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Innovation in the
maritime industry is
cyclical, and we're on
the verge of a new
wave of technologies
and change.
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TECHNOLOGY TRENDS

Exploring the Future of Maritime Innovation
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transportation industry

by 2050.

November - Amogy’s
founders officially launched
the company with the goal of
converting ammonia into a
sustainable power source to
decarbonize transportation.

2020

March - Closed a $3M Seed
funding round led by AP
Ventures.

July - Successfully
engineered the first-ever
ammonia-powered emission-
free drone flight at a SkW
scale.

November — Closed a $20M
Series A funding round led by
AP Ventures and Amazon’s
Climate Pledge Fund.

2021

May — Successfully
demonstrated a 100kwW
powerpack in a tractor, scaling
20x in less than a year.

June - Closed a $46M Bridge
funding round led by SK, AP
Ventures, Amazon's Climate
Pledge Fund and Saudi
Aramco Energy Ventures.

2022

CONTACT US

2023 Q1 - Presented the
world's first ammonia-
powered semi-truck by scaling
the powerpack to 300kW.

2023 - Planning to scale to
IMW in a boat demonstration,
beginning the
commercialization of Amogy
technology.

2024-25 — Planning to scale to
10+MW, powering container
ships on transoceanic voyages.

2023-25
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MARITIME COALITION

What We Do

The Codlition acts to accelerate the U.S. and Canada maritime value chain's pathway to net zero greenhouse gas (GHG)
emissions by jointly developing and executing a roadmap to a commercially viable net-zero emission logistics value chain.

o Cross-functional collaboration will be utilized to enable swift mobilization and tangible, sustainable results.
MEASUREMENT & FINANCE, POLICY, TECHNOLOGY,
OPERATIONAL COMMERCIAL & REGULATORY INFRASTRUCTURE
EFFICIENCIES CHARTERING & INCENTIVES & FUELS
Learn More > Learn More > Learn More > Learn More >

Through focused Woarkstreams, the Coalition:
e Facilitates collaboration among industry stakeholders regionally and globally

e |dentifies, evaludtes, encourdges, and engages in commercial and technical pathways and projects that deliver
significant near-term reductions in GHG emissions and lead to commercially viable net-zero emissions




Technology works a lot like History...

“History Doesn't Repeat Itself, but It Often Rhymes”

- Mark Twain =
ZABS



LNG Progress

* Transporting Liquid Methane
- 1915 — Godfrey Cabot receives a patent for transporting LNG by river barge

- 1951 — William Wood Prince (Chairman, Union Stock Yards, Chicago) begins to put the
concept into use:

* Load LNG in Louisiana & Barge LNG up the Mississippi
» Unload, re-gasify and use at Union Stock Yards
« Fails to yield a successful design

- 1950’s — US and European interests combine to develop a safe concept to economically
transport gas over long distances

* French and British interest originated from a need to convert customers from ‘town gas’
to natural gas

ZABS



LNG Progress

 Transporting Liquid Methane (1958-1959)

- Conversion of Normati (built in 1945)
- Renamed Methane Pioneer
- Owners were Conch International Methane Limited:
» Conoco, Union Stock Yards, Shell
- 5,000 m3 LNG tanker

- 5 Aluminum self-supporting
prismatic cargo tanks

* Balsa insulation

- 27 day trip — Lake Charles, LA
to Canvey Island, UK

ZABS

Source: LNG: A Nontechnical Guide (Tusiani & Shearr)



LNG Progress

* 1965 — Purpose Built Ships
- Methane Princess and Methane Progress
» Conch International
* 9 prismatic cargo tanks
27,400 m?3 capacity per tanker




LNG Progress

e Late 70s — Moss Tanks
s ETC/General Dynamics
= 125,000 m3

* 1965 — Jules Verne

- Société Gaz-Marine
- Cylindrical cargo containment =
- 25,840 m3 tanker

e 1971 - Descartes
m (Gazocean
= Membrane tank concept
s 50,000 m3tanker

e 2007 —Q Series (165 to 266,000 m3 tankers) %ABS



LNG as Fuel

* Harvey Energy

« TOTE Marlin Class




Bow Tie Diagram — LNG Bunkering
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Safeguarding LNG Bunkering

Emergency Shutdown System
ESD Initiated by: ESD Actions:
@nighlevel invesseltank @ stopstransfer pump
@ Low levelinterminal tank 4 Closes shoreside ESDvalve

© presence of flammable vapor I’l Closesvessel ESDvalve
Qbresence offire E=Sgreaksconnection (atESD-2) /
0 Low temperature { indicating cryogenic spill) -

508l initiation by operator
oyl 1035 0f ship-to-shore ingrumentation link —

s of power
2 Gas
Ceterton o 1

Braahnway Low
Coupling £ % 0'-#*
i o
Shoraiede
ESD Yiaive

Fire
Devecrors
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Safety e
Accepted Ship Design & Zone:

Construction SEndards Emergency®
Shutdown E R ED
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Personal Protective Equipment 18
Pri ois20

_— Firefighting Equipmentld

" Additional Safeguards
* Standardized connections (1)
Warning 3 s * Periodic inspection/testing of equipment {3)

5ignsi1s * Periodic certification of hoses(4)
* Controls and/or prohibitions on SIMOPS (7)
* Comprehensive bunkering procedures [10)
Restricted Vehide * Operator training (11)
Tra * Vesselresponse plan (21)
* Local emergency response plan [22)
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Bunkering Regulatory Framework

Potentially Applicable Regulations, Codes, & Standards for LNG Bunkering in the United States

1 71 33CFR 155: Oil Or Hazardous Material Pollution Prevention Regulations |Dl 33¢FR 127 Waterfront Facilities Handling LNG and Liquefied Hazardous Gas (USCG)

IA: for Vessels (USCG) 33CFR 105: Maritime Security: Facilities (USCG)
L= 46 CFR Sub D/O: Tank Vessels, Certain Bulk Dangerous Cargoes (USCG) NFPA 52: Vehicular Gaseous Fuel Systems Code
CG-OES Policy Letter No.01-12: Equivalency Determination — Design 33CFR 154: Facilities Transferring Oil Or Hazardous Material In Bulk (USCG)
Criteria for Natural Gas Fuel Systems (USCG) 40 CFR 68: Chemical Accident Prevention Provisions (EPA)
= 46CFR Parts 10, 11, 12, 13, 15: Merchant Marine Officers and Seamen — 29 CFR 1910.119: Process Safety Management of Highly Hazardous Chemicals (OSHA
i Credentials & Requirements (USCG) NFPA 59A: Standard for the Production, Storage, and Handling of LNG
33CFR 156: Oil and Hazardous Material Transfer Operations (USCG) 49 CFR 193: Liguefied Natural Gas Facilities: Federal Safety Standards (DOT)
I . I
Bunker Ship/Barge I e
A, A A

Gas-fueled Vessel

Supply Tank

4

Portable Tank &N
Transfer ‘Bunkering Truck

Storage
Tank

Liguefaction
Facility

-2 Supply Truck




LNG as Fuel

* Harvey Energy

Today, over 80% of alternative fuel ships on order use LNG

« TOTE Marlin Class
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Hydrogen

* Properties:
- Most common element in the universe
- Colorless, odorless, tasteless, non-toxic gas
- Low-density gas
- Highly flammable
- Liquefies at -253°C (-423.4°F)
- High heating value, low volumetric energy density

Hydrogen Ammonia M(iwé;]e Haza rds
Boiling Point (°C) -253 -33 -161 180 — 360 1. Cryogemc Hazard
Density (kg/m?3) 70.8 (LH,) 696 430 900
Lower Heating Value (MJ/kg) 120.2 2255 48 42.7 2. Molecular Behavior
Auto Ignition Temp. (°C) 585 630 537 250 3 Flammable Concentrations

Flashpoint (°C) - 132 -188 > 60

Liquid Energy Density (MJ/L) 8.51 15.7 20.6 38.4

Lower Flammability Limit (% v/v) 4 15 53 0.7

ZABS

Upper Flammability Limit (% v/v) 75 25 17 5




Risk Mitigation - Flammability

Ammonla
Hydrogen
Methanol
Ethanol
Dlesel
MGO (Marine Gas Oll)
HFO (Heavy Fuel OIl)
Methane
Ethane
Propane
Butane

DME (DImethyl Ether)

100%

Hazard Mitigation

Ventilation
Leak Detection

Zone & Area
Classification

Exhaust Ventilation
@ Min. 30 Air Change

Ventilation
(Negative Pressure)
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Feasibility Studies

jarapy AT _A‘-'

SANDIA REPORT

SAND2016-9719
Unlimited Release
Printed September 2016

Feasibility of the SF-BREEZE:
a Zero-Emission, Hydrogen Fuel Cell,
High-Speed Passenger Ferry

Joseph W. Pratt and Leonard E. Klebanoff
Pregared by

andia Nationa! Laborato
Abq erqu. Nwh‘ 37155 ind Livermore, Calfornia 84550

andia Natior torie: boratory manai i rated by Sandia Corporation.
T I\ycme disy of Lockhas dMn u-"prn Cepartment of Energy's
Nalional Nuciear Securty Administration under contra D e gk

Approved for public release; further dissemination unlimited.

() sandia National Laboratories

San Francisco Bay Renewable Energy Electric Vessel with Zero Emissions (SF-BREEZE)

YABS




Existing Guidance for

Guide for

Fuel Cell Power Systems For Marine and
Offshore Applications

IGF CODE IMO:==- E

INTERNATIOI ODE OF SAFETY 4 ALBERT EMBANKMENT
FOR SHIPS USING GASES OR OTHER
LO LASHPOINT FUELS

LONDON S
Telaphone: «44 (020 7735 7811 Fax: «44 (0120 7567 3210

MSC 1/Circ. 1847

15 June 2022

INTERIM GUIDELINES FOR THE SAFETY OF SHIPS USING
FUEL CELL POWER INSTALLATIONS

1 The Maritime Safety Committee, at its 105th session (20 to 29 April 2022), having
considered a proposal by the Sub-Committee on Carriage of Cargoes and Containers, at its
seventh session. recognizing the importance of providing criteria for the amangement and
instaliation of fuel cell power installations on board ships 50 as to provide at least the same

November 2019 . o machinery installations, approved the Interim guidelines for the safety of ships using fuel cell
s 2 power installations, as set out in the annex

2 Member States are invited to bring the Interim Guidelines to the attention of
shipbuilders, manufacturers, shipowners, ship managers, masters and ship crews, bareboat
charterers and all other parties concemed.

3 Member States are invited 1o recount their experience gained through the use of
these Interim Guidelines to the Organization, for the Commitiee to keep them under review.

MSC.1-Circ. 1047 docx

PD IS0/TR 15916:2015

TECHNICAL ISO/TR

REPORT 15916

Second aditon
20151215

Basic considerations for the safety of
hydrogen systems

I sécurtté
Inydrogene

Hydrogen Technologies
Code

ASMEB31.12-2019

(Revision of ASME B31.12-2014)

O Hydrogen Piping

N Guide R and Pipelines o

1502015

American National Standard

ASME Code for Pressure Piping, B31
Guide to Safety of Hydrogen and
Hydrogen Systems

AN AMERICAN NATIONAL STANDARD

e American Society of
chanical Engineers

S ZABS



Existing Guidance for Hydrogen

ichuiremmts for

Hydrogen Fueled Vessels

ZABS




Scripps Institution - Hydrogen Fuel Cell Vessel

Hydrogen-Fueled Research Vessel to
be Built to ABS Class

TUE, FEB 14, 2023 21:00 CET

BN Giosten

Image courtesy of Glosten

University of California San Diego
Scripps Institution of Oceanography

* Designed by Glosten

* Hydrogen-hybrid propulsion system
- H2 fuel cells
- Conventional diesel-electric plant

» Operating profile includes day-trips and longer
coastal research voyages

* To replace existing RV Robert Gordon Sproul

ZABS



Regulatory Framework

USCG Design Basis Agreement / ABS Classification / Engineering Rigor:

Approval in Principle (AIP)
Vessel Design Philosophy
Gas Related Systems Design Philosophy

- Bunkering. Storage
Lithium-lon Batteries Design Philosophy
Hydrogen Dispersion & Explosion Analyses
Fire Risk Assessment
HAZID Studies (Transiting/Bunkering)
Gas System Risk & Probabilistic Damage Assessment
Failure Modes and Effects Analysis
Etc.

ZABS



Major Initiatives and Opportunities

Agency/Office Grant
Programs and Support
Roles:
« DOE
« MARAD
« EPA
« USCG
« DOC/DOS
» Transport Canada
» State/Province/Local
Regional Initiatives:
* H, Hubs
» Green Shipping
Corridors
* NSF Innovation
Engines
National Maritime
Innovation Center

Pacific Northwest Hub
Port of
Anchorage

Port of Seattle
o Port of Tacoma

Hy North
(Alaska)

Port of Oakland

Port of @ Port of Stockton

San Francisco

5

Alliance for Renewable
Clean Hydrogen Energy
Systems (ARCHES)

Port of Los Angeles
. Port of Long Beach

Port of San Diego

| S,

<

Hy Deal LA

@ Clean Energy Marine Hubs
B Green Shipping Corridors

EEE Proposed Green
Shipping Corridor

I Marine Highway Routes

Northeastern
Hydrogen Hub

Ohio River
Valley Hub

Midwestern

Uudeacan
nyaregen

Partnership

Port of
Boston

Port of
Baltimore

Port of
Wilmington

Port of

Charleston

Connected DMV

Southeastern
Hydrogen Hub

Houston
Hydrogen Hub

Port of Savannah.
Port of Mobile

Jacksonville

Port of
Canaveral
Port of
Tampa

“‘ Port of the "‘ .
oy +,Everglades @ 4 Florida Southeast
Corpus Christi '~... ‘a Portof  *, Hydrogen Hub
Hydrogen Hub ., Miami %
. .
. .
. .
Hydrogen Hub *e, ’...
"0 ..0
3 .
niand " . ®
Mississippi % “A

Hydrogen Hub (Hy Stor) 4
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Carbon Capture, Utilization and Storage Value Chain

CAPTURE

Capturing CO, from fossil-
or biomass-fueled power
stations, industrial facilities
or directly from the air.

l

TRANSPORT

Moving compressed CO,
by pipeline or ship from
the point of capture to the
point of use or storage.

USE

Using captured CO, as an
input or feedstock to create
products or services.

STORAGE

Permanently storing
CO, in underground
geological formations,
onshore or offshore.




CO2 Characteristics and Phase Diagram

A critical Point
| 304°K=31°C=88°F
I 838 bar = 8.38 Mpa = 1,070 psi

« CO2: 10,000 —{gr s

Cryogenic Hazard

* Need proper PPE
Not flammable 1,000 —
Asphyxiant
Heavier than air

* Adequate ventilation

« Similar safeguards to CO2 fire
suppression systems

100 —

Pressure — P (bar)

 Liquid CO2 cannot exist at pressures below 10 —
triple pOint 5.2 bar, 75.4 psi - = —

* Triple Point Depends on CO2 purity (-57°C,
5.2 bar for pure CO2) !

200 250 300 350 400
-57C, -70F Temperature — T (K)



IMO Classification of Gas Carriers

Independent Tanks -ated Tanks

Type A Type B Type C Membrane Type
Pressure < 700 mbar Pressure = 700 mbar** Pressure > 2000 mbar Pressure < 700 mbar
Full Secondary Barrier Partial Secondary Barrier No Secondary Barrier Full Secondary Barrier

** For Prismatic Tanks

Cylindrical
Prismatic Spherical (Moss)

Common for Fully
Refrigerated LPG carriers.
New systems under
development for LNG:

- LNT "A"-Box (on order)

- Torgy Prismatic (SPB) SN
Pressure vessels, based “Qx;;‘;!

Bi-lobe/Tri-lobe

Based on classical ship Bagad oFTIst-BriRGIBIE on pressure vessel code “:‘*&,.-i }, o
structure design rules - P P &
analysis and model tests
KOGAS KC-1

© LNT Marine, GTT, JMU, Moss Maritime, TGE Marine Gas Engineering, Kawasaki Heavy Industries, Ltd., Marine Chemist Association

Cargo to be maintained above triple point => Pressure Vessel
ZABS



Exampl e of Low-Pressure Storage

Build a COz solutions
ecosystem

Conceptual image of Mitsubishi Shipbuilding Co.’s liquefied CO2 demonstration test ship
Source: Mitsubishi Shipbuilding Co. %ABS
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Been there, Done that...

« NSS Savannah

Source: Me

ZABS



Commercial Nuclear Challenges

Safety
* Risk Management

- Safety Considerations

&

Regulatory

* International (IAEA, IMO)
* Flag State

» Coastal State

Operational

* Nuclear Maintenance at Shipyards
« Terminal Considerations

* Crew Training Requirements

* End of Life Considerations

i-=E=’

Commercial / Social

» CAPEX requirements for construction
* Trade location limitations

» Public perception and acceptance



Alternative Energy: Nuclear

TECHNOLOGY

Industry

Guidance for
Novel Concepts

RESEARCH

Industry
Research

.- Engagements

© Core Power

Intro to Advanced
Commercial Nuclear for
Maritime

NTQs for Marine Modular
Reactors

ABS-Herbert Concept
Design Study

US DOE Nuclear Energy
University Program

Advanced Nuclear
Maritime Demonstration
Project



SNAME Nuclear Initiatives

- SNAME AHP 10

* |International Reactor Innovative and Secure

(IRIS)
* Westinghouse

* High Temp Reactor-Gas Turbine (HTR-GT)

¢ General Atomics
« SNAME Panel M-48

- Atomic Batteries

MIT News

ON CAMPUS AND AROUND THE WORLD £2 SUBSCRIBE

3Q: Why “nuclear batteries” offer a new approach
to carbon-free energy

Jacopo Buongiorno and others say factory-built microreactors trucked to

usage sites could be a safe, efficient option for decarbonizing electricity
systems.

David L. Chandler | MIT News Office
June 25, 2021

17500mm

8300mm

2180mm

—

CONTROL ROD DRIVE MECHANISM

PRESSURIZER HEATERS

UPPER HEAD

~ STEAM GENERATOR (1 OF12)

SG STEAM OQUTLET CHAMNEL HEAD

STEAM OQUTLET NOZZLE (1 OF 12)

FEEDWATER INLET NOZZLE (1 OF 12)
ROTATED INTO VIEW — FEEDWATER
PIPING NOT SHOWN

i

SUPPORT COLUMNS
N—"

/CONTROL ROD DRIVE LINE EXTENSION

SG PRIMARY WATER OUTLET
~/—CWTROL ROD GUIDES

SG FEEDWATER INLET CHANNEL HEAD

Il /—ss LOWER SUPPORT
9 //—PEACTOP COOLANT PUMP (1 OF 4)

o I— _|

TS~—RCP SUCTION PLENUM
RCP DISCHARGE NOZZLE
| ~———— CORE BARREL

|~ FUEL ASSEMBLY

VESSEL ID 3426mm
[*— VESSEL OD 3776mm

CORE LOWER SUPPORT STRUCTURE
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ABS Sustainability Related Publications

VALUE

F THE

CHAIN

.’ WEL NG THE COURSE TO
T LOW CARBON SHIPPING SETTING THE COURSE TO
o C ARBON SHIPPING

PATHWAYS TO
SUSTAINABLE SHIPPING

¥ABS

@ BIOFUELS AS MARINE FUEL YDROGEN.AS MARINE FUEL
2

GREEN SHIPPING

CORRIDO

LEVERAGING SYN

Please visit: www.eagle.org/sustainability

EaBs
OFFSHORI ERGY S|

INDUSTRY AND
MARKET TRENDS

AN APPROACH TO

GREEN SHIPPING CORRIDOR
MODELING AND OPTIMIZATION




“Those who say it can't be done are usually interrupted
by others doing it.”

- James Baldwin
(Writer, Playwright, Poet, Activist)

ZABS



Thank You

www.eagle.org
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