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Executive Summary

The East Entrance Zion National Park Electric Vehicle Shuttle System Project is a successful
demonstration of a zero-emission shuttle system that can be scaled and implemented in State and
National Parks across the United States. Since these parks are environmentally sensitive areas,
zero-emission vehicles and supporting infrastructure are paramount, especially as tourism to
these areas increase. The ultimate goal of the project was to pilot an electric shuttle that would
run between the East Entrance of Zion National Park and the neighboring towns in Kane County.
This shuttle would significantly lower the overall emissions around the National Park, as well as
reduce the number of single occupancy vehicles around the National Park East Entrance and
adjoining steep and narrow roads.

An additional and important benefit of the project was that electric vehicles and electric vehicle
charging infrastructure would be brought to a rural area, Kane County. The project connects the
local communities further to Zion National Park, as well as enhances the visitor experience, with
the significant reduction in traffic around the National Park.

The East Entrance Zion National Park Electric Vehicle Shuttle System Project took an in-depth
look at the operations of a conventionally powered shuttle between the East Entrance of the park
and the neighboring towns. This analysis and modelling of the duty-cycle allowed the project
partners to select the Lightning E-450 Shuttle for the EV Shuttle system pilot program. Second-
by-second data was collected on this EV Shuttle operating along the same routes, primarily
between the East Entrance of Zion and the towns of Kanab and Springdale. This detailed analysis
demonstrated that the Lightning E-450 shuttle was a viable solution for the project, with a long-
enough range and high-enough efficiency to navigate the tough terrain around the park and to
easily connect the visitors and local communities to the park. In addition to the initial pilot, two
more EV shuttles were brought to operate around the East Entrance of Zion. These shuttles were
better suited to the strict width restrictions of the route, namely the Mt Carmel Tunnel. Further
data was logged on the new EV shuttles’ operations and subsequently analyzed, confirming that
the EV shuttles were able to operate around the East Entrance of Zion National Park; a zero-
emission vehicle that elegantly answered the initial challenges the National Park was facing.
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1 Introduction

1.1 Project Overview

Zion National Park saw 4.5 million visitors in 2017 alone, a number that grew to 5.1 million in
2021" and is expected to continue to increase. With this rapid growth in visitors comes an
equally rapid increase in traffic, specifically that of single occupancy vehicles (SOV) at the park
entrances and surrounding roads and towns. Moreover, this rapid growth in SOVs, most certainly
conventionally powered (ICE), leads to ever-increasing vehicle emissions, negatively affecting
the carefully conserved scenery and nature; the very nature that visitors are flocking to see from
around the U.S. and the world. Additional problems that arise from this increase in SOVs are not
only the negatively affected visitor experiences due to travel delays, but also the health and
safety of all people in and around the park due to the narrow roads with steep grades,
exacerbated by increased traffic.

The East Entrance Zion National Park Electric Vehicle Shuttle System Project was developed in
response to the Department of Energy’s funding announcement and area of interest for
Alternative Proof-of-Concept in New Communities and Fleets; a project that provides an elegant
answer to the congestion around the park; to the increase in emissions; as well as to the lack of
fleet electrification and charging infrastructure in rural areas. The electric shuttle system offers a
solution to reducing the number of SOVs in the park’s entrances and surrounding narrow roads;
connects the local communities to the park; reduces harmful emissions to the park’s protected
environment; and creates a scalable solution that can be implemented in State and National Parks
nationwide.

Utah Clean Cities and NREL, along with the other project partners developed this Electric
Vehicle Shuttle System that successfully connects the East Entrance of Zion National Park with
the neighboring towns of Kanab and Springdale.

After the initial project scoping, the first step of the project was to understand the battery
capacity of the electric vehicle required for the shuttles. Thirty days of data was collected on
conventionally powered vehicles, comparably sized and operating in the same areas as the
desired EV shuttle. This data was collected and analyzed by NREL, inputted into NREL’s
FASTSim? model to evaluate energy used by the shuttles and thus estimate the battery size
required for the EV shuttle.

Utah Clean Cities, with NREL’s assistance, issued requests for proposals for the EV shuttles,
evaluated the subsequent bids, and selected Davey Coach Lightning shuttles. A pilot program of
the Lightning E-450 shuttle followed, demonstrating the initial viability of the EV Shuttle system
in connecting Zion National Park with local communities. Furthermore, two additional Lightning
shuttles were ordered, that were better suited to the width restrictions of the route to the East
Entrance. Pilot programs of these shuttles were also carried out, further consolidating the
feasibility of an EV Shuttle system between the park and local communities, whilst also
bolstering the efforts to conserve the nature and scenery of the park using zero-emission

! “Annual Park Recreation Visits (1919 - Last Calendar Year).”
2 “FASTSim.”
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vehicles. An electric vehicle charging infrastructure was also developed to support this new EV
Shuttle system, which has brought greater electrification capabilities to these rural areas.

1.2 Project Partners and Roles

Utah Clean Cities

Utah Clean Cities is a coalition, part of the U.S Department of Energy Clean Cities Partnerships,
which aims to “advance the energy, economic, and environmental security of the United States
by supporting local decisions to adopt practices that reduce the use of petroleum in the
transportation sector’”®. Utah Clean Cities led the project, engaging multiple stakeholders,
coordinating with the National Parks Service, Kane County, and NREL to ensure a successful
implementation of the electric shuttle system.

National Renewable Energy Lab

NREL’s Center for Integrated Mobility Sciences researchers provided the initial data collection
and analysis of conventionally powered shuttles. NREL researchers modelled the energy
consumption to inform the selection of battery size for the electric shuttles, as well as assisted in
the bid selection of electric shuttle. Subsequently, NREL researchers analyzed the pilot
operations of the electric shuttles, evaluating their performance with different weather
conditions, speeds, and road grade.

National Parks Service, Zion National Park

Zion National Park has historically partnered with the local governments and businesses to
conserve the park’s nature and scenery as well as to advance the park’s tourism, whilst
maintaining safe operations®. Similarly, Zion National Park supported this project to connect
local communities to the park as well as lower emissions around the park.

Kane County

Kane County, one of the counties covered by Zion National Park, provided project support
including engaging the community, participating in the infrastructure planning in Kanab to
support the shuttle system, and providing land for shuttle system and charging infrastructure.
Kane County also offered trained drivers for the shuttle system as well as developed promotional
content, distributed online and at tourism points.

Kanab

Kanab, located in Kane County and one off the closest towns to the East entrance of Zion
National Park, provided support to the project through enabling community engagement as well
as facilitating infrastructure planning at Kanab Station.

3 “Utah Clean Cities - About Us.”
4 Bradybaugh, “National Parks Service Letter of Commitment,” June 11, 2019.
5> Meyeres, “Kanab Letter of Commitment,” June 14, 2019.
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2 Electric Vehicle Shuttle Selection

The first step to understanding the needs of the new electric shuttle was to analyze the drive-
cycle of the shuttles, which in turn provided the required battery capacity of the EV shuttle. In
the initial scoping of the project, it was determined that the EV shuttle should be able to hold 16
passengers. A conventionally powered F-450 was therefore selected as the vehicle that would be
comparably sized to the required EV shuttle. Thirty days of 1 Hz (second-by-second) data was
collected from the F-450 operating along the routes desired for the EV shuttle’s system. NREL’s
FASTSim® tool was used to evaluate the energy usage of the shuttle and subsequently the battery
size required for the shuttle was calculated.

2.1 Shuttle Route

The EV shuttle system is needed to connect the East Entrance of Zion to Kanab, a neighboring
town in Kane County. The route from Kanab to the park entrance is narrow, steep, and must pass
through the Mt Carmel Tunnel that has very stringent width and height restrictions, namely all
vehicles must not exceed 13°1” in height. However, any vehicles with a vehicle height of 11°4”
(3.4m) and width of 7°10” (2.4m) must have a tunnel escort’.

This route from the town of Kanab, through the Mt Carmel Tunnel, to the East Entrance of Zion
National Park and on to the town of Springdale (where the shuttle is able to turn around), is
shown in Figure 1 below.

6 “FASTSim.”
7" MT and Us, “The Zion-Mount Carmel Tunnel - Zion National Park (U.S. National Park Service).”
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Elevevation (ft)

The grade of the road is very variable with steep inclines/declines. Figure 2 below shows the
route elevation gain, starting at Kanab and ending at Springdale. This route of around 42.6 miles
(68.6 km) is the first leg of the round-trip that the EV shuttles are required to make.

Elevevation Profile: Kanab to Springdale
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5,000 -

4,500

4,000
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0 5 10 15 20 25 30 35 40 45
Distance from Kanab (miles)

Figure 2: Kanab to Springdale Elevation Profile

The steep variations in elevation along the route can clearly be seen in the elevation profile of
Figure 2, summarized in Table 1.

Value

Minimum Elevation 4854 ft
Average Elevation 5596 ft
Maximum Elevation 6152 ft
Elevation Gain 3526 ft
Elevation Loss -3120 ft
Maximum Slope 15.9%, -19.1%
Average Slope 2.2%, -2.7%

Table 1: Kanab to Springdale Elevation Summary

Notably the maximum slope is 19.1%, a significantly steep grade, which would have a high

impact on the performance of the electric shuttle and would contribute to one of the limiting
factors for the shuttle selection.

4
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2.2 Baseline Data Collected

Data was collected on the F-450 shuttle for 30 days, operating along the Kanab to Springdale
route, in order to provide the duty cycle for FASTSim analysis. There were 330 miles of data
collected overall and 14 total hours of operation. The average speed along the route was 32mph.
The figures below show the vehicle speed against the percentages of time moving and the
cumulative percentages of time moving.

Baseline Data: Speed Distributions
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o
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2 a
S 2 40%
& =
1.00% - g
S
20% -
0.50% A

0/
0.00% A 0%

y

0 20 40 60 0 20 40 60
Speed (mph) Speed (mph)

Figure 3: Baseline Data Speed Distributions, Conventionally Powered F-450

There are peaks around 25 mph and 60 mph, highlighting the speeds at which the EV Shuttle will
most likely be operating the most at. The total distance covered by this vehicle is 42.3 miles (the
approximate distance between Kanab and Springdale), in 1.2 hours.

2.3 FASTSim Analysis and Results

FASTSim, one of NREL’s suite of vehicle analysis tools, was used to calculate the required
battery size of the EV shuttle. FASTSim is able analyze second by second data and model
various power trains, including all-electric drive vehicles.

The drive-cycle data that was collected from the data logger, as described in Section 2.2, was
inputted into FASTSim, along with powertrain model inputs shown in Table 2, in order to
evaluate the energy usage and subsequently the battery size required for the EV shuttle.

5
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Input Unit Value Source

Drag Coefficient 0.5 Estimate

Vehicle Frontal Area m? 8.16 2.4m by 3.4m due to tunnel restrictions
Wheelbase m 4.47 Minimum wheelbase for E-450
Weight kg 6,577 GVWR for E-450

Peak fuel converter power kW 0 Must be zero for EV

Max motor power kW 180 E-450 specification

Max battery power kW 180

Max battery capacity kWh 400 Assuming a larger battery size than necessary
Wheel rolling resistance 0.008 Estimate

Min SOC 0 Default

Max SOC 0.8 Default

Table 2: FASTSim EV Powertrain model inputs

The trip energy usage was calculated based on the equation below, where the SOC,,4 is the state
of charge at the beginning of the trip, SOC,;, is the state of charge at the end of the trip, and the

battery size is the battery size simulated in FASTSim.

Trip Energy Usage (kWh) =

SOChax —

SOChin

Battery Size (kWh)

The state of charge time series graph is shown in Figure 4 below, where a 400 kWh battery size

simulated in FASTSim,
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The total trip energy was calculated to be 118kWh, resulting in a recommended battery size of

1.0

Figure 4: SOC and Speed Timeseries
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139 kWh. A safety factor of 25% was also applied, which takes into consideration the change in
performance of EVs due to battery degradation and due to weather; in cold weather the range of

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications.
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an EV range is less, predominantly due to the battery performance as well as the extra energy for
cabin heating.

The analysis of FASTSim thus estimated the energy requirements of the EV Shuttle. The EV
model was used to size components passed on the E-450 weight, as well as a full passenger load.
The recommended 139kWh battery size, as well as the carrying capacity and vehicle size
restrictions helped inform the project on the selection of EV shuttle.

3 Davey Coach Lightning E-450 Shuttle

The Lightning E-450 shuttle was selected as the best suited electric shuttle for the needs of the
East Zion National Park, following analysis of multiple bid proposals for EV Shuttles.

3.1 Lightning E-450 Shuttle

The technical specifications of the selected EV shuttle are outlined in the Table 3 below.

Specification Units Value

Base Chassis Ford E-450 Shuttle, Cutaway, Stripped Chassis

GVWR Ibs 14,500

Minimum Wheelbase in 176

EVSE Level 2 AC (13.2 kW) and DC Fast Charge (up
to 80 kW) with J1772 CCS1 Combo

All Electric Range miles 120

Battery Capacity kWh 129

Charge Time hours 8.0 hours (Level 2) / 2.25 hours (DC Fast
Charge)

Payload & Passenger Ibs 7,200 1bs Weight of body is part of total payload

Capacity

Maximum Speed mph 65 (electronically limited)

Peak Power kW 180

Torque Rating 0.8

Table 3: Lightning E-450 Electric Shuttle Technical Specification®

At a first glance of the technical specification, the Lightning E-450 shuttle meets all the
requirements of the duty-cycle of the EV Shuttle for Zion, namely the electric range of 120 miles
well exceeds the round-trip distance of around 80 miles between Kanab and Springdale.
Similarly, the maximum speed of 65 mph of the Lightning shuttle (shown in Figure 5) exceeds
the maximum speed of around 60 mph that was seen in the operation of the conventional shuttle.
However, further analysis was required to understand the performance of the shuttle as the
performance of any vehicle, but especially that of an electric vehicle is dependent on the terrain
of the road, the weather and the overall operation of the vehicle.

8 Lightning Motors, “Lightning Motors Specification.”
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Figure 5: Lightning E-450 Shuttle’

3.2 Lightning Analytics

Lightning Analytics provided their own analysis of the Lightning E-450 shuttle, modelling the
route from between Kanab and Springdale. The modelling was carried out using drive trace,
from the trip data log. The model includes various weight load conditions as well as HVAC load
conditions, outlined in Table 4.

Heating / Vehicle Efficiency Range (miles)  Completes
Cooling Load Loading (miles / KWh) Loop (yes / no)
None Light 1.18 129.9 Yes (50 miles
(10,500 1bs) left in range)
Mild (3kW) Medium 1.02 112.4 Yes (32 miles
(12,500 1bs) left in range)
Heavy (kW) Max 0.88 96.7 Yes (16 miles
(14,500 1bs) left in range)
Extreme (kW) Max 0.73 79.8 No (0.7 miles
(14,500 1bs) short of range)

Table 4: Lightning Analytics Model Results

These results are very promising, since the fully loaded vehicles with a heavy HVAC load is able
to complete the loop, with miles left in its range. The vehicle only falls 0.7 miles short of the
roundtrip distance with an extreme HVAC load, which could be mitigated by charging along the
route, as well as not including the maximum payload on the vehicle, when it is predicted that the
HVAC load will be high due to extreme weather. These are all factors that can be foreseen and
taken into consideration, prior to commencing a vehicle trip.

? Lightning Motors.
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3.3 Lightning E-450 Shuttle Pilot Trips and Analyses

As further validation of the viability of the Lightning E-450 shuttle, an EV shuttle operating
between the East Entrance of Zion National Park and the surrounding towns of Kanab and
Springdale, a pilot of the shuttle was carried out. Over 60 days of 1Hz data was logged on the
new Lightning E-450 shuttle operating between Kanab, Springdale, and Zion Mountain Ranch (a
stop between Kanab and the East Entrance of Zion National Park).

This 1Hz data was processed, calculating the instantaneous battery discharge, battery
regenerative energy, HVAC loads, as well as outlining speed profiles and the overall
performance of the electric shuttle with changes in grade.

The State of Charge of the EV shuttle was plotted against the elevation change, along the route
between Kanab and Springdale.

Kanab to Springdale Roundtrip: State of Charge and Elevation

06/10/2022
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Figure 6. Kanab - Springdale 6/10/2022 SOC and Elevation Graph

Although the route includes a great deal of steep grade, the electric shuttle is still able to make
the full trip with very little charging time and still 20% SOC left at the end of the trip, confirming
what the Lightning Analytics had predicted. Notably, the weather on the 10" June, 2022, was
extreme, with a high of 106°F!°. Electric vehicles’ performance declines in such temperatures,
due to the higher than normal HVAC loads for the cab but also the battery’s performance itself

10 «“past Weather in Zion National Park, Utah, USA — Yesterday or Further Back.”
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becomes that less efficient!!. To have a closer look at the performance of the battery, the battery
discharge along this route was plotted.

Kanab to Springdale Roundtrip: Battery Discharge and Elevation
06/10/2022
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Figure 7:Kanab - Springdale 6/10/2022 Battery Discharge and Elevation Graph

As expected, the battery discharge (measured in Watt-hours) peaks at the steep elevation gains.
This alone would have a significant impact on the performance of the EV shuttle, and its
capability to conclude the route with little to no charging. However, the EV shuttle also has
regenerative braking, meaning that some of the energy that is discharged can be recouped when
the vehicle is braking. The regenerative energy graph with the elevation is shown in Figure 8
below.

! Pesaran, “Addressing the Impact of Temperature Extremes on Large Format Li-Ion Batteries for Vehicle
Applications.”
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Kanab to Springdale Roundtrip: Battery Regenerative Energy and Elevation
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Figure 8: Kanab - Springdale 6/10/2022 Battery Regenerative Energy and Elevation Graph

The regenerative energy (measure in Watt-Hours) peaks where the grade declines, when the
majority of the energy is recouped. The proportions of the battery discharge, battery regenerative
energy, and HVAC loads is shown in Figure 9.

Kanab to Springdale Roundtrip: Cumulative Energy Usage Breakdown
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Figure 9: Kanab - Springdale 6/10/2022 Cumulative Energy Breakdown
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While the greatest proportion of the energy is the energy discharge, there is still a significant
amount of energy recapture through energy regeneration, which helps increase the range of the
EV shuttle. Interestingly, even with the high temperatures of the day (high of 106°F'?), the
HVAC loads are still a very small proportion of the energy discharge.

Another metric that should be considered is the battery discharge between charges, which along
with other relevant metrics, is outlined in Table 5 below.

I:a'attery Battery Traction Traction
Discharge Regen Wh HVAC Wh Motor Wh Motor
Wh Regen Wh
3342 601 0 3198 615
84972 13098 2405 78068 15134
44 0 12 11 0

Table 5: Kanab - Springdale 6/10/2022 Trip Statistics Between Charges

There were three opportunities to charge during the route between Kanab and Springdale,
increasing the ability for the EV shuttle to travel comfortability with heavy payloads along the
route. The battery regenerative energy is between 15% and 18% of the battery energy discharged
and the regenerative energy at the traction motor is 19% of the energy discharged at the traction
motor, which is a respectable range for an electric vehicle. The overall trip statistics of the
vehicle while moving are shown in Table 6.

Battery
Traction Motor Regen  Traction Motor Average Total Trip
Discharge (Wh) (Wh) While Regen (Wh) Maximum Speed Distance
While Moving Moving While Moving Speed (mph) (mph) (miles)
81277 13699 15748 68.44 32.82 85.99

Table 6: Kanab - Springdale 6/10/2022 Trip Statistics While Moving

The maximum speed recorded is 68 mph, exceeding the maximum speed of the convention
vehicle of 60 mph and the average speed is 33mph, slightly higher than that of the conventional
vehicle.

All of these analyses demonstrate that the Lightning E-450 shuttle is able to carry out the
required operations, travelling along the steep grade between Kanab, Springdale, and the East
Entrance of Zion National Park, carrying a total of 16 passengers. The Lightning E-450 shuttle is
certainly a viable solution to reduce the SOVs around the park and importantly provide a zero-
emission mode of transport around the entrance to Zion National Park.

12 «“past Weather in Zion National Park, Utah, USA — Yesterday or Further Back.”
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3.4 Lightning Electric Shuttle Additional Trips & Analyses

Utah Clean Cities along with Zion National Park ordered two more EV shuttles that were better
suited to the width restrictions of the route, namely the width restrictions of the Mt Carmel
Tunnel, outlined in Section 3. These new shuttles can easily pass through the tunnel, whilst still
allowing two lanes of traffic to pass through the tunnel.

There were 17 days more of trips recorded on the new shuttles, in order to understand the
performance of these vehicles. The distribution of the total energy used per trip (including the
regenerative energy) is shown below. It can be seen that the distribution is left-skewed,
demonstrating that the most of the trips taken are in the lowest ranges of energy consumed.

Distribution Energy Used per Trip (kWh)

[0.00,5.08]  (5.08,10.17]  (10.17,15.25] (15.25,20.33]  (20.33,25.42]  (25.42, 30.50]

12

10

Frequency
IN o [

N

Energy Used per Trip (kWh)

Figure 10: New Lightning Vehicles Distribution of Energy Used

The new shuttles operating between the East Entrance of Zion National Park and the
neighboring towns and stops are not large consumers of energy, and are thus a sustainable
solution to the congestion problem and lowering emissions around the National Park.

Additionally, the statistics including energy consumption per hour, the state of charge difference
between the beginning and end of the trip (negative means loss of charge) and the total distance
of the trip are outlined in below.

Percentile kWh / hr SOC Difference Distance

(%) (miles)
50th 12.00 -3.12 2.06
Percentile
80th 23.75 -0.78 26.68
Percentile
90th 31.57 0.35 37.51
Percentile

Table 7: New EV Shuttle Trip Statistics
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The new EV shuttles are taking shorter trips, fulfilling the needs around the National Park. Still,
the overall energy consumption is relatively low, with 90™ Percentile of energy consumption at
32 kWh/ hr.

4 Conclusion

The EV shuttles that were put into operation between the East Entrance of Zion National Park
and the neighboring towns were analyzed and determined to be a viable and sustainable solution
for the National Park.

This project first identified the detailed needs the of the National Park, analyzing a
conventionally powered vehicle that was similarly sized to the desired EV shuttle and operating
along the same routes that would be required of the shuttle. This analysis facilitated the selection
of the Lightning E-450 shuttle, out of multiple bid proposals; a selection that was found to be a
promising choice of shuttle through in-depth analysis of second-by-second data of the EV
shuttle. With a successful pilot of the EV shuttle completed, two more EV shuttles were ordered
that were better suited to the width restrictions of the route to and from the East Entrance of Zion
National Park. Further analysis was carried out on the new EV shuttles, to validate that the
shuttles were an elegant solution to a challenging issue, reducing the traffic around the National
Park, mitigating the risk to personal safety with this reduction in traffic and SOVs, as well as
significantly reducing the emissions in and around the National Park, using a zero-emission
vehicle.

14

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications.



References

“Annual Park Recreation Visits (1919 - Last Calendar Year).” Accessed August 22, 2024.
https://irma.nps.gov/Stats/SSRSReports/Park%20Specific%20Reports/Annual%20Park%
20Recreation%20Visitation%20(1904%:20-

%20Last%20Calendar%20Y ear)?Park=ZION.

Bradybaugh, Jeff. “National Parks Service Letter of Commitment,” June 11, 2019.

“FASTSim: Future Automotive Systems Technology Simulator.” Accessed August 22, 2024.
https://www.nrel.gov/transportation/fastsim.html.

Lightning Motors. “Lightning Electric E-450 Shuttle, Cutaway & Stripped Chassis,” n.d.

Meyeres, Celeste. “Kanab Letter of Commitment,” June 14, 2019.

MT, “The Zion-Mount Carmel Tunnel - Zion National Park (U.S. National Park Service).”
Accessed August 22, 2024. https://www.nps.gov/zion/planyourvisit/the-zion-mount-
carmel-tunnel.htm.

“Past Weather in Zion National Park, Utah, USA — Yesterday or Further Back.” Accessed
September 10, 2024. https://www.timeanddate.com/weather/@55501 14/historic.

Pesaran, Ahmad. “Addressing the Impact of Temperature Extremes on Large Format Li-lon
Batteries for Vehicle Applications.” Presentation presented at the 30TH
INTERNATIONAL BATTERY SEMINAR, Ft. Lauderdale, Florida, March 11, 2013.
https://www.nrel.gov/docs/fy130sti/58145.pdf.

Utah Clean Cities Coalition. “Utah Clean Cities - About Us.” Accessed August 22, 2024.
https://utahcleancities.org/about/.

15

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications.



Appendix

A.1 Lightning E-450 Shuttle Analysis

Kanab to Springdale Roundtrip: Battery Discharge and Elevation
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Kanab to Springdale Roundtrip: State of Charge and Elevation
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Kanab to Springdale Roundtrip: Cumulative Energy Usage Breakdown
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Springdale to Mt Ranch Roundtrip: Battery Discharge and Elevation
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Springdale to Mt Ranch Roundtrip: State of Charge and Elevation
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Kanab to Mt Ranch Roundtrip: Battery Discharge and Elevation
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Kanab to Mt Ranch Roundtrip: State of Charge and Elevation
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Battery Battery HVAC Wh Traction Traction
Discharge = Regen Wh Motor Wh Motor
Wh Regen Wh
51179 11328 2223 47773 12279

0 0 0 0 0

30688 2947 423 31039 3149

Table 8: Kanab to Springdale Round Trip 6/12/2022 Trip Statistics Between Charges

Battery Traction Battery Traction  Maximum Average Total Trip
Discharge Motor Regen Motor Speed Speed Distance
(Wh) While Discharge (Wh) While Regen (mph) (mph) (miles)
Moving (Wh) While Moving (Wh) While
Moving Moving
85691 78811 14275 15428 66.79 32.16 88.78

Table 9: Kanab to Springdale Round Trip 6/12/2022 Trip Statistics While Moving

Battery Battery HVAC Wh Traction Traction
Discharge = Regen Wh Motor Wh Motor
Wh Regen Wh
6552 498 2517 3986 630

0 0 0 0 0

1 0 0 0 0

0 0 0 0 0

0 0 0 0 0

104 0 0 24 1
61448 5489 4924 58754 6211
18562 2318 1010 17880 2527

Table 10: Kanab to Mt Ranch Round Trip 10/27/2021 Trip Statistics Between Charges

Battery Traction Battery Traction Maximum Average Total Trip
Discharge Motor Regen Motor Speed (mph) Speed (mph) Distance
(Wh) Discharge (Wh) Regen (miles)
While (Wh) While (Wh)
Moving While Moving While
Moving Moving
83876 80642 8305 9367 65.11 42.02 79.49

Table 11: Kanab to Mt Ranch Round Trip 10/27/2021 Trip Statistics While Moving
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Battery Battery HVAC Wh Traction Traction

Discharge = Regen Wh Motor Wh Motor
Wh Regen Wh
51555 6353 757 52734 6687

Table 12: Kanab to Mt Ranch Round Trip 06/16/2022 Trip Statistics Between Charges

Battery Traction Battery Traction Maximum Average Total Trip
Discharge Motor Regen Motor Speed Speed Distance
(Wh) While Discharge (Wh) While Regen (mph) (mph) (miles)
Moving (Wh) While Moving (Wh) While
Moving Moving
51497 52734 6353 6687 66.56 51.40 51.93

Table 13: Kanab to Mt Ranch Round Trip 06/16/2022 Trip Statistics While Moving

Battery Battery HVAC Wh Traction Traction
Discharge = Regen Wh Motor Wh Motor
Wh Regen Wh
30569 10020 0 29977 10308

Table 14: Springdale to Mt Ranch 06/14/2022 Trip Statistics Between Charges

Battery Traction Battery Traction  Maximum Average Total Trip
Discharge Motor Regen Motor Speed Speed Distance
(Wh) While Discharge (Wh) While Regen (mph) (mph) (miles)
Moving (Wh) While Moving (Wh) While
Moving Moving
30499 29977 10020 10308 54.18 30.13 34.66

Table 15: Springdale to Mt Ranch 06/14/2022 Trip Statistics While Moving
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