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On-site 
production

Off site 
production of 
hydrogen & 
delivery by 

trucks  

Hydrogen Supply Solutions for
Transit Agencies

H
2

Liquid hydrogen delivered 
on a LH2 trailer

H2

Compressed gaseous 
hydrogen in tube trailers

Compression 
system, 
storage Dispenser

Vaporizer, 
pump, storage

Dispenser

NG

H2

Reforming of 
natural gas (SMR)

Compression 
system, storage

H2

Dispenser

H2

Electrolysis

Compression 
system, 
storage

H2

Dispenser

Considerations for 
transit agencies

• Fuel supply resiliency 

• Proximity to H2 production 

site

• Station footprint or site 

constraints

• Site modifications to support 

your transition

• Hydrogen carbon intensity

• Roll-out plan and long-term 

fleet conversion strategy

• Scalability of installation

• CAPEX and OPEX costs

• Technology developments

• Hydrogen cost



99

chargers

xfmer

Feeder
upgrades

Substation 
upgrades

dispensers

compressors

vaporizers

Storage tanks

dispensers
compressors

vaporizers
Storage

dispensers

Storage

dispensers
Storage

Infrastructure and Scalability
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Agency FCEB BEB

SunLine $231k/bus, 35 buses $64k/bus, 14 buses

Foothill Transit $133k/bus, 30 buses $322k/bus, 30 buses

Long Beach $108k/bus, 125 buses $209k/bus, 100 buses

AC Transit $90k/bus, 200 buses $560k/bus, 530 buses

NCTD $291k/bus, 158 buses $348k/bus, 158 buses

Infrastructure cost assessment reflects presumption 
that as fleet size increases, marginal costs for 
hydrogen decrease, while electrical infrastructure 
marginal costs increase, despite variability among 
agencies

Infrastructure Costs

VS.

Presenter Notes
Presentation Notes
H2 at scale hydrogen price conservative – should be <$7/kg before LCFS, but LCFS dependant on no carbon introduced into pathway (zero emissions trucking).  Could be liquid delivered, or gaseous within 120miles or over pipelineLow end of electric charging based on optimal charging at present SCE rates at Montebello; high end based on report from CCCTA on their BEB’s.  2kWh/mi efficiency
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Hydrogen Sustainability

Timothy Sasseen
Director, Market Development and Public Relations, NA

Ballard
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The Task Ahead for the Grid

Decarbonization Is Happening to Serve Today’s 
Loads on the Grid

• At least 23 states have decarbonization mandates
• Represents over 51% of population of US
• 17 States have committed to adopting California’s 

heavy duty trucking emissions regulations

• Electrifying transport = doubling the grid
• More than 3x new renewable sources needed, 

requiring remote collection
• Capturing renewables requires storage, on the order 

of days or months
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GRIDLOCK is Coming!!

U.S. transmission’s 1% annual growth must more than double to an 
average of about 2.3% to meet federal climate goals

• EV’s from passenger cars, commercial freight
• Decarbonization of heating and industrial processes

• recent analysis from the U.S. Energy Information Administration, Utility-scale solar capacity delays hit 20% in first 6 months of 2022: 
EIA | Utility Dive

• Princeton University’s September report, Electricity Transmission is Key to Unlock the Full Potential of the Inflation 
 

Renewables Installations Struggle Today, Yet 
Expansion Is Needed to Serve New Decarbonized 
Loads
• 95% of the renewables needed in 2035 are backlogged today for 

transmission
• 20% of planned capacity for utility-scale solar projects was delayed in 

the first half of 2022
• Less than a quarter of the projects that enter interconnection queues 

around the U.S. will make it through to completion.

https://www.eia.gov/todayinenergy/detail.php?id=53400
https://www.utilitydive.com/news/solar-delays-EIA-tariffs/629746/#:%7E:text=About%2020%25%20of%20planned%20capacity,from%20developers%20of%20growing%20delays.
https://www.utilitydive.com/news/solar-delays-EIA-tariffs/629746/#:%7E:text=About%2020%25%20of%20planned%20capacity,from%20developers%20of%20growing%20delays.
http://repeatproject.org/docs/REPEAT_IRA_Transmission_2022-09-22.pdf
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Adaptation

Strengthening is Required for Adaptation to 
Climate Change

• California wildfires in 2019 created more CO2 than EV’s 
had saved to that point, cumulatively.

• Overloaded grids in California now shut down intentionally 
during excessive loads for “Public Safety Power Shutoffs”

• ERCOT in Texas struggled this summer with low winds and 
expensive fuel during high heat, requiring customers to drop 
loads to avoid rolling blackouts

Presenter Notes
Presentation Notes
Equipment a century or more still in place, especially in remote areasThe solar “duck curve” exacerbates peak loads in new segments of the gridNew renewable connections are massively behindConstructing new transmission hampered by NIMBY and state to state disputesCustomers are fleeing utilities for CCA’s, microgrids and merchant generatorsWe need a solution that allows renewable energy generation anywhere, storage of arbitrary amounts of that energy for unlimited time, and distribution to a constantly changing and evolving variety of end uses, with no carbon or pollution.
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But Doesn’t Most Hydrogen Come from Fossil?

US DOE

Yes!!  But is that a problem, 
or a decarb-otunity??
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Not all electricity 
sources are equal 

State-by-state power production CO2 emissions – source Ceres

Presenter Notes
Presentation Notes
Operation of a battery electric bus in Alberta will have a different impact on GHG emission compared to Quebec 
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Carbon-Free Renewable Power Depends on the SOURCE

Wind 
Solar

Geothermal

Grid BEV’s

Hydrogen FCEV’s

Biogenic Methane (RNG)

Thermal 
Power Plant

Grid BEV’s

SMR FCEV’sHydrogen

Carbon content is decided before the electron hits the grid, 
or hydrogen enters the pipe
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Hydrogen Fuel in the US, before IIJA / IRA

Source: H2tools.org, project press releases
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US Federal Hydrogen Cost Reduction Programs
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A wide ecosystem to support your FCEB deployments 
with complete hydrogen fueling solutions 
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First Deployments and Gaseous H2 Options

Hernan Henriquez
Vice President of Sales

BayoTech
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COMPRESSION

SITE
INPUTS

POWER

WATER

BIOGAS

NATURAL GAS

H2 TERMINAL & DISPENSING
Hydrogen is dispensed to trailers 
and picked up or delivered to 
customers

FUEL CELL APPLICATIONS

Hydrogen is dispensed 
on site or delivered to 
end users by BayoTech

Buses, Trucks, Cars, Forklifts, 
Drones, Power Generators, 
Blending for Natural Gas 
Utilities/Power Plants and for 
Industrial Users

How Does a BayoTech Distributed Hydrogen Hub Work?

Hydrogen is stored at 7500 psi 
on site in trailers and storage 
modules

H2 STORAGE

Hydrogen is compressed 
to 7500 psi (517 bar)

H2 PRODUCTION
Methods – SMR using NG/ 
RNG, Electrolyzer or byproduct 
H2 from chemical plants

Pressure Swing 
Adsorption (PSA) 
Increases hydrogen 
purity, when necessary.

Confidential
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Fuel Cell Transit Bus Fleet Fueling Solutions

Confidential
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Delivered Hydrogen:  <10 buses

Scalable Fuel Cell Bus Fueling Solutions

Hydrogen delivered to the bus depot via high-pressure transport 
trailers

Capacity of up to 750kg per trailer is sufficient for 25-30 bus fills

Depleted trailer swapped with full trailer by BayoTech as required

Onsite Production:  >10 buses

BayoTech owned and operated SMR hydrogen production hub 
installed at transit depot

Hydrogen is produced on site or close by and dispensed directly 
to buses

Scalable infrastructure produces 2,000+ kilograms per day

Confidential
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Challenge:

 When it became clear that the completion of hydrogen station would lag 
behind the delivery of new fuel cell buses, MTD needed a temporary 
hydrogen fueling solution. 

Solution:

 To ensure timely & reliable delivery, BayoTech was selected to provide 
hydrogen fuel and fueling infrastructure to bridge the gap. 

 BayoTech’s gas transport module was deployed to provide hydrogen  
within a tight deadline. The stanchion was customized to meet MTD’s 
specific requirements. 

Result:

 The easy-to-use system paired with BayoTech's unbridled customer 
support, let MTD complete the commissioning and training process.

 Even with the completion of MTD’s onsite hydrogen production station, the 
partnership between MTD and BayoTech is expected to continue for 
reliable secondary hydrogen supply.

Customer Case Study:  
Champaign–Urbana Mass Transit District

“Launching a start-up hydrogen project is complicated. BayoTech 
really saved the day in providing their temporary fueling stanchion 
and trailers. They were a pleasure to work with and 
their accommodations were much appreciated.”

Karl Gnadt, Managing Director, CUMTD

Confidential
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Liquid H2 and Fleet Deployments at Scale

Stacey Grauer
Business Development Director, Clean Hydrogen 

Linde Inc
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Ensuring Successful Station Builds

Nick Barilo
Executive Director, Center for Hydrogen Safety, AIChE
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All fuels contain energy and can pose a hazard if not properly handled. Just like gasoline, 
diesel, and natural gas, it is important to know the properties and follow established rules to 
safely handle hydrogen. 

Gasoline Characteristics Hydrogen Characteristics
Combination of various hydrocarbons and 
additives with varying toxicity.

Pure hydrogen with no toxicity.

Stored as a liquid in sealed containers at 
atmospheric pressure.

Generally stored as a gas in sealed cylinders at high pressure.

Harder to ignite. Easier to ignite (high pressure releases often autoignite).
Leaks result in pools that accumulate at low 
points. If ignited, will result in pool fires.

Leaks result in gas jets that disperse quickly. If ignited, will result 
in directional jet fires like a blow torch.

Vapors accumulating in an enclosed space 
with air can explode if ignited.

Gas accumulating in an enclosed space with air can explode 
if ignited. The hydrogen explosion occurs more rapidly 
because hydrogen burning velocity is so high.

Generally, not corrosive to common materials 
of construction for components. 

Will embrittle some common materials used for components, 
so selection of compatible materials is important.

Comparing Hydrogen and Gasoline

34March 8, 2023

Presenter Notes
Presentation Notes
Slide ID Number: A2.010
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Hydrogen Gas Natural Gas Gasoline
Color No No Yes

Toxicity None Some High

Odor Odorless Yes (mercaptan) Yes (benzene)

Buoyancy
Relative to Air

14X
Lighter

2X
Lighter

Vapor is 3.75X
Heavier

Autoignition
Temperature (C) 585○ 539○ 232○

Energy
by Weight

2.8X
> Gasoline

~1.2X
> Gasoline 43 MJ/kg

Energy
by Volume

4X
< Gasoline

1.5X
< Gasoline 120 MJ/Gallon

Comparing Common Fuels

35March 8, 2023

Presenter Notes
Presentation Notes
Like gasoline or natural gas, hydrogen is a fuel that must be handled properly; it can be used as safely as other common fuels when simple guidelines are observed.Hydrogen is colorless, odorless, and tasteless, nontoxic, and non-poisonous.  It is noncorrosive; however, some metals when exposed to hydrogen develop a metallurgical condition known as “hydrogen embrittlement,” which can lead to structural failure.  Due to this property, specific materials are called out in the standards. Hydrogen is not (currently) odorized for a couple of reasons: It’s such a small, light molecule that it is challenging to find an odorant that would bind to it, and stay with it upon release. More importantly for this application, an odorant would affect the function of the fuel cell itself. (You’ll see in a moment how the fuel cell uses hydrogen to generate the electricity which powers the vehicle.)As a fuel, hydrogen has more energy by weight and less by volume than gasoline. Because hydrogen is the lightest and smallest element, we must compress it for storage on a vehicle to get the range needed. Again, there is no liquid phase from compression in the tank.  From a first responder’s standpoint, there is much less energy on board a vehicle, when compared to a conventional gasoline vehicle or even a gasoline/electric hybrid.
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Its Use as a Fuel is New to Many
► Users may lack experience or expertise for 

its safe use
► Some users have misconceptions… and 

may not know that they don’t know

Stable Foundation
► Hydrogen can be used safely… It has been 

for nearly a century by industry
► Safety knowledge and best practices exist

Dangerous Assumptions
► “We already know how to use hydrogen safety” (apathy - established users)
► “Hydrogen is like any other flammable gas” (misconceptions - new players)
► “Hydrogen is too dangerous” (fear - general public/AHJ’s)

Safety issues can be a ’deal breaker’ and must be addressed for successful hydrogen 
technology acceptance and deployment

Failing to address the knowledge gaps can result in impactful incidents and industry 
setbacks

State of Hydrogen Safety

March 8, 2023 36

Presenter Notes
Presentation Notes
CHS Overview
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Resources for Hydrogen Safety

► Collaborate in a hydrogen safety community 
of more than 100 members

► Access resources to remove barriers and 
manage risk

► Increase knowledge and expertise
• Training courses, credentialing, and webinars
• Conferences and workshops
• Incident resources
• Technical bulletins

A global non-profit 
community dedicated to 
promoting hydrogen safety 
and best practices worldwideAn online hydrogen information portal

 Best Practices
 Lessons Learned
 Compatibility of Materials
 Bibliographic Database
 Codes and Standards
 Analysis Resource Tools

An expert resource for reviewing 
projects and facilities

Hydrogen Tools: https://h2tools.org
Hydrogen Safety Panel: https://h2tools.org/hsp
Center for Hydrogen Safety: www.aiche.org/chs

https://h2tools.org/
https://h2tools.org/hsp
http://www.aiche.org/chs
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20 Years

606 Reviews

436 Projects

200+ Presentations

15 Guides

Background

► Formed in 2003 

► 22 members with 600+ yrs
combined experience 

► Hydrogen safety reviews –
hydrogen fueling, auxiliary power, 
backup power, CHP, portable 
power, and lab R&D

► White papers, reports, and guides

► Provides support on the 
application of hydrogen codes 
and standards

► H2 safety knowledge shared 
through the H  Tools Portal 

Hydrogen Safety Panel (HSP)

March 8, 2023

THE HSP PROMOTES SAFE OPERATION, HANDLING, AND USE OF HYDROGEN

Impact
► Non-regulatory, objective, and 

neutral
► Helps reduce costs

• Costs from over-engineering
• Delayed approvals
• Missed safety 

considerations/features
► Provides a balanced solution to 

questions and problems
► Helps projects avoid safety 

incidents
► Helps establish stakeholder and 

public confidence

38
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CHS Use of the Hydrogen Safety Panel

March 8, 2023

Potential Activities
► Design and document reviews
► Hazard analysis participation/review
► Site safety evaluations
► Safety training and webinars
► Outreach
► Incident investigation

Pre-
Project

Early 
Design

Early 
Operations

Program 
Support

Early Concept
Support

Successful
Project 
Implementation

39

The HSP Provides 
Review Services 

for:

Presenter Notes
Presentation Notes
Member Benefits
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Education
and Training

https://tinyurl.com/CHS-Course

Fundamental Hydrogen 
Safety E-Courses

• Hydrogen as an Energy Carrier
• Properties and Hazards
• Safety Planning
• Facility Design
• Equipment and Components
• Liquid Systems
• Material Compatibility
• System Operation
• Inspection & Maintenance

New Free eLearning Course
• Hydrogen Laboratory Safety

• Introduction to Hydrogen 
Safety for First Responders

• First Responders Micro 
Training Learning Plan

• Introduction to Hydrogen 
Fuel Cell Vehicles for 
Incident Response

• Fire Response & Extrication of 
a Hydrogen Fuel Cell Vehicle

• Transport of Hydrogen Fuel
• Hydrogen Fueling Station 

Incident Response

Recorded webinars:
• Safety of Water Electrolysis
• Global Hydrogen Safety Codes 

and Standards
• Ventilation Considerations for 

Hydrogen Safety
• Material Compatibility 

Considerations for Hydrogen 
• Overview of Hazard Analysis for 

Hydrogen Applications
• Safety for the Transportation and 

Delivery of Hydrogen
• Liquid Hydrogen: Safety and 

Design Considerations

First Responder Hydrogen 
Safety E-Courses Other Training Resources

March 8, 2023 40

https://tinyurl.com/CHS-Course
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Questions for Consideration

41March 8, 2023

▶ How will you ensure that hydrogen safety is a 
demonstrated value in your project and 
activities?

▶ How will you identify and address hydrogen 
safety vulnerabilities?

▶ How will you ensure that your staff are trained 
and equipped to identify and address hydrogen 
safety questions, concerns, and challenges?

Be prepared and avoid having to deal with the 
consequences of an incident

We must 
recognize that 

with the promise of 
hydrogen comes 

the responsibility of 
safety
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Thank you

Kim Leach
Market Development Manager, 
North America

kim.leach@ballard.com
Tel:+1 604.218.6626

Sydney Krueger
Managing Partner, KTC

sydneykrueger@gmail.com
Tel:+1 510.590.0943

Tim Sasseen
Director of Market Development
and Public Relations, N. America

tim.sasseen@ballard.com
Tel:+1 805.705.0716

Hernan Henriquez
Vice President, Sales
BayoTech

hernan.henriquez@bayotech.us
Tel:+1 949.373.6012

Stacey Grauer
Director of Business
Development, Clean Hydrogen, Linde

stacey.grauer@linde.com
Tel:+1 330.398.6452

Nick Barilo
Executive Director, 
Center for Hydrogen Safety, 
AIChE

Tel:+1 509.371.7894

Ktc
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