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The business case (simplified)

Technology development
Hydrogen Fuel Cell Lower cost of hydrogen

. Economies of scale

Cost to
own and
operate

Diesel Generator

Tighter emissions regulations
Tighter fuel regulations
Higher cost of oil*
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Engine efficiency characteristics are inherently
different for the two engine types.
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The efficiency differences affect the fuel burn (cost)
over the entire range of operation.
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Diesel engine emissions per kilowatt-hour are worse
at part load.
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An example yearly fuel use for assumed YB
operations shows the difference between diesel and
hydrogen usage.
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The yearly fuel cost estimate shows that the fuel cell
is the most cost effective solution if hydrogen can be
purchased for $5/kg or less.
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We have built and are deploying a containerized
hydrogen fuel cell generator for reefer power on
land and sea.

Project Concept

Fuel cell unit replaces diesel
generators, reducing fuel cost and
emissions.

Project Scope

Design, build, and deploy a
containerized fuel cell system to
supply portable power for
refrigerated containers (“reefers”).

e 100 kW (net) fuel cell and H, storage
inside a 20-foot container.

e 6-month deployment on land and
over the ocean. (Honolulu-Kahului)

e Strategic set of project partners,
encompassing both the H,-fuel cell
and maritime communities.




A strong partnership team is critical to success.
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We are assisting the development of maritime codes
and standards for hydrogen and fuel cells.

Maritime Maritime-specific
Fuel Cell
H,+FC safety codes

Generator
Project and standards

Stationary and
vehicle H,+FC
safety standards
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An early and ongoing focus on outreach and

education is helping turn reluctance into advocacy.

* Trained over 200 personnel in
the classroom

e Trained over 50 (and counting)
operational personnel on-site



Young Brother’s Port of
Honolulu

8 Speakers
— Senator Schatz (HI)
— Hawaii State Leadership
— Project Sponsors & Partners

Demo/Tours of the Unit

55 Attendees

— Energy Industry Early
Adopters (business),
Military/Government, and
Project Partners
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The system power varies directly with the number
of reefers and their temperature.
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The generator is filled at the Hickam AFB hydrogn
station. Can fill (75 kg, 350 bar) in 20 minutes.
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The unit is part of Hydrogenics’ commercial
development strategy for containerized PEM fuel
cell solutions.

Development Process
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the tech

nology.

We are here

Dockside

Small Demo

Verify FC-to-reefer concept
Solves local H, issues
(availability, price, permitting)
FCs in maritime environment

<200kWT -

>1 MW l, (&

.

Large Demo

Ship interface.
Many reefers (via ship electrical).
Large scale containerized FC.

l )

Large Commercial

Critical service
Fuel cost savings
Infrastructure savings

g Barge/Vessel
Small Commercial

Containerized FC and H,
Critical service
USCG H, protocol development

\ * Real-world cost savings

“\

Large Demo

Large scale FC and H, on
floating platform.

Wider applicability J

On-barge H, refueling.

L

Large Commercial

Critical service

Fuel cost savings
Infrastructure savings
Wider applicability

utilization
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