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Fact Sheet: Improving Alternative Fuel Access
Along Clean Freight Corridors

Currently, planning agencies rely on a patchwork of ad hoc
models and methods to determine where best to site

Box 1. Chicken-and-egg problem

alternative fuel stations along corridors. This results in The chicken-and-egg problem of
inefficiencies as each agency confronts a similar set of alternative fuels acts as a barrier to
challenges in this geo-spatial problem. This fact sheet looks adoption of new fuels. Vehicles

to alleviate these challenges by providing a clear framework

owners are hesitant to purchase
for siting alternative fuel stations along clean freight

alternative fuel vehicles without fuel

corridors. availability. On the other hand, fuel
As with any network of refueling stations, planning along suppliers are hesitant to install
clean freight corridors requires a deep understanding of the refueling infrastructure without
local vehicle and fuel markets over time, as well as vehicles on the road. Which should

recognition of the chicken-and-egg problem (Box 1). A
network of alternative fuel stations that serve freight
vehicles differs from one that serves passenger vehicles in
the minimum spacing of stations (freight trucks have longer
range than passenger vehicles) and the relatively small
number of stakeholders (even a single fleet can legitimize the cost of stations along a clean freight
corridor).

come first is the subject of great
debate and a potential role for
government.

This fact sheet describes five broad steps corridor planners can take to provide access to alternative
fuels along clean freight corridors: (1) define the goal of clean freight corridor, (2) engage with key
stakeholders, (3) consider the vehicle range, (4) assess alternative fuel availability in the region, and (5)
identify and implement a station siting method.

Define the Goal of the Clean Freight Corridor

Clear articulation of the goal of the clean freight corridor will motivate subsequent planning activities,
such as the station siting and station roll-out strategies. Regardless of whether the goal of a corridor is
environmental and/or economic in nature, the goal should capture the unique circumstances of the
clean corridor and should be chosen through a collaborative process with input from relevant
stakeholders.

A major challenge in this goal-setting process is the inherent conflict between maximizing usage of the
stations and providing equitable access to fuel for different geographic regions. On one hand, siting
stations in locations with dense vehicle populations will ensure the station utilization rate and cost
effectiveness of the stations stay high. On the other hand, focusing the network buildout on a single
geographic region will disadvantage other regions along the corridor and can limit the use of the
corridor to short haul freight.

To complement this goal-setting, corridor planners need to identify performance metrics related to the
goal. Examples include: total alternative fuel consumed per year; estimated greenhouse gas or air
quality benefits per year; number of vehicles within a certain number of minutes of travel or miles of an
alternative fuel station; or total jobs created per year. These metrics can be used help improve the
station buildout over time and allow comparison between different corridors.
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Engage with Key Stakeholders

The next step is to understand the refueling needs of corridor users. Engagement with relevant
stakeholder groups, such as trucking associations or fleet managers, will help identify the types of fuels
that should be offered along a given corridor and provide information on several relevant questions:

o How quickly will alternative fuel vehicles be integrated into fleets?

o  Will fleets use a phased approach to adopting new vehicles?

o Will freight fleets use bi-fuel or dedicated fuel vehicles?

e What are common origin and destinations along the corridor?

e  Which types of refueling nozzles and pressures are needed (i.e., compatibility)?

Only certain vehicle-fuel combinations exist in today’s market (Figure 1), which limits the alternative
fuels to consider. Smaller freight vehicles, like step vans (e.g., UPS trucks), are built to use a wide variety
of alternative fuels. Other vehicles like Class 8 tractor trailers are more limited in the diversity of fuel
types they can use. Ultimately, stakeholder groups will prefer one fuel over another. Understanding
these preferences early in the planning process will help streamline subsequent planning activities.

Figure 1. Availability of alternative fueled freight vehicles

Class 6 Class 8
Delivery Truck Tractor Trailer Drayage Truck Step Vans

Biodiesel

Renewable Diesel
Propane

Renewable Natural Gas
CNG

LNG

Electricity

Gaseous Hydrogen
E85

Green = widely available.

Orange = limited availability/demonstrations only.

Red = no availability or prototypes only.

Sources: US Hybrid (2017); CALSTART (2017); US DOE (2017); CARB (2015)

Consider Vehicle Range

Corridor planners also need an understanding about the range and duty cycle of alternative fuel vehicles
along their corridor relative to petroleum-based fuels. This information determines the minimum
distance between alternative fuel stations and the preferred station rollout strategy. Vehicle range is
influenced by both the quantity of stored energy onboard and the efficiency of the vehicle. Thus, basic
understanding about energy density, power density, vehicle efficiency is needed (Box 2).

Liquid fuels, such as liquefied natural gas, biodiesel, and renewable diesel, have comparable energy and
power densities as diesel fuel. This means that fuel tanks and range for these vehicles will be similar to
the range of diesel vehicles. Although many diesel trucks carry sufficient fuel to drive longer distances
between refueling, a distance of 500 miles at road speed limits is representative of a 9 to 10 hour driving
shift, at which point it makes sense for the driver to take a break. Thus, 500 miles is a good rule of
thumb as the maximum distance between refueling stations needed to ensure sufficient station
coverage.
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Other fuels entail shorter ranges. The limited volume
capacity onboard freight trucks create a barrier for gaseous
fuels, which have low volumetric energy and power
densities. For example, the volumetric density of gaseous
hydrogen is approximately six and a half times lower than
diesel (5.6 MJ/liter at 700 bar compared to 35.8 MJ/liter at
higher heating value) (NIST, 2015). Even though fuel cell
electric vehicles are about 1.7 times more efficient in
turning fuel into miles than diesel-powered vehicles (DOE,
2010), the far lower volumetric energy and power density

e

U.S. Department of Transportation
Federal Highway Administration

Box 2. Determinants of Vehicle Range

Volumetric energy density:
Quantity of energy stored in a fuel
per unit volume (e.g., MJ/L).
Volumetric power density: Power
output per unit volume (e.g., W/L).
Gravimetric energy density:
Quantity of energy stored in a fuel
per unit mass (e.g., MJ/kg).

means every available space onboard the truck is needed e Gravimetric power density: Power
to achieve range parity (Gangloff et al., 2016). Additionally, output per unit mass (e.g., W/kg).
unlike liquid fuels, compressed gaseous fuels require e Vehicle efficiency: the ability of the

cylindrical tanks to store the high-pressure gas, which
cannot be easily conformed around other vehicle
components. Thus, for hydrogen and other gaseous fuels,
the vehicle range is constrained by the volume of fuel.

stored energy to be converted into
mechanical energy to turn the
wheels of the vehicle (e.g., miles
per diesel gallon equivalent).

On the other hand, the range of battery electric trucks is

typically constrained by the weight of the battery pack —i.e., the gravimetric energy and power densities
of batteries relative to diesel fuel (CARB, 2015). As the capacity of the battery pack increases, an ever-
greater fraction of that capacity is used to move the mass of the batteries rather than the mass of the
vehicle (a phenomenon known as “mass compounding”). Additionally, trucks require high power output
to haul freight loads. Large battery packs are needed to produce sufficient power given batteries low
volumetric power density.

Assess Alternative Fuel Availability in the Region

Another critical piece of information needed to conduct alternative fuel station planning is fuel
availability. Even if a fleet manager wishes to use a certain fuel type, there is no guarantee that fuel is
available in a given region. This requires understanding the location of existing refueling stations and the
location of pipelines and supply routes. The U.S. Department of Energy provides a national station
locator tool for seven alternative fuels (DOE, 2017). As shown in Figure 2, most alternative fuel stations
are in concentrated pockets of the country. Certain fuels like hydrogen are also quite limited in
availability and located primarily in California. Renewable diesel is not listed on the DOE station locator
tool, but a station map is available from a fuel supplier (Propel, 2017). At the time of this writing, no
data was available on renewable natural gas stations.Figure 1

Figure 2. Alternative fuel station map for eight alternative fuel types. Click the maps for more
information (US DOE, 2017; Propel, 2017)
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http://www.afdc.energy.gov/locator/stations/results?utf8=%E2%9C%93&location=&fuel=CNG&private=false&planned=false&owner=all&payment=all&radius=false&radius_miles=5&cng_fill_type=all&cng_vehicle_class=all&cng_psis[]=none&cng_psis[]=3000&cng_psis[]=3600&cng_psis[]=all
https://propelfuels.com/locations
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The capacity for fuel suppliers to feasibly supply new infrastructure in a region should also be
considered. The natural gas pipeline network in Figure 3 shows that many locations in the U.S. —in
particular in the Midwest — have access to CNG fuel supply. On the other hand, fuel supply for fuels like

biodiesel could be quite limited in certain regions. New supply chains could be established, but require
participation from fuel distributors.

Figure 3. Natural gas pipelines in the United States (EIA, 2017).

—— = Interstate Pipelines
= Intrastate Pipelines



http://www.afdc.energy.gov/locator/stations/results?utf8=%E2%9C%93&location=&fuel=LNG&private=false&planned=false&owner=all&payment=all&radius=false&radius_miles=5&lng_vehicle_class=all
http://www.afdc.energy.gov/locator/stations/results?utf8=%E2%9C%93&location=&fuel=ELEC&private=false&planned=false&owner=all&radius=false&radius_miles=5&ev_levels[]=none&ev_levels[]=1&ev_levels[]=2&ev_levels[]=dc_fast&ev_connectors[]=none&ev_connectors[]=NEMA1450&ev_connectors[]=NEMA515&ev_connectors[]=NEMA520&ev_connectors[]=J1772&ev_connectors[]=CHADEMO&ev_connectors[]=J1772COMBO&ev_connectors[]=TESLA&ev_connectors[]=all&ev_networks[]=none&ev_networks[]=AeroVironment+Network&ev_networks[]=Blink+Network&ev_networks[]=ChargePoint+Network&ev_networks[]=EV+Connect&ev_networks[]=eVgo+Network&ev_networks[]=GE+WattStation&ev_networks[]=Greenlots&ev_networks[]=OpConnect&ev_networks[]=SemaCharge+Network&ev_networks[]=Tesla&ev_networks[]=all
http://www.afdc.energy.gov/locator/stations/results?utf8=%E2%9C%93&location=&fuel=BD&private=false&planned=false&owner=all&payment=all&radius=false&radius_miles=5
http://www.afdc.energy.gov/locator/stations/results?utf8=%E2%9C%93&location=&fuel=E85&private=false&planned=false&owner=all&payment=all&radius=false&radius_miles=5&e85_has_blender_pump=false
http://www.afdc.energy.gov/locator/stations/results?utf8=%E2%9C%93&location=&fuel=LPG&private=false&planned=false&owner=all&payment=all&radius=false&radius_miles=5&lpg_secondary=false
http://www.afdc.energy.gov/locator/stations/results?utf8=%E2%9C%93&location=&fuel=HY&private=false&planned=false&owner=all&payment=all&radius=false&radius_miles=5
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Identify and Implement the Station Siting Method

A final step is to identify the optimal configuration of the alternative fuel stations (also known as the
“station siting problem”). Research into methods for alternative fuel infrastructure planning has
received increasing attention in recent years. These methods have generally been aimed at determining
the minimum number of refueling stations or optimizing the location and timing of transportation
fueling station deployment (e.g. Kim and Kuby, 2012; Lim and Kuby, 2010; Stephens-Romero et al., 2010;
Lin et al., 2008; Dagdougai, 2012).

Models for locating alternative fuel stations for commercial vehicles or for corridors have lagged behind
those for passenger vehicles and for urban/suburban environments, perhaps because the first
generations of many alternative fuel vehicles (like battery electric vehicles) have been targeted at
individual households rather than businesses.

Since vehicles are only able to access refueling stations at interchanges, this limits the total number of
possible locations in the station siting problem. Similarly, a road network usually comprises two types of
service facilities: (1) single-access facilities which only provides service to traffic on one side of the
highway, and (2) dual-access facilities which can serve traffic on both sides. The number and type of
each facility further constrains the siting problem.

The simplest approach to station siting is to space the stations at regular intervals along the corridor
(Honma and Toriumi, 2014; Melaina, 2003; Nie and Ghamami, 2013). The spacing distance is usually set
well below the maximum driving range or even a “safe” driving range to provide a margin of error for
closed stations, underfilled tanks, unexpected detours, and alternative fuel vehicles entering and leaving
highways between stations.

A number of more complex numerical models include detailed information about the flow of vehicles
and characteristics of the travelers. These methods help provide cost savings to the network as a whole.
The most common models are described below:

o Flow-capture model optimizes the location of a given number of refueling stations within a network
with the goal of “capturing” the most flow (e.g., Kuby et al., 2009). Flow is considered captured
when a refueling station lies between origin and destination nodes. This model is particularly well-
suited to tackle long-distance travel like freight. Kuby and Lim (2005) first applied this model for
range-limited vehicles like hydrogen fuel cell or natural gas vehicles.

e P-median model minimizes the average population weighted distance from demand nodes to their
closest refueling station (e.g., Greene et al., 2008; Nicholas & Ogden, 2006; Up- church & Kuby,
2010).

e Set covering model maximizes the number of users of the refueling station located within a given
distance of a refueling station (e.g., Wang and Lin, 2009; Frade et al., 2011).

e Agent-based model represents the spatial and temporal adoption of alternative fuels by agents (i.e.,
fleet managers), based on vehicle price, fuel cost, the agent’s greenness, social influence, public
charging station usage, and charging loads on the grid (e.g., Sweda and Klabjan, 2011). This
information can be fed into a geospatial model to estimate travel times to refueling stations as the
refueling network is built out.

e (California Hydrogen Infrastructure Tool (CHIT) is a GIS-based model that allows the the California
Air Resources Board to project the potential market for FCEVs where the practical limitations of the
auto manufacturer survey cannot provide sufficient data. Full technical details of CHIT will be
presented in future public workshops and written documents.
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While numerical models like those above are popular in alternative fuel station siting, it is important to
note is that the criteria used in the models to site stations differs from the criteria used by FHWA
designate the National Alternative Fuel Corridors. In order of priority, FHWA uses the following criteria:

1. Alternative Fuel Facilities
e Number of, and distance between, existing and planned/projected alternative fuel
facilities on the corridor
e Visibility, convenience, and accessibility to the users on the corridor
e Past activity/success developing new alternative fuel facilities along the corridor
2. Corridor Scale/Impact
o Whether the corridor connects to other National Highway System segments, to major
metropolitan areas or states, or to major intermodal facilities
3. Emission Reductions
e Estimated reductions in GHGs or criteria pollutants
4. Development of Team and Degree of Collaboration and Support
e Degree of collaboration and formation of partnerships regarding alternative fuel
vehicles and infrastructure with both public and private sector entities
e Demonstrated interest and support

Resources for Freight Flows

Many publicly-available data sources will help corridor planners evaluate freight flows and travel
behavior along freight corridors.

e Commodity Flow Survey (US DOT, 2017). National and state-level data on domestic freight
shipments by American establishments in mining, manufacturing, wholesale, auxiliaries, and
selected retail and services trade industries. The Commodity Flow Survey began in 1993. The most
recent (2012) is here:
https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/commodity flow survey/inde
x.html

e Transportation Energy Databook, Chapter 5 (ORNL, 2017). Designed as a compendium of data on
transportation with an emphasis on energy. Designed for use as a desktop reference, the TEDB was
first published in 1976 and has continued to Edition 35. http://cta.ornl.gov/data/chapter5.shtml

e VIUS (US Census, 2002). The Vius Survey is a nationally-representative survey of approximately
100,000 truck drivers. The survey includes both characteristics of the drivers’ vehicles and their
travel behavior. https://www.census.gov/svsd/www/vius/products.html
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