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Project Goal

Overall Objectives

« Substantially increase the zero-emission driving range, thereby reducing
petroleum consumption and related emissions, and increasing the
commercial viability of electric drive medium-duty trucks

« Accelerate the introduction and market penetration of electric drive
transportation technologies to meet the demands of commercial fleet
customers shifting towards zero-emission alternatives and supporting the
growth of hydrogen economies at scale

« Collect and analyze data from sixteen fuel cell hybrid electric vehicles to
provide the industry with performance, reliability, and cost metrics that will
form the basis of future hydrogen focused projects and support the
continuous development towards fully commercialized medium-duty, zero-
emission vehicles




Overview

Timeline

Project Start: 07/15/2014
Project End: 07/31/2022

Budget

Total Project Budget: $ 11,264,505
Total Recipient Share: $ 8,282,434
Total Federal Share: $ 2,982,071
Total DOE Funds Spent:  $ 2,268,987*

*through Mar. 2021

Partners

US DOE, CARB, SCAQMD, CEC: Project Sponsors
UPS: Commercial Fleet Partner and Operator

CTE: Prime Contractor and Project Manager
Hydrogenics, UES, UT-CEM: Subcontractors

Barriers

Technoloqgy Validation

A. Lack of Fuel Cell Electric Vehicle
Performance and Durability Data

Market Transformation

D. Market uncertainty around the
need for hydrogen infrastructure
versus timeframe and volume of
commercial fuel cell applications

F. Inadequate user experience for
many hydrogen and fuel cell
applications




Relevance

Overall Objectives

Phase 1: develop a demonstration vehicle in order to prove its viability to project
sponsors, commercial fleet partner (UPS), and other stakeholders [Barriers A & F]

Phase 2: build and deploy a pre-commercial volume (15) of the same vehicle for at
least 5,000 hours of in-service operation [Barriers A & F]

Develop an Economic & Market Opportunity Assessment for medium-duty fuel cell
hybrid electric trucks [Barrier D]

Current Year Objectives (April 2020 — March 2021)

Begin Phase 2 vehicle fleet assembly

Staged deployment of fuel cell vehicle fleet in UPS service to slowly introduce UPS
operators to vehicles and address any issues that arise

Collect and analyze data throughout the two year demonstration to form the basis for
the Economic & Market Opportunity Assessment




Relevance — DOE Program Goals

Alignment with DOE Program Goals

« The project promotes commercialization of hydrogen fuel cell vehicles by:

— designing energy storage and drive system for new-builds and conversion kit
retrofits,

— deploying multiple vehicles within the UPS delivery fleet thereby lowering
greenhouse gas emissions,

— utilizing hydrogen fueling infrastructure at multiple locations, and
— publishing an Economic & Market Opportunity Assessment

« The project will help determine how competitive hydrogen FC hybrid electric vehicles
are to existing technologies by deploying the FC vans on routes that are also served by
diesel, natural gas, and electric vans

» The project increases end-user’s experience and knowledge of H2 fuel cell vehicles and
ensures the team creates a commercially viable product by involving UPS in design
activity

» The project pushes industry to address need for H2 infrastructure in medium-duty

market ﬁ]lﬁ




Approach — Project Scope

16 Fuel Cell Hybrid Electric Walk-In Delivery Vans

« Phase 1: Convert, demonstrate, and validate 1 vehicle

- Convert existing UPS diesel-powered van to a base electric-drive vehicle
[out of DOE project scope]

- Integrate FC, power electronics, hydrogen storage system, and controls
- Train UPS fleet operators and support staff
- Demonstrate and validate in UPS fleet for 6 months

 Phase 2: Build and deploy 15 additional vehicles

- UES is responsible for full integration activities, with CEM assistance
— CTE will coordinate training of UPS fleet operators and support staff
- UPS will operate vehicles at multiple distribution centers in California
- 2 years of data collection and project reporting

— Develop an Economic & Market Opportunity Assessment (/[:—,[ -

Any proposed future work is subject to change based on funding levels.



Approach — Project Milestones

Phase 1 Demonstration

1 Vehicle Build 100% Jan. 2019
2 Training and Education 100% Feb. 2019
3 Demonstration Vehicle Test and Evaluation 100% Oct. 2019
4 Project Management Phase 1 100% Oct. 2019
Go / No-Go Decision Point Completed in Oct. 2019
Phase 2 Deployment

5 Vehicle Build 50% May. 2021
6 Training and Education 0% May. 2021
7 Vehicle Test and Evaluation 0% May. 2023
8 Project Management Phase 2 53% June. 2023

Any proposed future work is subject to change based on funding levels.



2020 Accomplishments and Progress

Demonstrated with UPS in revenue service

for a full year

v" Demonstrated in West Sacramento for 5 months and in
Gardena for 6 months in 2019 — original work scope
only required 6 months

v' Trained operators, mechanics, and supervisors at both
UPS facilities

v' Demonstration was actively supported by project
partners for entire duration

v' Addressed fueling station issues as they were
encountered throughout the demonstration

v' Extended demonstration supported additional data
collection and the ability to prove out Phase 2
technologies

v' Gen2 DC-to-DC, parking pall, vehicle controls

Photo: UES

Photo: CTE




2021 Accomplishments and Progress

P

Began deployment of Phase 2 Fleet
in UPS Service

v' Completed vehicle acceptance matrix
developed in Phase 1 for first Phase 2
vehicle

v' Completed H2 facility audit of UPS Ontario’s
maintenance bay

v" First Phase 2 vehicle entered UPS service
at Gardena in February 2021

v' Developed an online dashboard to allow the
Project Team to monitor and analyze the
Phase 2 vehicle fleet performance

LY

&

Photo: UES
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Accomplishments and Progress - Build

v Implemented manufacturing plan and trained W.W. Williams’ (organization responsible
for vehicle assembly) technicians to independently manage the build process

v Successfully navigated COVID-19 induced delays and completed procurement of long-
lead items for all 15 Phase 2 vehicles

v" The snapshot below shows fleet build and validation as of March 2021

30-10020-01 |

Cabin 30-10005-01 30-10124-01 30-10069-01 30-10070-01
30-10129-01 30-10021-01 30-10011-01 30-10011-01 - Componants  Traction Motor ~ 30-10126-01 30-10049-01 FC Skid FCDCDC Skid  30-10070-01 HSS Vent and
Base Metal & 30-10073-01 LV Harnesses HV Harnesses 30-10011-01  and Wiring = Assembly Hydraulics ESS Assembly Assembly Assembly HSS Tanks Supply Pipes
Date Initials UES/CTE# Installed Cooling Installed Installed Installed CAN Installed Installed ] Complete Installed Complete Complete Complete Installed Installed

3/10/2021 AM 2
3/3/2021 AM 3
02/17/2021 AM 4
02/10/2021 AM 5
3/3/2021 AM 6
02/10/2021 AM 7
3/10/2021 AM 8
3/17/2021 AM 9
3/17/2021 AM 10
01/27/2021 AM 11
12
13
14
15
16

Chart: UES mﬂ'




Accomplishments and Progress — Vehicle Validation i

v Completed a 169 mile max range test demonstrating the Phase 2 vehicle performance
improvements

SOC, SOF, Distance, Gross Fuel Cell Power, and Speed vs Time (02-10-2021_CTE2)

160

Results:
Total Mileage = 169 miles
Service Time = 13.97 hr
140

H2 Consumed = 8.76 kg

H2 Fueled = 0.0 kg

Fuel Economy = 15.0 mi/kg

120 Average Moving Speed = 25.16 mph
Idle Service Time =7.24 hr

H2 Consumed Idling = 0.5 kg

100
[
2
Parameter
60 SOC (%)
x_\_H_H ——— SOF (%)
——— Distance Driven
40 —— Gross FCStackP (kW)
——— Speed (mph)
20
0
0 2 4 6 8 10 12
S -
Elapsed Time (hr) ( [:[E

Chart: CTE
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Responses to 2019 AMR Comments

“The project demonstrates a sound approach to accomplishing tasks. The data
collection and analysis of the performance of fuel cell trucks in this application
should help the industry develop a fully commercial product ... The team should
encourage maximum usage during the demonstration to help identify and correct
issues before the Phase Il trucks are built”

« The demonstration vehicle was upgraded with Phase 2 systems in early 2020 to
mitigate risk during Phase 2 vehicle build and validation

« Shortcomings in uptime (due to a combination of issues between vehicle and
infrastructure) were made up in operation time exceeding one year, more than twice
the requirement

« All Phase 1 vehicle data was collected and submitted to NREL and the project team
is seeking additional baseline vehicle data to support performance comparisons

« During Phase 2, all collected data will be aggregated and available in a visual,
interactive dashboard for the Project Team to monitor and analyze the fleet’s
performance




Responses to 2019 AMR Comments

13

“There is a need for all problems to have root cause solutions and appropriate
validation ... it is critical in bringing the demonstration from a one-vehicle
demonstration up to the planned fifteen-vehicle “pilot” fleet, which is a critical next
step to commercialization.”

“It is unclear whether the conversion to 700 bar tanks is a good idea, given all the
other problems encountered.”

The updated Phase 2 design specifically addresses the root cause of issues
encountered in the Phase 1 demonstration at the component and subsystem level

The updated vehicle design was reviewed by the full project team over multiple
iterations

The project team elected to build on the success of the 350 bar system rather than
iIntroduce an untested system to the Phase 2 vehicles

350 bar further accelerates commercialization as fleet owners prioritize “return to
base” fueling, as seen in transit
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Responses to 2019 AMR Comments

“This project continues to be well-alignhed with DOE objectives. MD trucks are a
large segment of the market, with the potential for high-volume production that
would lead to lower costs for many components shared with other platforms. The
growth of fuel cell trucks in the market could also help increase hydrogen station
utilization and justify the need for more station coverage”

« CTE agrees that this project maintains relevance in a highly attractive market for fuel
cell propulsion system applications

« The project team has prioritized cost effectiveness in design of the propulsion system
Kit as it reaches commercial status

* There are multiple ongoing development projects in this space:

— CARB awarded another UPS delivery van project under the ZANZEFF program (4
total fuel cell delivery vans)

— Plug Power truck developed under DOE sponsored program
— SCAQMD-sponsored fuel cell delivery van being developed with UES and others

it
O —
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Collaborations and Project Partners
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Remaining Barriers and Challenges

Issue — Utilizing public hydrogen refueling infrastructure prevented a
significant number of demonstration days

« Phase 1 demonstration utilized multiple fueling sites as the vehicle operated out of
multiple UPS facilities

* Phase 2 vehicles are ready for in-service operation with UPS before the Ontario station is
able to provide fuel

Resolution

« Worked cooperatively with station operations staff to identify potential technical issues
early and mitigate impacts to fuel availability

« Adjusted operational strategy to refuel the demonstration vehicle at the end of a shift so
that the vehicle would not go out for service and be unable to fuel, thereby unable to
complete its service

* Regular communication with Ontario station management and provided first Phase 2
vehicle to support technical troubleshooting and overall commissioning procedure

Ctte
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Proposed Future Work (Next Year)

Task 5 — Phase 2 Vehicle Build
« Complete vehicle assembly, commissioning, and delivery in batches of 5 vehicles [1Q 2021 —
2Q 2021]

Task 6 — Phase 2 Training and Education
« Conduct operations training at UPS Ontario facility [2Q 2021]

Task 7 — Phase 2 Vehicle Test and Evaluation
* Provide vehicle operational support [2Q 2021 — 1Q 2022]
« Conduct in-service data collection [[2Q 2021 — 1Q 2022]

Task 8 — Phase 2 Project Management
» Fueling station coordination for upcoming Shell H2 station [2Q 2021]
« Monitor budget, schedule, risk, and mitigation [[2Q 2021 — 1Q 2022]

All quarters are calendar quarters — “1Q” is January 1 to March 31. /* -
Any proposed future work is subject to change based on funding levels. ( [}[
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Summary

Objective: Substantially increase the zero-emission driving range, thereby reducing petroleum consumption
and related emissions, and increasing the commercial viability of electric drive medium-duty trucks.

Relevance: Fuel cell hybrid electric delivery van design, build, validation, deployment, and data collection
project in the UPS fleet environment. Multi-location demonstration that utilizes multiple hydrogen fueling
stations. Deployment data will be comparable to existing diesel, CNG, and BEB vehicles that are used in the
same application. Performance objectives includes 125 mile range and over 95% of UPS routes.

Approach: Two phase project, with go/no go decision. Phase 1 includes the design, build, validation, and
demonstration of one vehicle. Phase 2 includes the build, deployment, and data collection of 15 additional
vehicles. Each phase includes training and end-user education tasks.

Accomplishments: Successfully navigated COVID-19 induced delays, completed 169 mile max range test,
deployed first Phase 2 vehicle into revenue service, completed H2 facility audit of UPS maintenance bay,
implemented manufacturing plan at W.W. Williams, developed data analytics dashboard for Phase 2 fleet

Collaborations: Full project team dedicated to commercialization of viable technology, including a world-class
and internationally recognized commercial fleet operator in UPS. Strong set of project sponsors leveraging
federal, state, and private funding.
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Questions and Comments

Jason Hanlin
CENTER FOR TRANSPORTATION & THE ENVIRONMENT
|ason@cte.tv

www.cte.tv



mailto:jason@cte.tv

Technical Backup and Additional
Information
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Technology Transfer

— UES has incorporated lessons learned from
NYSERDA all-electric truck development into this
DOE project

— UES is incorporating lessons learned from the
DOE truck development into the development of
the fuel cell truck for SCAQMD

— QOakland City Council has inquired about
operation of these fuel cell delivery vans in their
jurisdiction

— CTE is incorporating lessons learned from the
DOE truck development into the development of
the fuel cell truck for CARB

— Hydrogen advocacy groups in Colorado have
inquired about vehicle acquisition

Photo: CEC
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Progress toward DOE Targets

« This project will contribute to achievement of the following DOE milestones
from the Market Transformation section of the Hydrogen and Fuel Cell
Technologies Office Multi-Year Research, Development, and Demonstration
Plan:

— Milestone 1.12: Complete test and business case analysis for onboard fuel
cell rechargers for battery electric vehicles.

— Milestone 1.17: Enable economies of scale to achieve cost-
competitiveness.

* Progress towards both of these milestones will be achieved through the
deployment of fifteen Phase 2 fuel cell hybrid electric delivery vans in UPS
service supported by an Economic & Market Opportunity Assessment to be
completed at the end of the two year demonstration period

Any proposed future work is subject to change based on funding levels. ' EtE
O —
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Publications and Presentations

UT-CEM led publication on modeling efforts:

Lewis, Michael, Xianyong Feng, Jason Hanlin, Michael Field, Joseph
Ambrosio, and Austin Mabrey. "Model Validation and Demonstration
of a Hydrogen Fuel Cell Parcel Delivery Truck.” 2020 IEEE
Transportation Electrification Conference & Expo (ITEC), June
2020. https://doi.org/10.1109/itec48692.2020.9161548.
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Delivery Van Range

Goal: Meet vehicle performance specifications (contractual and fleet operator)

— Meet performance of existing delivery vans (diesel, CNG, electric)
Increase existing route length capability of zero-emission delivery van from 70 miles to 125 miles. 97% of

Class 3-6 Delivery Van deployments require < 125 mile range.
Model the project vehicle to ensure components are sized appropriately for 125 mile range

Daily Operating Distance Distribution for Delivery Vans

frequency
r

distance traveled (miles)
Source: Walkowicz, K.; Kelly, K.; Duran, A.; Burton, E. (2014). Fleet DNA Project Data. National (/[ﬁe
Renewable Energy Laboratory.]



Modeling and Simulation Results
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m Van Configuration m Missed Route Min SOC m Ave Battery Current Battery Temp (°C) Ave Motor Power

HTUF PD
Class 4

125 miles

HTUF PD
Class 6

125 miles

Oakland /
Berkley

64 miles

Napa

125 miles

Houston

102.5 miles

16 kKW - 33 kWh 124.45 mi 0.33% 66% 9.88 kg 92.59 A 37.56 kW
32 kW - 33 kWh 124.45 mi 0.34% 76% 10 kg 87.77T A 38.15 kW

16 kKW - 33 kWh 124.54 mi 0.22% 68% 9.96 kg 88.5 A 36.51 kW
32 kW - 33 kWh 124.54 mi 0.23% 76% 10.02 kg 70.27 A 37.07 kW

16 kW - 33 kWh 11.80 mi 82.66% 20% 0.24 kg 187.65 A 101.66 kW

32 kW - 33 kWh 63.86 mi 0.20% 31% 8.09 kg 41.79A 54.1 kW

16 kW - 33 kWh 18.75 mi 85.21% 20% 0.48 kg 136.64 A 84.45 kW

32 kW - 33 kWh 97.79 mi 22.10% 20% 13.99 kg 175.46 A 78.76 KW

16 KW - 33 kWh 14.75 mi 85.80% 20% 0.2 kg 194.96 A 105.52 kW

32 kW - 33 kWh 17.62 mi 83.58% 20% 0.62 kg 184.89 A 105.81 kW

(@i




Results — Oakland / Berkeley Hills )

UPS Truck Route 659926 Full Cargo - Battery SOC

| | | | | | « 65 miles in length with significant
grades

100

» All fuel cell vehicle configurations

50l O ............................ ;—16kWFC-31 kWhEBat. ........................... .................................. ............................ - make the route
ol N A S— —wvrc.omwmes | Fuel Cell Vans V.

: : ——32 KWW FC - 31 kWh Bat.
30_ .. .................................. ............................ 3 2kWFC—46kWhBat ........................... Feeren R FRRRLIITILITIRN PSPPI —

— 32)WFC - 61 ki Bat | i « 16 kW fuel cell with 30 kWh

| |
100 200 300 400 500 600 700

Time i battery is marginal

Battery SOC [%]

200

100 1 1 sl e . 1 «  All-electric van is marginal in
: : : : : Base EVI: Full .
ase EVI Half Cargo | completing the route

9ok ........................... ........................... ........................... ........................... ............

80}

70l _______________________ ___________________________ ___________________________ ___________________________ ________ El.e.ctriéc..\/a.n........._  Requires 8 kg of hydrogen
ol S _________________ T T AU i storage
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Battery SOC [%)]

A0 ........................... ........................... ........................... ........................................................................... _
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0 ............................ ........................... ............................ ........................... ........................... ........................ |

10 i i i i i i

L —4
0 100 200 300 400 500 600 700 (’
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Results — Houston

UPS Houston Route 3 Full Cargo - Battery SOC

100 : : ! ! | | * 100 miles in length with little to no

« Allinitial highway cycle requires 45
kWh or more of battery, no matter
16 kW or 32 kW fuel cell

Battery SOC [%]

— 16 KW FC - 31 kiwh Bat
—— 16 KW FC - 46 kiwh Bat
| —— 16 KW FC- 61 KWh Bat

: ; ——32KWFC- 31 kWh Bat.

30 A A ........................... ——— 39 KW EC - 46 KWh Bat

i i : 32 KW FC- 61 Kwh lISat i i
% 100 200 300 400 500 600 700 )
Time i « 16 kW fuel cell with 45 kWh battery
100 UPS Route Houston Route 3 - Battery SOC IS SomeWhat margmal
-~ I I I I I BaselEVI: Full
LY e Tt s e e Base EVI Half C 1 . _
| ' : r - ===« All-electric van falls just short of

completing the full route.

» Requires 10 kg of hydrogen storage

Battery SOC [%]

Time [min]

Ctte



Result Summary
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Napa3
Napa3
Napa3
Houston3
Houston3

Houston3

Sacramento_A

Sacramento_A

Sacramento_A

659926 Oakland/
Berkley

659926 Oakland/
Berkley

659926 Oakland/
Berkley

3000
6000

3000
6000

3000

6000

0

3000

6000

95%
95%
95%
95%
95%
95%

95%

95%

95%

95%

95%

95%

71.03%
65.51%
52.49%
61.97%
57.49%
53.95%

72.95%

72.04%

70.52%

73.75%

71.80%

72.25%

14.2
17.4
25.1
19.5
22.2
243

13

13.6

14.5

12.6

13.7

13.5

10.49
12.78
14.74
7.41
8.37
9.56

4.33

5.16

5.96

4.89

5.78

6.88

124.06
124.23
124.06
102.29
102.25
102.18

49.01

48.98

48.94

64.1

64.1

64

3.05
3.71
4.37
2.80
3.17
3.60

3.48

4.07

4.66

2.94

3.44

4.01

* Efficiency and fuel economy calculations account for net battery consumption being recovered by the hydrogen fuel cell at 50% efficiency

10.94
8.99
7.64
11.92

10.54
9.27

9.59

8.20

717

11.35

9.71

8.32






