013/03/09/naturatjasvehiclesinroads/1967881/
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Environment al Benefits

Natural gas is a lowarbon, clean burning fueNatural gas can offer life cycle greenhouse gas
emissions benefits over conventional fuels when used as a vehicléiftleugh recent efforts by the
U.S. Environmental Protection Agency (ER&EMmarrowed the gap in emissions for all types of
combustionengines NGVs continue toffer emissions benefits his is especially true when
considering many conventional vehicles on the road today are older mddlglige all types of NGVs
offer at leastsome emissions benefits, the biggest payback on natural gas fuel is seen irdugavy
vehicles.

According to Argonne National Laboratory, natural gas emits approximately 6% to 11% lower levels of
GHGs than gasoline throughout the fuel life cycle. Wbemparing the life cycle emissions of the two
types of natural gas, CNG and LNG are nearly ichfdi

9@ LN GADPS YR FdzStAy3a SYrAaairzya | 002dzyd F2N pmr:r 2
produce little or no evaporative emissions during foglor use** When in use, NGVs produce lower

amounts of carbon dioxide per mile traveled. Therefore, NGVs are cleaner for the environment than

conventional gasoline or diesel vehicles.

Natural gas has been defined as a safe trangion fuel by the EPAue toreduced flammability
relative to petroleum, presence of onboard gas detectors, existence of tank safety valves, and
periodic DOT tank inspectioA3Both CNG and LNG dighter than air, therefore allowing thero
disperse rapidly in the event ofralease. This reduces ignition risks relative to gasoline. In the event
of a release, there would be no harm to land or water because natural gas-®xion

13 http:/iwww.afdc.energy.gov/vehicles/natural_gas_emissions.html
1 http://www.cngnow.com/whatis-cng/clean/Pages/information.aspx
15 ANGA Overview PDF

Part 1. Natural Gas Vehicles and Infrastructure Pages



Alternative Fuels Readiness Workbook

Section 3:  Natural Gas Applications

There are a variety of applications that can successfully use natural gas as a transportation fuel. High
mileage centrally fueledfleets operating within a limited service area arellgiited applications for

CNG, including taxi, transit, and refuse fle&/ehicles travelling longer distances may find LNG to be a
more suitableoption. There are a number of fleets in the festate region that have successfully
incorporated NGVs into their daily operatioiscamples ofléetsoperating in the fowstate region using
CNG and LNi&clude:

UPSc{ A Y OS H n n n Zivelfuel fle@tdas ltrdveled Mdfe thEad6 million miles, and their
natural gas fleet has grown to include more thB000 package delivery vehiclés 2013 UPS
announced thg are expandingheir natural gas operations to include Liquefied Natural @gs.
the end of 2014, UPS plans to haveMGfleet consisting of 1,000 tractoperatingout of
Florida, lllinois, Indiana, Mississippi, Missouri, Ohio, Pennsylvania, Tennessee, antP&xas.
set a goal to reach one billion miles driven by their alternative fuel and advanced technology
fleet by 201746

AT&Tc In October 2013, AT&T reached the halfway mark of its commitment to invest $565

million to deploy 15,000 alternative fuel vehicleger the course of a XQear period ending in

2018. There are currently over 7,500 AFVs operating in 44 states across the nation and southeast
region. The company plans to add up to 8,000 CNG vehicles to its fleet by first quarter 2014,
which is the largdsU.S. corporate commitment to CNG to date. AT&T has since announced that
its deployment of AFVs enabled the company to avoid the purchase of 7.7 million gallons of
gasoline from the beginning of the program through the end of 2812.

Large, national flestare not the only fleets that have made an investment in natural gas vehicles
operating within the fousstate region. A number of local fleets throughout the four states have
deployed natural gas vehicles within their fleet operations. Examples of sothe eficcessful
deployments are included below:

City of Rock Hill, South Caroliral' he citybegan investing in natural gas in 1995 when it built a
CNG fueling station and converted dump trucks to run on ®SGNG fleet has since grown to
include pickip trucks, sanitation trucks, additional dump trucks, and two Chevrolet Impalas. Rock
Hill Performance Manager Marty Burr estimates yearly fuel savings of $32,500 will pay for the
additional cost of the CNG refuse trucks in about 14 months. The city glans¢hase two to

three CNG vehicles per yeHr.

City of TrussvilleAlabamac ¢ NHza & @ A f fudled &ehicles, whidh Bange from patrol cars to
dump trucks, saved the city around $100,000 in fuel costs in 2013. Mayor Gene Meftects

that number todoublein 2014 as he plans to convert more fleet vehicles to run on natural gas.
On March 202013 Trussvillaunveileda new publicly accessible CNG fuel statishich became
the fifth public CNG station to opén the state of Alabam&

BirminghanmtJeferson CountyTransit Authority, Birmingham, Al In August 2013, BJCTA
unveiled its first set of compressed natural gas buséese 30 buses are expected to save BJCTA

18 http://www.pressroom.ups.com/Fact+Sheets/ci. UPS+Alternative+Fuel.print

17 http://www.environmentalleader.com/2013/10/10/atireacheshalfway-mark-in-alternativefuel-
vehiclesgoal/

18 http://www.government-fleet.com/channel/greerfleet/news/story/2013/09/rockhill-to-expandcng
stationrincreaseits-cngfleet.aspx?prestitial=1

19 http://wvww.greenfleetmagazine.com/news/51470/neswngfueling-station-openedin-trussvilleala
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about 10% on fuetelated costs in addition to a federal incentive of 50 cents fohegallon of
compressed natural gas uséd.

Morgan County SchoojsTennesseg In 2012, Morgan County became the first school system in
the state of Tennessee to transport students in natural gas and propane school buses. With the
help of the East Tennessee Clean Fuels Coalition, Morgan County began their alternative fuel
fleet with three buses thatmmediatelyreduced particulate matter exposure by 90%. Bus

drivers, students, and parents alike have been pleased with the new buses, and the school
system plans to use these current modfasat least the next 15 yeard.

Section Df this workbook includes a number of case studigghighting fleets deploying NGMs
installing natural gas infrastructure. The sectisdesigned toserveas aresourcedescribinghe
experiences of other fleets and provide examples of fleet managershate successfully integrated
NG\ into their fleets.

20 http://blog.al.com/spotnews/2013/08/bjcta._marks arrival of new com.html
21 hitp://www.wate.com/story/20062203/morgarcounty-unveilsschootbusesfueled-by-naturalgas

and-propane
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Section 4: Natural Gas Vehicles

This sectiorprovides a brief introduction to natural gas vehicl&he indwtry is everchanging and new

makes and models of vehicles available with a natural gas option are regularly annotinedd.S.

5SLI NLIYSydG 2F 9y SNHE Qa AFDQesimeesthatings arcarde®d 1%2,0801 G / Sy G SNJI
natural gas vehiclesn theroad todayin the U.S?? Acquisition of NGVs can occur in three ways

1 Fromthe assembly line by the original equipment manufacturer (OEM)
1 As a conversionption from the OEMor upfit from qualified vehicle modifier
1 Asan aftermarket conversion

There are three types of natural gas vehicles:

DedicatedNatural Gas Vehicles

A dedicated vehicle is designed to run only on CNG or Exinples of dedicated CNG vehicles
includethe Honda Civic Gfrom the OEM); the GMC Savana 2500/3500 (available as a natural
gas option from the OEM); anttle Altech9 O2 / 2 NI1J2 Ndsidnlsysigrfar modlyeas
2010FordE350 Cutaway5.4L engindafter-market conversion)

Bi-FuelNatural Gas Vehicles

Bifuel systems are designed with two separate fueling systems that enable them to run on
natural gas and gasoline. These vehicles run on CNG auritNl (e tank is depleted wheit
then automatically switches to run ogasline. An example of a Huel sysem vehicle is the
Dodge Ram 2500 CN@&vailable as a natural gas option from the OEM)

Duakuel Natural Gas Vehicles

Traditionally limited tcheavyduty applications, daHuel vehicles have a fuel system then

run on either diesebr a combinationof diesel and natural g€ For example, American Power

Group offers an engine conversion for outside useful life for the Cummins 14.9 and 10.8L engines
for model years 2004 2009.

Current Natural Gas Vehicle Availability

There are a number of natural g&ehicles on the market todaks discussed above, vehicles and
engines are availabldirectly from the manufacturer or can be converted to run on natural gas.

Learn More About Natural Gas Vehicle Availability

There are many online information sources that provide the mesentinformation on the
latest technologies, such as tiadternative Fuels Data Center. Readers are encouraged to vi
the link below for the most upo-date information on availablikght-duty and heawduty
vehicles, and lightluty and heawduty engines:

http://www.afdc.energy.gov/vehicles/natural _gas_availability.html

For natural gas vehicle conversiinformation, readers are encouraged to visit the NGVAmer
website:
http://www.ngvamerica.org/about ngv/available ngv.html

22 hitp://www.afdc.energy.gov/vehicles/natural_gas.html
23 hitp://cumminsengines.com/duafuel
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Another resource readers may find useful is tlean Cities 2014 o
+ SKAOf S . pabliShedbi theDlHSh Befartment of Energy. § R [
The guide includes a comprehensive list of 2014 dyhy B
alternative fuel and advanced vehicles. The guide features mod d 201'_4
specific information on vehicle specs, manufacturer suggested S48 veh'd,e
retail price, fuel economy, energy impact, and emissions. The T — B“!!e' §
I t8Fy / AGASA H A wmisawmiBiieXoDdoBnloaddze g Guide ¢
from the AFDC website: ;
http://www.afdc.energy.gov/uploads/publication/60448.pdf

[

Vehicle Availability from Manufacturers

Tablel below highlights lightluty vehicles available directly from timeanufacture either as an NGV
or with a natural gasehicle optionin model years 2012013 and 2014

Table1: NGV LighDuty Vehicle Availability (MY 2012/2013/2014)

Natural Gas Vehicle Model Year
Ford Transit Connect 2012
Vehicle Production GroupMV-1 2012
GMC Savana 2500/3500 2012, 20132014
Chevrolet Express 2500/3500 2012, 20132014
Honda Civic 2012, 20132014
GMC Terrain 2013
Chevrolet Equinox 2013
Ford F150 2014

SourceAFDC LigHbuty Vehicle Searcht{p://www.afdc.energy.gov/vehicles/search/light

There are also vehicle and engine options available for hdatyyvehicle applications. Applications

with available vehicle and engine options include: school buses, transit vehicles, refuse haulets, stre
sweepers, tractors, vans, and vocational vehicletles 2 8 belowhighlightnatural gassehiclesand
engines currently available the heavyduty market by application.

Table 2: NGV Heaviputy Vehicle and Engine AvailabilitySchool Bus Applicatins

Vehicles Fuel
Blue Bird Corp All American Rear Engine CNG
Thomas Built Buses SafLiner HDX CNG CNG

Cummins Westport, ISL G 8.9L CNG, LNG

SourceAFDC HeavRuty Vehicle and Engine Seareti(://www.afdc.energy.gov/vehicles/search/heavy/
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Table 3 NGV Heawputy Vehicleand EnginéAvailability ¢ Transit Applications

Shuttle Bus Vehicles Fuel
Chanpion Bus IncCTS; Front Engine CNG
Goshen Coact GCII/GForce CNG
StarTrang, President CNG
StarTrang, Senator CNG
Turtle Topg Odyssey CNG
Turtle Topg Odyssey XL CNG
Turtle Topg Odyssey XLT CNG
Turtle Topg Terra Transport CNG
Turtle Topg Van Terra CNG

Shuttle Bus Engines

Fuel

Transit Bus Vehicles

Cummins Westport, ISL G 8.9L CNG, LNG
Ford Motor Co. 5.4L-8 CNG
Ford Motor Co. 6.8L-Y0 CNG
General Motorg; 6.0L V8 CNG

Fuel

Transit Bus Engines

ElDorado National Axess CNG, LNG
ElDorado Nationat EZ Rider Il BRT CNG, LNG
EDorado Nationat XHF CNG, LNG
Gillig Corpg DieselElectric Hybrid Bus and CNG Bus CNG
Motor Coach Industrieg D4500 CT Hybrid Commuter Coach CNG
New Flyer; Xcelsior CNG, LNG
North American Bus Industries31LFW/35LFW/40LFW CNG
North American Bus Industries42BRT CNGLNG
North American Bus Industries50BRT CNGLNG
North American Bus IndustrieSCompoBus CNG

Fuel

Cummins Westport, ISL G 8.9L

Trolley

Fuel

New Flyer Xcelsior CNG, LNG

Trolley Engines
Cummins Westport ISL G 8.9L

Fuel
CNG, LNG

Source: AFDC Healty Vehicle and Engine Searti(://www.afdc.energy.gov/vehicles/search/heavy/

Table 4: NGV Heaviputy Vehicleand Engine Availabilitg Refuse Hauler Applications

Refuse Hauler Vehicles Fuel
Heil Environmentat DuraPack Python CNG
Heil Environmentat Front Loader CNG
Heil Environmentat RapidRail CNG
Heil Environmentat Rear Loader CNG
Heil Environmentat RoltOff Hoist CNG
Mack Truckg, LEU TerraPro Low Entry CNG, LNG
Mack Truckg MRU TerraPro Cabover CNG, LNG
McNeilusg Front Load (Contender, Atlantic, L&®wofie) CNG
McNeilusg Rear Load (Std, HD, XC, Tag, MS, Me#ilg CNG
McNeilusg Side Loade(ZR, AutoReach) CNG
Peterbilt Motorsc 320 G CNG, LNG
Refuse Hauler Engines Fuel
Cummins Westport, ISL G 8.9L CNG, LNG

Source: AFDC Heabyity Vehicle and Engine Seareti://www.afdc.energy.gov/vehicles/search/heavy/
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Table 5:NGV HeawDuty Vehicle and Engine AvailabilityStreet Sweeper Applications

Street Sweeper Vehicles | Fuel
Elgin Sweeper CompayBroom Bear/Crosswind/Eagle/Pelican CNG, LNG
TYMCQ, 600 CNG
Street Sweeper Engines \ Fuel
Cummins Westporg, ISL G 8.9L CNG, LNG
General Motors; 3.0L CNG
General Motors; 6.0L V8 CNG
KEM¢5.7L CNG

Source: AFDC Healuty Vehicle and Engine Searti(://www.afdc.energy.gov/vehicles/search/heavy/

Table 6: NGV Heawputy Vehicle and Engine AvailabilityTractor Applications

Tractor Vehicles Fuel
Capacity Trucks TJ9000 CNG, LNG
Cargoteq; Ottawa 4x2 CNG, LNG
Freightliner¢ Business Class M2 112 CNG, LNG
Freightliner¢ Cascadia 113 NG CNG, LNG
Kenworthg T440 Tractor CNG, LNG
Kenworthg T470 Tractor CNG, LNG
Kenworthg T660 Tractor CNG, LNG
Kenworthg T800 Short Hood CNGLNG
Kenworthg T800 Tractor LNG
Peterbilt Motors- 365 CNG, LNG
Peterbilt Motors- 382 CNG, LNG
Peterbilt Motors- 384 CNG, LNG
Peterbilt Motorsg 367/386/388 LNG
Volvo¢ VNL Daycab CNG, LNG
Volvo¢ VNM Daycab CNG

Tractor Engines Fuel

Cumminsiestport¢ ISL G 8.9L CNG, LNG
Cummins Westport ISX12 G CNG, LNG
Volvo¢ D12LNG LNG
Westport Innovationg;, GX LNG

Source: AFDC Heabyity Vehicle and Engine Seareti(://www.afdc.energy.gov/vehicles/search/heavy/

Table 7: NGV Heawviputy Vehicle and Engine AvailabilityVan Applications

Van Vehicles Fuel
Ford Motor Coc E-Series Cargo Van/Wagon CNG
Ford Motor Coc¢ Transit Connect CNG
General Motorg; Express/Savana cargo van CNG
Van Engines Fuel
Ford Motor Cog 2.0L 14 CNG
Ford Motor Cog 5.4L V8 CNG
Ford Motor Cog 6.8L V10 CNG
General Motors; 6.0L V8 CNG

Source: AFDC Heabyity Vehicle and Engine Seareti(://www.afdc.energy.gov/vehicles/search/heavy/
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Table 8: NGV Heawiputy Vehicle and Engine AvailabilityVocational Truck Applications

Vocational Truck Vehicles Fuel |
Ford Motor Coc E-Series Cutaway and Stripped Chas CNG
Freightliner¢ 114SD CNG, LNG
Greenkraftg 1061 CNG, LNG
Kenworth¢ W900S CNG, LNG
McNeilusg¢ CNG Cement Mixer CNG
Cummins Westporg, ISL G 8.9L CNG, LNG
Cummins Westport, ISX12 G CNG, LNG
Ford Motor Co¢ 5.4L V8 CNG
Ford Motor Co. 6.8L-%0 CNG
General Motors; 3.0L CNG
General Motors; 6.0L V8 CNG
KEM¢ 5.7L CNG

Source: AFDC Healty Vehicle and Engine Searti(://www.afdc.energy.gov/vehicles/search/heavy/

Conversion Availability

In addition to the options noted above from vehicle and engine manufacturers, vehicles may also be
converted to run on natural gas. Converting a vehicle involves modityingehicle or engine to run

on a fuel other tharthe one for which the vehicle omgine was originally manufacturetihese

vehicles and engines can be converted to either dedicated-frdbisystems. For Huel

configurations, flipping a switch to change tanks typically accesses the desiréti fuel.

Whileretrofits/ conversions are avible for many lightand mediumduty vehicles as ®ll as some
heavyduty vehiclesthey are notavailablefor all vehiclesmodels, engines, or platform€urrently
approved retrofit systems are availalfter selected vehicles from the followiright-duty OEMs

Chrysler Ford General Motors

In addition, retrofit/repower systems are available f&&lectedengines manufactured by the
following:

Caterpillar Mack Cummins Navistar Detroit Diesel Volvo

Learn More About Natural Gas Vehicle and Engine Conversions

Readers are encouragéd visit the Alternative Fuel Data Center link below fortaplate
information on lightduty and heawyduty vehicles, and engine conversions:

http://www.afdc.energy.gov/vehicles/natural gas conversions.html

The U.S. Environmental Protection Agency neirg a list of certified alternative fuel
O2y@SNEAZ2YA aeadSvyaod ¢KS tAad Aa | @FAfl o0
G!' t GSNY I GAGS CdzSt /1 2y @SNERAZ2YE LI IS ¢FNRY
I 2YLIX ALY G / 2YOSNEABY SNEAFEIBRE / EBER YO X QS
{2aiG8Yaé G2 R26yf2IR (KS ALINBIRAKSSH®

http://www.epa.gov/otag/consumer/fuels/altfuels/altfuels.htm#2

24 hitp://www.afdc.energy.gov/vehicles/conversions _basics.html
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Table9: Companies Offering Conversion Systems

Company \ Website Headquarters
AGA systems/Autogas America autogasamerica.com Utah
AltechEco altecheco.com North Carolina
American Power Group, Inc. americanpowergroupinc.con| lowa
Clean Air Power, Inc. cleanairpower.com California
Diesel2Gas, Inc d2ginc.com Florida
FYDAEnergySolutions fydaenergy Pennsylvania
Go Natural CNG gonaturalcng.com Utah
Greenkraft Inc greenkraftinc.com California
IMPCO Automotive impcoautomotive.com Indiana
Landi Renzo USA/Baytech landiusa.com California
M-tec Solutions mtechsolutionsinc.com North Carolina
NatGasCar natgascar.com Ohio
NGV Motori ngvus.com Virginia
Westport/BAF wingpowersystem.com Michigan
Wise Gas, Inc. wisegasinc.com Florida

Sourcehttp://www.ngvamerica.org/about _ngv/documents/availablevehiclesandconversions 130920 final.pdf

Importance of Certified Conversionand Installation by Qualified Technicians

Fleets should be aware of two issues when considering converting vehicles ifigbeio operate on
natural gas:

1. The ability of the natural gas system to meet federal emission requirements
2. The proper installation of the natural gas system to ensure safe, reliable performance

Changing the configuration of a
vehicle has the potential to violate
section 203(a)(3) of the Clean Air
Act. To ensure that conversions to

Learn More About Natural Gas Vehicle and Engine
Conversion Certification

For more detailed information on conversion

alternative fuels do not violate the ce[tificqtiqn is availabIern the Ajtgrnative Fuels Data

anti-tampering provisionsf the ['SyusNna ¢s50arusy ,

Clean Air Act, the U.S. http://www.afdc.energy.gov/vehicles/conversions

requlations.html#compliance

Environmental Protection Agency
(EPA) has established protocols
through which manufacturers
offering conversion kits can certify
their products to ensure they meet
applicable emission standards, and
thus are exempt from the
tampering prohibition for that
system. In some instances, EPA
allows the California Air Resource Board (CARB) to certify aftermarket conversions. While these
requirements are in place, there are n&PA/CARB certifiexystemsavailable in the markethat
violate federal lawsnd fleets areadvisedto avoidusing thesenon-approvedsystems.

wSIRSNE YlIeé |faz oArarid d
website for additional information:

http://ww w.epa.gov/oms/consumer/fuels/altfuels
altfuels.htm

hyOS 'y | LIIINRBLINRIFIGS OSNLIAFTFASR 2N FLIWINRPYGSR agaasSy Kt
model year(s), a fleet should work with the manufacturer of the system to identify an authorized

installer for their equipment. These authorized installerswld beknowledgeable of athe

certifications and tampering exemptions, as they are fully accountable for the integrity of the

conversion system components and must ensure that the system meets required emissions
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standardsThey will also follow NFPABRidance addressing safe and proper installation of all system
components.

Warranty Implications of Conversions

Those considering vehicle and engine conversions should investigate warranty implications in
advance. Liability for the warranty followinghicle conversions may transfer from the OEM to the
conversion manufacturer, although the warranty for unaffected vehicle or engine parts will likely still
fall on the OEM. Warranty disputes may occur if roles are not decided upon prior to the conversion
occurring®

25 hitp://www.epa.gov/otag/consumer/fuels/altfuels/altfuels.htm
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Section 5:  Acquiring  Natural Gas Vehicle s for a Fleet

Traditionally, most fleets acquiring natural gas vehicles lpawvehased the vehicle or the conversion
system. More recently, some companies have offered lease options to their fleet custdrhersection
provides information on several companies that offer alternative fuel lease options to their customers.
This setion also provides information oprocurement processes for public fleets as welineentives

and other financial programs that may be available to fleets to help offset the upfront cost of alternative
fuel vehicles or help lessen the burden to fledfise section also introduces some maintenance
considerations for fleets acquiring alternative fuel vehicles, and finally, introduces tools available to help
fleets assess the costs and return on investment associated with alternative fuel vehicles.

Availabi lity of Vehicle s Through Lease Agreements

GE Capital, Penske Truck Leasing, and Ryder System, Inc. are three companies that assist fleets with
leasing vehicles. Each of the companies works with fleet managers to make sure it is feasible for the
fleet to consider alternative fuel vehicleand to show where the fleet will be spending money, in

order to save it. GE CapitalPenske Truck Leasing, and Ryder System, Inc. will work with customers
who arefleet owners to determine whether leasing alternativélieled vehicles ithe right choice.

Public Sector Fleet Procurement of Natural Gas Vehicle s and
Purchase Considerations

Government entitiesare typically required to purchase vehicles through a procurement process in
which eligible vehicles are included on an approved bid list or state contract. If a vehicle is not
included, it is unlikely the governmental
entity will be able to acquire thgtarticular
vehicle. Processes vary by state as do the
state departments that administer the
purchasing. If you representpublic sector
fleet and are unsure of the options for
purchasing alternative fuel vehicles through
procurement processes, please caot your
local Clean Cities Coalition for assistance.

Example of State Procurement
In Georgia, the State Purchasing Division
the Department of Administrative Services
responsible for developing the statewide
contracts from which all state agencies mu
acquire motor vehicles. The list of vehicles
released on February 26, 2014 inda
several alternative fuel vehicle options,
including seven compressed natural gas
vehicles. These are the Chevy Tahoe, Che
1500 Silverado, Chevy Express, Chevy
Express cargo van, Ford Transit Connect,
Ford F250, and Ford-B50.

Eah state in the fowsstate region also has
policies in place to encourage state fleets to
deploy alternative fuel vehiclegvhile not all
the policies are inclusive of NGVs, they
recognize the bendf of various alternative
fuels.The following is a list of policies by state:

AlabamaFuetEfficient Green Fleet Policy

Georgia Office of Planning and Budget Policy Memorandum No. 10 Rev. 8
Tennessee Alternative Fuel and Fuel Efficient Vehicle Atogniand Use Requirements
South Carolina State Agency Alternative Fuel Use Requirement

=A =4 -4 4

For more information on these state policies, see Section 7 of this workbook.

Natural Gas Vehicle Costs

Thereare upfront costs associated with the incremental costonversion of vehicles to natural gas
that are generallyffset with lower fuel costd-or heavyduty vehiclevehicles, incremental costs are

Part 1. NaturalGas Vehicles and Infrastructure Pagel8



Alternative Fuels Readiness Workbook

typicallyaround $£0,000 to $0,000, while the incremental cost for ligiduty vehicles is generally
between$7,000 to $15,000Conversion costs vary by vehicle type as well. For hatatyyvehicles,
conversion costs can rangein $40,000 $60,000 whildight-duty vehicle conversions typically
range from $12,000$18,000.As noted earlier in this sectipgomecompanies are beginning to offer
natural gas vehicles through lease agreements to their customers.

Return on Investment

While the upfront expenses may be an initial deterrent to deploying natural gas vehicles in a fleet,
these expenses can be leveragedtiy low cost of fuelpatural gas is typically sold for $R less per
dieselgallonequivalent than dieseland $1$2 less per gasolirgallonequivalent than gasoliné
Many fleets are able to make the case for deploying natural gas vehicles in ¢le¢értflased on the
return on investment realized from lower operating costs, particularly associated with fuel bosts.
general, higkhmileage fleets receive a quicker return on investment than-foileage fleetsThe
Natural Gas Vehicle Cost Tools a@dlculatorsdiscussed in the following section chelp fleet
managers and others assess the costs associated with purchasing alternative fuel vehicles, the
estimated fuel savings, as well as otlirgputs related to fleet operationdAs with any fuel, nattal

gas may not be the solution for every fleet. These calculators show, however, that it candtdea
option for a lot of fleets looking téeature alternative fuels.

It is also important to make sure individuals responsible for making purchasing decisions are
educated about the potential operational savings that can result from the gepdmt of AFVs.
Vehicle operation and fuel use data may be maintained by a single entity within an organization,
however, it is not unusual for separate departments to be responsible for the various data. Often
times, there are not established lines of comnication between the different parties responsible for
vehicle operations, fueling, and purchasing decisions. Without a clear understanding of fleet

State Loan Programs Help Reduce the
Burden of Costs Associated with Natural
Gas \¢hicles

Within the 4-state region, entities in Alabama
and South Carolina may be able to take
advantage of low interest loan programs.

Local governments and public colleges and
universities inAlabamahave access to the
Alabama Local Government Enetgyan Program
(LGELP)

Private companies with commercial, industrial,
institutional facilities irAlabamaare eligible for
financing through the AlabansAVES LINE 3

Business or industry, utilities, and government
agencies irsouth Carolinare eligble for an
Energy Efficiency Revolving Loan (EERL).

State and local governments, school districts, 3
non-profits inSouth Carolinare eligible for
ConserFund.

In South Carolinagovernmental, institutional,
and commercial and industrial propertiase
eligible for the SouthCarolinaSaves program

—administered-by-Abtundant Power.

operations and costs, alternative fuel vehicle
purchases may be dismissed simply due to the
higher upfrontcosts.

Low Interest Loan Programs

Fleets in Alabama arlouth Carolina may be able
to take advantage of several low interest loan
programs. While these programs do not offset the
incremental cost associated with natural gas
vehicles, they can assist adteén managing the
upfront expenditure incurred as a result of
purchasing these vehicleshe programs available
in Alabama and Sout@arolina are highlighted
below.

Alabama

Local governments and public colleges and
universities in Alabama have accessle Alabama
Local Government Energy Loan PrograGHLR)
The progranprovides lowcost revolving loans for
energy efficiency projectsicludingconversion of
vehicles to LNG/CNG or propafiéeetscan borrow
up to $350,000 for fleet conversionSor more

26 hitp://www.ngvc.org/pdfs/FAQs_Converting_toNGVs.pdf
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information, visit: http://www.adeca.alabama.gov/Divisions/energy/Pages/EnergyFinancing.aspx

Private companies with a place of business in Alabama that areodydyized and/or qualified to do

business in the state and that own and/or operate one of more commercial, industrial, or institutional
facilityin Alabama are eligible for financing through the Alab&AY¥ES LINE I NI YSAVBESt | 0 I Y I
provides financing as\oas 1% fixed rate for vehicle efficiency improvements include LNG/CNG or
propane fleet conversions.oans can range from $50,0084,000,000. For more information, visit:

http://www.alabamasaves.com/

SouthCarolina

Business or industry, utilities, and government agena@eSouth Carolina are eligible for an

Energy Efficiency Revolving Loan (EERE} conversions are eligible under the program and the
loan can be usetbr fuel kits in conversion or thetarnative fuel upfit cost in a new vehicl&

has a low interest rate that varies ortransactiortby-transactionbasis. This loan, which lasts for
one-and-a-half times the expected payback of the loan, is evaluated based on financial stability
of the borrower and technical merit of the proposed energy plan and has a maximum amount of
$1 million. For more informatigrvisit:

http://www.energy.sc.gov/incentives/eerl

Sate and local governments, school districts, and 4poafits in South Carolina are eligible for
ConserFundrhe South Carolina Energy Office auisters this lowinterest loan program and
fleet conversions to alternative fuels are eligible under the progralre loan can be used for
fuel kits in conversion or the alternative fuel upfit cost in a new vehicle. The loan has a 2%
interest rate for upto $500,000 per fiscal year. For more information, visit:

http://www.energy.sc.gov/incentives/conserfund

Governmental, institutional, and commercial and
industrial propertiesare eligible for the
SouthCarolinaSavesogram administered by
Abund.ant PowerThe progranuffers low cost Currently, Georgias the only state in the 4tate
financingat abelow market rated fotLNG/CNG or region with an incentive program to help offset
propane fleet conversionghe pogram'’s funding the incremental cost of natural gas vehicle
may be used to purchase and install energy efficiency purchases.

and alternative fueling projects (fleets and

State Incentives to Help Offset the
Incremental Purchase Cost

infrastructure) that achieve a tgear payback or Georgiaoffers a state income tax credit for 10%
better. For more infornation, contact Greg (up to $2,500) to purchase, lease, or convert
Montgomery with Abundant Power: certain alternative fuevehicles.

Beginning July 1, 2016eorgiawill offer a tax
credit for commercial vehicles operating on at

. least 90% alternative fuel. Eligible mediduty
State Incentives vehicles may qualify for a credit of up to $12,00
Fleets in Georgia may be able to take advantage of ahand eligible heavguty vehicles may qualify fa
Alternative Fuel Vehicle Tax Crediin income tax credit of up to $20,000.

credit for 10% of the cost to purchase or lease a new
dedicated natural gas vehicle or to convert a vehicle
to operate solely on natural gas that meets the
standards for a low emission vehicle, uph®,500 per vehicle is availabBeginninguly 1, 2015,
commercial fleets in Georgia will have access to an income tax credit for the purchase of new
mediumduty or heavyduty alternative fuel vehicles that operate using at least 90% alternative fuel.

gmontgomery@abundantpower.com

SeeSection 7or more details.
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Eligible mediurduty vehicles may qualify fa credit of up to $12,000 and eligible headyty
vehicles may qualify for a credit of up to $20,000.

Other Benefits
Georgia and Tennessee bothoall alternative fuel vehicles access to High Occupancy Vehicle lanes.
Eligible vehicles may use the lanegasdless of the number of passengers.

In addition to the assistance available through loan programs and incentives, there are other
programs available in the fotgtate region that may be of assistance in making a decision to deploy
natural gas vehicleSection7 provideshighlights on programs dtoth the federaland state level

which may be of interest to fleets.

Natural Gas Vehicle Maintenance Considerations

There are two maintenaneeelated aspects to consider when deploying alternative fuels into a fleet.
The first is access to qualified technicians to service the vehicle. The second relates to modifications
to existing maintenance facilities for fleets thainduct onsite maintenance. Determining what
modifications may be required can be a confusing task as applicable codes and regulations are often
subject to interpretation and a fleet may receive varying opinions. In an effort to help educate fleets
and dfer guidance for navigating through the requirements, the Clean Vehicle Education Foundation
has published>uideline for Determining the Modifications Required for Adding Compressed Natural
Gas and Liquefied Natural Gas Vehicles to Existing Maintenanitéi¢dsa This document, available
G§KNRdzZAK GKS [/ tSlIy +SKAOf $roddBscaddveénde® ¢f thE€matiagaR | G A 2 Y Q&
codes applicable to vehicle maintenance facilities and discusses the existing code requirements both
by the activity undertake by the facility (major repair garage vs. minor repair garage) and by the
modification category (ventilation, ventilation in pits, gas detection, sources of ignition, electrical
classification, preparation of vehicles for maintenance, and maintenancel@r@mmissioning of
containers?”) The document also discusses the steps a fleet should consider when making
determinations as to the modifications that may be required to allow for the servicing of natural gas
GSKAOf S&as y2iAy3a 4 XgnfainténanSd fadikty must Beledhiatedzto teteBritna a (G A y
any necessary modifications since the building design and activities performed in the facility can have
a significant impact on the modifici A 2 y & NBh¢ dzdumdReanibe accessed through thk lin
below:

http://www.cleanvehicle.org/index.shtml

Natural Gas Vehicle Fueling Considerations

Fleets must also ensure there is access to adequate fueling to support the deployment of natural gas
vehicks.For a detailed discussion of fueling options, see Section 6.

Natural Gas Vehicle Cost Tools and Calculators

While incentives certainly help offset the costs, they are not available in each state, and their
longevity is not guaranteed. Fleets are able to realize an acceptable return on investment term
without incentives when considering other factors influencedthe deployment of natural gas
vehiclesln some cases, the factors may be ropnetary, such as motivations to deploy cleaner
operating vehicles in a fleet.

2"Horne, Dougla8.,Guideline for Determining the Modifications Required for Adding Compressed
Natural Gas and Liquefied Natural Gas Vehicles to Existing Maintenance FaCil#sVehicle Education
Foundation, pp. ®.

28 1bid. p. 19.
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There are many tools available onlinehtelp calculate different aspects of natural geshicle
deploymentincluding petroleum reduction, return of investment, yearly savings, emissionsletc.
sections below highlight severtmlol fleets may find useful when considering deploymhef natural

gas vehicles. The tools range in complexity, with tleeenbasic calculators providiregtimated

savings and paybaeind more complex models addressicwst of ownership and emission
reductions.The following tools are publicly available and readers are encouraged to employ the tool
that best provides the levef detail needed for their indidual decisiormaking process.

1 Cynergy Savings Calculatd@@alculates an estimate of annual fuel savings, net savings,
fuel cost savings per mile, and simple payback on incremental cost

 DORA& +SKAOf S :/Caadldies tothl Eot dffowniérahiland emissions based
on individual driving habits, comparing up to eight vehicle makes and models

T 5h9 blaA2ylf wSySgl &ICSEMBIGE SNBSS refutnore NI G 2 NB Q&
investment and payback period for natural gas vehicles and infrastructure

f DOE NH2YYS bl (A2¥RLEET§olY o 2 NF OaNE 08& || FfSSiqQa LIS
cost of ownership, and air pollutant and greenhouse gas emissions

Highlights é each of the four tools, along with links to each tool are included below.

CynergySavings Calculator

The first of the tools is a vestraightforwardweb-basedcalculatordeveloped by Cynergy Fuels. It is

avalable for current and future fleet owners whare looking for dasicestimateof the cost benefits

of a natural gas fleet compared to a gas or diesel fiéth more than80years of combined

experience in energy, engineering, and finance among its partners, Alabama based Cynergy Fuels

builds, owns, and operates compressed natural gas fueling stations in the southeastern U.S. Cynergy

is currently in the process of buildingAd I YI Q& f I NBS&ad /bD aidlidAz2y Ay 521{F
developed this calculatdo help fleet owners considering CNG make a preliminary estimate at the

costs before divingnto a more indepth financial analysig.he calculators available through the

Cynegywebsite:

http://cynergyfuels.com/index.php/savingsalculator

Figure6 below shows the inputs and outputs of the Cynergy Savings Calculator. Each input can be

easily adjusted téil KS dza SNDR&a ALISOAFAOFGA2ya o0& atARAYy3dI (GKS &Si
la aK2gys GKAa G22t gAff GKSY LINBOARS (KS dzaSNJ 6A (K
lifetime, fuel savings per mile, and nple payback on the imstment

i — Annual Fuel Savings:
B Ll $1,393333

O e— — O 10,000 mites Net Savings:

$4,806,665

O e —— O 7.0 mpg. Fuel Cost Savings
per Mile:

$0.21

Simple Payback on

O c— — O $3.70/Gol Incremental Cost:
2,58 Years

Do —— O 6.3 mpg Equv.

e =1
O=—= ===l =

D e— — 0 $60,000
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Figure6: Cynergy Savings Calculator

D O E ¥eahicle Cost Calculator

The secondtooli§ KS | ®{ & 5 S LI NEBhEIS gast Calttor.9TyiiS WefHck Qast

calculator isa relatively sraightforward tool that isuseful for comparing two or more specifiypes

or models of vehicle@up tot a total of eight)includng alternative fuel vehicleJhis calculator can be

F2dzyR 2y 1 C5/Qa (22f 6SoLI IS 2NJ G GKS F2ft2sAy3

http://www.afdc.energy.gov/calc/

The user can pick from a list of vehicles or create their own custom vehicles as shown i Figure
Once the comparative vehicles have been chosen and the user has inpcievetage data, the
results provide the user with a basic cost analysis and graphs to compare each vehicle, as shown
below in Figures.

Tell us how you use your car
Because vehicle efficiencies vary depending on how you use your car, this information allows the tool to more accurately calculate fuel usage.
Normal Daily Use @ Other Trips @
Average daily driving distance | 34 miles Annual mileage | 3596 miles
Days perweek |5 Percent highway | 80
Weeks per year 49 f
Percent highway |45
Annual Driving Distance 11926 miles
City Distance 5301 miles
Highway Distance 6625 miles
GET RESULTS
Figure7: AFDC's Cost Calculator Inputs
Results
Annual Annual Annual Annual Annual
Fuel Electricity  FuelElec Oporating ~ Cost Por Emissions (Ibs
Vehicle Use 4 Use Cost 4 Cost ¢ Mile €02) ¢
2013 Chevrolet Malibu Gasoline 473 gal 0 kwWh §1.581 $3.838 $032 1,718
2013 Monda Civic Natural Gas CNG 7 gal 0 kWh §$775 $3,032 $025 8292
Cumulative Cost of Omnaeaip by Your (Dollars) | Geoon N Graoh T Geaph QRN Graoh JENN Graoh L Grach J
Annual Fuel Usa (Gallons)
\ M Petroleum Fuel
2013 Chevrolet Maiby Gasaline — W Alternatve Fuel
|
R——
(lJ 150 300 450 600
. -
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VICE 2.0: Vehicle andInfrastructure CashFlow Evaluation Model

Another useful tool is th&1CEmodel 2.0calculatorRS @St 2 LISR 6& 5h9Q& bl iA2yFf w
Laboratory. This modé very useful for a fleet owner who is interested in the return of investment

(ROI) of a natral gas fleet.Theb I G A2y f wSy Sgl 6t \ACERY SatEHadorigan o 2 NI (2 NBE Q3
Excel based todhat helps fleet owners analyze the impact and benefits of financial investments in

CNG vehicles and infrastructure. It encompassesde variety of vlicles and infrastructure build

2dzi a @ ¢KS L/ 9 Y2RSt won Oy 0SS F2dzyR YR RANBOGT &

http://www.afdc.energy.gov/tools

The VICE 2.0 tool is designed to effectively analyze the financials involved in switching to a CNG fleet
or fueling station. Although this tool is relatively straightforwaftie National Renewable Energy
Laboratoryincluded an instructions worksheet teelp fleet managers easily use the tool. Figare

shows the inputs for both vehicles and infrastructure, which include the number of vehicles, vehicles
types, fuel usage, and planned vehicle/infrastructure acquisition schedules. Default values are also
provided in case specific information abdbe fleet or fueling station is still unknown. Once all data

has been entered, the Results worksheet provides a quantitative and graphical analysis of the total
cost of ownership over time.

Section 3 - Vehicle Data
Change the data in the yellow cells to reflect your individual fleet data and improve estimations.
CNG Fuel Hostlers or
""::‘9 Vehicle Type Base fuel Used | Incremental Cost |  Average VMT Average Vehicle Life s‘:::pz‘:'a:"::‘;' E;:f":‘:;s Economy W:f;:ﬁ;‘l'“ Attendants
(mpGGE) Needed
1 Transit Bus™“® Diesel $50,502 35,286 15 34 7.6% 31 s0 0
2 School Bus* Diesel 531,376 12,000 15 7 12.5% 6.1 0 [
3 Trash Truck** Diesel $30,205 25,000 12 2.8 10.5% 25 $0 0
4 Para. Shuttle® Gasoline $17,500 24,680 36 66 5.3% 6.3 s0 0
5 Delivery Truck™* Gasoline 515,000 13,469 6.5 6.6 5.3% 6.3 $0 0
6 Gasoline PU Truck* Gasoline $10,000 13,401 7.4 13.9 5.3% 132 50 [
7 Gasoline Taxi* Gasoline $8,000 56,620 7.4 16.5 5.3% 156 50 0

Section 4 - Infrastructure, Fuels, Operations, and Incentives
Infrastructure Cell Name Value Tunit Default
CNG Station Salvage Value CNG_Station_salv| 20% J5 of original price
‘Monthly Cost of Hastler Hostler_Cost, S0.00 Ysimonth 4,167
Infrastructure tax credit rate infra_tox_credit_rate 0% percent 0%
Infrastructure tax credit cap infra_tax_credit_cap| 30,000 8 $30,000
realized infrastructure tax credit infra_tax_credit_realized S0 I8 Calculated
Fuels
Alt Fuel Excise Tax Credit Excise_Tax_Credit] $0.00 $/GGE 50.00
Realized Alt Fuel Excise Tax Credit Realized_Excise_Tax_Credit 50.000 $/GGE Calculated
Price of CNG (per GGE] CNG_price| 52,09 S/GGE 52.09
CNG Price Increase CNG_infiation 27% 5% per year 7%
CNG Lifecycle Greenhouse Gas Factor [per GGE) CNG_GHG| 225 Ibs/GGE 225 bs
Diesel Fuel Price Diesel_Price| 53.91 S/gallon 5393
Diesel Price Increase Diesel_inflation “2.5% e/ year 25%
Federal Diesel Excise Tax Fed_Diesel_tox] 248 S per gallon 0244
State Diesel Excise Tax State_Diesel_Tax Svm S per gallon $0.185
Realized Diesel Excise Tax Exemption Diesel_tax_exempt 30.000 S per gallon Calculated
DGE/GGE Conversion factor GGE_DGE_Con| 0.904 DGEs per GGE 0904
Diesel Lifecycle Greenhouse Gas Factor (per GGE) Diesel_GHG 254 Ibs/GGE 254 1bs
Gasoline Fuel Price Gasoline_Price| 53.45 S/gallon 53450
Gasoline Price Increase Gasoline_infiation 2% 56/year 1%
Federal Gasoline Excise Tax Fed_Gas_tax| 50.184 S per gallon 50,184
State Gasaline Excise Tax State_Gas_Tax| 50.214 $ per gallon $0.214
Realized Gasoline Excise Tax Exemption Gosoline_Tax_Exemption 50.000 S per gallon Calculated
Gasoline Lifecycle Greenhouse Gas Factor (per GGE] Gasoline_GHG, 25.4 Ibs/GGE 248 bs
Operations
CNG Vehicle Maintenance Costs CNG_Diesel_Maint_Costs 5052 s/mile 5052
Diesel Vehicle Malntenance Diesel_Maint 5052 s/mile 5052
Total Number of Vehicles ‘No_Vehicles [ Vehicles Calculated
LDV Gasoline Veehicle Maintenance™ Gasoline_Maint 50.047 s/mile 50.047
LDV CNG Vehicle Maintenance Costs CNG_LDV_Maint_Costs 50.047 S/mile 50.047
Required Rate of Return / Nominal Discount Rate Required ROR] £000% % 6.00%
Federal Viehicle Tax Incentive Tax_Incentive 0.00% % of Inc_Cost 0%
Realized Fed Veh Incentive Total_Realized_Incentive 50 B Calculated
Post-Incentive Incremental Cost Total_Inc_Cost 50 H Calculated

Figure 9: VICE 2.0 Input Examples
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DOE Argonne National Laborato y AFSEET Tool: Alternative Fuel Life-Cycle
Environment and Economic Transportation Tool

This lastool isa comprehensive Excel based calculator that is exceptionsdiful for an accurate

and detailedoverview2 ¥ |y | (i dzhakaf costbfodnerhip@ Sa)ddenhouse gas

emissionsand petroleum use for both lightiuty and heawduty vehicles 5 h 9AFBEET tool,

developed bythe Argonne National LaboratofANL) uses data fromt b [ Q& D NGy K 2 dz& S

Regulated Emissions, and Energy usErémsportation (GREET) fusicle model Y R 9t ! Q& a2 (2 NJ
Vehicle Emissions Simulator (MOVESppropriatelycompare multiple types ddlternative fuel

fleet, or to their gastiesel equivalents¢ KS ! C[ 99¢ ¢22f OFly 06S F2dzyR 2y ! C
mentionedabove, or b access the AFLEET tool directly, the Excel document can be downloaded at

the following website:

https://greet.es.anl.gov/afleet

Because of the level of detail provided by the AFLEET Tool, a set of instructions is included as one of
its worksheets to introduce new users to the tool. Along with the instructions, this tool provides a
worksheet for the fleets inputs, payback inputstdl cost of ownership inputs, and footprint inputs

as well as a worksheet for each of the respective results shown both numerically and graphically.
Figurel0shows the key inputs for the AFLEET Tool. These inputs inttiedstate in which the

vehicleg) will operate; thenumber, the annual vehicle mileage, fuel economy, and purchase price by
fuel type for both lightduty and heawyduty vehiclesfuel price; years of planned ownership, financial
assumptions; and fuel production assumptions. Default tamue available if a fleet does not have
requested information available.

Under each outputs worksheet, the user can find the results of their inputs given in a variety of tables
and graphs all with detailed comparisons between the individual fléeseribed under the Inputs

tab. Figures 11 and 12 are examples of two of the total cost of ownership (TCO) graphs given, which
in this scenario, compare a diesel fleet and LNG fleet of 30 refuse trucks. In Figure 10, the total cash
flow of both fleets is ompared side by side over a-§@ar span. Figure 11 analyzes a breakdown of
the total cost of ownership for each of the described fleets over their respective lifespans. Similar
results are also provided for both emissions and payback.
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FigurelO: AFLEET To#leylnputs
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