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INTRODUCTION

City of Aspen Council Goal: By July 1, 2015 identify carbon reduction opportunitiesin transportation and lay out a
pathway that infuses appropriate and forward thinking technologiesinto the Aspen community.

The City of Aspen has established greenhouse gas reduction targets of 30% by 2020 and 80% by 2050, based on 2004
baseline emissions (Figure 1.1). Ground transportation accounts for 20% of those emissions. Inamore recent city
emissions reportfrom 2014, vehicles still accounted for 19%, only a 1% decrease. The purpose of thisreportisto
addressthe Aspen City Council’s Goal #9 by analyzing and recommending the alternative fuels and technologies
available tothe Aspen community that are most likely help accomplish the 2020 and 2050 emissions reduction targets.

2004

Figure 1.1: Greenhouse Gas Emissions 2004

A thorough analysis by the Denver Metro Clean Cities Coalition (DMCCC) has identified viable low and zero carbon
transportation fuels and technologies that will dramatically reduce the greenhouse gas emissions of all on-road
transportationinthe Aspenarea, including personal passengervehicles. Three alternative fuelvehicle technologies were
included inthe analysis, including plug-in electric (PEV), hydrogen fuel cell (FCV), and natural gas vehicles fueled with
renewable natural gas (RNG). For each fuel type, there are anumber of research areas covered in the report, including
the benefits, considerations, infrastructure, case studies, and the current and future market foreach fuel.

Additionally, there is adiscussion about some of the unique operating conditionsin Aspen, including the temperature,
elevation, demographics, and otherfactors that would affect the successful operation of the analyzed fuels. Finally,
recommendations are provided regarding which alternative fuels would be most advantageous forthe city to consider,
along with specificmethods the city can take to expedite deployment.
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EXECUTIVE SUMMARY

After analyzing renewable natural gas (RNG), hydrogen fuel cell vehicles (FCVs), and plug-in electric vehicles (PEVs) as
possible alternative transportation fuels for the City, PEVs represent the most actionable and meaningful technology for
the city to reach its carbon reduction goals. PEVs are the best opportunity to reduce emissions from on-road
transportationinthe near term by charging on an incredibly clean Aspen Electricgrid, and the PEV marketas a whole is
expected to continue growing to overcome the barriers it currently faces.

The main obstacle preventing RNG as a recommendation is a lack of available biomethane. Pitkin County Landfill was
assessed as a possible source, but because it currently vents methaneand has no method for capturing the gas, it cannot
be treated and used as a transportation fuel. Installing a methane capture system is timely and costly, but the landfill
represents asignificantemissions source forthe region, and if the County decides toinstall a gas collection system, RNG
should be strongly considered as an end-use for the captured landfill gas.

Fuel cell vehicles (FCVs) could arguably provide the greatest benefits to the community in thelong term and hold the most
potential for convenient, long-distance, and zero-emission transportation among all vehicle classes, but the barriers are
too large and the applications too limited for the city to pursue in the near-term. Additionally, there is tremendous
uncertaintyinthe future of the FCV marketand whetherit will proveto be abetterzero-emission option than PEVsin the
long term. Aspen should revisit FCV’s sometime in 2020 or later as the market develops.

To accomplish the aggressive carbon reduction goals by 2020 and 2050, Aspen will need to exhibit leadership and pursue
optionsthat are immediately actionable, but also sustainable inthe medium and longterm. The recommendations from
the Low-Carbon Fuel and Technology Analysis are a reflection of that premise:

Recommendation 1: PEVs provide the strongest short and long-term opportunity for Aspen to achieve their
carbon reduction goalsinthe transportation sector. The city should aggressively pursue PEV adoptioninthe area
by serving as a regional catalyst for adoption and deployment.

Recommendation 2: Action should be prioritized over the next 2-3 years to deploy PEV infrastructure and
transition vehicles. Substantial infrastructure grants and vehicle incentives are currently in place that will
dramatically minimize the capital cost of implementing cleaner fuels sooner rather than later.

The first recommendation is to leverage the clean grid and aggressively position Aspen as a PEV -friendly community to
residents, tourists and regional commuters, and ski traffic. This can be accomplished by providing access to convenient
charging, educating and incenting fleets to incorporate PEVs, making sure that PEVs are a visible component of city
operations, and educating Aspenresidents about the city’s investmentin electrification. Because the Aspen Electricgrid
leverages large quantities of renewable energy, there isa unique opportunity forall plug-in electricvehicles charging on
the grid to produce zero lifecycle emissions. Replacing one vehicle with a PEV will be the emissions-equivalent of taking
one vehicle off the road completely, offering the best opportunity to reduce carbon emissions from many of the fleet
vocations, includingthe general public. For PEVs charging on the Holy Cross Electric (HCE) grid, efforts should be made to
pair their wind and hydro offset programs with new PEV purchases, and the city should support HCE efforts to expedite
theirincorporation of renewable resources.
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There are still significant barriers which will limit the wide-scale deployment of PEVs in Aspen; primarily the absence of
affordable AWD, truck, and SUV models, but the market is expected to provide those in the next five years. Other
prominent barriers are high vehicle cost and range anxiety in a cold, mountainous environment. Both barriers can be
addressedintheshortterm by providing adequate and visible charging infrastructure, leveraging the grants and tax credits
available for vehicle purchases, and allowing economies of scale to further develop through the automakers that will
reduce capital costs. Also, the Holy Cross Electric (HCE) grid still has significant emissions associated with electricity
generation, and many of the residents who may own a PEV live outside of downtown and will be using the HCE grid.

The second recommendationistoleverage existing PEV incentive programs that are currently in place to help overcome
barriers like capital cost of vehicles and access to charging infrastructure. The state has the strongest tax credit in the
country (up to $6,000 for light-duty)for PEVs thatindividuals and organizations with a tax liability qualify for (this exdudes
governments like the City of Aspen), and when combined with the federal PEV tax credit of $7,500, there is a possible
$13,500 in available credits.

However, both of these credit programs have a horizon, as the state tax credit begins shrinkingin 2019 and disappearsin
2022, and the federal credit disappears whenever an individual automakers sells 200,000 qualifying PEVs. Additionally,
there are grant funds available through Charge Ahead Colorado that the City can apply for to assist with the deployment
of chargingstations, up to $16,000 for a Level 3 and $6,260 for a Level 2. That programis only around until funding dries
up, whichis dependent upon application demand and the registration of newPEVs (S20 of a $50 PEV registration fee goes
toa PEVinfrastructure grant program). The City should take advantage of and promote th ese incentives to the community
while they are around, as it will minimizefinancial barriers to greater PEV adoption in the Aspen area and positionthe dty
as aregional and nationalleader. Specificactions the City can take to act on this recommendationare included below, but
they include things like electric circulator buses in town, development of PEV infrastructure at strategic locations,
incorporation of PEVs where sensible in the City fleet, and serving as an educator, encourager, and resource to the
community about PEVs.

Specificvehiclevocations that appealto the current PEV marketinclude: circulator buses, the city fleet, the general public,
the county fleet, Aspen SkiCo., and taxifleets. Vehicle vocations inthe area that that could utilize RNGinclude, the Roaring
Fork Transit Authority, the cityfleet, the countyfleet, refuse fleetsservicing the landfill, food and beverage transportation,
package delivery/logistics, and regional trucking.

Because Aspenis a destination location, incentivizing people to make the trip in a PEV will require strategicdeployment
of charging infrastructure to provide range security and extension. The report suggested three charging categories that
will be important to a successful charging network: workplace charging, Level 3 (also known as fast charging) corridors,
and publiccharging. Workplace chargingis very effectiveatincreasing PEV adoption —employees with access to charging
are 20x more likelyto own a PEV than employees who don’t have charging access. The City should consider joining the
U.S. Department of Energy’s Workplace Charging Challenge and work with employersin the areato educate them about
the benefits and incentives to provide charging. Level 3 charging, which charges most PEVs in thirty minutes or less, is
essential to enabling convenient electric road trips to and from Aspen. Possible locations for Level 3 charging along the
highway 82 corridor include Glenwood Springs, Carbondale, Aspen, and Independence Pass. Another important
infrastructure component is Level 1 and 2 public charging access at locations like Aspen Ski Company, trailheads, parks,
the airport, and downtown.
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One important aspect of implementingthe recommendations is education and outreach. There are a lot of avenues the
city can consider to raising awareness about the benefits of PEVs to the community. There are plenty of grants and
incentives available forvehicle and infrastructure costs that fleets, local governments, and the general publicmay not be
aware of; the city could leverage existing programs by better promoting them through their networks and directly to city
staff. Organizations like Clean Energy Economy for the Region that is already operating on the western slope providing
education and fleet analysis for alternative fuels provide a great partner to the city. Ride-and-drive events with local
leadership, celebrities, and the general public provide great media exposure and active education opportunities for
participants. There is also an opportunity to highlight the city’s efforts and accomplishments by leveraging the national
audience that the X-Games attracts annually.

Finally, there are some regulations or policies the city could consider to reduce transportation emissions: alternative fuels
could be prioritized in city contracts by awarding highervalue to contractors that use alternative fuels, and the city could
encourage otherbusinesses and organizations to do the same; building codes could be adjusted to require prewiring for
future EVSE installation; Aspen Electric could design a PEV-specific time of use rate to incentivize charging on off-peak
hours; and Aspen could require new vehicle purchases to decrease emissions from the vehicle itisreplacing by a certain
amount.

Additional information is provided at the end of the report that outlines existing grants, incentives, and regulations
relevant to alternative fuels, and supplementary resources for more information.

FUELAND TECHNOLOGY OVERVIEW

Based on the preferences set forth by the City of Aspen, three differentlow-carbon fuel and vehicle technologies have
beenidentified and are detailed in the report:

e  Plug-inElectricVehicles (PEV)
e  Hydrogen Fuel Cell Vehicles (FCV
¢ Natural Gas Vehicles fueled with Renewable Natural Gas (RNG)

These three fuel types were chosen from an array of alternative fuel options because they represent the lowest carbon
fuel alternatives, can be supplied by renewable sources, have net-zero carbon lifecycle potential, and can completely
displace petroleum products. Otherfuel options like traditional natural gas, propane, ethanol, biodiesel, and hybrids,
eitherdon’t offeracarbon-free lifecycle, are dependent on petroleum products, or both.
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PLUG-IN ELECTRIC VEHICLES

PEVs are zero-emission vehicles powered by electricity, and
have reemergedinthe U.S. auto marketin response torising
environmental, economic, and national security concerns
associated with traditional transportation fuels like gasoline.
Electricity as a transportation fuel has many advantages that
make PEVs attractive to general consumers andfleets alike.
Thanks to several advancements in battery technology, the
most recent wave of PEV models came to the U.S. marketin
2011 as an answer to increasingly stringent emissions Y e '
standards from the Environmental Protection Agency (EPA), 201% Chevy Volt

as well asa growing demand from consumers for cleaner Photo: http://www.chevrolet.com/2016volt/exterior-
transportation choices. The marketfor PEVs has grown

rapidly and will be discussed in detaillateroninthissection:in 2011, there were three PEVs models available and they
were limited to specificmarkets. In 2014 there were more than 20 PEV models availablein the United States
representing almost every majorautomaker?, with additional models and technological advancements occurring rapidly.
The PEV market has also expanded in tothe commercial sector with trucks, vans, and buses covering avariety of duty
cycles.

This section will provide background information on PEV technology and infrastructure; discuss the benefitsand
challengesthat PEVs present; review existing case studies of successful deployment; and outlinethe nearandlong-term
PEV market, with the ultimate goal of assessingif and how PEVs can assist the City of Aspeninachievingits emissions
reduction targets.

Technology

What is a PEV?

A Plug-in ElectricVehicle (PEV)is propelled by electricity thatis pulled from an external source, stored in a battery, and
used by an electricmotor thatsends powerdirectly tothe wheels. There are two types of PEVs: battery electricvehicles
(BEVs), and plug-in hybrid electricvehicles (PHEVs). Both share the ability to plug-in to an electricity source and operate
at full capacity on electricity alone without tailpipe emissions (which separates them from hybrid electricvehicles like
the original Toyota Prius that does not plug-in). The difference between the twois that PHEVs have a gasoline engine or
generatorthatcan be usedto extend the overalldriving range once the electricrange is depleted, and aBEV has no
gasoline backup atall. When a PHEV usesthe gasoline engine, it operates likea hybrid electricvehicle by capturing the
regenerative braking energy and storingitin the battery to assist the gasoline enginein achieving greater efficiency 2.
BEVs, like the Nissan Leaf or TeslaModel S, have larger batteriesand longerelectricranges than PHEVs, but are limited
to theirelectricrange which is typically shorter than the combined electric/gasoline range of a PHEV.

1 U.s. Departmentof Energy, Energy Efficiencyand Renewable Energy, Alternative Fuel Data Center, Altemative Fuel and Advanced Vehide Search
http://www.afdc.energy.gov/vehicles/search/results/?vehicle type=light&category id=27&fuel id=41,57,
2U.S. Department of Energy, Energy Efficiency and Renewable Energy, Alternative Fuel Data Center, http://www.afdc.energy.gov/pdfs /52723 .pdf
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The battery chemistryin most PEVs on the markettoday is lithium-ion, a proven technology for maximizing and holding
charge, high performance, and extended battery life in both vehicles and consumer electronics?. Battery charging speed
isdetermined by the capacity of the onboard charger in the vehicle, as well as the charging source. Electricvehicles have
an onboard charger, ranging from 3.3 kW up to 10 kW, which converts the electrical current from ACto DC. The higher
kW chargers provide faster charging potential. Forexample, a Tesla Model S has the option of pairingtwo 10 kW
chargers, allowing the battery to charge at speeds of 58 miles/hour with a Level 2 (240 Volt AC) electricity source?,
whereas aNissan Leaf with a 3.3 kW onboard charger will charge the battery at 12 miles/hour. PEVs are powered by
storing electricity acquired from an external source by plugging-in, as well as energy from regenerative braking,ina
battery, and that stored energyis used to powerthe wheels using an electricmotor.

3 U.S. Department of Energy, Energy Efficiency and Renewable Energy, Alternative Fuel Data Center http://www.afdc.energy.gov/vehicles/electric_batteries.html
4 Tesla Motors, http://www.teslamotors.com/charging
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Benefits

o — EMISSIONS Emissions

b INVENTORY

5 :.SUNDARY When operating on electricity, PEVs

""@E B iy 4soensiecnric seniceares]  Produce no tailpipe emissions as the

> B toly cross mieeuie serceareal  ytilization of electricity in an electric motor
,...::::“w does not create exhaust®. However, there
gl | B P may be emissions associated with
Clewis sesneay | electricity production, depending on the

grid or generation sources where the
J/__,...-—m vehicle recharges. According to the
"'”';i‘,’,“;“,},,‘.'.”" Colorado EV Market Implementation Study
conductedin December 2014 by BCS, Inc.,
the average grid electricity generated in
Coloradoin 2013 produced 37% less CO2
emissions when compared to the typical
light duty gasoline vehicle on the road. This
percentage will continue toincrease as
Colorado’s grid retires the use of coal-fired
power plantsandincreases electricity
productionfrom cleanersources as
outlinedinthe Renewable Energy
Standard. Thisis evidenced by the 9.5 %
reductionin CO, emissions from 2010 to
2013, from 1,818.17 lbs/MWh to 1,645.86
Ibs/MWh (or 1.8 Ibs/kWh to 1.6 |bs/kWh)®.

AABC

PEVs have the potential to be 100%
emission-free when charged by renewable
power sources such as solar, wind,
renewable natural gas, or hydro. The City
of Aspen’s electricity mix is much cleaner
than the Colorado average. Aspen Electric
provides roughly 50% of the town’s
population with electricity, whichis
primarily concentratedin the downtown
area, while the otherhalfis powered by Holy Cross Electric (fora map of Aspen’s utility boundaries, see Figure 1.2) that
servesamuch largergeographicarea. Aspen Electric projects thatin 2015, 100% of its electricity will be generatedfrom
clean, renewablesources likewind and hydro. When PEVs charge on the Aspen Electricgrid, they will produce zero
lifecycle emissions and are, therefore, the cleanest transportation option available. There are emissions associated with

Figure 1.2: Aspen’s Utility Boundaries

5 U.S. Department of Energy, Energy Efficiency and Renewable Energy, Alternative Fuel Data Center http://www.afdc.energy.gov/pdfs/52723.pdf
6 Colorado EV Market Implementation Study, BCSInc.and Colorado Energy Office
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charging on the Holy Cross Electric (HCE) grid. In 2013, the CO, emission rate was 1.8 Ibs/kWh with plans to reduce that
to 1.4 lbs/kWh by 2020.

Otherzero-emission lifecycle vehicle charging optionsinclude distributed renewable sources, most predominately
photovoltaicsolar systems that generate clean electricity onsite such as the stations produced by Envision Solar
operatingin Boulder, CO. Optionsforon-siterenewable generation include solar carports, canopies and parking garages.
A growing number of PEV owners have rooftop solarinstallations that generate enough powerto charge theirvehicle
and offsettheirhome electricity usage. HCE offers two alternative programs for consumersinterested in buying
renewable energy: Wind Power Pioneers program and the Local Renewable Energy Pool. Both allow customers to
purchase eitherwind or hydro powerin 100kWh and 75kWh blocks, respectively. The City of Aspen could market this to
PEV drivers as a strategy to furtherreduce transportation emissions’.

Vehicle Emissions Comparison

A side-by-side comparison of a 2015 Subaru Outback driving 10,000 miles/year and a PEV driving 10,000 electric
miles/year being charged with emissions-free renewable sources would reduce carbon emissions by 10,681 |bs annually,
accordingto the U.S. Department of Energy’s Alternative Fuel Data Center’s Vehicle Cost Calculator. By the same
metrics, a PEV charging on the Holy Cross Electric (HCE) grid in 2013 (the mostrecent data available) would emit 5,625
Ibs CO, equivalent atarate of 1.8 Ibs/kWh8, whichisareduction of 5,056 |bs CO,, or 47%. Looking forward to 2020, HCE
has planned a30% reductionin CO, emissions to a rate of 1.4 Ibs/kWh, so a PEV charging on the HCE gridin 2020 would
produce 4,562 |bs of CO,, a reduction of 6,119 |bs CO,, or a 57% reduction. HCE may take even more aggressive steps to
reduce carbon emissions between now and 2020, but the planned reductions were used as a conservative estimate.

Annual CO2 Emissions (Ibs)

12000
10000 +——
8000 +——
6000 +——
4000
2000 +——

0 T T T T T |

2015 Subaru 2015 Toyota Prius 2013 PEV (HCE) ~ 2020 PEV (HCE) 2015 PEV (AE) 2020 PEV (AE)

Outback Annual CO2 Emissions (Ibs)

Figure 1.3: Annual Carbon Dioxide Emissions

72013 HCE 2013 CO2 Emissions Report
82013 HCE 2013 CO2 Emissions Report
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Figure 1.3 shows a graphic representation of the emissions reductions in the previous scenarios, and includes the
emissions of a2015 Toyota Prius hybrid for comparison purposes. Even though the Prius may offerlower CO , emissions
than the PEV charging on HCE’s 2013 grid, the Prius offers no opportunity to change fuel sources to something cleaner,
so itwill always be fueled by gasoline, whereas the PEV will get cleaner with time makingit a better climate investment.

Efficiency

Electricmotors are around 80% efficient at convertingelectricity from the gridinto poweratthe wheels, but the battery
chargerisalso about 80% efficientin converting ACto DC power, so the entire efficiency of PEVsis around 60%°. An
internal combustion engineisonly 17-21% efficient depending on the drive cycle of the vehicle. Internal combustion
enginesare notoriously inefficient, as they have hundreds of moving parts and processesinvolved betweenthe
combustion of the fuel and the transfer of energy tothe wheels. With each of those processes, energyis lost. An
electricmotorhas only one moving part, so fewer processes are involved to transfer the energy from battery to
wheels!®, PEVs are, therefore, about three times more efficient than conventional vehicles, conserving energy and
lowering operating costs. Though, in the heavy-duty transit bus market, electricbuses can be greater than five times
more efficientthantheirdiesel counterparts.

Performance

Acceleration

Electricmotors offer 100% of their powerat 0 RPM, whereas an ICE needs time and energy to build RPMs before
maximum acceleration occurs. The resultis that PEVs offer great acceleration and are fun to drive 1. The graphic below
fromthe Union of Concerned Scientists illustrates this by comparing torque curves.

Coming off the Line: Electric vs. Gasoline

1. Quick response 2. Acceleration "launch effect"
on the accelerator that throws you back

:', ]
S '
E ‘_,._."‘\\___,_\__,_,_ﬁ-_--'--—---'--—._—- e e - — e e, [ —
[ .'l
L.
s /
g Missan EV
<4

ICE

Time (sec)

Figure 1.4: Acceleration of Electric vs. Gasoline

9 U.S Departmentof Energy, http://www.fueleconomy.gov/feg/evtech.shtml#end-notes
10 |daho National Laboratory, “How Do Gasoline & Electric Vehicles Compare?” http://avt.inl.gov/pdf/fsev/compare.pdf

11 Refuel Colorado http://refuelcolorado.com/ev/performance
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Noise Reduction

PEVsare very quietand do not produce noise beyond aslight hum. Thisis beneficialin reducing noise pollution and
helps create a more comfortable, peaceful driving experience that connects the driverto the road*?. Reduced traffic
noise would lessen distractions and better connect residents and visitors to the surrounding environment.

Elevation
Because electricmotors don’t use combustion to generate power, lower oxygen levels at higher elevations don’t reduce
the available horsepower and torque. A PEV has the same power at sea level asitwould at 20,000 feet.

Domestic Energy Security

Even with the recentincrease in domesticoil and gas production, the United States still imports roughly 33% of its
petroleum fromforeign countries!®, and 72% of U.S. petroleum use is devoted to the transportation sector. By
dependingonafuel marketthatis highly subjectto global conflict and instability, price fluctuations are frequentand
costly. Electricity is generated from domesticsources like natural gas, hydropower, solar, wind and coal. By utilizinga
domesticfuel like electricity instead of gasoline ordiesel, jobs and new industries can be createdinthe solar, wind, and
natural gas industries that will boost economicgrowth. Perhaps mostimportantly, by limiting dependence on foreign oil
and global markets, the price of domesticfuel is more stable and predictable!®.

Operating costs

Fuel
Electricity has beenthe least expensive and most stable of all transportation fuels since the year2000 (see figure 1.5
fromthe Alternative Fuel Data Center), with natural gas following suit.

Average Retail Fuel Prices in the U.S.
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Figure 1.5: Average Retail Fuel Prices inthe U.S.in $/Gasoline Gallon Equivalent (GGE)

12 Refuel Colorado http://refuelcolorado.com/ev/performance
13 Energy Information Administration, http://www.eia.gov/tools/fags/fag.cfm?id=727&t=6
14 Refuel Colorado http://refuelcolorado.com/ev/benefits
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As figure 1.6 from the Idaho National Laboratory shows, fueling a PEV falls anywhere between $.02-.04/mile, whereas a
22MPG conventional gasoline vehicle falls between $.09-.30/mile (at $2 and $4 pergallon, respectively). In Colorado,
the annual cost perlight-duty vehicle is $1,310.66 in gasoline consumption. The average annual cost per EV is $221.03 in
electricity costs, which isan 80% reduction in fuel costs—an annual savings of $1,089.63%°
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Figure 1.6: Operating Costs

15 Colorado EV Market Implementation Study, BCS, Incand Colorado Energy Office
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Figure 1.7 illustrates the costs associated with charging the average PEV driving 10,000/year with average PEV efficiency
of 3.2 miles/kWh at common electricrates from Aspen Electric, compared to a 25mpg conventional cardriving 10,000
miles/year. Average kWh rates forsmall commercial (50.106/kWh), large commercial ($0.074/kWh), and residential
($0.104/kWh) were provided by Lee Ledesma, the Utilities Finance and Administrative Services Manager for the City of
Aspen.

Gas vs. Electric Annual Fuel Expenditure
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Figure 1.7: PEV Charging Costs

Because PEVssave on a cost/mile basis, higher upfront costs can be offset fasterfor people orapplications where the
most miles are driven. Electricbuses are agreat application forreducing operating costs, as the average diesel bus can
consume $500,000-$600,000 indiesel fuelduringa12-yearlife, and an electricbuswould use only around $80,000 in

electricity —a $420,000-$520,000 in lifecycle savings that helps justify the high incremental cost foran electricbus?®.

Calculating operational costs for conventionally fueled vehicles is relatively simple —the number of gallons avehicle
consumes, multiplied by the price paid atthe pump for each gallon throughout the year, equals annual fuel expenditure.
Calculating fueling costs fora PEV is slightly more complex, as the price utility customers are charged per kWh varies
dependingonthe site owners' rate tierand demand. In some instances, the addition of a charging station and/or PEV to
an existing electrical load may establish anew, higherdemand, or higherrate tier, that can significantly increasethe
kWh rate and theirentire electricity bill. This could be animportant consideration for an organization providing

16 Slate, “Forget Tesla. It's buses, not cars, that will lead the electric revolution”
http://www.slate.com/articles/technology/the juice/2014/09/electric buses proterra wants to rid america of emission spewing buses.html
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workplace charging during the day at peak electrical demand. Scenario planning can provide useful information anditis
recommended thatthe local utility be consulted for more information.

Maintenance
The electricmotorsin PEVs use no oil or transmission Vehicle Drive Cnmponents
fluid, which can significantly reduce maintenance costs Gasoline Eleciric

and prolong scheduled maintenance intervals. In addition, 1@35 Carb gm:lg
regenerative braking lengthens the life of brake pads as {% anfrol

energyisabsorbed and stored by the battery instead of

beinglostto heat, and the electrical system doesn’t E"th.{ A~

require regular maintenance likean internal combustion ﬁ _j_ g__ -
engine. Plug-in hybrid electricvehicles that have an 5““”” 5 A_,"""“"” Purnp

. . . . Charget  Battery  Coalroller — Wokar
internal combustion engine onboard will have regular :

scheduled maintenanceand oil changes, but the Exfausl ’J-:] .:;,,-.mr,;.r
suggested maintenance scheduleislessfrequentthana Sietem G”E:] F'u-n|:-

traditional vehicle as the gasoline enginedoesn’t work as

often and regenerative breaking still occurs. A battery Photo:http://www1.eere.energy.gov/vehiclesandfuels/avta
electricvehicle can reduce maintenance costs by 50%, which
for a vehicle traveling 11,000 miles ayear can equate toa
savings of at least $244/year'’. For electricbuses, the
maintenance savings can be enormous, up to $135,000 overthe lifecycle of abus by eliminating oil changes and diesel
emissions systems, reducing brake replacement, and minimizing moving parts.

Figure 1.8: Vehicle Drive Components

Most PEVs come with an 8-year, 100,000 mile warranty on the battery itself, but they vary slightly depending on the
manufacturer. A Nissan Leaf battery thatis 24 kWh in size costs $5,500 to replace;though, of the 35,000 Leafssoldin
Europe so far, only three batteries have needed replacement, meaning 99.9% of them are still operating on theiroriginal

batteries, many since 2011.18

Considerations

Education

One of the largest barriersto the adoption of PEVsis publicawareness and perception. Despite the growing number of
PEVson the market, many questions and misperceptions remain regarding the technology, electrical infrastructure,
safety, and political support. While some answers will come with further market development, many gaps resultfroma
lack of information and can be addressed through education and outreach. Raising publicawareness of PEVs as a viable
and optimal transportation option willbe crucial to their successful deployment. Highlighting the cost savings and
performance advantages of PEVs has proven to be helpful, as often environmental considerations are perceived to be
the primary motivator, which hides the othersignificant advantages and can turn away certain audiences. One of the
best waysto communicate that message is through test drive opportunities that allow drivers the ability to experience
the cars forthemselves. Successful education campaigns can be foundin the ElectricRide Colorado, andideasfor
outreach can be foundinthe Colorado ElectricVehicleand Infrastructure Readiness Plan.

17 Colorado EV andInfrastructure Readiness Plan, pg.22 http://denvercleancities.org/Colorado%20PEV%20Readiness%20Plan. pdf
18 Clean Technica http://cleantechnica.com/2015/03/25/99-99-nissan-leaf-batteries-still-operation/
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A
Range limitations

Anotherbarrierto PEV deploymentis range anxiety —running out of electricity with no place to quickly recharge. The
distance that can be traveled on a single charge varies greatlyamong EV models (see appendix XXXXX). Most battery
electricvehicles have arange between 70-100 miles, which will more than cover the average 16 mile commute for 85%
of Coloradans?®. Accordingto the Federal Department of Transportation Highway Administration, a 100 mile charge is
sufficientfor 90% of all household vehicle trips. Forextended ranges, vehicles like the Tesla Model S can travel 230 to
300 milesona single charge, depending onthe battery option. Fordrivers who regularly travellong distances PHEVs
may be more suitable.

PEV batteries can be greatly affected by temperature variations and driving habits. Up to 35% of range can be lostin
extreme weather conditions??, but there are many tips and tricks drivers can use to maximize theirrange, including: pre-
warming or cooling the car remotely while connected to an electrical source, utilizing heated seats and steering wheels,
using available eco-modes, minimizing use of accessories, and using efficient driving tactics. This isanimportant barrier
to considerin Aspen where temperatures are often cold. Figure 1.9shows illustrates the relationship between
temperature and range in real-world scenarios, as analyzed by Fleet Carma.

Nissan Leaf & Chevrolet Volt: Range vs. Temperature
Spanning All Model Years in the FleetCarma Database
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Figure 1.9: Range vs. Temperature

19 Colorado EV andInfrastructure Readiness Plan, pg 19 http://denvercleancities.org/Colorado%20PEV%20Rea dine ss%20Plan.pdf
20 Refuel Colorado, http://refuelcolorado.com/ev/performance
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Electricbusesvaryin range as well, from 30-200 miles, but since transit buses are route-specificand have predictable
ranges, the range of an electricbusisactually quite manageable. BYD currently has the longest range bus with 200 mile
capacity. Proterra’s TerraFlex energy system allows the battery configuration and size to be specified to the route of the
transitagency, with a maximum range of around 180 miles. Though, when combined with a 500kW fast charger, a bus
with a smallerrange of around 30 miles can be rechargedinless than 10 minutes, which allows foralongerrange
throughout the day. Proterra buses have ran 700 milesin a 24 hour period using this setup. Rangeson electricbuses are
very dependenton the specificdriving pattern and route of the bus itself, so bus companies have their own proprietary
modeling software to get more specificcost and range approximations.

Range anxiety can be combated through education and experience. Most trips fall withinthe range of aPEV (evenifitis
cold outside). With advanced planning and experience, range anxiety will quickly diminish. Ample access to public Level
3 chargers and workplace charging stations also help drivers gain range confidence. Itis alsoimportant to promote
PHEVsfor people who are very range anxious, for high-mileage fleets, or people who have legitimate concerns about EV
range.

Charge time

PEVs can take anywhere from 30 minutes to 20+ hours to fully recharge, de pending on the battery size, onboard
charger, and method of charging. This refueling model is much different than the conventional fueling model, with gas
stations common and refueling times generally taking afew minutes. PEV drivers quickly adapt new habits, so charging
the vehicle becomes as routine as charging theircell phone. Amore detailed discussion of chargingtimesis
documentedinthe Infrastructure section.

Grid Capacity

In orderto accurately assess the capacity of the Aspen Electricgrid to supporta fast adoption of PEVs, the city should
conduct a grid impact analysis. An analysis of Aspen’s grid capacity to handle PEV demand is outside the scope of this
report, but an overview of the findingsincluded in the Colorado Electric Vehicle and Infrastructure Readiness Plan, which
includes utility impacts and projections, will be available. The study included a grid-impact assessment from both Xcel
Energy and iCAST, as well as modeling from CU Boulder.

The findings of that study concluded the existing policies and planned utility upgrades are sufficient to supporteventhe
most aggressive PEV penetration scenario through 2025. Ina market with 10.2% PEV penetration in 2025 Xcel Energy
estimated that 4,300-5,100 transformers would be affected by the incremental electricity demand at a cost of $10-13
million. However, the costs would be incurred overalong period of time, and transformers are regularly replaced soiitis
difficultto directly attributethose coststo PEVs. There was also concern about lateral conductors, but PEVs would not
necessarily be the primary contributor. One major consideration for utilities is a concern of clustering. If PEV deployment
occurs indense clusters, this could cause impacts at the transformerlevel?!. Itis recommended that utilities work with
state agenciesto determine where PEVs are deployed, along with EVSE to prepare for clustering effects.

Following are some strategies that utilities can use to minimizethe impact of PEVs:

21 Colorado Electric Vehicleand Infrastructure Readiness Plan, pg 88 http://denverdeancities.org/Colorado%20PEV%20Re adine ss%20Pla n.pdf
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e Notification systems: Utilities should consider developing atrackingand communication system that notifies the
utility of anew PEV purchase or EVSE installation within their territory. This will minimize risk at the transformer-
level due to clustering orincreasesinincrementaldemand.

e Encourage Off-Peak Charging: Utilities should actively encourage PEV owners to charge at night, or off peak, when
griddemandis low. Xcel Energy’s study concluded that the gre atestimpacts to the grid by PEVs would be between
5pm-10pm as drivers plugin at home afterwork. Instead, if drivers settheir car to begin charging after 10pm, this
would mitigate the risk of higher demand charges and create short-term financial protections for the utilities’ rate
base. There are two options to help encourage off-peak charging by PEV drivers: education/marketing campaigns
that inform consumers and rate structures that incentivize off-peak charging through cheaperrates, often known as
time-of-use rates.

Currently research isbeing done on the ability to connect PEVstothe grid while they are chargingand utilize their
batteriesas distributed energy sources to help balance peak electricity demand. This is called vehicle-to-grid technology
(V2G), and itis thought of as the future of energy demand managementand smart grid applications. While PEVs are
pluggedin, they can absorb excess electricityfrom the grid during off-peak times and utilities can buy it back whenever
itisneeded. PEVsinastudy at the University of Delaware averaged selling $110 worth of electrons back to the utility,
PJM Interconnection, each month.

Demand response programs like V2G have many benefits if widely integrated . They can save utilities money by delaying
upgradesto powerlines, transformers and other equipment, reducing the need to buy expensive and polluting fossil-
fueled powerto meet demand spikes, and; helping utilities manage and smooth out the intermittent flowof energy
fromrenewable sources such as wind and solargeneration?2.

San Diego Gas and Electricbegan a pilot vehicleto grid program where they are using five distributed energy storage
systems paired with PEV fleets to help manage grid demand during peak times and maximize the use of renewable
energy. HeatherSanders of the CaliforniaIndependent System Operators said, “By having electricvehicles directly
participate as a grid resource in the wholesale market, vehicles respond to signals from the grid operatorto reduce
when electricity is scarce, and continue or resume charging when renewable generation is plentiful. This capability helps
maximize the use of energy fromrenewables while keeping the grid reliable.”

V2Gis stillina research phase and faces many challengestoits widespread use. Vehicles require anew two-way charger
at a cost of about $200 a piece, and the chargingstationitself needsto handle inputand output. Additionally, more
research isneeded to understand the effects of more frequent charge/discharge cycles on battery lifeand capacity.
There are also policy considerations with utilities, state, and local governments regarding rate structures for selling back
to the grid, net metering, and otherissues?®. Researchis ongoing with NRG, University of Delaware, PG&E and BMW, the
military, and other utilities to better understand how V2G could be integrated with PEVs.

Battery After-Life

22 PG&E
http://www.pge.com/en/about/newsroom/newsdetails/index.page?title=20150105 pge and bmw partner to extract grid benefits from electric_vehicles
23 Green Car Reports, http://www.greencarreports.com/news/1094990 delaware-vehicle-to-grid-test-lets-electric-cars-sell-power
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One concern about the growth of PEVsrevolves around whatto do with the large batteries after they reach the end of
theiruseful lifeinvehicles. Much thought and effort has been putinto this topic, as the chemicalsin lithium-ion
batteries can have severe environmental effects if nothandled properly. However, if the materials from batteries can be
recovered and reused as valuable products, then less raw material needs to be extracted orimported. By repurposing
batteriesforotherapplications beyond vehicles, markets can limit their harvesting of rare earth materials, which avoids
furtherenvironmental impacts and can minimizethe cost for materials?*.

The existing batteries in conventional vehicles already have the highest recycling rate of any product on earth at 98% 2°,
which gives legitimacy to the ideathat vehicle batteries will followthe same path. One of the primary markets expected
for vehicle batteriesis fordistributed energy storage, where many vehicle batteries are repurposed and tied together to
store large amounts of energy for use as demand-mediators for utilities, orto capture renewable energy generated
during off-peak hours that would otherwise be lost. Figure 2.0is a graphicdescribing the partnership that BMW has
enteredinto with Bosch and a European utility company.

Second Life for electric-vehicle batteries

Following use in electric cars, lithium-ions batteries are reused for ((-‘:ﬁ BOSCH

stationary applications and thereby begin a “second-life*“. Invented for life

4 Resell

The electricity from these
1 Recycle large batteries is used for
instance for grid stabilization.

At the end of its lifecycle in

an electric car, the battery
is still valuable.

.............

. The battery modules are integrated
s in the stationary storage system.

lal 2 Refabricate

The used battery modules are
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Figure 2.0: Recycling EV Batteries

24 Argonne National Laboratory, Linda Gaines, “A Lookthrough the Crystal Ball at the Future of Automotive Battery Recycling”
25 Argonne National Laboratory, Linda Gaines, “A Lookthrough the Crystal Ball at the Future of Automotive Battery Recycling”
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A
Model availability

To date PEV models primarily serve the passenger, light duty market with nearly every majorautomaker, including
Toyota, Nissan, Mitsubishi, Mercedes, BMW, Ford, Tesla, Cadillac, GM, and more havinga PEV model available. These
models are mostly coupes orsedans, with only one SUV (Porsche Cayenne PHEV), and only one othervehicleexistsin
the U.S. markettoday with all-wheel drive, the TeslaModel SP85D (both luxury vehicles). Even without all-wheel drive,
PEVs perform wellinthe snow. Most are front wheel drive, and because the heaviest part of the car (the battery) is
located at the centerand base of the vehicle, they handlevery well. Snow tires may improve performance, especially
when decelerating and accelerating.

Several companies are producing vehicles beyond coupes and sedans for both the general publicand fleet customers
alike. Smith ElectricVehicle produces electricdelivery trucks used by companies such as Frito-Lay, and the market for all-
electrictransitbuses like Proterrais growingrapidly. Electricbuses can be boughtin hybrid electric, plug-in hybrid,and
all-electricversions, and they are produced by several companies, including, Proterra, BYD, Volvo, and WAVE. Because
buses have more space for batteries, there are much configurations to choose from depending on route length, daily
range, charging pattern, passenger capacity, and otherfactors.

Via Motors produces PHEV pickups and vans on the Chevy platform which get about40 miles all-electricrange, and they
have plansto sell 50,000/year by 2018. Electric motorcycles are also gaining prominence, offering rapid acceleration and
a quietride. Companies like Zero Motorcycles produce electricpolice pursuit bikes, as well as dirt bikes and street bikes,
and Brammo offers a lineup of performance street bikes. Overall, PEVs operate in multiple duty cycles, including
passenger cars, pickups, vans, and transit buses, but there are limited options to choose from outside of passenger
vehicles, and all-wheel drive is something the current market doesn’t provide.

Capital Cost

One of the mostsignificant barriers for PEV adoptionis the upfrontincremental cost compared to the equivalent ICE
vehicle. Economies of scale have yet to develop that make large, lithium-ion batteries cheap enough to compete with
theinternal combustion engine., Forexample, the Ford Focus, which has a gasoline and all-electric options available,
listsan MSRP of $18,625 forthe gas/hatchback model, the PEV model startingat $29,170, an incremental price of
$10,545%. PEV modelstoday have an MSRP between $28,000 and$35,000 base MSRP, with luxury models such as BMW,
Tesla, Mercedes, Porsche and Audi priced at $45,000 to $110,000+.

Incentive programs are availableto help offset the incremental cost with additional lifecycle savings coming from lower
fuel and maintenance costs. Again, using the Ford Focus Electricas an example with an MSRP of $29,170 less the $7,500
federal tax creditand a Colorado state tax credit of $4,984, the final price is reduced to $16,686, about $2,000 lessthan
the conventional Ford Focus. When combined with the operating cost savings, the Focus Electric (and other PEV models)
can be muchless expensiveto purchase and own. Increased education to consumers about available tax credits will
increase adoption as driverslearn how affordable the vehicles can be. Only taxable entities qualify for tax credits, so the
City of Aspen and other governments do not qualify.

Passengervehiclesare astep ahead of othervehicle vocations when it comes to price, because their batteriesaren’tas
large as those inthe heavier duty-cycles needed for fleet applications. Electric buses are significantly more expensive

26 Ford website,accessed 01/22/2015 http://www.ford.com/cars/focus/models/
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than diesel ornatural gas models, but because buses travel so many miles and consume alot of fuel, the payback can be
realized quickly. An all-electric40’ bus isalmosttwice as expensiveas a traditional diesel bus (around $800,000 without
chargers, comparedto a diesel bus around $425,000), but by utilizing acheaperenergy source more efficiently, and by
reducing maintenance costs, fleets operating these buses are actually saving money by the end of the bus’s 12-year life.
Proterraadvertises lifecycle savings of $225,000-$365,000 per bus overdiesel, natural gas, and hybrid models, which
includes $135,000 savings in maintenance costs and is based on a number of assumptions that can be found on their

website.

Medium duty electricdelivery trucks are priced at $35,000-40,000 overthe diesel version, butsee a paybackif enough
fuelisdisplaced?’. Verizon and PG&E have placed orders for PHEV trucks and vans that Via Motors just began producing
at a cost of around $70,000 each.

The Nissan Leaf, Chevy Volt, Ford Focus Electricall saw $5,000+ price decreasessince theirrelease, and as PEV sales
increase, battery costs are expected to continue declining. Figure 2.1is from Pike Research and illustrates the expected

trend for battery costs through 2017.

Lithium lon Battery Selling Price, World Markets: 2011-2017
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Figure 2.1: Predicted Battery Costs

Ranking Barriers

Understanding PEV deployment barriersisimportant, but knowing which barriers are the most significantto consumers
may be more essential. The recent Colorado Electric Vehicle Market Survey asked residents to rank nine barriersin order
of importance when considering the decisionto buy a PEV in Colorado. The results from 285 respondents are shown
belowinorderof prominence:

27 New York Times, http://wheels.blogs.nytimes.com/2010/09/08 /frito-lay-adds-electric-trucks-to-its-fleet/? r=0

22


http://www.proterra.com/advantages/cost-of-ownership/overview/
http://www.proterra.com/advantages/cost-of-ownership/overview/
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22EV+Market+Study+2015.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1252055715368&ssbinary=true
http://wheels.blogs.nytimes.com/2010/09/08/frito-lay-adds-electric-trucks-to-its-fleet/?_r=0

Clean Cities AMERICAN LUNG ASSOCIATION.
IN COLORADO

Up-front price difference fora PEV B s A
Limited range of PEVs ¥
Availability of charging stations Conmrol Devics —
The time that it takes to charge a PEV Cord

Vehicle performance Connector Coilar
Model availability Intet
Consumerknowledge of PEVs i
Elevationimpacts and four-wheeldrive
capability

9. Dealership experience at point-of-sale.

EVSE

N A WN R

Participantsindicated they were most concerned with the range
and cost of PEVs, where cost ranked as the numberone concern

with 35.1% of respondents listingitasa barrier, and 32.6% listing limited range. One interesting finding from the survey

isthat even though respondents were most concerned with the price of an PEV, they are still willing to pay an
incremental cost—38.6% said they would be willing to pay up to $5,000 more fora PEV, and 24.2% would pay up to

$2,000 more. Combined, thatindicates 62.8% of responde nts would pay at least $2,000 more for a PEV. Only 15.79% of

respondents would not be willing to pay an incrementally higher cost. With regards to range, over 53% of respondents
wantan EV with 150+ mile range percharge, and 32% wouldn’tfeel comfortable withouta 200 mile range. The
methodology and full survey results can be found in the Colorado EV Market Implementation Study.

Infrastructure

Electric Vehicle Supply Equipment (EVSE)

EVSE is charging equipment that ensures the transfer of a safe and appropriate flow of electricity fromasource intoa
PEV.There are differentlevels of EVSE accordingto the rate at which they charge a battery. Twotypes—Level 1and

Level 2—provide alternating-current (AC)to the vehicle, with the vehicle’s onboard equipment (charger) converting AC

to the direct current (DC) needed to charge the batteries. The othertype —Level 3 charging—provides DCelectricity
directly tothe vehicle?.

The followinginformation on charginglevelsis taken directly from the U.S. Department of Energy’s Workplace Charging

Handbook, which describes the charginglevels and times inasimple, accurate fashion: Charging times range from less
than 30 minutesto 20 hours or more (onlyif batteryis completely depleted and chargingon Level 1, whichis highly

unlikely), based onthe type orlevel of EVSE; the type of battery, its capacity,and how depleteditis; and the size of the

vehicle’sinternal charger. EVs generally have more battery capacity than PHEVs, so charging a fully depleted EV takes
longerthan charginga fully depleted PHEV.

Level 1
Level 1 EVSE provides charging through a 120-volt (V) ACcircuit and requires electrical installation perthe National
Electrical Code. Most, if not all, PEVs come with a Level 1 EVSE cord set. On one end of the cord is a standard, three -

28 .S. Department of Energy’s Workplace Charging Handbook, http://www.afdc.energy.gov/uploads/publication/pev_workplace charging hosts.pdf
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prong household plug (NEMA 5-15 connector). On the otherendis a 117725 standard connector, which plugs into the
vehicle. Level 1typicallyis usedforcharging at locations with longer dwell times such as home, work and airports. Based
on the battery type and vehicle, Level 1chargingaddsabout 2 to 5 miles of range to a PEV per hour of chargingtime.

Level 2

Level 2 EVSE can easily charge a typical EV battery overnight, anditisa commoninstallation for resi dential, workplace,
fleet, and publicfacilities. Level 2 EVSE offers charging through a 240-V (typical in residential applications) or 208-V
(typicalin commercial applications) electrical service. These installations are generally hard-wired for safe operation
(although awall plug connectionis possible). Level 2 EVSE requiresinstallation of chargingequipment and a dedicated
circuit of 20 to 80 amp dependingon the EVSErequirements. Most Level 2 EVSE uses a dedicated 40 A circuit, butthere
are chargingstations (like Clipper Creek and Telefonix) made with lower amperage (16-20amps) that minimize the
circuitrequirements and overall project costs, but those systems sacrifice charging speed and should be considered for
longer-term parking options (workplaces, overnight parking, etc). As with Level 1equipment, Level 2equipment usesthe
J1772 connector. Based on the battery type, charger configuration, and circuit capacity, Level 2 charging adds about 10
to 20 miles of range to a PEV perhour of chargingtime, depending onthe powerlevel of the onboard charger.

Level 3 Charging

Level 3 (also known as DC fast-charging) EVSE enables rapid chargingandis generally located at sites along heavy traffic
corridors and at publicfueling stations. Some Level 3 charging units are designed to use 480-V AC input, whileothers use
208-V ACinput. A Level 3 charger can add 60 to 80 miles of range to a light-duty PEV in 20 minutes. Level 3chargingis
not commonly used as a workplace charging option. Workers’ vehicles are typically parked for several hours ata time, so
they don’trequire rapid charging at work?®.

Level 3 chargers have a different plug standard from Level 1and 2. Currently there are three Level 3charging plug
standards, including the CHAdeMO, SAE-Combo, and Tesla. CHAdeMO is used by Asian automakers like Nissan, the SAE-
Comboisused by German and American automakers like BMW, Volkswagen, Ford, and GM, with Teslahavingitsown
Level 3 charging standard for theirvehicles. This makesinfrastructure planning somewhat difficult, though anincreasing
number of EVSE providers are able to support multiple standards. At present, the only company producinga Level 3
charger that supportsall three is GOe3, which plans to deploy their Colorado network in 2015.

Costs

Costs for EVSE projects vary widely, depending on the level of charger, type and capability of the charger, indoor or
outdoor, distance from electrical, existing electrical demand and other factors. EVSE manufacture rs offeravariety of
features, including data collection and monitoring, credit card access and processing software, network service, RFID
access, etc. Figure 2.2 provides an overview of the range of capital costs associated with each level of EVSE.

29 U.S. Department of Energy’s PEV Handbook, http://www.afdc.energy.gov/uploads/publication/pev_workplace charging hosts.pdf
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EVSE Level Application Capital Cost Range
Level 1 Longer term parking (4+ hours) $S500-1,500
Level 2 (Residential) Home charging indoors $500-2,000
Level 2 Public or workplace $1,000-7,000
(Public/Commercial)
Level 3 - DC Fast Public, corridor development $20,000 +/-
Charging

Figure 2.2: Capital Cost Ranges

Capital costs for the charger are only one of the associated costs. Installation costs can be the largest portion of the
expense depending on the length and complexity of trenching, amount of conduit, and any electrical service upgrades. If
an organization anticipates expanding the number of EVSE unitsinthe future, it should consideradding extra circuits,
electrical capacity, and conduit duringinitialinstallation. Itis less expensive toinstall extra panel and conduit capacity
duringinitial construction than to modify the site later. Forthe same reason, itis a good ideato considerelectricity
infrastructure for EVSE during the planning phases of new facilities.

A typical budgetfora workplace EVSE project mightinclude the followingline items:

e EVSE unit(s)

¢ Contracted labor

¢ In-house labor

e Material/incidentals

¢ Equipmentrental (backhoe, jackhammer, etc.)

¢ Sidewalk demolition and repair

¢ Optional EVSE equipment (e.g., RFID card reader)
¢ Signage and paint

e Permitting and inspection costs

¢ Incentives (if available)

Typically, maintenance costs for EVSE are low. Common maintenance concernsinclude cord damage, operator screen
issues, credit card processing software, and network connectivity issues. Some manufacturers offer retractable cord
reels forexample. Only buying features that are required forthe project helps minimize the chance of something
malfunctioning.

Electricity costs depend on the type and level of EVSE installed, the frequencyitis used, and the electricrate applied to
the station. The maximum potential electricity use from Level 1 EVSE will total about 4,000 kWh/year. At Level 2, use
could range from 6,500 kWh to 13,000 kWh per year, depending on the vehicles using the EVSE and the electrical
circuit’s capacity. Charging PEVs during peak electricity demand periods may move a customerinto a higherrate
category and resultin higherelectricity costs. However, the advanced capabilities of some EVSE products can be useful
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for optimizing load management. Itisimportantto discuss the effects of PEV charging on electricity rates and loads with
the local utility3°.

Chargingfor electricbuses have all of the same cost factors and considerations as light-duty cars, but because the
batteries are bigger more poweris neededto charge them. Each bus manufacturer has different charging options —BYD
has a 480 volt AC, 96 amp, 60kW chargerthat fills the busin five hours, ora 200kW charger thattakesonly 1.6 hours3?.
Proterraoffersa fastercharging option with a 480 Volt DC, 500kW charger that can refillabusin 10 minutes. The cost of
Proterra’s fast charging station is about $350,000.

Inductive Wireless Charging

Wireless PEV chargingis a technology just now coming to market. Wireless charging has many benefits over current
EVSE. Eliminatingthe cord and the plugridsany concern overtripping and safety hazards, minimizes maintenance issues
with the plugs, and creates a convenient, effortless charging process that ensures people won’tforgetto plug-in.
Automakers andtheirTier One suppliers continue to be reticent on their plans for wireless EV charging. Most wireless
chargingsystemsare in the pilot phase and are likely toremainthere foranother2to 3 years. By 2015-2016, however,
models with built-in wireless charging capability will be available from several majorautomakers32. Wireless charging
has proven efficiencies similarto plugged systems around 90%33. There is one system already available from Plugless
Powerthat costs a PEV ownerabout $2,000-2,500 for the station and the required vehicle charging adapter. Installation
costs are not included in that price.

Outside of individual, stationary inductive charging, muchresearchis beingdone tounderstand how toincorporate
inductive chargersinto ourexistingroad network sothat PEVs can charge during operation. Thisis also known as
dynamicinductive charging. Fast-chargingvehicles while they drive would be the ultimate convenience, and could
dramatically limit oreliminaterange anxiety with widespread deployment in urban areas. It could also provide the
opportunity tolowerthe battery size and costrequired to drive long ranges on electricity by utilizing small, frequent
charging periods. The technology has been demonstrated as feasible in rese arch settings, but commercialization of the
technology has some significant barriers to overcome. Automakers, research institutions, and utilities are all working
togetherto standardize the technological requirements to bring dynamicinductive charging to the commercial market®*.
Though, there are demonstration projects underway, includingin Park City, UT where WAVE partnered with the
University of Utah to provide inductively-charged electric buses. Similar projects have occurred in South Korea, and
WAVE s planninga 10-bus systemin Long Beach, CA®*. Costs for installing dynamicwireless charging have yet to be
commercially established so they are hard to predict, butinitial estimates are that they range from hundreds of
thousands to a couple million per kilometer3®

30 U.S. Department of Energy’s PEV Handbook, http://www.afdc.energy.gov/uploads/publication/pev_workplace charging hosts.pdf

31 BYD website http://www.byd.com/na/auto/ElectricBus.html

32 Navigant Research, “Wireless Charging Systems for Electric Vehicles” http://www.navigantresearch.com/research/wireless -charging-systems-for-electric-vehicles
33 Hybrid Cars, http://www.hybridcars.com/momentum-dynamics-wireless-charging-could-relegate-plugs-to-history/

34 |EEE, http://electricvehicle.ieee.org/2014/02/04/wirelessly-charge-electric-vehicles-by-induction-while-driving/

35 Clean Technica, http://cleantechnica.com/2013/10/22 /wireless-electric-bus es-developed-utah/

36 |EEE, http://electricvehicle.ieee.org/2014/02/04/wirelessly-charge-electric-vehicles-by-induction-while-driving/
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Withina decade, wireless charging could be the primary method of charging EVs. Navigant Research forecasts that
wireless charging equipmentforlight duty vehicles will grow by a compound annual growth rate (CAGR) of 108% from
2013 to 2022, reachingannual sales of slightly less than 302,000 unitsin 2022%’.

Case Studies and Examples

e Indianapolistodeploylargest municipal PEV fleetin the country (425)

e Mediumduty PEV delivery trucks are incorporatedinto Frito-Lay, Coca-Cola, and PG&E Fleets

e Cityof Loveland, COincorporates Nissan Leafsinto vehicle pool

e Houstonlaunches municipal PEV car-sharing program with Zip Car

e SDG&E start vehicle to grid pilot program

e Proterraall-electricbus services passengers nationwide

e Massachusetts operates largestelectricbus fleetin the country.
Thisis the coldest atmosphere similarto Aspen with electricbuses operating. Proterrais delivering 6 busesto
Duluth, MN, which will be the coldest place operating the buses.

e WAVEinductively charges electricbusesin Utah, othercities coming

e U.S. Departmentof Energy’s Workplace Charging Challenge progress report

e Xcel Energy provides $.033 EV off-peak charging rate in Minnesota

e Cityof Montrose EV Charging Signage —Page 57

e How to notinstall an EV charging station

Market

Present

In the year 1900, 38% of cars onthe road were powered by electricity, and there was an electrictaxi fleetin New York
City. This was a short-lived technology, however, as internal combustion engines ended up winning the market, with
only shortspurts of electricvehicleintroductions up until the present decade. In 2010, revitalization came to the PEV

37 Navigant Research, “Wireless Charging Systems for Electric Vehicles” http://www.navigantresearch.com/research/wireless -charging-systems-for-electric-vehicles
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marketinresponse to publicconcern and new environmental regulations such as the Corporate Average Fuel Economy
standard and Clean Air Act. 2010/2011 was the firstyearthat PEVs hitthe U.S. mass market, with only three models
available. At the start of 2014, major automakers were selling 16 different PEV models, and by September of the same
yearthere were 23 PEV models available®®. The Electric Drive Transportation Administration expects an additional 20

modelsthrough 2016. Thisis a sign both of consumeracceptance and of the automaker’s unprecedented commitment
to the future of PEVs.

U.S. cumulative sales of plug-in electric vehicles

by monthly sales of all-electric cars (BEVs) and plug-in hybrids (PHEVs)

(December 2010 - December 2014)
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Figure 2.3: U.S. PEV Sales (Wikipedia)

Figure 2.3 from shows cumulative U.S. PEV sales from December 2010 through December of 2014. It is evident that the
PEV marketis growing continuously, with 225,000 units sold as of May 2014.

38 Colorado EV Market Implementation Study, January2015, pg 11
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Colorado’s PEV sales are alsoincreasing year overyear. As many new models entered the marketin 2013, there wasa
90.3% increase insalesfrom 795 in 2012 to 1513 in 2013. The most recent data available for Colorado PEV purchases
only extends to February of 2014, when there were 3,112 PEVs registered in the state. Colorado currently ranks 8
among U.S. statesfor total PEV sales, up from 11t in 2012. One of the reasons forthis growth can be attributed to the
growthin publicly available charging stations, which grew from 103 to 204 between October of 2013 and October of
2014 — a 98% increase. As of January 24, 2015 there were 216 charging stations with 466 charging outlets throughout
the state?®C. As of February 2014, there were 30 PEVs registered in Pitkin County. The full year of 2014 data should be
made available soon, anditis expectedto show growth toabove 4,000 registered PEVs. Figure 2.4fromthe Colorado EV
Market Implementation Study shows Colorado’s PEV car sales per month through 2013.

COLORADO MONTHLY NEW EV CAR SALES
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Figure 2.4: Colorado PEV Car Sales

PEV buses only came to marketin the United States withinthe last three years, but since then there have been 130 of
themin operation throughout the country. According to their website, Proterra has 63 buses operatingin 10 areas
throughout the country, and they have orders from several new customers, including atransitagency in Minnesota. BYD
isthe industry leaderforelectricbuses with 5,200 on the road, 50 inthe U.S. and most of the othersin China, but they
are changingtheirfocusto the United States now and expect to sell 200 this year. !

Future

Accordingto Navigant Research, global light-duty electricvehicle sales (including hybrids) willexpand from 2.7 million
salesin 2014 to 6.4 million by 2023. PEV sales are expected to continue growing rapidly in Colorado. The Colorado EV

39 Denver Metro Clean Cities Coalition’s Annual Operating Plan, http://denvercdleancities.org/Annual%200perating%20Plan%20-%20Denver.pdf

40 U.S. Department of Energy’s Alternative Fuel Data Center, Alternative Fueling Station Locator http://www.afdc.energy.gov/locator/stations/

41 National Geographic, “Tesla for the Masses: Electric, Fuel Cell Buses Take Off” http://news.nationalgeographic.com/energy/2015/03/150312-tesla-for-the-masses-
electric-buses-take-off/
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Market Implementation Study conducted an analysis based onlow, medium, and high growth scenarios, and the
projections are shownin Figure 2.5.In the medium growth scenario, Colorado would see 24.4% year-over-year growth
in PEV salesfora total of 302,429 by 2030%?, and Pitkin County would have atotal of 986 PEVs.

COLORADO EV STOCK GROWTH TO 2030 BY SCENARIO
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Figure 2.5: Projected EV Growth

Projections from Navigant Research, Energy Information Administration, and many others all conclude PEVs will
continue to gain market share, but the questionis at what pace. If sales of hybrid electricvehicles are any indicator, then
PEVs are certainto continue growing rapidly. PEVs have grown fasterin theirfirst three years of introduction than the
Toyota Priusdidinitsfirstthree years, and the Prius has been the top-selling vehicle in California for the last two years
ina row (17% in U.S. overall, led by Ford F150 pickup)“3. The ToyotaPriusinits fourth yearsold 52,000 units, while the
Nissan Leaf and Chevy Volt sold 100,000 and 70,000 respectively.

Salesand a steadyrise in available models are all good signs thatthe PEV market will continue to strengthen. Though,
the barriersin front of the market are still significant, and in orderforsalesto continue risinginto new market segments,
many of those barriers will need to be addressed. The two primary concerns identified by Coloradansin the survey were
upfront cost and drivingrange, which are currently being address by automakers.

The 2016 Chevy Volt, aplug-in hybrid electricvehicle, will increase its electricrange from 38 to 50 milesinthe newest
generation. Teslaand GM have both announced new all-electricvehicles with a 200+ mile range forless than $30,000 to
hitthe marketin2017. The main componentin PEVsthat contribute toa highinitial costis the battery, and as illustrated
inFigure 2.5, battery prices are already droppingand are expected to fall aseconomies of scale increase and research
continues. Inreference to cost, there are many incentives available to help offset the price tag. Colorado has the most
significant state tax creditin the country, where PEVs qualify for up to $6,000 off the initial cost, regardless of tax
liability, so consumers will receive arebate check if they don’t owe enough in taxes foracredit (governments do not
qualify fortax credits —only taxable entities). Combined with the federal rebate of $7,500, there is potential for $13,500

42 Colorado EV Market Implementation Study, pg.19
43 HIS Automotive, http://gas2.org/2014/05/20/ev-sales-progressing-faster-hybrids-decade-ago/
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inprice reductions that bring PEVsinto a competitive place with conventional vehicles. There are otherincentives that
are described in more detail in the Incentives section.

Electricbuses are expected to grow at a compound annual growth rate of 28.4% through 2020 worldwide accordingto
Persistence Market Research’s recent report, as electricbus technology has reached a point where they are
outperforming, and out-saving diesel and natural gas bus options. CALSTART, a leading non-profit that specializesin
helpingtransitagencies develop cleaner buses, expects electricbusesto double in operationto double nextyearin the
United Statesfrom 130 in 2014 to over 250 by the end of 2015. Overall, CALSTART expects zero emission buses to
account for 20% of the overall transitindustry by 2030.44

PEVs will remain prominent inthe passengervehicle market, but expectto see otherniche markets like delivery
services, taxis, and other high-mileage, stop-and-go applications expand their use of PEVs. Additionally, look for
additional modeloptions thatventure into the compact SUV, trucks, and all-wheel drive segments that are more
attractive to active Coloradans before 2020. There are already a handful of companieslike Teslaand Via Motors that
have 4WD modelslike the Model SP85D and Via’'s lineup of GM trucks provingthe technologyis possible, butthey are
costly and inaccessible to many consumers. The availability and prices for these options should continue to decline
makingthem an affordable option for many Coloradans.

Additionally, Coloradois workingto expand accesstoa Level 3 charging PEV network that will allow cars to charge up to
80% in 30 minutes, similartothe Tesla-only Supercharge network thatis currently located in Glenwood Springs,
Silverthorne, and throughout the country. Aspen currently has 7 locations advertising PEV charging, including four
chargers at Hotel Jerome, two at Rio Grande Parking Plaza, two at Limelight Hotel, Level 1 outlets at Mountain Chalet,
fourat the Little Nell, and Aspen Square Hotel —though, only one of those locations is opento the general public(Rio
Grande Parking Plaza. Also, there are no Level 3 chargers in Aspen —the nearestone isa TeslaSuperchargerstationin
Glenwood springs that only charges Teslas and no other models. Drivers are much more likely to considera PEV if they
can get to and from the mountains without charging overnight, and if peoplesee and hear about Level 3 fast chargers at
the rest areaor ontelevision, they are more likely to consideritas a convenient (and therefore legitimate) option for
theirlifestyle.

What will the market look like in 20207 It’s impossible to know, butit’s reasonableto expect that Coloradans will have
access to multipleall-electricmodels with a 200+ mile range, 4WD, and a price tag under $30,000. There should also be
a network of Level 3 charging stations along Colorado’s major corridors that provide range confidence and help establish
PEVsas a cheaper, more convenient alternative to gasoline. Thiswould go along way toward combating the three most
significant barriersidentified by Coloradans, and it paints a positive pictureforthe future of PEVs.

HYDROGEN FUEL CELL VEHICLES

Technology

Similartoa Plug-in ElectricVehicle (PEV), aHydrogen Fuel Cell Vehicle (FCV) is powered by an electricmotor, but the
electricity used to powerthe motoris generated from the combination of hydrogen and oxygeninsideafuel cell instead

44 National Geographic, “Tesla for the Masses: Electric, Fuel Cell Buses Take Off” http://news.nationalgeographic.com/energy/2015/03/150312-tesla-for-the-masses-
electric-buses-take-off/
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of being pluggedintoanexternal electricsource. Hydrogenis stored in a highly-compressed tank onboard the vehicle,
and when combined with oxygeninsidethe fuel cellit generates electricity to poweran electricmotor. The only
byproduct of this processis water, so FCVs are considered zero emission vehicles and can be an important strategyin
reducing the impacts of climate change and criteria air pollutants. FCVs can be 2-3 times more efficient than aninternal
combustion engine, cantravel around 300 miles on a single tank, and can take only minutes to refill *°.

This section will provideasummary of the important factors, benefits, and considerationsin analyzingwhether FCVs
should play a roleinthe City of Aspen’s transportation sector.

A fuel cellissimilarto a battery. It is made of individual cells grouped together
to forma fuel cell stack, and each cell contains an anode, cathode, and
electrolytelayer. When hydrogen (H,) enters the fuel cell stack, it reacts
electrochemically and splitsinto two atoms and combines with oxygen fromthe
surrounding atmosphere to produce electricity, heatand water. Fuel cells will
continue to generate electricity aslongasfuelis supplied, whereas a battery has
a fixed amount of energy that needs to be recharged instead of refilled*®. The
maindifferencebetweenan FCV and a PEV is the electricity generation source.

Figure 2.6 shows the process of putting hydrogen through afuel cell.

Hydrogen

Hydrogenisthe simplestand mostabundant
elementonthe planet, butitis naturally
diatomic, meaningit pairs with otheratomsin
orderto reach a balanced state*’. Molecules
like water (H,0) and methane (CH,) are primary
sources for hydrogen, butto useit, hydrogen
must be separated and stored. Hydrogen has
the highestenergy content perunitweight of all
fuelsat 52,000 BTU/Ibs, whichis three times
the content of gasoline, but hydrogen alsohasa
very low energy content by volume, meaningit
isdifficultto store and contain. As a result,
hydrogenis stored onboard FCVs at very high
pressures up to 10,000psi. One kilogram (2.2
Ibs) of hydrogen has the same energy content
as a gallon of gasoline, and, therefore,
kilogramsis the standard measurement used
when fuelingan FCV*8,
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Figure 2.6: Fuel Cell

45 Refuel Colorado, http://refuelcolorado.com/fuel-cell-electric-vehicle/about

46 Fuel Cell Energy, http://www fuelcellenergy.com/why-fuelcell-energy/how-do-fuel-cells-work/

47 Fuel Cells 2000, http://www fuelcells.org/base.cgim?template=hydrogen basics

48 U.S. Department of Energy’s Alternative Fuel Data Center, http://www.afdc.energy.gov/fuels/hydrogen basics.html
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Benefits

Emissions

Fuel cells produce no harmful emissions and are 2-3 times more efficient than internal combustion engines. Fuel cells
are usedina variety of applications, including stationary backup and primary power generation, portable power,
renewable energy storage, and transportation. Figure 2.7fromthe U.S. Department of Energy’s Fuel Cell Technologies
Offices shows the different hydrogen sources as well as the multiplefuel cell typesand applications.
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Figure 2.7: Hydrogen Pathways

Hydrogen fuel cells produce no exhaust emissions—only heatand water—so FCVs are considered zero-emission
vehicles. However, there are many pathways for the generation of hydrogen fuel, and some of them produce emissions,
so FCVs can have lifecycle emissions associated with their use. The majority of hydrogenis generated from a process
called Steam Methane Reformation (SMR), which takes methane (CH,) sourced from natural gas combined with high
temperaturesand steam to splitthe molecule into carbon monoxide (CO), hydrogen (H,), and small amounts of carbon
dioxide (CO,). SMRis the primary production method for hydrogen because itis the least expensive and easiest method
for producinglarge quantities*®. Even though SMR does have carbon emissions, FCVs powered by reformed hydrogen

49 U.S. Department of Energy, Office of Energy Efficiencyand Renewable Energy http://energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
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still have significant air quality advantages overthe average internal combustion engine, as shownin the firstfour
scenarios of Figure 2.8°°. One scenariothatisn’tshownin Figure 2.8°! is one where renewable natural gasis used as the
methane source for SMR, which would significantly reduce lifecycle FCV emissions even further.

Another pathway for hydrogen productionis the splitting of water molecules known as electrolysis. Electrolysis can use
renewable electricity from wind or solarto generate hydrogen with zero carbon emissions, butitis currently more than
twice as expensiveto produce as SMR hydrogen2.

A side-by-side comparison of a 2015 Subaru Outback driving 10,000 miles/yearanda FCV driving 10,000 hydrogen
miles/year with gaseous hydrogen generated from on-site SMRwould reduce greenhouse gas emissions 50% from
10,681 Ibs/yearto 5,340 |bs/year. An FCV fueled with hydrogen from renewable electrolysis would reduce greenhouse
gas emissions by 100%, or 10,681 |bsannually, accordingtothe U.S. Department of Energy’s Alternative Fuel Data
Center’s Vehicle Cost Calculator. FCVs and PEVs have the same zero-carbon lifecycle potential.

Greenhouse Gases (lbs/year)

12000
10000
8000
6000
4000

2000

2015 Subaru Outback FCV (SMR H2) FCV (Renewable H2)

Figure 2.8: Greenhouse Gas Emission Reductions
Performance

Acceleration

The performance of FCVsissimilarto PEVs because they both use electricdrive trains. FCVs have 100% of theirtorque at
0 rpm, meaning the operator can use all of the vehicle's powerthe instant they touch the accelerator. FCVsdo notlose
powerwhen gainingaltitude, which is the case with internal combustion engines andis an essential consideration when
operatingavehicle in high altitude environments like Aspen. FCVs provide thrilling acceleration and afun driving
experience®3.

50 U.S. Department of Energy, Office of Energy Efficiencyand Renewable Energy, http://energy.gov/eere/fuelcells/natural-gas-reforming
51 U.S. Department of Energy, Alternative Fuel Data Center http://www.afdc.energy.gov/vehicles/emissions hydrogen.html

52 Florida Solar Energy Center, http://www fsec.ucf.edu/en/consumer/hydrogen/basics/production.htm

53 Refuel Colorado, http://refuelcolorado.com/fuel-cell-electric-vehicle/performance
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Quiet
FCVsare very quietand don't produce loud, variable noises like an internal combustion engine. This provides the driver
with a comfortable, relaxing experience and reduces external noise pollution.

Temperature

Unlike PEVs, FCVs do not sacrifice range ininclement weather. Toyota’s test fleets throughout the U.S. consistently meet
the advertised 300 miles of range, evenin negative temperatures. Thisisadistinct benefitforoperationin cold
environments like Aspen®*

Energy Security

Even with the recentincrease in domesticoil and gas production, the United States still imports roughly 33% of its
petroleum from foreign countries®, and 72% of U.S. petroleum use is devoted to the transportation sector. Dependence
on afuel marketthatis highly subject to global conflictand instability leads to price fluctuations which can be frequent
and costly. Research conducted by Argonne National Laboratory demonstrated that regardless of feed stock, hydrogen is
petroleum-free>®. By utilizing adomesticfuel like hydrogen instead of gasoline or diesel, jobs and new industries can be
createdinsolar, wind, and natural gas industries, in addition to the supply chain and research jobs created from the
advancement of FCVs that will boost economicgrowth. Perhaps mostimportantly, limiting dependence on foreign oil
and global markets lessens price instability because the price of domesticfuel is more stable and predictable®’.

Duty Applications

Theoretically, FCVs offer the potential to coverall duty-cycles from forklifts, to passenger to Class 8 semi-trucks.
Although initialtransportation applications have been mostly limited to passengervehicles, forklifts, and transit buses,
the range, fill time, and power output of hydrogen fuel cells could make them a viable option forall forms of
transportation. Fuel cells are much lighter than batteries and internal combustion engines, so enlarging the fuel cell to
increase poweroutputis plausible utilizing technologies similar to compressed natural gas to ensure enough fuelis on-
board to handle routine driving patterns.

Maintenance

Fuel cells, much like batteries, have no moving parts, and the electricmotorthe fuel cell is poweringis alsosimple inits
design. Asaresult, FCVs don’trequire oil changes, and regenerative braking will minimize wear on brake pads.
Accordingly, maintenance costs on an FCV will be minimal, similartoa PEV®2,

Range

FCVscan fitenough hydrogen onboard to travel 300-500 miles, comparable to many conventional vehicles runningon
gasoline®®, A 300+ mile range islongenough thatdriversdon’t need to change theirdriving habitsand range anxiety isa
non-issue.

54 Green Car Reports, http://www.greencarreports.com/news /1090078 toyota-touts-cold-weather-performance-of-hydrogen-fuel-cells
55 Energy Information Administration, http://www.eia.gov/tools/fags/fag.cfm?id=727&t=6

56 U.S. Department of Energy’s Alternative Fuel Data Center, http://www.afdc.energy.gov/vehicles/emissions hydrogen.html

57 Refuel Colorado http://refuelcolorado.com/ev/benefits

58 Refuel Colorado, http://refuelcolorado.com/fuel-cell-electric-vehicle/benefits

59 Fuel Cell and Hydrogen Energy Association, Transportation Fact Sheet, http://www.fchea.org/transportation/
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Refueling
Hydrogen refueling stations fill FCVs at a rate similarto gasoline, 3-5minutes. FCVs provide an opportunity for zero-
emission driving without sacrificing range or refueling convenience®.

Efficiency

Fuel cells are 2-3 times more efficient than the internal combustion engine, meaningthatan FCV can travel three times
as far on the same amount of energy as a gasoline car. Light-duty passenger FCVs get around 60 miles per kilogram of
hydrogen, but an internal combustion engine would only travel about 20 miles on the same amount of gasoline
energy®®. Fuel efficiency of future FCV models is notyet known, but the latest FCV to hit the market, the Hyundai
Tucson, gets 48 miles perkilogram, and the 2014 Honda Clarity (a limited-production model) gets 60 miles per
kilogram®2, Itis expected that future models will hoveraround that 60 miles perkilogram target.

Considerations

Education

Like many new technologies, the general publicis either unfamiliar with hydrogen fuel cell technology or misinformed.
Educating both fleetsand consumers about FCVs will be essentialtotheir deployment, but unlike PEVs, range anxiety
and range fluctuation (due to temperature variability) are not barriers, and refuelingis similarto conventional gasoline
vehicles.

Hydrogen Cost

Hydrogen production costs are challenging to predict, asthey are dependent on the generation method and source.
Considering Aspen’s carbon reduction goals and renewable electricgrid, an assumption is made that any hydrogen
station will be using renewable-hydrogen created from emissions-free sources like wind, solar, or hydro. Although these
are zero-emission options, they are generally more expensive than steam methanereformation, which does have
associated emissions.

Regardless of production method, hydrogenis expected to be relatively expensive until economies of scale are
developed. Toyota expects drivers of their Mirai FCV to pay about S50 for a full tank of hydrogen, which equates to
about 10/kg (kg = gallon of gasoline)®3, with the goal of getting pricestoin line with gasoline as soon as possible.

The 2015 targetsetby the U.S Department of Energy for hydrogen production costs are $3.10/kg and $3.70/kg for
centralized and distributed production methods, respectively. The National Renewable Energy Lab published astudy in
2011 that analyzed the cost of producing hydrogen from wind-powered electrolysis, and they found the wholesale price
range to be between $3.74-55.86 per kg forelectrolyzed hydrogen from wind, without incentives or distribution

60 Fuel Cell and Hydrogen Energy Association, http://www.fchea.org/transportation/
61 U.S. Department of Energy’s Alternative Fuel Data Center, http://www.afdc.energy.gov/vehicles/fuel cell.html
62 Autoblog, http://www.autoblog.com/2014/11/18/2016-toyota-mirai-fuel-cell-vehicle-likely-to-get-60-mpge/

63 Ecomento, http://ecomento.com/2014/08/13/bullish-toyota-admits-hydrogen-wont-be-cheap/

36


http://www.nrel.gov/hydrogen/pdfs/52640.pdf
http://www.fchea.org/transportation/
http://www.afdc.energy.gov/vehicles/fuel_cell.html
http://www.autoblog.com/2014/11/18/2016-toyota-mirai-fuel-cell-vehicle-likely-to-get-60-mpge/
http://ecomento.com/2014/08/13/bullish-toyota-admits-hydrogen-wont-be-cheap/

Clean Cities AMERICAN LUNG ASSOCIATION.
IN COLORADO

included, for production of between 1,000-50,000kg per day. Regardless of where the price range lands, it will still be
more expensive to fuel cars on hydrogen (especially renewable hydrogen)than on electricity.

If hydrogenissold for $3.50/kg (optimisticassumption) and used in a car with an efficiency of 60 miles/kgtraveling
10,000 miles/year, itwould cost $583/year to fuel. Comparatively, a PEV in the same scenario charging at the residential
Aspen Electricrate would use $325 of electricity. But, both the FCV and PEV would demonstrate savings when compared
to the 2015 Subaru Outback, which would use $1,400 of gasoline at $3.50/gallon underthe same conditions.

Model Availability

The fuel cell vehiclemarketisinitsinfancy, makingit hard to predict what models will be availablein the next5to 10
years. Currently, there are nine passenger car concepts that the Fuel Cell and Hydrogen Energy Association references
from Toyota, Honda, Hyundai, Mercedes, GM, Nissan, and Volkswagen, whichillustrates the widespread interestand
possibility of many modelsinthe nearfuture. Only three (Toyota, Honda, and Hyundai) have promised to bring models
to the marketin 2015/2016, withseveral otherautomakerslookingtoward 2017 and beyond.

Outside of passengervehicles, thereare options for material handling (forklifts). Fuel cell forklifts have significant time
and savings advantages over battery forklifts, which are the only two options foroperating with zero tailpipe emissions
indoors. Thisis evidentinthe twenty-five companies cited by Plug Power as using theirfuel cellforklifts, such as Coca-
Cola, Sysco, P&G, FedEx, and Kroger®*, which operates the largest fuel celldeploymentin Colorado with around 200
forklifts attheir Stapleton distribution center. The biggest duty cycle for FCVs currently is transit buses, where many
transitagencies throughoutthe country are operating fuel cell buses with the help of research dollars, including the
Alameda-Contra Costa Transit District in California.

Overall, fuel cellvehicles from automakers won’t be availablein Colorado for several years (2018-2020 at the soonest).
Whenthey do come, models willbe limited. The current FCVs coming to market this yearand next will not have all -
wheel drive options available, but justlike PEVs, as the market grows all-wheel drive models are expected. Additionally,
FCVs hold the promise of suiting multiple vehicle classes, including SUVs and trucks, which will certainly have all -wheel
drive capability.

Distribution

FCVsface the challenge of moving hydrogen from the generation source to the fueling station. The cheapest way to
transport hydrogenisviapipeline, but at present there are only 700 miles of pipelineinthe U.S., and they are located
nearlarge petroleum refineries —currently the largest consumer of hydrogen. Alack of robust hydrogen pipeline means
the hydrogen must be generated on-site ortransported to the fueling site in compressed tube trailers or
railcars.®*Transporting adds cost and emissions to the lifecycle process. Steam methane reformation orelectrolysis can
occur on the fueling site, but centralized orregional hydrogen production in large scale isless expensive. See the
centralized and distributed production section within infrastructure for more information.

Capital Cost

64 Plug Power http://www.plugpower.com/Libraries/Documentation _and Literature/Whitepaper Debunking Hydrogen Fuel Cell Myths.sflb.ashx
65 U.S.Department of Energy, Alternative Fuel Data Center http://www.afdc.energy.gov/fuels/hydrogen production.html
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At present, FCVs are more expensive than conventional cars, and with fuel costs being at parity with or higherthan
gasoline, achieving lifecycle savings may be difficult. The only mass-produced FCV onthe U.S. market today, the Hyundai
Tucson FCV, isoffered as a lease at $499/month, and includes fuel and maintenance. The free fuel and maintenance
modelis expectedto be shortterm, and as new FCVs come to market there will be amore traditional purchasing model.
Pricingforthe U.S. introduction of the Toyota Mirai FCV, the next model expected to be soldin Californiain late 2015,
will be about $58,000 with free fuel included forthe first three years of ownership according to Car and Driver magazine.
With the assistance of governmentincentives the buyer may pay less, but considerably more than PEV models ataround
$30,000 before incentives, and traditional gasoline cars for less than $20,000. Toyota said that production costs forthe
main componentsinthe Mirai have come down 95% since 2008°%, soit’s difficult to project the costto consumers and
fleets as production development continues.

PEV Development

At present, FCVsand PEVs are the only zero-emission
vehicles available with the potentialto significantly
reduce or eliminate transportation’s contribution to
climate and air quality concerns. Since they share an
electricdrive train, they offer many of the same
benefits regarding emissions, performanceand
efficiency. FCVs hold alot of promise because they
avoid two of the largest barriers that PEVs face: range
anxiety andrefuelingtime. Batteries take alongtime
to charge and they are currently limited in the amount
of energy they canhold at one time, sodrivers
sacrifice range, alterdriving patterns, and must adopt
different ‘refueling’ habits. These barriers currently
keep PEVs from penetrating market segments like
heavier duty-cycles and long-haul applications. FCV
drivers travel 300+ miles before refilling, which takes approximately five minutes, and with advancementsin hydrogen
storage, that range has the potential to grow. Advancementsin battery chemistry and technology could expand range
and shorten recharging times, so FCVs must develop at a similar orfaster pace if they hope to gain tractioninthe
market.

Hz station at the National Renewable Energy Lab’s Wind Test Site

Infrastructure Costs and Access

As of February 2015, there are only 10 publichydrogen stationsin the U.S. The majority of stations developed were for
research and demonstration purposes until this past year, when California partnered with automakers to deploy 50
hydrogen stations throughout the state to compliment the new vehicles coming to market. Findinga hydrogen station
outside of Californiais very difficult. Colorado has one filling station at the National Renewable Energy Lab (NREL) in
Golden, CO. This Wind Test Site is not opentothe public, another station at their main campus will be finished this
spring but will also be limited to research purposes.

66 New York Times, http://www.nytimes.com/2014/11/30/opinion/sunday/hydrogen-cars-coming-down-the-pike.html? r=0
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The costs associated with constructing ahydrogen filling station can be high. There are different types of hydrogen
stations, but a retail, fast-fill station such as those being developed in California, are estimated to cost about $1.6 million
- they planto build 28 for a total cost of $46 million. As California develops theirfueling network and the market
establishes economies of scale forequipment, the price of stations will come down, but cost and accessibility are sure to
be barriersto FCV deployment forthe nearfuture.

Safety

Hydrogen has been used safelyinavariety of applications outside of transportati on for many years, but becauseitis
flammable, like most fuels, and compressed up to 10,000psi, usingit as a transportation fuel requires specific safety
precautions, codes, and standards. This report will not detail the codes and standards that ensure t he safe operation of
FCVs, butinformation on facility permitting, emergency responders, code officials, and best practice s can be found at
the U.S. Department of Energy’s Office of Energy Efficiency and Renewable Energy’s website, and assistance in working
through that process can be found through the National Renewable Energy Lab and local Clean Cities coalition.

Infrastructure

Technology

There are a variety of infrastructure configurations for hydrogen fueling, from mobile applications, to slow-fill fleet
applications, and fast-fill applications that will serve as the publicstation model, and will be the focus of this report.
Hydrogen infrastructure is designed to deal with the very light hydrogen molecule, which requires aseries of
compressors that pressurizes the gas to 10,000 psi, as well as compressed storage tanks that can contain the gas at high
pressures, orin some cases the hydrogenis cryogenically stored asaliquid, similarto liquefied natural gas. This style of
hydrogen stationis similarto compressed natural gas, which is becomingincreasingly common throughout the United
States and is utilized locally by the Roaring Fork Transportation Authority in Glenwood Springs. One difference is that
natural gas (usually) comesinto the station directly from the pipeline, butsince there is no pipeline infrastructurefor
hydrogen, the gasis eithertruckedin or generated on-site.

Centralized vs. Distributed

Hydrogen production can be done in either centralized or distributed fashion, and there are benefits and challenges to
both. Producing hydrogeninsmallamounts atthe fuelingsite is known as distributed production, and this may be the
most legitimate option forthe initial deployment of FCVs because the demand won’t be high enough to justify alarge,
centralized hydrogen production facility. Two distributed hydrogen production technologies that may offer potential for
development and commercialization are; 1) reforming natural gas or liquid fuels, including renewable liquids and; 2)
small-scale water electrolysis.

Steam Methane Reformation

The majority of hydrogenis generated from a process called steam methane reformation (SMR), which reacts methane
(CH,4) sourced from natural gas with high temperatures and steam to split the molecule into carbon monoxide (CO),
hydrogen (H,), and small amounts of carbon dioxide (CO,). SMRiis the primary production method for hydrogen because
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itisthe cheapestand easiest method for producing large quantities®’.
Electrolysis

Another pathway for hydrogen productionis the splitting of water molecules known as electrolysis. Electrolysis can use
renewable electricity from wind or solar to generate hydrogen with zero carbon emissions, butitis currently at least
twice as expensiveto produce as SMR hydrogen?®8,

Costs

Costsfor hydrogen stations vary greatly depending on a number of factors like throughput, filling rates, hydrogen
production method, new construction vs. site expansion, etc. Retail hydrogen stations such as those being developedin
California, are estimated to cost about $1.6 million. California has invested $46 million to build 28 stations. As California
developstheirfueling network and the market establishes economies of scale forequipment, the price of stations will
come down, but costand access are sure to be barriersto FCV deployment forthe near future.

Case Studies and Examples

e Federal Transit Administration’s record of fuel cell bus demonstration programsin the U.S.

e Monroe County New York uses hydrogen and otheraltfuels as a fleetadvantage

e Hydrogen station cost estimatesfrom NREL

Market

Present

The fuel cell vehiclemarketis just now transitioning from research and development to commercialization, so the
marketis smallin comparison to otheralternative fuels. The only measurable U.S. marketis foundin California, and the
future of the FCV marketinthe U.S. is being fueled by the Multi-Sate Zero Emission Vehicle (ZEV) Memorandum, which
has targeted the goal of deploying 3.3 million ZEVs by 2025 within the 10 participating states (CA, CT, ME, MA, MD, NJ,
OR, RI, VT, NY). The program created a credit system that requires automakers to attain a certain number of ZEV credits
dependingonthe numberof vehicles produced and deliveredin the state. FCVs are assigned the highest number of
creditsinthis system because they have the maximum range and the largest zero-emission driving potential. The ZEV
program will drive demand for both PEVsand FCVs, and because FCVs are the most valuable underthe program, certain
automakers have committed toinvestinginthemtoreach theircreditrequirements. Figure 2.9 outlines the ZEV credit
program.

67 U.S. Department of Energy, Office of Energy Efficiencyand Renewable Energy http://energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
68 Florida Solar Energy Center, http://www fsec.ucf.edu/en/consumer/hydrogen/basics/production.htm
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Definition Vehicle Type 2012-2017 2018-2025
Credits Credits

Zero emission vehicle Battery electric or  Leaf, Tucson  1-9 depending on  1-4 depending on

(ZEV) hydrogen fuel cell range range
Transitional ZEV Plug-in hybrid or Volt 1-3 depending on  0.4-1.3 depending
extended range tech on range
EV
Partial ZEV Clean ICE Ford Focus 0.2 0
Advanced Tech Partial Natural gas Prius, Civic GX 0.2-0.3 0
ZEV vehicle, hybrid

Figure 2.9: ZEV Credit Program

The Colorado Energy Office has attended Colorado Hydrogen Coalition meetings to stay current on market
developmentsinthe state. Theyalsoworkedtoinclude FCVsinthe state’s tax creditlegislationin 2014, but beyond that
they have been focusing their efforts on otheralternative fuels. The California Energy Commission (CEC) awarded $46.6
million for 28 new hydrogen fueling stations and another $1.2 million for the operation and maintenance of hydrogen
refueling stations throughout the state. 51 stations are expected to be operational statewide by the end of 2015,
providing up to 9,400 kg/day of hydrogen. Heavy research overthe last decade has brought down the cost of material
components substantially, and progressis expected to continue. Here are a couple highlights from the 2013 Fuel Cell
Technology Report done by NREL.

e PEM fuel cell costreduction of more than 50% since 2006, and more than 35% since 2008.
* Agreaterthan 80% reductionin electrolyzer stack cost overthe past 10 years.
¢ Reductioninthe amount of platinum (Pt) used by afactor of five since 2005.
e Amore than doublingof fuel cell durability since 2006.
Colorado currently has one hydrogen fueling station thatis closed to the publiclocated at the NREL Wind Test Site

outside of Golden. NRELis constructing a new, modern fueling station on their main campusin Golden, but it will also be
limited toresearch purposes. NRELalso holds the only three FCVsinthe state, Toyota Highlanderresearch vehicles.
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Future
Chart 1.1 Fuel Cell Light-Duty Vehicle Sales, World Markets: 2015-2020
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Figure 3.0: FCV Projections

Accordingto NREL's 2013 Fuel Cell Technologies Market Report, since 2006, DOE-supported research has reduced the
cost of transport fuel cell systems by more than 50%, from $108/kW in 2006 to $55/kW in 2012/2013. These numbers
are based on high volume projections of 500,000 units peryearand a platinum price of $1,500/troy ounce. DOE’s next
targetisa 2020 transport fuel cell system cost of $40/kW, with an ultimate target of S30/kW.

If the ZEV states can deploy hydrogen fueling infrastructure and automakers can bring FCV costs down before 2025, then
FCVs could make up a significant portion of the 3.3 million ZEVs goal, but because the marketisinitsinfancy, itis
difficult to estimate. Pike Research projected FCV sales on aglobal scale backin 2011 (Figure 3.0), butthose numbers
now look too aggressive since automakers are late in getting vehicles to market and fueling infrastructure is just now
developing. Figure 3.0illustrates Pike’s projections, but those numbers should be moved forward a couple of years
because there are not 50,000 FCVsonthe roadin 2015 and won’t be by the end of the year.

Automakers are reticenttorelease the small number of FCVs they produce outside of ZEV states forseveral years.
Production numbers are lockedinfor 2015 and 2016, and there are no units currently scheduled to come to Colorado. In
the next 3-5 years, groups like the Colorado Hydrogen Coalition willwork to lay the groundwork for FCVs, develop a
publicfueling station network, and work with the automakers to eventually sell vehicles to Coloradans. Though, in light
of the barriers, thisis not expected before 2018.

69 UC Davis, Institute of Transportation Studies, http://news.ucdavis.edu/search/news detail.lasso?id=10990
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.
RENEWABLE NATURAL GAS

Technology

Natural gas isa colorless, odorless substance composed predominately of methane (CH,), and has been used safely and
effectively as a transportation fuel for decades. Natural gasis the cleanest burning of all fossil fuels, with only one
carbon atom forevery fourhydrogen atoms in each molecule of methane. In contrast to FCVs and PEVs, natural gas
vehicles (NGVs) ignite natural gasin an internal combustion engine for power, and they do have tailpipe emissionsas a
result. Because NGVs use aninternal combustion engine, the driving experience inisvery similarto gasoline in regards
to horsepower, torque, and overall performance. Since natural gasis gaseous at normal conditions itis less dense than
liquid gasoline; 5.66 Ibs of compressed natural gasis considered a gasoline gallon equivalent (GGE), and a GGE has 100%
of the energy contentina gallon of gasoline. NGVs also have comparablefuel efficiency to gasoline vehicles. In other
words, a car can travel the same distance on one GGE of natural gas as it would one gallon of gasoline. GGE is the
standard measurement for fueling vehicles with CNG, but for heavy-duty applications where diesel is the primary fuel,
CNG can also be measuredindiesel gallon equivalents (DGE) whichis 6.33 Ibs of CNG°. Also, NGVs are approximately
15% less efficient as diesel vehicles, meaning a car can only travel about 85% on one GGE of natural gas as itwould on
one gallon of diesel. Theresultisthatinscenarios where NGVsreplace diesel vehicles, about 15% more fuel is
consumedtodo the same job.

The main difference between an NGV and a conventional vehicleis how the fuel is stored onboard . To maximize fuel
storage and driving range, natural gasis stored onthe vehicle in one of two ways: pressurized to 3600 psi as Compressed
Natural Gas (CNG) or cooled to negative 260 degrees Fahrenheit as Liquefied Natural Gas (LNG)*. Special CNGor LNG
tanks are neededtostore fuel on NGVs, which is the main difference from conventional vehicles and contribute toa
higherup-frontcost. LNGis a more dense fuel than CNGand is used in heavy-duty applications that use alot of fuel to
travel long distances or move heavy equipment like long-haultractors, marine, rail, and off-road applications. LNG
vehicle storage tanks, fuel, and infrastructure are more expensivethan CNG. CNGis more common, and because most of
the vehicles operatingin Aspen would not be appropriate for LNG, CNG will be the only analyzed form of natural gasin
thisreport.

NGVs can come equipped with dedicated, bi-fuel, or dual-fuel systems. Dedicated NGVs only operate on natural gas and
have no gasoline ordiesel backup, bi-fuel NGVs have a smaller natural gas storage tank paired with a gasoline tank for
extendedrange, and dual-fuel systems use both diesel and natural gas inside a compression-ignited diesel engine.
Dedicated NGVs have the longest range on natural gas and can offerthe mostsignificant advantages over
gasoline/diesel. Bi-fuel NGVs offerthe greatest total range and are good forapplications where access to natural gas
fuelingisn’talways available, but because they make room for natural gas and gasoline storage they usually have to
sacrifice more cargo space and capacity. Unlike bi-fuel NGVs that switch back and forth between the use of natural gas
or gasoline, dual-fuel systems are used primarily in heavy-duty applications and inject natural gas and diesel into the
engine atthe same time so that natural gas is displacing a percentage of the engine’s diesel fuel consumption 72,

70 U.S. Department of Energy, Alternative Fuel Data Center, Fuel Properties Comparison http://www.afdc.energy.gov/fuels/fuel comparison chart.pdf
71 Refuel Colorado, http://refuelcolorado.com/ngv/about
72.S. Department of Energy, Alternative Fuel Data Center http://www.afdc.energy.gov/vehicles/natural gas.html
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Renewable Natural Gas

Natural gas isusedin a variety of applications: home heating, electricity generation, transportation, and others. The vast
majority of natural gas is produced through traditional extraction methods and hydraulicfracturing, which has
associated emissions and other environmental impacts. When traditional natural gasis used as a transportation fuel,
there are carbon reduction benefits on alifecycle basis of less than 5-21% depending on drive cycle and make/model,
which will not contribute significantly to the carbon reduction goals that Aspen has set. However, renewable natural gas
(RNG), also called biomethane, is becoming more common as a vehicle fuel in the United States. RNGis produced from
biogas—also known as swamp gas, landfill gas, or digester gas—which is the gaseous by-product of anaerobicdigestion
of organicmatter. When organicwaste like manure, crop residue, and landfills decompose over time they produce
methane and othergases that are normally lostto the atmosphere and contribute to climate change. RNGis created
whenthose sources are aggregated and the decomposition processis either expedited in an anaerobicdigesteror
occurs naturallyina landfill, and the resulting gases are captured, processed, and eventually used as natural gas. Figure
3.1 shows a basicoverview of the RNG (biogas) process. Landfill gasis roughly 50% methane and 50% carbon dioxide,
with some othertrace gases like hydrogen sulfide’®. Both methane and carbon dioxide are greenhouse gases, but
methane is 84 times more efficient at trapping heat than carbon dioxide’*. By preventing those fugitive methane
emissions from entering the atmosphere, RNGas a vehicle fuel hasalifecycle greenhouse gas reduction potential of 90-
115%, depending on the specifics of the methane source. Since Aspen does not have any significant agricultural
operations and does not use anaerobicprocesses at the wastewater treatment facility, the only potential source of RNG
is from the Pitkin County Landfill. RNG from landfills has alifecycle emissions reduction of around 90% 7> when used as a
transportation fuel.

Biogas Systems
The Basics

biogas

(for eleCtricity,
heatip@Vehigies,

organic material
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wetsystemzge | drysystem@ heat
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Figure 3.1: Biogas Process

73 Environmental Protection Agency http://www.epa.gov/Imop/fag/landfill-gas.html
74 Environmental Defense Fund, http://www.edf.org/climate/methane
75 Clean Energy http://redeem.cleanenergyfuels.com/
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Benefits

Emissions

Because natural gas contains the leastamount of carbon per molecule of any fossil fuel, it produces fewer emissions
when combusted. However, two factors need to be considered when looking at NGV emissions. First, awell-to-wheels
analysis that takes methane leakage from production methods into account, along with all processes involved from
production through combustion, new NGVs using conventional natural gas (non-renewable) have a5-21% reductionin
greenhouse gas emissions compared to the gasoline ordieselmodel’®””. Asecond factoraffectingemissions
comparisonsliesinthe use of a variety of emissions filters and equipment required on diesel vehicles to meet stringent
EPA emissions requirements. Natural gas burns cleaner, therefore NGVs don’t require the emissions equipment that
new diesel vehicles need to pass emissions, thus reducing maintenance costs in certain applications.

Renewable natural gas onthe other hand, offers significant emissions reductions over conventional natural gas. By
capturingand preventing greenhouse gases like methane from being vented into the atmosphere, research by the
California Air Resources Board suggests that RNG produced from landfill sites reduces the well-to-wheels greenhouse
gas emissions of a natural gas vehicle by 90% compared gasoline.

Figure 3.2 compares CO, emissions in grams/mile of gasoline, diesel, conventional natural gas, and renewable natural
gas.

Well-to-wheel CO2 Emissions g/mile
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Gasoline Diesel CNG (NA - Shale) CNG (RNG - Landfill)

Figure 3.2: CO2 Emissions

76 Refuel Colorado website, http://refuelcolorado.com/ngv/benefits
77 NGV America website citing emissions analysis from Argonne National Lab’s AFLEET tool, https://www.ngvamerica.org/natural-gas/environmental-benefits/
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Accordingto Cathy Hall, Solid Waste Manager at the Pitkin County Landfill, the landfill does not currently collect the gas
it produces, which meansthe gasis beingvented and contributes greatly to the greenhouse gas emissions profile inthe
area. Accordingto Ms. Hall’s estimates, the landfill currently produces around 300 standard cubic feet per minute (scfm)
of gas fromaround 2 million tons of waste, which, according to the EPA’s Landfill Methane Outreach program, produces
about 864,000 cubic feet perday of landfillgas. The EPA estimates thata RNG project that captures 1,000 scfm of gas
would offset 126,000 metrictons of methane annually, assumingthe gasis roughly 50% methane. Using that
assumption, the Pitkin County landfill which produces roughly 300 scfm, could realize reductions of 37,800 metrictons
of greenhouse gases annually’®. These numbers are estimates based off of average landfill gas projects, butin orderto
understand the true emissions from the Pitkin County landfill, amore thorough assessment would need to be done that
takesinto account the specificfactorsincluding gas composition and volume.

Domestic Energy Security

Even with the recentincrease in domesticoil and gas production, the United States still imports roughly 33% of its
petroleum fromforeign countries’®, and 72% of U.S. petroleum use is devoted to the transportation sector. Utilizing
local sourcesto create RNG for transportation, fuel budgets will not be subjectto global pressures and price volatility
and will keep moneyinthe local economy.

Model Availability

Because natural gas operatesinaninternal combustion engine and has similar pe rformance to traditional fuels, it can
operateineveryvehiclevocation fromaHonda Civicto a long-haul truck carrying 80,000+ Ibsup steep grades. NGVs
have been part of the transportation market for decades, so a variety of vehicle types and models from original
equipment manufacturers (OEMs) are available spanning duty classes 1-8. Some of these vehicle applications include
passenger cars, pickups, box and delivery trucks, refuse trucks, dump trucks, tractor-trailers, SUVs, vans, and buses.
Additionally, many NGVs come with available 4x4 options for off-road orinclement weather conditions, which is
importantfora community like Aspen.

For a complete list of available new NGVs visit the Alternative Fuel Data Center’s vehicle search tool. Also, for vehicles
that haven’treached the end of theiruseful life, there are hundreds of conversion kits available that will retrofit existing
vehiclestorunon natural gas. A full list of EPA and CARB-approved conversion kits can be found on NGVAmerica.

Range

NGVs generally have asimilardriving range to conventional fuels, but can have a smallerrange dependingona number
of factors. The main difference and limiting factoris the space needed to house the CNG storage tanks, which are
specificinsize and shape and take more space than traditional fuel storage. Inlarger, heavy-duty vehicles like refuse
trucks, buses, and tractors, there is enough storage space to support multiple tank configuration options depending on
the job. Many CNG tank options can support travel of 300-500 milesin a day, but storage tanks are expensive soitis
advisable to go with the smallesttank capacity necessary forthe job.

78 Environmental Protection Agency http://www.e pa.gov/Imop/fag/Ifg.htmi#07
79 Energy Information Administration, http://www.eia.gov/tools/fags/fag.cfm?id=727&t=6
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Rangeis alsodetermined by whetherthe NGV is dedicated, bi-fuel, or dual fuel. Dedicated NGVs may have ashorter
overall range than their gasoline/diesel counterparts, and ultimaterange still varies between 200-500 miles depending
on the vehicle. Bi-fuel vehicles will have arange as long as or longerthan conventional fuels, butthe CNGrange is
limitedto 100-150 miles. Generally, the range of NGVsisn’taconcern when compared to alternatives like plug-in
electricvehicles.

Fuel Price and Certainty

Natural gas as a transportation fuel has been consistently cheaperand less volatilethan gasoline ordiesel forovera
decade, and the Energy Information Administration predicts the cost of conventional fuels will continue rising through
2040. Figure 3.3 is data collected through the U.S. Department of Energy’s Alternative Fuel Price Report and illustrates
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Figure 3.3: Average Fuel Prices

the high cost and volatility of traditional fuels in comparison to otheralternatives overthe past 15 years. The price of
natural gas is the second cheapest and consistent, behind electricity, but those largely reflect conventional natural gas
pricesand aren’tas relevanttothe price of RNG.

Conventional natural gasis consistently cheaperand more stable than gasoline and diesel in this century, and this trend

is projected to continue. Figure 3.4from the U.S. Energy Information Administration shows fuel price projections
through 2040, where asignificantdeltais expectedtoremain
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Projected Fuel-Price Differentials
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Figure 3.4: Future Fuel Price Projections

The price of RNG isindependent of the factors affecting otherfuels and is mostly project-specific. RNG price depends on
factors like gas output, concentration, and, primarily, financing mechanism for the capital, butin general landfill RNG
projects across the country are seeing pricesinthe $1.00-$2.00 pergasoline gallon equivalent (gge) range, with
companieslike BioCNG advertising prices between $0.65-51.15/gge.

RNG also generate RINs (Renewable Identification Number) credits. RINs are identification numbers assigned to each
gallon of renewable fuel thatis produced underthe Renewable Fuel Standard (RFS), afederal program that requires
transportation fuelsinthe U.S. to containa minimum amount of renewable fuels. RNG qualifies as an Advanced Biofuel
underthe RFS, which means foreach gallon produced, one RIN isissued. Fuel refiners, blenders, and importers are
requiredtomeettheirrenewable volumeobligation by generating RINs, butforthose companies thatdon’tblend,
refine, orimport enough RIN-qualifying fuel, they purchase RINs from other producers. Advanced biofuel RINs currently
trade between $0.74 and $1, and furtherreduces the price of the fuel forwhomever owns the station®°. If the City
doesn’t own the station, then the station developer would pass on a portion of the RINs savings inthe form of cheaper
fuel.

Notonlyis there a significant deltabetween the average price of gasoline/diesel, but RNGisn’t affected by global
market fluctuations of demand, supply, and conflict. RNG pricing is usually locked in overa 15-20 year period since the
resource (landfill gas) islocal, dependable, and consistent®!. Both Figure 3.3and Figure 3.4 clearly show that gasoline
and diesel have been and are predicted to be increasingly expensive, whereas RNG will be consistently cheap and
reliable, whichis good for budget planningand allocation.

80 American Biogas Council http://www.americanbiogascouncil.org/biogasProcessing/mgMarket snapshot.pdf
81 Environmental Protection Agency,
http://www.epa.gov/agstar/documents/confl3/Biogas%20to%20Compressed %2 ONatural %2 0Gas%20Opportunities, %2 0Chris%20Voell. pdf
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Convenience

NGVs have similarrange, performance, model availability, and fueling rates to conventional fuels, which remove many
of the barriers that other alternatives have and provide a sense of convenience and familiarity to the
purchasing/operational decision-making process. Itis also the closest ‘silver bullet’ in the current alternative fuel
spectrum when fueling with RNG; though, there are still many challenges to the successful deployment of NGVs that
needtobe consideredand addressed thatare detailed laterinthe report.

Considerations

Infrastructure and Gas Collection

Pitkin County Landfilldoes not currently collect landfill gas, meaningitis passively vented into the atmosphere andisa
significant source of greenhouse gas and non-methane organiccompounds (NMOCs) that damage our climate and public
health. Because no gas collection systemisin place, there is noway forthe landfillgas to be captured and cleaned for
use as a vehicle fuel. To move forward, Pitkin County Landfillwould need to install a gas collection system, which the
breadth of thisreport does notinclude. However, the EPA has a voluntary program, the Landfill Methane Outreach
Program (LMOP), which assistsinthe gas collection and then use of landfill gas for either electricity production ordirect-
uses like RNG. There are currently 645 operational landfill gas projects throughout the country and 440 candidate
landfills. The Pitkin County Landfill is considered one of those candidate projects. A candidate landfillis one that has at
least 1 million metrictons of waste, has no current projects planned orin operation, or has expressed interest to the
EPAS2,

Once the landfill installed a gas collection system, then there could be a discussion about what to do with the gas. RNG
as a transportation fuel is one of those options with agood possi bility for return oninvestment, and has the greatest
reduction of greenhouse gases. To go about an RNG project, the County would likely need to partner withan RNG
company to build a system capable of conditioning the gas from landfill gas to usable vehicle fuel. More information
aboutthe conditioning system, costs and components can be foundin the infrastructure section below, but these
systems can be costly.

Fuelinginfrastructure also carries high up-front costs. A series of dryers, compressors, and storage tanks are needed to
fill NGVs at a rate similarto gasoline. In addition to the equipment, thereare design, construction, and possibly land
acquisition costs. To utilize the RNG from the landfill most effectively, anew CNGstation would have to b e built on-site
or nearby to minimize the cost of getting the gas from the landfillto the station. In general, new stations can cost
anywhere from $500,000-$2,000,000, dependingon factorssuch as fill rate, throughput, duty-cycle, and number of
nozzles. Fora retail CNGlocation with fast-fill capabilities for all duty-cycles, the price is north of S1 million and probably
closerto $2 million assuming the landfill location would be anew development and not an extension of an existing
facility.

Fortunately, there are anumber of business models that will finance the initial station cost by amortizingitinto the price
of fuel orby aggregating enough fuel demand forastation developerto own and operate the station themselves. If
thereisenoughfuel commitmentfrominterested fleets, station developers are willing to cover the capital costs of the

82 EPA, Landfill Methane Outreach Program http://www.epa.gov/Imop/projects-candidates/
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stationinreturnfor fuelingagreements. Thisis the model used forthe new Glenwood Springs station to be constructed
in 2015. Also, ALT Fuels Colorado is agrant program available from the Colorado Energy Office that will cover 80% of the
station’s equipment cost up to $500,000. The program plans to fund 30 CNG stations al ong majortransportation
corridorsin the state to forma fueling network by 2017. More details on that program can be foundinthe Incentives
section of thisreport, or by visitingthe website.

Tailpipe Emissions

Unlike PEVs and FCVs, NGVs still produce tailpipe emissions like carbon dioxide, unburned methane, and criteria air
pollutants from the combustion of fuel. That said, tailpipe emissions of greenhouse gases for NGVs are still 20-25% lower
than gasoline?®:.

Capital Cost

NGVs typically carry a cost premium. The incremental cost forthe natural gas option varies depending on the type of
vehicle, tank configuration/capacity and procurement channel (state bid, aggregate purchasing, other competitive bids),
but below are incremental costassumptions based on estimates from Argonne National Lab’s AFLEET model:

Sedans
$6,000-8,000
Light Duty Pickups
$9,000-12,000
Medium-Heavy Duty ($15,000-70,000)
Medium duty pickup: $15,000
Paratransit/Shuttle: $25,000
Refuse: $40,000-50,000
Transit: $50,000+
Dump truck: $40,000-60,000
Long Haul: S60,000+

Theincreased costis primarily due to the size/storage capacity of the compressed storage tanks. The incremental cost
can be recovered since natural gasis less expensive than conventional gasoline. The Savings potential will increase in
relationtofuel usage, sothe more the vehicle is utilized, the quicker the return-on-investment (ROI). Thus, NGVs are
great forfleetsthat use a lot of fuel like the refuseindustry.

Thisis one barrierthat Colorado has tried to address. The state offers tax credits from $6,000-$20,000 pervehicle
dependingonthe weight class, and for public-entities that can’t take advantage of tax credits (e.g., governments), the
Department of Local Affairs will pay 100% of the incremental cost for NGVs that meet certain requirements. For more
detailsvisitthe Incentives section in this report, orvisit Refuel Colorado foratax credit calculatorand otherdetails.

83 NGVAmerica, “Overview of CAFE and GHG Regulations on NGVs” http://www.ngvamerica.org/pdfs/OverviewoftheStructure of CAFEand GHGRegulationsforNGVs. pdf
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S
Maintenance facilities

Because natural gas is lighterthan air and is highly compressed, anumber of modifications are required to ensure
safety. These modifications can be costly depending on the specifics of the facility and the desired functionality. Some
of the majorup-fitsinclude adetection/sensor system for natural gas, properventilationin case of a release, and
treatment of open flame or heating elements. Facilities that need to consider upgrades to handle NGVs are majorand
minorrepairfacilities, as well as vehicle storage facilities. The codes and specifications differ foreach. Each building
modificationis unique to the facility, and the local fire marshal should be consulted for guidance and approval. The
applicable fire protection codes and standards are detailed here, and assistance with the process can be found through
the Natural Gas VehicleInstitute. The Roaring Fork Transportation Authority also has great local experience in building a
state-of-the-art CNG maintenance and indoor fueling facility, and can provide best practices.

Efficiency

NGVs use an internal combustion engine thatisonly 1/3as energy efficient as an electricmotor. Between 17-21% of the
energy putinto an internal combustion engineis converted into power atthe wheels, whilethe remaining energy is lost.

Infrastructure

Landfill Gas Processing

The landfill produces gas naturally, but convertingitinto usable fuel foravehicle fuel isacomplex process. The gas must
be collected, dried and purified to vehicle fueling standards (SAEJ1616). Thisis done by removing the hydrogen sulfide,
volatile organiccompounds, and carbon dioxide,and then compressing the fuelsoitcan be dispensed.

Figure 3.5 illustrates the BioCNG system specifically, which is one of a handful of different approaches, but providesa
framework of the steps necessary to upgrade landfill gas to vehicle RNG.

Glycol Chiller

Hydrogen Gas Siloxane/ Carbon
Sulfide Compression/ voc Dioxide

Vehicle
Fueling

Removal Moisture Removal Removal Removal
System

|}

System " System System System
;
I
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Figure 3.5: BioCNG System
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A
Filling Station

NGVs using compressed natural gas (CNG) require aspecialized fueling station in orderto safely transfer fuelinto the
vehicle’s storage tanks at a pressure of 3600 psi. There are a number of considerationsin developing the appropriate
CNG station forthe right application. The expected throughput, fill-time, storage capacity, property space and layout,
gas pressure, and fleet-types are necessary to making the decision on station specifics.

There are both time-fill and fast-fill stations. Fast-fill stations will fuel avehicle at a rate similarto gasoline ordiesel but
require additional compressed storage tanks, redundant compressors, and other equipment thatare more expensive
than slow-fill stations. Slow fill stations fill vehicles overalong period of time, generally overnight while the vehicles
aren’tin use. Slow-fill stations are cheaperthan time-fill stations and work well forvehicle fleets that returntoa home
base at night—a common slow-fill applicationisforrefuse fleets. Figure 3.6 showsthe componentsthatgo intoa
combination slow-fill fast-fill station.

Aspenwilllikely need to have a high-throughput, fast-fill station in orderto accommodate the RFTA BRT buses along
with otherfleets traveling through the corridor.

COMBINATION STATION

TIME FILL
PANEL

PRIORITY PANEL

NATURAL GAS
HOSE POST
ASSEMBLIES

STORAGE VESSEL
SYSTEM

INLET GAS COMPRESSORI(S)
DRYER

- NATURAL GAS
VEHICLE DISPENSERS

Costs Figure 3.6: Combination Fill Station

Costsfor an RNG projectare difficult to estimate becausethey are dependent on the specifics of each landfilland CNG
stationlocation. Two main cost components willbe required for the development of an RNG project at the Pitkin County
Landfill: gas treatment system, and CNGstation.

Followingis BioCNG’s pricing scenario that will serve as a baseline comparison, as the company offers one of the most
prominent RNG systems and real-world cost data, but costs will vary depending on company and financing model.
BioCNG offers an ‘RNG in-a-box’ approach thatincludes the gas treatment system and/or fueling station construction
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combined, and Figure 3.7 offers average BioCNG project costs. When reviewing these costs, please see the notes and
assumptions section.

Biogas 50 50 200-300 1.2 1.06 1.77
Biogas 100 100 375-600 1.5 0.82 1.19
Biogas 200 200 775-1200 2.0 0.64 0.52

Figure 3.7: Average BioCNG Costs

Notes and Assumptions:

1. Cap x includes BioCNG conditioning unit and fueling station.

2. Grants, subsidies, taxcredits notincluded.

3. Assumes 10 yearfinancing at4%.

4. BioCNG is qualified to receive Renewable Fuel Standard Credits. Financial impact will depend onthe project-specific
operating scenario, andcan be up to $1/GGE.

5. Does notinclude road tax

6. Assume 60% methane

There are multiple business models that should be considered for an RNG project. RNG companies often build the
station and the gas-treatmentfacility combined. In the case of BioCNG, the capital cost is paid by the ownerand BioCNG
does notown and operate the station after construction is complete —they leave that up tothe host/owner. Thereare
other models that will build, own, operate, and maintain the capital at noinitial costto the host inreturnfor an
agreementto purchase the resulting fuelforaset length of time (usually 10years or longer). Atthe end of the contract
period, ownership of the station and gas-treatment system are transferred to the host. The company makes their money
back by charginga premium on the fuel overthe contract period. This model will have a higher per-gallon fuel price than
if the City put up the capital investment, butit will still be low enough to see asignificant operational savings compared
to gasoline/diesel and avoids the initial capital investment, which can be cost-prohibitive.

The City of Grand Junctionis spending $2.8 million on a RNG project that will fuel theirtransit bus and refuse fleet with
the gas created from the Persigo Wastewater Treatment Facility. This projectis unique because thereisan existing CNG
station where the City’s vehicles fuel, sono new station will be constructed. But, the wastewater treatment facilityis
located 6 miles from the CNG station, so a natural gas pipeline is being builtto bringthe RNG to the station, which
escalated the project’s costs substantially.

Additionally, there are avariety of incentives that can help offset the cost of an RNG project. ALT Fuels Colorado offers
up to $500,000 to coverequipment costs associated with new CNG station construction. Athorough feasibility analysis
should be conducted to determine the project specifics before moving forward with any RNG project.

Case Studies and Examples

e 8 RNGfleetcase studies

e GrandJunction’stransitandrefuse fleetto be powered by renewable natural gas

e Colorado CNGFleet Case Study: DIA, Republic Waste, City of Grand Junction



http://www.americanbiogascouncil.org/pdf/EV-RNG-Facts-and-Case-Studies.pdf
http://www.marketwired.com/press-release/biocng-llc-announces-groundbreaking-on-biocng-vehicle-fuel-system-pipeline-grand-junction-1978285.htm
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22CNG+Case+Studies.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251815460809&ssbinary=true
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e EPA Landfill Methane Outreach Program market evaluation and projects of the year

Market

Current

The NGV marketis probably the mostrobust of the three analyzed transportation fuels. NGVs have been prominent
since the 1990s, and today they are available in all duty-classes from major OEMs like Ford, GM, Honda, Chrysler,
Peterbuilt, Freightliner, Mack, and many others. Natural gas has primarily been utilized by the fleet fuel marketand
hasn’tbeenwidely adopted by the general consumer. Thisis primarily due to the fact that NGVs make the most financial
sense inapplications where large amounts of fuel are consumed, generally in he avier duty cycles where passenger cars,
trucks, and SUVs don’t operate.

Natural gas powers about 150,000 vehiclesinthe United Statesand roughly 15.2 million vehicles worldwide®*. Natural
gas has been niche-specific, growingin popularity for markets like refuse and transit that consume a large volume of fuel
and returnto a home facility for refueling. Around 60% of all new refuse truck purchase s and 40% of new transit buses
are up-fitted fornatural gas.

Strongincentivesand policy frameworks have established a vibrant market for NGVsin Colorado. By 2017 there will be
30 new CNG stations funded by the ALT Fuels Colorado grant program that will connect majortransportation corridors
throughoutthe state. A strong tax credit program that provides up to $20,000 for NGV purchases to cover incremental
costs fortaxable entities, along with grant funding for publicand private agencies helps to minimize the initial capital
cost barrierfor fleets. There are already avariety of Colorado fleets operating NGVs, including but not limited to:

1. StateFleet—9 different 8. RepublicWaste 17. City of Englewood
agencies 9. Allied Waste 18. CleanEnergy
2. RoaringFork 10. Western Disposal 19. Encana
Transportation Authority 11. Alpine Waste 20. Noble Energy
3. WeldCounty 12. Waste Management 21. Pioneer Natural Resources
4. Weld County School 13. DIA 22. UPS
District 14. Loveland Ready Mix 23. DillonTransport
5. Cityof FortCollins 15. BoulderValley School 24. Core-mark
6. Cityand County of Denver District
7. Cityof Grand Junction 16. City of Arvada

Of the 2,434 landfill sites throughoutthe U.S., 555 are using their gas forcombined heatand electricpower projects,
and 39 are utilizing RNG as a transportation fuel®. Grand Junctionis the only RNG projectin Colorado, butRNGisa new,
developing market for NGVs and growthis expectedinthe state, especially in fleets already operating NGVs.

84 U.S. Department of Energy, Alternative Fuel Data Center http://www.afdc.energy.gov/vehicles/natural gas.html
85 American Biogas Council http://www.americanbiogascouncil.org/biogasProcessing/mgMarket snapshot.pdf
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Future

The NGV marketis expectedto continue on a strong growth trend, especially in niche markets like refuse, transit, and
logistics. According to Navigant Research, globalannual NGV sales are expected to grow from 2.5 million vehiclesin
2014 to 4.3 millionin 2024. Two of the main barriersto NGV adoption are access to fuelinginfrastructure and initial
capital cost. Coloradoisleadingthe nationin easingthe initial capital cost through tax credits and grant programs, and
by 2017 the state’s majortransportation corridors will be connected with CNG fueling stations allowing fleets and
consumers alike to comfortably travel without fueling anxiety.

ASPEN’S OPERATIONAL CONSIDERATIONS

Successful deployment of alternative fuels requires more than anisolated analysis of technologies —it takes careful
consideration of how the technologies will coincide with other factors that can affect their operation, including:
geography, demography, infrastructure, vocations, climate, and many other macro-level factors. This section will discuss
some of the factors specificto operatingthese technologies in the City of Aspen and attemptto incorporate theminto
any recommendations thatare made.

Aspenisa small, niche mountain community with a narrow demographicspread, limited space and a transient traffic
flow from season to season, which presents some unique challenges and opportunities for reducing carbon emissions
from transportation through the use of alternative fuels. In the 2010 census, Aspen had a population of 6,658 and is
projectedtoincrease to 7,622 by 2022. Over 60% of residents are expected to be 35 years or older by 2017, and both
the median household income and per capitaincome are well above the national or state averages at $70,000 and
$50,000, respectively. 8¢ Based on calendar-year 2013 sales, a study by Experian Automotive found that 55 percent of
electricvehicle buyers are between 36and 55 years old and nearly 21 percent have an average household income of
$175,000 or more. By comparison, 45 percent of those driving hybrid-powered models off the lot are 56 years old or
older(comparedtojust 26 percentof new PEV owners), with only 12 percent having an annual income of $175,000 or
higher?”. Thisindicates that PEV buyers are generally wealthierand youngerthan hybrid car purchasers and, therefore,
conventional car purchasers as well. Aspen’s demographics are more aligned to these PEV trends than many cities, and
because PEVsare a more consumer-facing alternativefuel compared to natural gas, and FCVs are just hitting the market,
PEV purchasingresearchisbeingusedasan assumption.

Average trafficflows per month averaged 22,288 through the first ten months of 2014, with a total of 222,288 vehicles
passing overthe Castle Creek Bridge in both directions during the year. Because Aspen is a destination ski community in
the winterand outdoorvacation destination inthe summer, many of these vehicletrips are fromvisitorswho don’t live
inthe city. This makes it more difficulttoinfluence theirvehicle purchasing decisions and to track the associated
emissions fromtransportation sources, but by providing infrastructureand incentivizing technologies through parking
policies, visitors and fleets would feel more secure driving their alternative fuel vehicles to Aspen and would increase the
likelihood of their adoptioninside and outside the city.

86 Aspen Recreation Division Business Plan Update, December2014
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The climatein Aspenisan important consideration. Cold temperatures and frequent snow November through April will
decrease the electricrange of PEVs, and since there are few models with all -wheel drive on the market yet, both factors
willimpact consumerand fleet purchasing decisions. NGVs have available all-wheel drive on many models, but primarily
dominate the truck and heavy-duty sectors, whereas PEVs operate in the light-duty passenger car sector. FCVs will not
be affected by temperature variation since trange is determined by the volume of hydrogen fuel stored on board, not
battery capacity. At 7,890 feetabove sealevel, the lack of oxygen at that elevation will decrease the performance of an
internal combustion enginelikethose in NGVs by decreasing horsepower and torque similarto conventional vehicles.
PEVsand FCVswon’tsacrifice performance (horsepower ortorque) from operation at high elevations.
Aspenisasmallcity at just 3.5 square miles, and parkingis limited, and primarily on-street. This presents achallenge in
terms of distributed PEV infrastructure. Centralized fueling stations like those for hydrogen and natural gas are also
difficultto plan forwith limited space,and land acquisition costs could render infrastructure development cost-
prohibitive. Options to overcome theserestraints could be to co-locate fueling at existing gas stations, parking garages,
and othersites where longer dwelltimes occur such as hotel and ski resort parking lots. Centralized refueling could also
be located outside city limits along highway 82in cooperation with Pitkin County and otherlocal jurisdictions.

There are a variety of different vehicle fleets and vocations that contribute to Aspen’s transportation-related
greenhouse gas emissions. Many of the vocational fleets operatinginthe areaare listed in Figure 3.8, along with
assumptions on the types of vehicles that probably operate intheirfleet. Thesefleets would be targets fortransition to
alternative fuels where applicable and should be provided a copy of thisreport.

The public, city, county, Aspen Ski Co., and RFTA fleets are some of the bigger contributors to the entire Aspen on -road
fleet. Most of the vehicles tend to be in the light-duty sector, with trucks and SUVs playing the most frequent fleetrole.
Recommendations on fuel and model choices forthese fleet types are included laterinthe report.

One of the challenges with transitioning vehiclesin Aspenis access to appropriate dealershi ps and maintenance. The city
fleet can purchase from the state bid where there are a numberof CNG/PEV models available, but for other private
fleetsand the general public, finding the right place to buy theiralternative fuel vehicle is more difficult thanif they
were in Denver. Additionally, both PEVs and natural gas vehicles require a maintenance staff and facil ity capable of
servicingthem.

Fleet Type | Passenger | SUV | Light- | Van Box | Cutaway | School | Transit | Dump | Refuse | Semi-

Car duty Truck | Shuttle Bus Bus Truck | Truck | Truck
pickup
Public X X X
City X X X X X
County X X X X X
Aspen Ski X X X X X
Co.
Hotels X X X
RFTA X X
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Taxi/Shuttle X X X

Carshare X X X

Property X X X

Mgmt

Construction X X X

Delivery X X

School X X X X

District

Food X <

Transport

Refuse <

Figure 3.8: Vocational Fleets

One of the challenges with transitioning vehiclesin Aspenis access to appropriate dealerships and maintenance. The city
fleet can purchase from the state bid listwhich includes anumberof CNG/PEV models, but for private fleets and the
general public, findingadealerwhich sells and services alternative fuel vehicle is more difficult. Additionally, both PEVs
and natural gas vehicles require a maintenance staff and facility capable of servicingthem.

Mike Ogburn, Clean Vehicle Technology and Large Building Efficiency Programs Manager with Clean Energy Economy for
the Region (CLEER), works closely with stakeholders on the western slope and has a great pulse on the market for
alternative fuelsin the area. Based oninformation provided by CLEER, there are two CNG-certified maintenance shops
on the Western Slope: Berthod Motors and Columbine Ford, and both also sell NGVs. Additionally, Mountain Chevy,
High Country Honda, and Glenwood Springs Ford offer CNGsales. For heavier duty classes, McCandless International
sellsand supports natural gas models. For PEVs, Columbine Ford in Rifle, Mountain Chevy, and Glenwood Springs Ford
all supportsalesandserviceinthe area. Access to local dealershipsis potentially anissue for Aspen fleets and residents
regardless of theirfuel choice due to the lack of a robust dealership network. Many consumers are willingand able to
travel longerdistances to access the best deal or preferred dealership, and most automakers offer the capability for
consumersto locate the closest dealeronline.

In additionto some of the operational considerations already mentioned, there are other externalities that should be
considered. One of these is publicperception. How willthe general publicrespond to the City’s choice? Thisis
impossible to predict, but some general assumptions can be made aboutthe concernsthe public may have with these
technologies:

e Environmental impact: When discussing plug-in electric, natural gas, or fuel cell vehicles with the general public,
some people are unaware of theirtrue environmental benefits. Hydraulicfracturing and otheroil and gas
developmenttechniques are politically charged and are the subject of ongoing environmental im pact assessments.
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It isimportantto distinguish between renewable and conventional natural gas, as renewable natural gasis truly
innovative, sustainable, and clean. The environmental benefit of PEVs is sometimes questioned by skeptics that
claimthe electricity is coming from dirty generation techniques, soitwould be important to make clearthat the
AspenElectricgridis cleanand renewable.

e Cost: Alternativefuel vehicles typically cost more up front, but when usedin the properapplicationand driven
frequently, there can be a substantial lifecycle cost benefit. It's important to communicate about how alternative
fuelsare cheaperandlesslikely tofluctuate in price, which ultimately results in a betterlong term investment of
publicfunds. It's alsoimportant to quantify the costs of poor air quality and climate change on publichealth and the
economy, asthisis often discounted or overlooked. For promoting the public’s use of these vehicles, the same
argument can be made, in addition to the tax credits available to consumers and taxable organizations to help cover
that up frontincremental cost.

e Safety: Aswithany new technology, safety concerns are common. It will be importantto be forthcoming that safety
codesand procedures are beingadheredto.

RECOMMENDATIONS

This section will make specific recommendations regarding which near-zero carbon transportation options the city and
other fleets may want to consider pursuing, as well as suggested actions the city can take to incentivize the public and
other fleets to move toward near-zero carbon transportation.

Fuel Recommendations

After analyzing renewable natural gas (RNG), hydrogen fuel cell vehicles (FCVs), and plug-in electric vehicles (PEVs) as
possible alternative transportation fuels for the City, PEVs represent the most actionable and meaningful technology for
the city to reach its carbon reduction goals. PEVs are the best opportunity to reduce emissions from on-road
transportation in the near term by charging with renewable electricity, and the PEV market as a whole is expected to
continue growing to overcome the barriers it currently faces.

The main obstacle preventing RNG as a recommendation is a lack of available biomethane. Pitkin County Landfill was
assessed as a possible source, but because it currently vents methane and has no method for capturing the gas, it cannot
be treated and used as a transportation fuel. Installing a methane capture system is timely and costly, but the landfill
represents asignificantemissions source forthe region, and if the County decidestoinstall a gas collection system, RNG
should be strongly considered as an end-use for the captured landfill gas.

Fuel cell vehicles (FCVs)could arguably provide the greatest benefits to the communityinthelongtermand hold the most
potential for convenient, long-distance, and zero-emission transportation among all vehicle classes, but the barriers are
too large and the applications too limited for the city to pursue in the near-term. Additionally, there is tremendous
uncertaintyinthe future of the FCV marketand whetherit will proveto be a betterzero-emission option than PEVsin the
long term. Aspen should revisit FCV’s sometime in 2020 or later as the market develops.
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To accomplish the aggressive carbon reduction goals by 2020 and 2050, Aspen will need to exhibit leadership and pursue
optionsthat are immediately actionable, but also sustainable inthe medium and longterm. The recommendations from
the Low-Carbon Fuel and Technology Analysis are a reflection of that premise:

Recommendation 1: PEVs provide the strongest short and long-term opportunity for Aspen to achieve their
carbon reduction goalsin the transportation sector. The city should aggressively pursue PEV adoption inthe area
by serving as a regional catalyst for adoption and deployment.

Recommendation 2: Action should be prioritized over the next 2-3 years to deploy PEV infrastructure and
transition vehicles. Substantial infrastructure grants and vehicle incentives are currently in place that will
dramatically minimize the capital cost of implementing cleaner fuels sooner rather than later.

The first recommendation is to leverage the clean grid and aggressively position Aspen as a PEV -friendly community to
residents, tourists and regional commuters, and ski traffic. This can be accomplished by providing access to convenient
charging, educating and incenting fleets to incorporate PEVs, making sure that PEVs are a visible component of city
operations, and educating Aspen residents about the city’s investmentin electrification. Because the Aspen Electricgrid
leverages large quantities of renewable energy, there is a unique opportunity forall plug-in electricvehicles chargingon
the grid to produce zero lifecycle emissions. Replacing one vehicle with a PEV will be the emissions-equivalent of taking
one vehicle off the road completely, offering the best opportunity to reduce carbon emissions from many of the fleet
vocations, including the general public. For PEVs charging on the Holy Cross Electric (HCE) grid, efforts should be made to
pair their wind and hydro offset programs with new PEV purchases, and the city should support HCE efforts to expedite
their incorporation of renewable resources.

There are still significant barriers which will limit the wide-scale deployment of PEVs in Aspen; primarily the absence of
affordable AWD, truck, and SUV models, but the market is expected to provide those in the next five years. Other
prominent barriers are high vehicle cost and range anxiety in a cold, mountainous environment. Both barriers can be
addressedintheshortterm by providing adequate and visible charging infrastructure, leveraging the grants and tax credits
available for vehicle purchases, and allowing economies of scale to further develop through the automakers that will
reduce capital costs. Also, the Holy Cross Electric (HCE) grid still has significant emissions associated with electricty
generation, and many of the residents who may own a PEV live outside of downtown and will be using the HCE grid.

The second recommendationisto leverage existing PEV incentive programs thatare currentlyin place to help overcome
barriers like capital cost of vehicles and access to charging infrastructure. The state has the strongest tax credit in the
country (up to $6,000 for light-duty)for PEVs that individuals and organizations with a tax liability qualify for (this exdudes
governments like the City of Aspen), and when combined with the federal PEV tax credit of $7,500, there is a possible
$13,500 in available credits.

However, both of these credit programs have a horizon, as the state tax credit begins shrinkingin 2019 and disappearsin
2022, and the federal credit disappears whenever an individual automakers sells 200,000 qualifying PEVs. Additionally,
there are grant funds available through Charge Ahead Colorado that the City can apply for to assist with the deployment
of chargingstations, upto $16,000 for a Level 3 and $6,260 for a Level 2. That programis only around until funding dries
up, whichis dependent upon application demand and the registration of newPEVs ($200f a S50 PEV registration fee goes
toa PEVinfrastructure grant program). The City should take advantage of and promote these incentives to the community
while they are around, as it will minimizefinancial barriers to greater PEV adoptioninthe Aspen areaand positionthe city
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as aregional and nationalleader. Specificactions the City can take to act on thisrecommendationare included below, but
they include things like electric circulator buses in town, development of PEV infrastructure at strategic locations,
incorporation of PEVs where sensible in the City fleet, and serving as an educator, encourager, and resource to the
community about PEVs.

Affecting change insomethingas established as the transportation system will not be immediate, b ut decisions made now
will setthe stage for Aspen to positionitself as atransportation leader by deployinginfrastructure, converting operations,
educating the public, and laying a policy-foundation. The remainder of the report will provide suggestions as well as
specific examples that will be helpful in implementing the recommendations.

Vocation Recommendations

PEV: Circulator buses, city, general public, county, Aspen Ski Co., taxi

PEV deployment should be prioritized among high-mileage, light-duty vocations with stop-and-go driving patterns, daily
ranges under 100 miles and return to a central location dailyforextended periods of time. Applications with high visibility
and interaction with the publicwillhelp promote the transition and familiarize people with PEVs. Additionally, thereis an
opportunity to incorporate all-electric buses for use in circulating applications in the city and for transporting Aspen Ski
Company’svisitors.Plug-in hybrid electricvehicles (PHEVs) like the ChevyVolt could be used in applications where longer
distances are often traveled, whereas battery electric vehicles are best utilized in applications that fit within the
appropriate range requirement (under 80 miles a day). AWD, pickup, and SUV models may not be available in today’s
market, but several automakers have plans to address those market segments before 2020, which would overcome a
majoradoption barrierin Aspen and open additional opportunities. The specificfleet niches below are recommendations
based onthe current model availability, but as SUVs, trucks, and AWD options become available, PEVs represent the most
promising technology for long-term emissions reduction.

City: Currently available PEVs don’t represent an enormous opportunity for the city fleet to reduce emissions, since the
majority of the fleet is comprised of pickups, SUVs, and vehicles with all-wheel drive. Additionally, the city fleet doesn’t
travel significant miles due to confined geography and smaller routes, so ROIs have a much longertimeline.Incorporating
PEVsinapplicationsthat make sense will exhibit leadership and gain valuable experience before wider deployment. Based
on an analysis of city fleet data, the following opportunities are suggested.

e  Prius/hybrid Replacement —older hybrids in need of replacement represent low-hanging fruit for transition to
PEVs. They don’t require bed space or AWD, and a PEV represents a logical evolution from hybrid to plug-in,
amplifying the reason the hybrid was placed in that application in the first place. The City Manager fleet has a
2002 Prius soon to be replaced which could be a good candidate, and there is a Prius (#550704) in the parks
department with great utilization that will be replaced in 2015.

e C(City Leadership —Walk the talk. Put city leadership in PEVs and wrap the vehicle to create strong branding.

e Police (non-pursuit) —Police fleets often consume the most fuel of any city department. Non-pursuit applications
like detective work or police chiefs provide good opportunities for PEV deployment. Plug-in hybrid models usually
work best - providing the optionto use gasoline in case of emergency orlongerrequired distances. The cities of
Lakewood, CO and Indianapolis, IN are two of many police fleets that have incorporated PHEVs into non -pursuit
applications.
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e Car Share — Car sharing represents the perfect opportunity to gain visibility and educate the public about PEVs
through active exposure. The short driving distances are ideal and operating costs are low. PHEVs could be
incorporated first to determine charging patterns and driver feedback, with the ultimate goal of utilizing battery
electricmodels. The current car share fleetlooks relatively new (2010-2013), but any expansion or replacement
of the fleet should consider PEVs. Electriccarshare fleets existin San Diego and Houston, which has a city-owned
fleet of 50 Nissan Leafs available for use by city employees. Additionally, eThos Electric Car Share is the first all-
electric car share in the country, based in Golden, CO.

e Downsizing — Within every fleet there are opportunities to minimize the use of trucks and SUVs in applications
where they are not necessary. Drivers often prefer larger vehicles, but many don’t need them to perform their
function. Efforts should be made to target those applications for replacement with PEVs.

County: The county fleet was not analyzed specificallyin this report, but county fleets typically resemble the composition
of city fleets with awide spectrumof duty classes and applications. Countyvehicles usually travel longer distancesto cover
a wider geography, so payback could be more significant in many applications.

Circulator buses: Intercity and intra-resort bus operations present an opportunity for plug-in electrictechnology. Electric
bus manufacturers, such as Proterra and WAVE, have the capacity to fast charge their buses while on route to provide
operationsforlong periods. BYD has an electricbus with a 200 mile range, butit charges overnight. Circulatorroutes are
great forelectricbuses because they have short, predictableroutes that startand stop often. Thisdoesn’t requireahuge
daily range, and with a fast-charger setup where the buses can recharge in 10 minutes while on-route, the buses can
operate 24 hours a day without the need to charge overnight. Initial costs are quite high ($800,000 per bus, without
charginginfrastructure, compared to $425,000 for adiesel bus), but fuel savings are tremendous and can realize significant
lifecycle cost savings through cheaperfuel and maintenance costs. Additionally, the Federal Transit Administration (FTA)
pays a large majority of the cost on a transit bus, so the entire price tagisn’t on the transit agency. The buses are also
quiet, providing a pleasant rider experience and reducing overall noise pollution.

There are several options to choose from with ranges between 50-200 miles, but since transit buses are route-specific
and have predictable ranges, the range of an electricbusis actually quite manageable. BYD currently has the longest
range bus with 200 mile capacity. Proterra’s TerraFlex energy system allows the battery configuration on the busto be
specified tothe route of the transit operator, with a maximum range of around 180 miles. Though, when combined with
a 500kW fast charger, a bus with a smallerrange of around 50 miles can be rechargedinlessthan 10 minutes on-route,
which allows for all-day operations. Proterra buses have ran 700 milesin a 24 hour period usingthissetup. Inorderto
minimize costs, abus with a smallertotal range that can fast-charge throughoutthe day would probably be idealfora
circulatorroute — WAVE and Proterraare the only companies with on-route charging as a possibility. But, for buses
travelingintra-corridor, alongerelectricrange may be necessary

General public: Unlike natural gas vehicles, which are primarily fleet-specific, the PEV marketis primarily driven by
modelsthat attract the general consumer market. The city does not have authority over whatthe publicbuys, butitcan
educate and familiarize citizens through marketing campaigns and visible demonstrations to expedite the adoption
process and reduce barriers. Additionally, the city can make it convenienttoowna PEV by ensuringthere isappropriate
charginginfrastructure along corridors and within the city to make ownership easier. In orderfor PEV adoption to grow,
consumers need to be convinced they are benefitting without sacrifice. Accordingly, the city canincentivize PEV
ownershipthrough avariety of policies that are discussed in more detailfurtherin the recommendations section.
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Aspen Ski Co: The majority of Aspen Ski Company’s on-road fleet are pickup trucks and SUVs (141 of 175), whichthe
current PEV market does not supply, with the exception of VIA Motors with a price tag of around $70,000. They do
operate ten sedans, all of which are Audi AWD models, and may presentan opportunity toruna pilot PEV program.

Taxi: Taxi fleets are typically high mileage and can leverage the cheap operating costs offered by PEVs. They also provide
a highly visible demonstration opportunity. Plug-in hybrids may offerthe mostimmediate opportunity to avoid
concerns of range anxiety forlongertrips and full-day operations. Again, AWD and SUV options for largerseating
capacity and snow operation are ideal and will be available soon, butin the meantime pilot projects can be
implemented to prepare for widerdeployment. The Nissan eNV200is an electricvan platform thatis being used for taxi
services and can seat 5 spaciously.

PEV Infrastructure Recommendations

Providing adequate charging infrastructure will make trips to and from Aspen in PEVs more practical. Visible charging
station deployment will provide range security for existing PEV owners and make PEV ownership sound more realistic.
Figure 3.9 shows the recommendations for levels of charging at specific destinations from the Colorado EV_Market
Implementation Study. More specifically, three methods for charging station deployment are suggested below, along with
specific examples of possible locations.

Level 1 Level 2 Level 3
Airports Libraries Banks
Residential Museums Fast food
Hotels Public buildings Gas station
Rec centers Grocery stores
Restaurants Pharmacies
Shopping centers Rest Stops
Trailheads Strategic traffic corridor

Figure 3.9: EV Charging Locations
Workplace charging

Having employers provide charging to their employees is one of the most effective
methods for increasing PEV adoption. According to the U.S. Department of Energy’s
Workplace Charging Challenge progressreport, employees that have access to charging at
work are 20x more likely to purchase a PEV than employeeswho do not. Here are a couple
suggestions for how to increase workplace charging in Aspen:

e Provide workplace charging forcity employees. Join the 180+ organizationsin the
Workplace Charging Challenge and promote involvement locally. Provide
leadership and installation example for the community.

e Work with otherlarge employersinthe areato explainthe benefits of workplace o
charging and educate them about available grants through Charge Ahead U.S. DEPARTMENT OF ENERGY
Colorado that will minimize costs. Encourage them to also join the Workplace
Charging Challenge.

Wgrkplace
Challenge

Photo:https://www.dom.com/res

62


http://www.env200.com/
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22EV+Market+Study+2015.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1252055715368&ssbinary=true
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22EV+Market+Study+2015.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1252055715368&ssbinary=true
http://energy.gov/eere/vehicles/ev-everywhere-workplace-charging-challenge
https://www.dom.com/residential/dominion-virginia-power/ways-to-save/plug-in-electric-vehicles/workplace-charging-challenge
https://www.dom.com/residential/dominion-virginia-power/ways-to-save/plug-in-electric-vehicles/workplace-charging-challenge
https://www.dom.com/residential/dominion-virginia-power/ways-to-save/plug-in-electric-vehicles/workplace-charging-challenge
https://www.dom.com/residential/dominion-virginia-power/ways-to-save/plug-in-electric-vehicles/workplace-charging-challenge
https://www.dom.com/residential/dominion-virginia-power/ways-to-save/plug-in-electric-vehicles/workplace-charging-challenge

Clean Cities AMERICAN LUNG ASSOCIATION.
IN COLORADO

A
Fast charging corridor

Because Aspenisa destination location forthe general publicthatis at the far end or beyond the electricrange for many
PEVs, providing convenient fast-charging to, from, and within the city is essential to enabling electricday trips. The
development of Level 3charging corridors along|-25 and I-70 is something the state isfocusingontoincrease PEV
adoption, and Aspen could extend that electrichighway up highway 82. The Colorado EV Market Implementation Study
used the following criteriaforthe electrichighway development:

A station located every 25-50 miles
e Allstations withinY mile of the highway
e Safeand convenientaccess
e Parkingspaces
e Restroomsanddrinking water
e Shelterandlighting
e 480 volt3-phase electricpowersupply
e Amenities (e.g., food and traveler information)

Ideal locations for a highway 82 electrichighway would be GlenwoodSprings, Carbondale, Aspen, and Independence Pass.
Aspenshould deploya Level 3 charging stationin the city and work withregional partnersto connect the highway in those
other three critical junctures.

Level 3 chargingis an industry with a strong private business model, so the city would not necessarily have to own and
operate the station, but instead just work with private developers to locate host sites and facilitate development. Most
developers willown and operate the station and charge flat fees or monthly subscriptions to PEV drivers to recoup costs.
Aspen’sroleinthis deployment would be working with the private developertoidentify anideal locationinthe city fora
Level 3 charging location, and encourage other jurisdictions to do the same. Suggested Level 3 charging locations are in
Figure 3.9, and two private fast charging companies operating in Colorado are NRG eVgo and GOe3. Because there are
still multiple Level 3 charging port standards, prioritize companies that combine standards into one unit.

Publiccharging

Providing Level 1and 2 chargingto the publicmay not be highly utilized, since most charging occurs at home or at work,
butitisimportanttocombatting range anxietyand enabling access to specific destinations like trailheads. Public charging
is effective at areas where cars will be parked for one hour or more and can extend or replace the range that was lost
getting to the destination. Providing visible charging locations in the scenic areas in and around Aspen will help people
make the connection between the carthey drive and the impact it has on the beautiful environment they’re surrounded
by. Considering Aspen’s specific environment and circumstances, a few suggestions for public charging sites that should
be prioritized are below:

o Aspen SkiCompany—The Colorado EV Market Implementation Studyreferences astudy done by the Denver Regional
Council of Governments that researched average dwell times in common locations in the state. Of the numerous
locations included in the study, skiresorts had the longest dwell time of any destination at 281 minutes. This would
be an ideal locationfor Level 1charging, which would minimize costs and allow for the installation of several chargers.
The resort would get recognition for being proactive and exhibiting environmental leadership, and resort visitors
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would be much more likely to consider PEVs as a viable option that wouldn’tinterfere with their ‘Colorado lifestyle’.
Thiswould garnergood mediaattention and serve asavery public, visible re minderthat PEVs are a legitimate option.

e Trailheads— Trailheads are the gateway to Colorado’s iconicoutdoors, and since the Aspen area has many trailheads
they provide a great opportunity for charging station deployment. Trailheads are very high trafficareasin the
summer, and by providing charging at the trailhead the city would be incentivizing people to make the trip on
electricity. This message resonates with Colorado’s high quality of lifeand outdoor lifestyle, and itincorporates a
new edge inthe ‘healthy living’ mindset. Many trailheads take alengthy drive to access, and charging would provide
the range security for people tofeel comfortableaccessing the outdoorsin zero-emission fashion. Average dwell
time at state and national park trailheads is 67 minutes, so Level 2 chargingis mostappropriate.

e Parks—Parks have an average 60 minute dwelltime and provideacomfortableareafor people to wait fortheircarto
charge. They also fit into the theme of active/outdoor/scenic locations that Aspen is known for. Level 2 is also most
appropriate here.

e Airport—The Aspen-Pitkin County Airport should also be prioritized for EV charging. Residents that own PEVs should
be able to plug-in while they leave the city, and the chargers could be visible as a symbol of what Aspen represents.
Airportsare a very common place for EV charging throughout the country. DIA has ten Level 1 chargers with plansto
build many more, and the parkingfacilities outside of DIA al so have EV charging available.Level 1is most appropriate
for long-term parking.

e ‘Electric Avenue’— Aspen should consideravery publicly visible, centralized block of parking spots where EV charging
isoffered and prioritized. Portland, OR (below) used this model on Portland State University’s campus and it has been
successful. This would give PEV drivers access to the bars, restaurants, and shopping located downtown, and since
parking is limited it would give people a significant incentive to consider a PEV acquisition. The project could start
small (2-4 spots) with prewiring done during construction for additional spots, and if utilization grows more spaces
could be added cheaply. These spaces could be branded with a logo or slogan like ‘Electric Boulevard’ or ‘E-Spaces’.
Since much of the parkingdowntownis on-street, aphotois provided below of on-street chargingin Baltimore. Level
two would be the most appropriate level of charging for bars, restaurants, and shopping —dwell time is around 60
minutes for all three.
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Signage

Labeling EV charging with the appropriate signage isimportant on anumber of Fa
different levels. Signage gives visibility and familiarity to PEVs with the general
public, anditservesa very practical directional purpose fordriverslooking to
locate charging options. There are generally four types of signage for EV
charging stations:

e Wayfinding usesthe blue charging stationimage to the right sodrivers
recognize there is charging nearby. Signage is often combined with arrows
to pointdriversinthe correct direction.

e Permissive (such as signsthat allow parking fora certain amount of time)

that are greenandblack on a white background k\ 44
e Prohibitory (such as no parking signs) thatare red and black on a white
background. Photo:http://www.afdc.energy.go

e Regulatory used forelectricvehicle charging, which are needed to restrict
access to charging stations and parking areas, or to limitthe time of use.

The Alternative Fuel Data Center has examplesand more information on signage for charging stations. Also, agreat case
study example is the City of Montrose, which is highlighted in the Colorado EV Market Implementation Study on page 57.

Education and Marketing

To encourage adoption of these recommendations among the general public and fleets, Aspen can take an active
education role through a variety of methods.
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e Leverage existingincentives —Colorado has the strongest tax creditin the country for alternative fuelvehicles. There
are also strong grant programs like Charge Ahead Colorado and Alt Fuels Colorado that will help fund infrastructure
and limit the incremental vehicle cost. Aspen should be proactive in working with stakeholder organizations that
operate fleets to let them know of these incentives and the reasons for transitioning to alternative fuels. For the
general public, Aspen could create an education campaign to make them aware of the available tax incentives and
focus on the environmental and economic benefits of PEVs.

e City staff education — host a lunch n’ learn for city staff and work with fleet or dealerships to provide test drive
opportunities. Hands-on experiences are powerful educational tools.

o Ride-and-drive event —work with an organization like Clean Cities or CLEER to setup an EV ride-and-drive event for
Aspenvisitorsandresidents. Host a National Drive Electric Week eventin Septemberand work to involve dealerships,
PEV owners, city leadership, celebrities, and the general publicto raiseawarenessand publicityaround Aspen’s efforts
to promote PEVs.

e Leverage X-games audience — Work to promote the RNG and PEV accomplishments/plans of the city/region during
the X-games. Highlight charging stations at trailheads, interview PEV owners that traveled to Aspen for the games,
talk about the clean Aspen Electric grid, and utilize other messages to publicize alternative fuels during the popular
event.

e Refuel Colorado Fleets - Work with CLEER and the Refuel Colorado Fleets program to help implement these
recommendations, collaborate regionally with other municipalities and organizations on infrastructure deployment
and targeted fleet analysis.

Possible City Policies, Regulations, and Incentives

In addition to leveraging existing policies and incentives, there are several things the city could do to prioritize alternative
fuels:

e Mandate or prioritize clean fuel transportation in City contracts and encourage other local businesses and
organizations to do the same.

e Adoptbuilding codesthatrequire240volt prewiring for a percentage of parking spacesin new parkinglots, multi-unit
housing, and commercial development. Require prewiring at new residential construction. This willdramatically lower
costs associated with charging station installation.

e Become one of 23 US utilities to offer off-peak charging (i.e. time of use rates) for PEV charging.Time of Use (TOU)
rates have been identified in other states such as Alabama, Alaska, Arizona, California, Georgia, Hawaii, Indiana,
Kentucky, Maryland, Michigan, Minnesota, Nevada, Texas, and Virginia. These rates are used as an incentive to
encourage EV owners to plug in their cars during off peak hours to minimize impacts on the electrical grid. It allows
consumers to save money, and it helps electric utilities to better manage their grids by encouraging people to shift
electrical usage away from peak demand periods.

e Prioritize alternative fuels in fleet purchasing by establishing a carbon reduction requirement (e.g. new vehide
replacements must reduce lifecycle carbon emissions by 10% over the model it is replacing)
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.
RELEVANT GRANTS, INCENTIVES AND REGULATIONS

Charge Ahead Colorado - GRANT

This grant program will fund 80% of the incremental cost, up to $8,260/vehicle, of a plug-in electricvehicle for entities
located withinthe seven-county Denver Metro areathat are ineligible for the state tax credit. The grant will also cover
80% of project costs associated with charging stations. Total awards differ accordingto the level and type of charger, but
the range isbetween $3,260-$6,260 for Level 2 and $13000-$16,000 perstation forentities located throughoutthe
state. The grant is jointly administered by the Colorado Energy Office and Regional Air Quality Council. Full details and
information can be found at their website.

ALT Fuels Colorado - GRANT

This grant program will fund 80% of the equipment cost associated with compressed natural gas (CNG) fueling stations,
up to $500,000. The grant will also fund propane and Level 3 charging stations, up to $50,000, if they are co-located at
an awarded CNG station. This portion of the grant is beingadministered by the Colorado Energy Office. The application
and full details can be found at their website.

e Applications opentwice ayear - summerand winter

Department of Local Affairs (DOLA) Alternative Fuels Funding Program - GRANT

In partnership with the Colorado Energy Office and Regional Air Quality Council, DOLA's Energy and Mineral Impact
Assistance Program Tier Il application cycle willfund alternative fuel vehicles (AFVs), alternative fuel infrastructure, and
maintenance facility upgrades that support AFVs. Only publicentities (local governments and special districts) qualify.
Infrastructure projects require a 25% minimum match. Forvehicles, 100% of the incremental cost between an AFV and
its conventional equivalent would be funded. Full details and applications can be found at their website.

e Nextapplicationdue April1, 2015
e Applicationsdue threetimesayear: April 1, August 1, December1

Colorado Alternative Fuel, Advanced Vehicle, and Idle Reduction Tax Credit — INCENTIVE

Colorado offers asubstantial tax credit for alternative fuel vehicles that are purchased new or converted, aswell asidle
reduction equipment, aerodynamictechnologies, and clean fuel refrigerated trailers. Tax credits are categorized
accordingto the fuel ortechnology type and vehicle weight class, and each category has a credit cap ranginganywhere
from $6,000-520,000. Credits are fully refundable regardless of tax liability, but only taxable entities qualify. Details can
be located on the Refuel Colorado website.

Federal PEV Tax Credit — INCENTIVE

Plug-in electricvehicles with a battery at least 5 kWh in size qualify fora federal tax credit between $2,500-57,500
(dependingon battery size and vehicle weight). Credits will be phased out after 200,000 qualified PEVs are sold by a
specificmanufacturerin the United States. Credits are notrefundable and are dependent on federal tax liability, but
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only taxable entities qualify. Though, some dealerships will take the full credit and pass along the savingsto the
purchaser.

Colorado Low-Emission Vehicle Sales Tax Exemption - INCENTIVE

Alternativefuel vehicles weighing more than 10,000 |bs are exempt from state sales and use tax. City and local taxes
may apply. Fordetailed information visit the Department of Revenue website.

EVSE Multi-unit Dwelling Installations and Access —REGULATION

Tenantsare allowedtoinstall Level 1or Level 2 EVSE at a leased premiseat their own expense. The landlord may require
reimbursementforthe cost of electricity, as well as the cost of installation or upgradesto existing

equipment. The landlord can charge a fee for use of a parkingspace if EVSE is placedin a parkingarea otherwise
accessible to othertenants. These actions will make charging accessible to key demographics for the EV market, such as
individuals that may have downsized theirhome tolive inadowntown condo.

PEV Registration Fee — REGULATION
There is a $50 fee for PEVs in order to cover uncollected fuel excise taxes that normally come from the pump to fund
highway infrastructure - $30 goes to the Highway User Tax Fund, and $20 goes to an EVSE fund dedicated to deployment
of charging stations throughout the state.®®

Alternative Fuel Excise Tax Parity — REGULATION

Alternativefuelslike compressed natural gas are subject to a unique state excise tax structure that starts lowand increase s
through 2019. For a table of the excise taxes visit the Alternative Fuel Data Center.

Alternative Fuel Vehicle Weight Limit Exemption — REGULATION

Grossvehicle weight foralternative fuel vehicles are 1,000 pounds greater than comparable conventional vehicles, as long
as they use the alternative fuel when operating on a highway that is not an interstate.?°

Alternative Fuel Resale and Generation — REGULATION

A corporation or individual that resells alternative fuel supplied by a public utility for use in an alternative fuel vehide
(AFV)isnotsubjecttoregulationasapublicutility. Additionally, a corporation orindividual that owns, controls, operates,
or manages a facility that generates electricity exclusively for use in AFV charging or fueling facilities is not subject to
regulation as a public utility provided that the electricity is generated on the property where the charging or fueling
facilities are located and the electricity is generated from a renewable resource. For the purposes of this definition,
alternative fuelis defined as propane, liquefied natural gas, compressed natural gas, or electricity °°. (Reference Colorado
Revised Statutes 40-1-103.3)

88 Colorado Revised Statutes, C.R.S. 42-3-304(2014)
89 Reference Colorado Revised Statutes 42-4-508
90 U.S. Department of Energy, Alternative Fuel Data Center, Laws and Incentives http://www.afdc.energy.gov/laws/10014
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Government Energy Performance Contracting for Alternative Fuels — REGULATION

Government fleets may finance thelease or purchase cost of alternative fuel vehiclesand alternative fueling infrastructure
through energy performance contracts where vehicle operational and fuel cost savings pay for the capital investment.
Energy performance contracts must show that the annual cost savings associated with the fueling and maintenance of
vehicles with higher efficiency ratings or alternative fueling methods is equal to or higher than the annual contract
payments.®! (Reference ColoradoRevised Statutes 24-30-2001 through 24-30-2003 and 29-12.5-101 through 29-12.5-104)

Natural Gas Refueling Requirements — REGULATION

The Colorado Division of Oil and PublicSafety regulates natural gas fueling station design, construction, installation, and
operation. Reference 7 Code of Colorado Regulations 1101-16 and Colorado Revised Statutes 8-20-102 and 39-27-123

Expired Federal Incentives —INCENTIVES

There are two relevantincentivesthat expired at the end of 2014 and are not currently available at the time of this report,
but they may be retroactively reinstated, as they were in 2014. Incentivesinclude a $0.50/gallon discount on alternative
fuels like natural gas, and 30% of alternative fuel infrastructure costs up to $30,000 or $1,000 for residential installation
of a charging station.

PEV RESOURCES

e 2015 Colorado EV Market Implementation Study
o Most recent state-specificmarket assessment with EV projections, policies, incentives, recommendations
Colorado EV and Infrastructure Readiness Plan, 2012
o 106 partners worked toidentify PEV deployment barriers and solutions. Documentincludes research, case
studies, analysis, policy, incentives for PEVs and serves as the state/community guide for deploymentin
Colorado.
e Electric Ride website
o Consumer oriented, public-facing site about electric vehicle models, facts, figures, information
e Refuel Colorado website
o Fleetand general publicsite with basics on all alt fuels, ran by the Colorado Energy Office
e U.S. Department of Energy’s Alternative Fuel Data Center
o Federal government’sinformation repository forall altfuels: publications, research, station locator, case
studies, laws and incentives —everything alternative fuels related.
e U.S. Department of Energy’s Workplace Charging Challenge
o Voluntary program foremployersinterested in providing workplace charging. In return for committingto
try workplace charging, employers/cities/organizations get technical assistance and guidance.
Workplace Charging Handbook

91 U.S. Department of Energy, Alternative Fuel Data Center, Laws and Incentives http://www.afdc.energy.gov/laws/11490
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o Comprehensive information resource that walks organizations through the process of developing a
charging program
e PEV Model Search
o Find PEV models for all fleet vocations

RNG RESOURCES

e Community Guide to RNG
o EnergyVisionisan organizationthatspecializesin RNG. They put togethera guide forcommunities to follow
in their pursuit of RNG.
EPA’s Landfill Methane Qutreach Program
o Programsimilartothe workplace charging challenge, butit works with landfills to capture and use landfill gas
for electricity or transportation.
U.S. Department of Energy’s Alternative Fuel Data Center
o Federal government’s information repository for all alt fuels: publications, research, station locator, case
studies, laws and incentives —everything alternative fuels related.
Alternative Fuel Vehicle Model Search
o Find CNG models for all fleet vocations

BACKGROUND AND QUALIFICATIONS

Supported by the U.S. Department of Energy's Vehicle Technologies Program, Clean Cities is agovernment-industry
partnership designedto reduce petroleum consumptionin the transportation sector through the development of local
markets foralternative fuels and advanced vehicle technologies. Clean Cities operates vialocal coalitions throughout the
country, which serve as the ultimate conduitand consult forinformation on current and future transportation
technologies. The Denver Metro Clean Cities Coalition (DMCCC) is administered by the American Lung Association in
Colorado, and togetherthey work toimprove air quality and lung health through the displacement of petroleum.

One way the DMCCC displaces petroleumis by educating and assisting fleets in understanding the costs and benefits
that alternative fuels and vehicles present. Alternative transportation fuels like hydrogen, natural gas, propane, biofuels,
and electricity present an opportunity to significantly reduce operating costs, minimize vehicle emissions, support
domesticenergy sources and diversify afleet. By providingan unbiased analysis of the dynamicand complex nature of
alternative fuels and advanced vehicle technologies, DMCCC was chosen to assist the City of Aspen as they navigate the
transition away from gasoline and diesel.

The DMCCC has exhibited leadership in the alternative fuel industry through the creation and management of the
Colorado ElectricVehicleand Infrastructure Readiness Plan and theirsignificant role in conducting fleet analyses through
Refuel Colorado. The Readiness plan was developed with 106 project partners and identified and addressed many of the
barriers to furtheradoption of electricvehicles, presented relevant case studies and provi ded recommendations to
overcome those barriers.

The plan includes a well-to-wheels emissions analysis of operating plug-in electricvehiclesin the state, along with
projections on utility emissions through 2020 as the renewable energy standard is realized. The plan serves as the state’s
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ultimate resource for planning, policy, and market projections, and since its release many of its recommendations have
already been adopted.

Tyler Svitak, Clean Cities Manager at the American Lung Associationin Colorado

Tyler Svitak manages the Denver Metro Clean Cities Coalition (DMCCC), and has been a part of the organizationsince
2011. Duringhistime with the DMCCC, Mr. Svitak has developed knowledge and skills that are directly transferable to
thisreport:

e Conducted alternative fuel fleet analyses forthe City and County of Denver, City of Aurora, City of Lakewood, Boulder
County, Jefferson County, and continues to work with fleets to help them understand the costs, benefits, and factors
involved with alternative fuels through the Refuel Colorado program funded by the Colorado Energy Office (CEO).

e Understands the vast array of alternative fuels, vehicles, and advanced technologies available, in addition to their
advantages and disadvantages.

e Fostersand maintains relationships with 130 stakeholder organizations related to alternative fuels and technologies
and utilized these relationships to harness local case studies, cost analysis, and relevant research.

e Serves as the Chairman to the Colorado Hydrogen Coalition’s Advisory Board, and leads the Colorado Natural Gas
Vehicle Coalition.

e Served as subcontractor on the 2015 Colorado EV Market Implementation Plan

e Authored the content and assisted in designing the layout of www.RefuelColorado.com

e Harnesses the knowledge and expertise of the Clean Cities national network of technology experts, OEMs, fuel
providers, and case studies through the Department of Energy.
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