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Quick Notes
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 Two Audio Options: Streaming Audio 
and Dial-In.

 Streaming Audio/Computer 
Speakers (Default)

 Dial-In: Use the Audio Panel (right 
side of screen) to see dial-in 
instructions.  Call-in separately 
from your telephone.

 Ask questions using the Questions 
Panel on the right side of your screen.

 The recording of the webinar and the 
slides will be available after the event. 
Registrants will be notified by email.



Webinar Agenda and Speakers

 Welcome – Emanuel Wagner, CHBC

 Overview of Workshop and Report Highlights – Cory 
Shumaker, CHBC

 Update on ZECT II FCETs in Operation – Tony 
Williamson, TTSI 

 Pathway to Commercialization, Financing Hydrogen 
Infrastructure – Andrew Bermingham, Hydrogen 
Partners, LLC 

 Discussion/Q&A
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Emanuel Wagner
Deputy Director

California Hydrogen Business Council

Welcome and Overview



Purpose and Activities

 CHBC Overview
 The California Hydrogen Business Council (CHBC) is comprised of 

over 100 companies, agencies and individuals involved in the business 
of hydrogen. Our mission is to advance the commercialization of 
hydrogen in the energy sector, including transportation, goods 
movement, and stationary power systems to reduce emissions and 
dependence on oil in California. 

 CHBC Activities
 Advocacy

 Communications & Business Expansion

 Goods Movement, Heavy-Duty Transportation, and Clean Ports

 Hydrogen Energy Storage and Renewable Hydrogen

 Public Transport

 Infrastructure & Vehicle Deployment
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Presenter
Presentation Notes
Our Mission: To advance the commercialization of hydrogen and fuel cells in transportation, goods movement and ports/maritime 



 Hydrogen producers and distributors

 Automotive companies

 Public transit systems and suppliers

 Fuel cell, electrolyzer, compressor 
and storage manufacturers

 Fueling station developers

 Engineers and consultants

 Municipal, state and federal agencies

 Component suppliers

Our Members Include:
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CHBC Signature Events

 Fuel Cell Electric Bus Lunch Workshop at Zero Emission Bus
Conference at LA Metro, September 11, in Los Angeles, CA

 Decarbonizing Energy Sector with Hydrogen at Global Climate Action
Summit, September 13, San Francisco, CA

 Hydrogen and Fuel Cells North America at Solar Power International
September 24-27, Anaheim, CA

 Hydrogen and Fuel Cells in Ports & Shipping Workshop
October 8-9, Los Angeles, CA

 Role of Renewable Hydrogen in Decarbonizing the Grid Workshop at
Energy Storage North America, November 6, Anaheim, CA

 California Hydrogen and Fuel Cell Summit, November 14-15,
Sacramento, CA

2018 Events

7



Cory Shumaker
Development Specialist

California Hydrogen Business Council

Overview of Workshop 
and Report Highlights
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• Over 120 attendees
• Purpose:

• Build awareness of hydrogen fuel cell freight
• Hear from stakeholders on the ability of hydrogen and fuel 

cell technologies to meet zero emission objectives, 
• Address the technical and non-technical challenges with 

transitioning to hydrogen powered fleets, and 
• Understand the fundamental economic and operational 

benefit drivers as well as government funding programs 

Presenter
Presentation Notes
Event was co-located at the ACT Expo to attract fleet operators, OEMs, and trucking companies who are not up to speed on the use of hydrogen in Freight. Wanted to bring stakeholders to the table to speed up the pace of commercialization in this sector and provide an update from the H2 in on-road freight workshop held last year. 



• Account for nearly half of all goods imported into the US
• POLB: 27 terminals; POLA: 22 terminals
• Total twenty-foot container units (TEU) throughput in 2017:

• POLB: 7,544,507
• POLA: 9,343,192

San Pedro Bay Ports
Los Angeles & Long Beach

Presenter
Presentation Notes
Economic drivers for jobs and developmentEntry points for goods used throughout the countrySignificant source of greenhouse gas emissionsTypically located in areas of heavy auto and truck traffic producing smog and particulate matter
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South Coast Air Basin
I-710 Corridor – A Need for Action

• Need to bring goods 
from port to railhead

• Dangerous PM2.5 & 
NOx emissions

• Disadvantaged 
communities 
disproportionately 
penalized for commerce

• Great opportunity for 
fuel cell trucks

“There is significant inequality in exposure to air 
pollution and related health risks: air pollution 
combines with other aspects of the social and 
physical environment to create a 
disproportionate disease burden in less affluent 
parts of society” – World Health Organization 

Presenter
Presentation Notes
Southern California has the worst ozone and fifth worst particulate matter pollution in the United StatesDrayage trucks represent 1% of vehicle miles traveled (VMT), but emit 12% of total NOx in the South Coast Air Basin. In simulations of FCET penetration by up to 45-79% by the National Fuel Cell Research Center at UCI, When benefits are monetized in terms of premature mortality, morbidity, lost work days, they have a mean value of $824,610 to $1,310,130 per day.



• Public-private partnership with 1,000 partners from western region 
• Objective is to create forecast of infrastructure required to meet 

hydrogen demand for heavy duty vehicles through industry survey
• CHBC created a working group with monthly calls
• To join the West Coast Collaborative in its efforts, interested parties 

can sign-up at http://westcoastcollaborative.org and contact Cory

EPA West Coast Collaborative
Public Fleet & Trucking Sector

Presenter
Presentation Notes
WCC’s goals are to help meet National Ambient Air Quality Standards, reduce diesel particulate emissions in impacted communities, and support technology advancement and deployment to increase energy efficiency, energy security and economic growth.The West Coast Collaborative is planning to conduct hydrogen infrastructure stakeholder demand survey to determine that if sufficient funding were made available, what would the hydrogen, natural gas and battery electric industries need to establish a corridor of stations.As mentioned in the report the FAST Act outlines numerous national funding programs 

http://westcoastcollaborative.org/


• UPS has a long history of electric and alternative
fueled vehicles spending over $750 million in
development since 2009
– UPS is looking at building hydrogen stations

at their locations across the U.S.; Focused on
CA at the moment with Class 6 delivery vans

• TTSI to test eight Class 8 FCETs
• The industry needs to create a long-term vision

for hydrogen, across all sectors, focused on
making it renewable as much as possible

User and Operator Perspectives
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Presenter
Presentation Notes
To advance the adoption of hydrogen and fuel cells in the Class 6, delivery sector, UPS is looking at building hydrogen stations at their locations across the U.S.Total Transportation Services, Inc. (TTSI) has set a goal to be responsible stewards of the environment by working towards operating a zero emission fleet for their customers. TTSI believes the overall benefits of FCETs outweigh the initial investments that must be made to meet California’s aggressive emission reduction goals. 



• OEMs need a sustainable business case to invest the amount of 
time and money required for commercialization of FCETs (TRL 9)

• Peterbilt is interested in hydrogen powered FCETs because of 
hydrogen’s high energy density
– Hydrogen is 39kWh/kg compared to .693kWh/kg for battery

• Peterbilt and TransPower collaborating on Class 8 FCET
– 60kW Loop Energy fuel cell 

• Future of fleets will be a variety of technologies 
• Kenworth FCET being tested in Seattle; roadworthiness last hurdle
• Challenges for FCETs are multiple cooling loops, thick gage 

electrical cable, placement of components, and communication
• Toyota Project Portal completed 8,200 miles; goal is to reduce cost 

of hydrogen to $0.60/mi

Truck OEM Perspective

Presenter
Presentation Notes
The success of FCETs will come down to demonstrating the technology to spur additional development, establishing the required fueling infrastructure, and creating a sustainable business model for truck manufacturers. In the early stages of transitioning away from diesel, Peterbilt believes one truck technology will not be able to do everything, but a fleet consisting of a variety of technologies will. Peterbilt’s goal is to have the FCET cost be the same as their CNG trucks, $130,000 up-fit cost with a $200/kWh battery cost.The demonstration projects and testing have revealed some issues that will need to be addressed before mass production occurs. Before volume production can occur, there will need to be two more years of testing and significant investment. Toyota believes hydrogen fuel cells will be optimized in the heavy-duty sector because they have a longer range, quick refueling time, and flexible fueling options.Hydrogen currently costs $3 per mile. Toyota’s short-term goal is to reduce that cost to $1.3/mile with 400kg/day for a 10 truck station and a long-term goal of $0.60/mile with 2,000kg/day for a 60 truck station.



• Fuel cells provide constant power generation
• FCET is up to 6 tons lighter than a battery electric truck, has long-

range operation, no roadside charging, fast refueling, and high asset
utilization with low downtimes

• FCETs can be utilized in double and triple shifts for commercial use
• Fuel cells are a combustion-less engine with better per joule energy

performance than a diesel engine
• TransPower’s FCET has a total weight of 20,500lbs, performing

testing in San Diego hauling raw materials to car parts facility
• Goal is to get the cost of hydrogen on parity with diesel

Technology Developer Perspectives
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Presenter
Presentation Notes
A hydrogen fuel cell-battery hybrid truck would provide the benefits of both technologies in one vehicle, with batteries providing fast response and brake energy storage and the fuel cell proving constant power generation to maintain the status and health of the battery. 
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Vehicles
Zero Emission Cargo Transport II



• Challenges for heavy duty hydrogen fueling are cost, supply chain,
CEQA permits, capacity limitations and fueling protocols

• Stranded renewables and utilization of power-to-gas need to be
more in focus to cleanly meet future hydrogen demand

• Hydrogenics has developed a containerized solution using
electrolyzers with a capacity of 1,000 kg/day. This is a project with
StratosFuel using wind power in the desert of Southern California

• Electrolyzer costs are dropping rapidly and becoming competitive
with SMR of natural gas on a large scale; $6/kg hydrogen possible

• A centralized hydrogen production facility producing hydrogen in
cheaper areas is a way to get hydrogen cost down from $16/kg

• FuelCell Energy has a 1.4MW tri-generation plant going into POLB
to support Toyota’s Project Portal using biogas to produce 1,270kg

Heavy-Duty Hydrogen Refueling

Presenter
Presentation Notes
The economics of the tri-generation system from generating LCFS credits, and potentially federal RINS, will make the most affordable hydrogen available.Nel has developed a station with onsite generation at Sunline Transit in Palm Desert, CA using a PEM electrolyzer to produce 900 kg/day with two dispensers, enough capacity to support 25 FCEBs/day.Nel was selected by Nikola to build hydrogen stations for its FCET demonstrations and placed a $9 million order to build two 1,000 kg/day hydrogen production facilities. Nel and Nikola are also looking to collaborate on 16 sites to produce hydrogen and fueling for up to 32,000 kg/day/site. Trillium is fuel agnostic and will provide the fueling solution its customers need, including EV charging and solar energy. Developing its first hydrogen station with Air Products of the Orange County Transit Authority (OCTA). OCTA has 10 FCEBs with plans to expand to 20 FCEBs. The station will have two refueling lanes, filling 30kg in 6-10 minutes per bus, and a capacity of 1,500 kg/day. It is a liquid hydrogen station that vaporizes and pressurizes the hydrogen onsite. 



• California Air Resources Board (CARB) is creating a balanced set of 
investments in zero and near-zero emission solutions

• Funding programs focused on heavy duty are:
– Low Carbon Transportation
– Carl Moyer
– Community Air Protection

• First year of funding at $250 million
– Volkswagen Mitigation Trust
– Hybrid & Zero Emission Truck and Bus Voucher Incentive 

Project (HVIP)
• $300,000 for fuel cell buses & trucks; $100,000 per vehicle 

for infrastructure (minimum 5 vehicles per site) 

California State Funding Programs

Presenter
Presentation Notes
Low Carbon Transportation Program is allocated funds from the Cap & Trade budget. A portion of the funds go toward light duty and heavy duty vehicles. The heavy duty funds enter into a three-year strategy plan. Previous heavy duty projects include, $50 million in 2015 for Zero Emission Drayage Trucks The Carl Moyer Program has funding for hydrogen projects, with the greatest emission reduction per dollar spent prioritized. Program received $69 million annually to fund mobile sources and infrastructure. The air districts determine priority and select projects VW Mitigation Trust has 4 appendices. Appendix D provides $423 million for NOx mitigation in the heavy duty sector. CARB staff is seeking ARB Board approval for the Proposed Beneficiary Mitigation Plan. The Trust will provide $90 million for zero emission, Class 8 freight and drayage trucks 



• The State of California is committed to making a concerted effort
to reduce emissions and improve the air quality for all

• Fuel cells, powered by hydrogen, is emerging as one of the best
possible options to replace diesel in heavy duty applications due
to its longer range, quick refueling time, and ability to handle
high duty demand cycles

• OEMs, industry, and government will need to continue to invest
in hydrogen fuel cell technology to reach commercialization and
bring down costs of components and fuel

• Takeaways for industry: be lean, creative, and hungry

Conclusions

Presenter
Presentation Notes
The State government has made billions of dollars of funding available in coming years to develop and demonstrate the zero emission technologies of the future. Three takeaway concepts for the industry include: perform lean volume manufacturing, be creative by using partnerships and funding, be hungry (how much are you a hydrogen evangelist?).



• Workshop Report – Completed; Available online
• Summary of Workshop Report Webinar
• Hydrogen and Fuel Cells in the Ports Workshop –

October 9-10th 2018, Banning’s Landing Community 
Center, Los Angeles, CA

Next Steps/Activities
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Tony Williamson
Director, Compliance & Sustainability

TTSI

Update on ZECT II FCETs 
in Operation



CA Hydrogen Business Council 
Presentation



Hydrogen Fuel Cell Trucks in Use

130 Mile Range @ 560hp

200 Mile Range @ 429hp

150 Mile Range @ 442hp



Drive/Duty Cycle of Hydrogen Fuel Cell 
Electric Trucks: Drayage Application

 Drive Cycle - How we will use the vehicles
 Vehicle speed against time

 Operational Goal to get as many dray moves/turns in an 8 Hour Shift
 Power to move loads efficiently

 Grade
 Container Weight

 Duty Cycle  - How much we will use the vehicles
 Vehicle Usage

 Dependability

 Fueling infrastructure Availability
 Distance – How far can I operate from fuel source
 Number of trips performed before fueling required



Hydrogen Fueling Station
Hydrogen Fueling Equipment

The HF-150 Hydrogen Fueler is a self 
contained, 5,076 psig (350 bar) 
hydrogen fueling station that holds 150 
kg (63,450 SCF) of compressed, gaseous 
hydrogen [not liquid, cryogenic
hydrogen]. The trailer is pulled by a 
tractor, parked and left in a secure 
location until it needs to be refilled, at 
which point it is taken to an Air 
Products facility for refilling. 

When the trailer is parked in position, a 
parking brake is applied, the landing 
gear is lowered, and the wheels are 
chocked to secure the trailer in its 
place. The HF-150 requires no utilities 
and only needs to be connected to a 
grounding rod at the site.



For more information on TTSI, please 
visit our website at: www.tts-i.com

Thank You

http://www.tts-i.com/


Andrew Bermingham
CEO 

Hydrogen Partners, LLC

Pathway to Commercialization 
Financing Hydrogen Infrastructure
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THREE CRITICAL INVESTMENT TOOLS FOR HYDROGEN INFRASTRUCTURE

1. PROJECT FINANCE: Maximize use of Debt and Equity

2. US. FEDERAL OPPORTUNITY ZONES:  ~$6 Trillion in unrealized 
U.S. capital gains now has a place to go in every state & territory

3. U.S. LOAN GUARANTEE PROGRAMS: Critical to lower your cost 
of debt, support existing or potential debtor relationships

4. Moving forward
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$30 Million

Debt 80%
$24 Million
Interest Rate:

8%

Equity 20%
$6 Million

Projected IRR:
20%

• Fleets
• Materials Handling
• Fueling Stations
• Cars, SUVs, Trucks
• Class 8 Trucks
• Municipalities
• Storage
• Power to Gas
• Merchant/ Industr
• Military

• Wind
• Solar
• Hydro
• Ag Waste
• Natural Gas
• Coal
• Nuclear
• Biofuels
• Municip Waste

Feedstock
Supply 

Contracts

Hydrogen
Offtake

Contracts

SUPPLY SIDE PROJECT FINANCE DEMAND SIDE
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Side A Side BToll Bridge
1) Project Finance
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General 
Partner

Limited 
Partners

Banks

Detailed 
Budget, 10 

years

Production, 
Load Factors
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1) Project Finance

Detailed 
Debt/Equity
Tax Credits, 

etc.

Top-level 
dashboard:
Price, Cap 

Cost, 
Debt/Equity

Assumptions Funding Revenues Expenses
Cash Flow 
Allocations

Detailed Financial Models:
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2) U.S. Federal Opportunity Zones

1) Created in 2016 Tax Bill

2) Potential to unlock over $6 Trillion in unrealized capital gains 

from stocks and mutual funds by reinvesting capital gains into 

“Opportunity Funds,” which then invest into low-income 

census tract areas called “Opportunity Zones.”

3) All 50 States, District of Columbia, and all U.S. Territories
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2) U.S. Federal Opportunity Zones
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2) U.S. Federal Opportunity Zones
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2) U.S. Federal Opportunity Zones
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2) U.S. Federal Opportunity Zones
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3) Loan Guarantee Programs
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3) Loan Guarantee Programs
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• Be an “Eligible Project” as defined via an open solicitation

• Employ new or significantly improved technologies as compared to 
commercial technologies in service in USA.

• Avoid, reduce, or sequester greenhouse gases.

• Be located in the United States (foreign ownership or sponsorship of the 
projects is permissible as long as the projects is located in one of the fifty 
states, the District of Columbia, or a U.S. territory).

• Provide a reasonable prospect of repayment.

TITLE XVII PROJECT ELIGIBILITY
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How can we scale fast now?!4. OUR CHALLENGE:
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Workforce Training required!

OUR CHALLENGE:
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2018

Enormous role for all State 
Energy Offices, particularly 
now with Opportunity Zones
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No State left Behind!
OUR CHALLENGE:
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THREE CRITICAL INVESTMENT TOOLS FOR HYDROGEN INFRASTRUCTURE

1. PROJECT FINANCE: Maximize use of Debt and Equity

2. US. FEDERAL OPPORTUNITY ZONES:  ~$6 Trillion in unrealized 
U.S. capital gains now has a place to go in every state & territory

3. U.S. LOAN GUARANTEE PROGRAMS: Critical to lower your cost 
of debt

CONCLUSION: WE NEED TO USE ALL THREE!
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Hydrogen 
Infrastructure

Projects

2) Opportunity 
Zones

3) Loan 
Guarantee

1) Project 
Finance
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THANK YOU

Andrew@Hydrogen.com



Question and Answer Session

Ask questions using the 
Questions Panel on the 
right side of your screen.

The webinar slides and 
recording will be made 
available after today. 
Please fill out survey 

upon leaving.
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Thank you!

Thank you for attending today’s webinar and remember to 
fill out attendee survey. Slides and Recording will be 

made available within a few days.

Emanuel Wagner
Deputy Director

310-455-6095 x360
ewagner@californiahydrogen.org

Join us and help shape the industry in CA!
www.californiahydrogen.org
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mailto:ewagner@californiahydrogen.org
http://www.biomassthermal.org/
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