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27th Commandant of the Coast

On June 1, 2022, Admiral Linda L. Fagan relieved Admiral Karl Schultz
to become the 27th Commandant of the Coast Guard, and the first

female military service chief.

Held at Coast Guard Headquarters, President Joseph R. Biden presided
over the historic event, which was attended by Department of Homeland
Security Secretary Alejandro Mayorkas, as well as family, friends, and

colleagues.

Coast Guard photos by Petty Officer 1st Class Travis Magee



Guard, Admiral Linda L. Fagan
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he marine transportation sys-

I tem (MTS) is the lifeblood of the
global economy and critical to our
national interests, connecting America’s
consumers, producers, manufacturers,
and farmers to domestic and global mar-
kets. Maritime transportation of cargo is
the most economical, environmentally
friendly, and efficient mode of freight
transport, accounting for $5.5 trillion

Assistant
Commandant’s
Perspective

by REaAR ADMIRAL WAYNE R. ARGUIN
Assistant Commandant for Prevention Policy
U.S. Coast Guard

in economic activity each year and
the employment of over 30 million
Americans. Any significant disruption to
the MTS, whether natural or manmade,
has the potential to cause cascading and
devastating impacts to our domestic and
global supply chain. The key to main-
taining a viable and healthy MTS lies
in stewardship and sustainability, and
requires unity of effort from the entire

Champion’s
Point of View

by CaptaiN DaNieL H. Cost
Chief, Office of Design and Engineering Standards
U.S. Coast Guard

“Sustainability is here to stay, or we may not be.”
—Niall FitzGerald, international business leader

s we continue to expand the use
A of the marine transportation sys-

tem (MTS) to carry more vessels,
more cargo, and more people, we must
remain ever mindful of our environmen-
tal impact. Sustainability is becoming
increasingly important and it is critical
that we rise to meet the challenge of
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managing our growing footprint to pro-
tect our planet. True success will require
contributions and unity of effort from all
levels.

Regulators are hard at work to
develop and promulgate sustainable
strategies and objectives. This is hap-
pening globally, as the United Nations



maritime community.

The Coast Guard has a long history of environmental
stewardship and it is woven into our concept of oper-
ations. As part of our mission, we develop standards
for the commercial shipping industry, working effec-
tively in coordination with the International Maritime
Organization (IMO) and our U.S. interagency partners.
We conduct inspections to ensure compliance with these
standards, both for our own ships and foreign ships sail-
ing in our waters. We respond when incidents happen
and then investigate these incidents as a feedback mech-
anism to make improvements to our existing standards.

Recently, much attention has been focused on ways to
reduce global emissions. At the United Nations Climate
Change Conference, 200 countries came together and
agreed and stressed the urgency and need for action “in
this critical decade” to drive the world toward a more

sustainable, low-carbon pathway. The IMO has also been
hard at work developing targets and strategies to reduce
international shipping industry’s emissions, and has set
a target goal to halve emissions from shipping by 2050
from 2008 levels. Here in the United States, the admin-
istration has also set some ambitious sustainability tar-
gets, including a net zero emissions economy by no later
than 2050.

Achieving our global sustainability goals will require
a joint effort from international, federal, state, local,
tribal, and industry stakeholders. Fortunately, there are
multiple paths to reach these goals. In the articles that
follow, it is clear that maritime stakeholders at all lev-
els are evaluating how they can make a difference. I'd
like to thank all those who shared their viewpoints and
thoughts on this important topic and I hope you enjoy
reading them as much as I did.

and International Maritime Organization set emissions
reduction measures. It is happening nationally, as the
administration sets ambitious goals and incentives for
shifting to greener energy sources. It is happening at the
local level as states establish requirements for the trans-
portation infrastructure that moves cargo throughout
the ports, railways, and roads.

Businesses, large and small, including international
corporations, local companies, classification societies,
and even maritime insurers are also taking action. As
industries evaluate their business strategies, more and
more are looking at how they can leverage environ-
mental, social, and governance principles to transform
their business operations and incentivize others to do
the same.

Technological advances will also be vital in our

sustainability efforts. Whether it’s modifying exist-
ing systems to run more efficiently, or developing new
systems to run on alternative fuels or different power
sources, substantial research and development is under-
way to innovate and find new solutions to reduce our
carbon footprint.

This issue of Proceedings provides readers with a
glimpse into the combined efforts of governments and
business, as well as some of the technology being consid-
ered, as we come together on our sustainability journey.
My sincere thanks go to our authors, who have taken the
time to share their ideas and best practices. We hope that
you will find this issue to be a valuable resource as you
consider how you can contribute to the joint goal of lever-
aging the MTS for all it has to offer, while also protecting
it today so that we can continue to enjoy it tomorrow.
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Environmental Governance

Sustainability Improvements
at U.S. Maritime Administration

Infrastructure, investments, and technology innovation

by PETER SIMONS

Supervisory Transportation Specialist
Office of Port Infrastructure Development
MARAD

WADE MOREFIELD

Transportation Analyst

Office of Ports & Waterways Planning
MARAD

the Biden-Harris Action Plan for America’s Ports

and Waterways.! The plan recognizes that American
ports are a cornerstone of the U.S. economy, that they
support more than 30 million jobs, and represent approx-
imately 26 percent of our nation’s gross domestic prod-
uct (GDP). It goes on to note that “ports face extensive
challenges modernizing infrastructure and maintaining
essential facilities under threat of sea level rise and other
climate changes.” In order to address those challenges,
the plan commits to a series of federal agency actions,
including steps to accelerate investment in our nation’s
ports, waterways, and freight networks.

The Maritime Administration’s (MARAD) major
grant programs are a key part of this effort to acceler-
ate investments in waterways, shipyards, and ports.
Grants administered by MARAD are discretionary
grants, meaning that recipients are selected through a
competitive process involving a public solicitation for
projects. Applications are then evaluated against criteria
established by authorizing legislation, appropriations act
language, and related administration policy. In previ-
ous years, MARAD-administered grant programs have
funded projects that, for the most part, have played an
indirect role in helping the maritime community address
climate change. That is changing as the grant programs
evolve and the purposes for which funding can be used
are modified by congressional action.

I n early November 2021, the White House released

The Maritime Administration

MARAD is the agency responsible for discharging the
U.S. Department of Transportation’s (DOT) authorities
relating to our nation’s waterborne transportation system.
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DAN Yuska

Director

Office of Environment and Innovation
MARAD

At its core, the agency supports the technical aspects
of America’s maritime transportation infrastructure—
ships and shipping, port infrastructure development,
reserve fleet operations, national security, environmen-
tal stewardship, commerce, and safety. MARAD pro-
motes the use of waterborne transportation and ensures
the system’s infrastructure integrates seamlessly with
other methods of freight transportation. The agency also
maintains a fleet of cargo ships in reserve to provide
surge sealift capacity during war and national emergen-
cies. Finally, it plays a key role in maintaining the health
of the U.S. Merchant Marine. Commercial mariners, ves-
sels, and intermodal facilities are vital commercial and
national security links and the agency provides support
for current mariners, resources to help educate future
mariners, and public awareness about the vital role of
maritime operations in Americans’ lives.

With those broad responsibilities, MARAD is well
positioned to play a key role in helping the maritime
sector tackle climate change issues. Although its role
in this important effort is multifaceted, it is particularly
evident in the agency’s major grant programs which
support America’s marine highway, port infrastruc-
ture development, and small shipyards. In addition
to these infrastructure-related grant efforts, MARAD
manages the Maritime Environmental and Technical
Assistance (META) program that focuses on environ-
mental research, demonstration, and technology innova-
tion. In Fiscal Year 21, these grant programs, along with
the META, awarded $276.7 million in grants and other
incentives to help improve our nation’s maritime infra-
structure. With the 2021 passage of the Infrastructure
Investment and Jobs Act (IIJA), they are poised to play an
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America’s Marine Highway Program was created by the 2007 Energy Independence and Security Act, with the legislative intent of establishing a short sea
transportation program to mitigate landside congestion. Route numbers are based on the designation for nearby highways. Map courtesy of MARAD

even more prominent role in helping to address climate
change issues in FY22 and beyond.?2

A Deeper Dive into MARAD Programs
America’s Marine Highway Program
The America’s Marine Highway Program (AMHP) is an
important component of MARAD’s effort to improve
the efficiency and environmental performance of the
nation’s surface transportation system. Created by the
2007 Energy Independence and Security Act, the legis-
lative intent was to establish a short sea transportation
program to mitigate landside congestion.3 The program
encourages development and expansion of U.S. docu-
mented vessels, shippers’ use of marine services, port
and landside infrastructure development, and imple-
mentation of marine transportation strategies by state
and local governments. To date, the AMHP includes
28 designated routes comprising more than 29,000 miles
of navigable coastal, inland, and intracoastal waterways.
Services between U.S. and Canadian ports on the Great
Lakes-St. Lawrence Seaway System, as well as some non-
contiguous U.S. ports, are also eligible for assistance
under the program.*

Since its inception, the AMHP authorization has been

updated several times to refine criteria related to route
and project designation, as well as eligibility require-
ments for grants issued through the program. Eligible
activities for funding under the program involve the
domestic carriage of palletized, unitized, wheeled, or
containerized cargo on U.S.-documented vessels along
designated AMHP routes. Bulk cargo and passenger ser-
vices are not currently eligible for assistance under the
program.

In December 2021, the DOT awarded $12.6 million
in AMHP grants to nine marine highway projects.® To
date, these grants have funded more than $51.7 mil-
lion in improvements for 25 projects to develop and
expand marine services and facilitate further integra-
tion of marine transportation into the nation’s surface
transportation system. The recently passed IIJA appro-
priated an additional $25 million to support additional
AMHP projects. As outlined in the most recent Notice
of Funding Opportunity (NOFO), these new marine
highway program grants must be used to “support the
development and expansion of documented vessels
and landside infrastructure.”® When permitted under
the appropriation, funding may also be made available
for specific planning studies relating to eligible vessel
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or infrastructure projects, but
market-related studies are not
eligible under this provision.
A comprehensive listing of
AMHP grant funded projects
can be found on the MARAD
website.”

Grant awards under the
AMHP are based on several
factors that relate directly to
environmental performance
and support climate change
mitigation. These factors
include an estimate of the pub-
lic benefit that will result from
the new or expanded marine
service based on reductions
in landside freight network
congestion; emissions reduc-
tions; energy savings; landside
transportation infrastructure
maintenance savings; economic
competitiveness; safety benefits;
and freight system resiliency
and redundancy.

Applications for AMHP
grant funding must also include
estimates of cargo volumes that
will be shifted to marine service
from other freight transporta-
tion modes.

Maritime Environmental

and Technical Assistance

The META program is man-
aged by MARAD’s Office of
Environment, and is designed
to foster innovation, research,
demonstration, and develop-
ment of technologies and pro-
cesses that improve maritime
industry performance and com-
petitiveness. To accomplish this,
the program partners with fed-
eral, state, and local agencies, as
well as the maritime industry
and academia, on projects that
serve to demonstrate, validate,
and assess costs and benefits of maritime technology
innovation. Initially, most of META’s work focused on
controlling the spread of aquatic invasive species trans-
ported by vessels, and reducing vessel and port air
emissions as those two environmental challenges were
high priorities domestically and internationally. More
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An inland terminal, the Port of Virginia’s Richmond Marine Terminal, is served by a container-on-barge service
from Hampton Roads along M-64, a marine highway route that removes container traffic from local roads and
highways. Photo courtesy of The Port of Virginia

Scripps Institution of Oceanography is in the process of replacing the aging R/V Robert Gordon Sproul with a
new hydrogen hybrid research vessel. The H, Hybrid SRV will use hydrogen in the form of a fuel cell generator,
like the one seen here. Photo courtesy Bruce Appelgate, Scripps Institution of Oceanography

recently, the META portfolio has evolved to include
underwater noise, safety, energy efficiency, and maritime
decarbonization.

Addressing the challenge of maritime sector decar-
bonization requires greater collaboration among federal
agencies and industry stakeholders. Realizing this, over



the past few years the META program worked closely
with government partners like the Environmental
Protection Agency and the Department of Energy, to
develop a broad maritime decarbonization strategy. The
strategy identifies research, demonstration, and tech-
nology (RD&T) needs, and details the need for greater
industry incentives to transition to low- and zero-carbon
emissions. It also supports U.S. innovation and manufac-
turing of low-carbon fuels and green technologies.

The RD&T efforts complement other MARAD and
interagency grant programs and enhance progress
towards sector decarbonization mandates. For example,
META has demonstrated maritime applications for next
generation biofuels, hydrogen fuel cells, batteries, and
hybrid systems. Similarly, the program has supported
multimodal modeling tools, lifecycle emissions analyses,
and innovative projects that close the carbon loop. These
projects have been specifically designed to address data
gaps to inform regulatory and policy agencies and pro-
vide the industry with necessary information on “what
works” for vessel and port operations. Along those lines,
these efforts also inform MARAD’s port- and shipyard-
related grant programs.

Port Infrastructure Development Program
Created by statute in 2009, the Port Infrastructure
Development Program (PIDP) was first funded in 2019.
Its authorizing statute gives the secretary of transporta-
tion authority to make grants to projects that would be
used to improve the safety, efficiency, or reliability of:

e the loading and unloading of goods at a port

e the movement of goods

six types. These include port gate improvements; road
improvements, both connecting to and within a port;
rail improvements, both connecting to and within a port;
and berth improvements, including docks, wharves,
piers, and dredging incidental to the improvement proj-
ect. Also included are landside improvements in support
of cargo operations—silos, container facilities, and other
similar facilities. For 2022, eligible projects include opera-
tional improvements, like those identified above; proj-
ects that improve resiliency; and projects that reduce or
eliminate port-related criteria pollutants or greenhouse
gas emissions. In general, grants may fund up to 80 per-
cent of the eligible cost of a project.

Since the first grants were awarded in February 2020,
the secretary has approved a total of $733.8 million in
funding to 58 projects. The funded projects are located
in 26 states and two U.S. territories. To date, PIDP grant
awards have focused on capital infrastructure invest-
ments that enhance the movement of cargoes. For exam-
ple, of the projects awarded funding, 56 have been for
construction activity. This is particularly important con-
sidering the recent supply chain resilience challenges.
The projects represent mid- to long-term investments in
infrastructure that help ports move cargo—exports and
imports—and generate the regional and national eco-
nomic impacts the program is intended to foster.

Like MARAD'’s other grant programs, PIDP has
evolved in purpose and scope since first authorized by
Congress. By policy, the solicitation for projects in 2021
included the inclusion of climate change considerations
in project selection criteria. Specifically, applicants were

into, out of, around, or

within a port
* environmental mitigation
measures

Grants under PIDP are com-
petitively awarded based on a
project’s alignment with qualify-
ing and merit criteria described
in the NOFO. Generally, an appli-
cant must be a governmental
entity, but projects proposed by
non-governmental entities are
eligible for consideration if the
non-governmental entity works
with a governmental partner.?
For example, a private company
could team with a governmen-
tal entity in the area in which its
project is located.

Through the 2021 application
and award cycle, eligible proj-
ects have been limited to any of

Waves and high water generated by Hurricane Isabel impacted the Port of Baltimore’s Dundalk Marine
Terminal in September 2003. The storm produced a surge of 6 to 8 feet at the port and flooded downtown
Baltimore. Photo courtesy of the Port of Baltimore
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“BACKFLOW PREVENTER

Prevents storm surge from
inundating interior of terminal

After Hurricane Isabel flooded the Port of Baltimore’s Dundalk Marine Terminal and downtown Baltimore in September 2003, the Port of Baltimore developed
a project to provide flood mitigation improvements at terminal. The project includes a perimeter barrier to prevent overtopping, a box culvert with pump, and
a series of backflow preventers in drains. The project is supported by a U.S. Department of Transportation grant and administered by MARAD. Photo courtesy

of the Port of Baltimore.

asked to identify whether the project had incorporated
climate change in either the planning phase or design
components of the project, or both. The IIJA, in addition
to providing supplemental PIDP, and AMHP, funding
for the next five years, has expanded the types of proj-
ects eligible for funding consideration to include projects
that improve the resiliency of ports to address climate
change-related phenomena like sea-level rise, flood-
ing, extreme weather events, earthquakes, and tsunami
inundation. This is in addition to projects that reduce or
eliminate port-related criteria pollutant or greenhouse
gas emissions like electrification projects, idling reduc-
tion infrastructure, electric vehicle charge or hydrogen
refueling infrastructure, and installation of anti-idling
technologies.

To be clear, projects selected based on these criteria
in the future will not represent PIDP’s first investment in
projects that have a positive impact on the climate or that
help ports improve their resiliency. For example, since
the program’s inception the emissions reduction benefits
of a project have been part of the mandatory cost-benefit
analysis for DOT’s discretionary grant programs.® In
addition, funding has been provided to several projects
that help, or will help, ports improve their resiliency,
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such as storm water management projects.

Small Shipyard Grant Program

Established in 2008, MARAD’s fourth major program
is the Small Shipyard Grant Program. Small shipyards
are a critical component of U.S. maritime operations
and economic security. Employing more than 100,000
Americans, they generate economic activity in commu-
nities along and near our nation’s ports and waterways,
and contribute tens of billions to the GDP.

In its enabling legislation, Congress authorized
MARAD to provide assistance to shipyards to sup-
port projects that make capital improvements, provide
maritime training programs, foster technical skills, and
improve operational productivity. Today, its purpose
remains largely unchanged. It continues fostering effi-
ciency, competitive operations, and quality ship con-
struction, repair and reconfiguration in small shipyards
across the United States while promoting employee skills
and enhanced productivity related to shipbuilding, ship
repair, and associated industries.

The program’s statutory authority provides that
only shipyards are eligible applicants, and the shipyard
facility for which a grant is sought must be in a single



geographic location with no more than 1,200 production
employees. !0 The facility must construct, repair, or recon-
figure vessels 40 feet in length or greater for commercial
or government use, or construct, repair, or reconfigure
noncommercial vessels 100 feet in length or greater. By
statute, the federal participation in any eligible project
cannot exceed 75 percent of its total cost. Eligible proj-
ects include capital infrastructure and related improve-
ment and training projects that enhance the purposes
of the program. Finally, the program operates under the
strictest timeline of any of MARAD’s grant programs.
A NOFO must be issued by MARAD within 15 days
of the date of the program’s annual appropriations act,
and grants must be awarded no later than 120 days from
that date.

To date, the Small Shipyard Grant Program has
awarded 299 grants totaling $263 million to shipyards for
equipment like cranes, panel lines, welding equipment,
and other material handling equipment. Specifically,
older cranes and other large equipment from the 1950s
were replaced with updated versions featuring modern
Tier IV engines capable of running alternate fuels to
reduce emissions. Another derivative of the program has
been the support of training to qualify welders, fitters,
painters, and other skilled tradespeople to help fill the
positions that shipyards need to build modern vessels.
Recently, the program has funded grants to assist ship-
yards in reducing their energy consumption through
lighting, HVAC, and insulation projects. This is in addi-
tion to environmental projects to control storm water
runoff, and those that help a shipyard reduce its energy
footprint through the installation of electric air compres-
sors and other equipment.

Strategic Link between MARAD Programs

As the previous discussions indicate, MARAD's finan-
cial assistance programs are evolving to include a greater
emphasis on the reduction of greenhouse gas emissions.
The ITJA, for example, added two specific climate-related
purposes—climate change resilience and port-related
criteria pollutants, or greenhouse gas emissions—to
the types of projects eligible for funding under PIDP.
Similarly, the president has established climate-related
goals for federal agencies, and the programs they imple-
ment. These goals include establishing greenhouse gas
reduction goals, promoting energy efficiency, incorpo-
rating electrification or zero emission vehicle infrastruc-
ture, increasing climate resilience, reducing pollution,
recycling or redeveloping brownfield sites, and address-
ing environmental justice concerns.!!

MARAD’s programs are also evolving to reflect syn-
ergies with other intra- and inter-agency programs. For
example, PIDP and AMHP grants have been awarded
to distinct, but complementary, projects. Additionally,

the recent statutory inclusion of harbor craft, or related
equipment replacements/retrofits, and worker training
in the list of PIDP-eligible projects may enable that pro-
gram to build on the successes of the Small Shipyard
Grant Program. The MARAD staff also continues to
work closely with other federal agencies to support a
broader federal approach to decarbonization of the mari-
time sector and intermodal components. /&
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ments/2021/05/24/2021-10914/notice-of-funding-opportunity-for-americas-
marine-highway-projects

o

~

Maritime Administration website: https://www.maritime.dot.gov/sites/
marad.dot.gov/files/2021-02/AMH%?20Project%20Designations%?20Jan%20
2021_0.pdf

An eligible applicant can be a port authority, a commission or its subdivision
or agent, a state or political subdivision of a state or local government, a Tribal
government, a public agency or publicly-chartered authority established by
one or more states, a special purpose district with a transportation func-
tion, or a multistate or multijurisdictional group of entities. The statute also
permits an entity described above to team with a private entity (or group of
private entities), including owners or operators of port facilities, on an appli-
cation. National Defense Authorization Act for Fiscal Year 2021, Pub. L. No.
116-283, §3504, 134 Stat. 3388, 4399 (2021)

Emissions reduction benefits are one of the five categories of benefits dis-
cussed in the Department’s guidance on how to conduct a project bene-
fit-cost analysis. Benefit-Cost Analysis Guidance for Discretionary Grant
Programs, February 2021. www.transportation.gov/sites/dot.gov/files/2021-
02/Benefits%20Cost%20Analysis%20Guidance%202021.pdf

10-46 U.S.C. Sec. 5401 (2021)

11. Exec. Order No. 14008, Tackling the Climate Crisis at Home and Abroad, 8 6
Fed. Reg. 7619 (Feb. 1, 2021)

®
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Carbon and Compliance

Trends and tension in the IMO's
emerging decarbonization program

by LCDR BeNjaMIN ROBINSON

Deputy Chief, Environmental Law Division
Office of Maritime and International Law
U.S. Coast Guard

for the Prevention of Pollution from Ships (MARPOL)

Annex VI, Chapter 4 changed from “Regulations
on Energy Efficiency for Ships,” to “Regulations on the
Carbon Intensity of Ships.”! The new title is not merely
window dressing. The maritime greenhouse gas (GHG)
regulations that follow expand on the existing approach
and introduce a new, operationally focused approach
alongside it.

The existing MARPOL regulations on greenhouse
gas emissions date to 2011 when states party to MARPOL
first adopted Chapter 4 to be included in Annex VI.?
This initial gambit established several norms that set
the course for developments since. The first is the deci-
sion to set energy efficiency goals based on one of 12
vessel types. The next was to begin rating ships” energy
efficiency and to require phased improvements in those
ratings. This article outlines existing and forthcoming
elements of Annex VI's GHG regula-

I n June 2021, the title of the International Convention

fuel consumption into CO, production.3 As ship owners
look to alternative fuels to meet requirements for rating
improvements, C; is a key metric for decision makers
and is used in the formulae for both of Chapter 4’s rat-
ing indexes.

EEDI and EEXI

At the heart of the 2011 regulations was the Energy
Efficiency Design Index (EEDI). The EEDI is a theoretical,
technical measurement. It takes into account the power
output of propulsion and auxiliary engines, specific fuel
consumption—the amount of fuel required to generate
a kW-hour—C;, deadweight tonnage, a reference speed,
and several correction factors. Reducing power ratings
or using fuels that produce proportionally less CO, and
higher energy intensity will thus reduce EEDI. For ves-
sels in the design phase, more efficient hull shapes pro-
vide another means of reducing EEDI. The formula for

tions; considers how these embody EEDI Database for Containerships

some paradigmatic shifts in regu-
latory style; and anticipates areas

of the regulation that may require a

reconsideration as de-carbonization % L omemmnnensses
efforts pickup. S

|
MARPOL’s Energy i
Efficiency Regulations o1

The Carbon Factor

Anomalous as it may be, any coher-
ent discussion of Chapter 4’s archi-
tecture must begin with an element 18 1
absent from the language of the
regulations themselves—the carbon
factor (Cy). This metric is indispens-
able to tracking and controlling CO,. 0!
Cy, which varies by fuel, is a ratio

EEDI Values
[

Containership

— — Reference line
= Phase 0
= Phase 1(10%)
- Phase 2 (20%)
Phase 3 (30%)
= Voluntary EEDI
= Attained EEDI (Fhase 0)
Altained EEDI (Phase 1)
= Attained EEDI (Phase 2)

100000 150000 zmooo 256000
Capacity (DWT)

between a mass of a fuel and the
mass of CO, emissions produced

This EEDI database for containerships reflects data for 961 ships: 141 ships for non-mandatory, 373
ships for Phase 0, 446 ships for Phase 1, and 1 ship for Phase 2. Graphic courtesy of the IMO Marine

by its combustion. It thus translates  Environment Protection Committee
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calculating EEDI is not specified by regulation but is
instead explained in IMO Guidelines.*

Starting in 2013, EEDI was calculated for each new ship
and documented on a new certificate, the International
Energy Efficiency Certificate. This initial EEDI figure is
known as “attained EEDL.” Chapter 4 contains a table
of reduction factors that are applied—together with a
“reference value” based on ship type and deadweight
tonnage—to reduce a vessel’s required EEDI at set inter-
vals.® The reference value for each ship type is based on a
regression curve on the data in the IHS Fairplay database
for ships built from 1999 to 2008, and is based on capac-
ity, propulsion power, and service speed.

In June 2021, Energy Efficiency Existing Ship Index
(EEXI) was added, allowing phased reductions require-
ments for ships built before the 2013 EEDI rollout.® Both
EEDI and EEXI are documented in a technical file that
shows the basis and method of the EEDI/EEXI calcula-
tion. Administrations must collect EEDI, both required
and attained, for each vessel and also report them to the
IMO for inclusion into its database. As of August 2021,
the IMO database contained the EEDI of 7,324 ships.”

Ship Energy Efficiency Management Plan

The Ship Energy Efficiency Management Plan (SEEMP)
is the ship-level implementation device for Chapter 4.
The initial 2013 SEEMP guidelines required shipping
companies to develop monitoring, encouraged use of
Energy Efficiency Operational Indicator, the predeces-
sor to EEDI/EEXI, and encouraged fuel-efficient opera-
tions through improved voyage planning, just in time
scheduling, speed optimization, loading optimization,
and similar techniques.® Although the requirement for
a SEEMP is mandatory, guidance, not regulation, sets
the content.

The importance of the SEEMP increased in 2016 with
the requirement for collecting each ship’s fuel consump-
tion.” New SEEMP guidelines required a fuel oil con-
sumption data collection plan.!? This plan establishes
a methodology for tracking fuel consumption—either
with a flow meter, bunker delivery notes (BDNSs), or tank
soundings—distance traveled, and hours underway.
The 2016 guidelines also recognize direct CO, emissions
measurement at the stack as an alternative.

Carbon Intensity Indicator

Another major 2021 addition was carbon intensity indi-
cator (CII), a measure of the carbon emissions per unit
of work, or deadweight ton-nautical mile. As with EEDI
and EEXI, ClII is calculated based on formulae in guide-
lines rather than direct regulation.! The IMO’s CII cal-
culation guidelines recognize two methods—one based
on actual work, or demand-based CII, and the other
based on potential work, or supply based CII. However,

because demand-based calculations require information
on the amount of cargo carried and this information is
not presently collected, for now only supply based CII
will be used.

In contrast to the technical-theoretical character of
EEDI and EEXI, ClI is an operational indicator. Reducing
fuel consumption while not underway will reduce the
overall mass of CO, emission, as will using a fuel with a
lower C;. Larger vessels that do not require proportion-
ally greater fuel consumption will also have lower CII.

Starting in 2023, each applicable ship will be required
to calculate the CII attained that year for its adminis-
tration. The administration will, in turn, compare the
attained CII to the required CII—calculated using the
required schedule of reduction factors—and assign a
grade to the ship ranging from A to E. Flag state admin-
istrations will require ships with an E rating or three
years’ worth of D ratings to take corrective actions
through the SEEMP.

Shifts in the Regulatory Paradigm

Chapter 4 is novel among IMO regulatory efforts in both
the nature of its goal and the regulatory means used to
pursue it. The explicitly stated goal is to reduce the carbon
intensity of shipping internationally. This goal is distinc-
tive because it reaches beyond the typical scope of IMO
regulatory activity—safety of life and property at sea or
the local marine environment—to address a problem,
planetary in scale, for which shipping is but one of many
contributors.'?> Another unique feature of this chapter
is that it simultaneously pursues one goal through two
methodologies—EEDI/EEX]I, or technical carbon inten-
sity, and CII, or operational carbon intensity. '3

It also stands out for the scope of impact of its regu-
lations. While previous international regulatory efforts
have certainly influenced hull and machinery design,
fuel chemistry, and vessel navigation practices, no sin-
gle regulatory effort has reached all of these at once to
achieve a single goal.

Chapter 4's methodology is also unique in that most
carbon intensity regulations implement an explicitly iter-
ative process. Although there is a long history in marine
safety and environmental protection regulations toward
ever more robust standards, no IMO regulatory regime
so far has made that iterative process a structural com-
ponent of the regulations themselves. Fuel consumption
data reporting is the metric that will drive this process;
reduction factors applied to EEDI/EEXI and CII will
effectuate the process; and IMO audits and reviews will
close the iterative loop with feedback on progress. This
dynamic feature of the carbon intensity regulations is
explicit in new regulation 20, titled “Goal,” which states,
“[t]he goal of this chapter is to reduce the carbon intensity
of international shipping, working towards the levels of
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A reserve marine science technician from Marine Safety Unit Portland, Oregon, monitors the transfer of ethanol from a barge on the Willamette River. Coast

Guard photo by Petty Officer 2nd Class Allan Campbell

ambition set out in the Initial IMO Strategy on reduction of
GHG emissions from ships.” As the IMO strategy on GHG
emissions evolves, so too will the carbon intensity regu-
lations.

Evolving Company, Flag, and Port State Roles

As in practically all IMO regulatory efforts, flag states
will survey ships to determine compliance and issue an
International Energy Efficiency (IEE) Certificate. This
certificate documents the ship’s EEDI/EEXI and its com-
pliance with the requirements. It also documents compli-
ance with the SEEMP and fuel consumption reporting
requirements but does not include CII.

The role of port states is currently difficult to discern.
Because the goal of the carbon intensity regulations is
focused on the aggregate problem of carbon dioxide
emissions from ships overall, rather those of a single
vessel, the regulations appear less susceptible to typical
port state control oversight. One open question for port
states is how they will determine that a ship’s energy
efficiency “substantially corresponds” with the required
EEDI/EEXI noted on its certificate. Given the competing
interests of meeting schedules, extending vessel life, and
managing fuel costs, noncompliance will surely exist.
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Annex VI contains a specific regulation on port state
control. This regulation explicitly allows port states to
check for an IEE Certificate, a statement of compliance
with fuel consumption reporting, the SEEMP, and that
a vessel has a CII rating. Interestingly, this regulation
makes clear that port state inspectors may evaluate
whether the SEEMP is “duly implemented.” This is note-
worthy because the SEEMP regulation states that it may
form part of the safety management system (SMS) and
under current port state control procedures inspectors
do not evaluate SMS implementation in its own right. 4

The reason for this apparent anomaly may be that
current IMO port state control guidance treats over-
all compliance with other technical and operational
requirements as evidence of a properly implemented
SMS. Because technical and operational compliance with
carbon intensity regulations is difficult or impossible for
an inspector to evaluate by visual observation onboard,
the inspector must look directly to implementation of the
plan itself to gage compliance.

Flag and Port State CII Incentive Regimes
The means of implementing CII is another novel feature
of the carbon intensity regulations. Rather than apply
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a certificate-based mandatory compliance model, the
regulations contain an explicit encouragement to flag
and port states to reduce CII by providing incentives to
ships with CII ratings of A or B. While flag states and
port states have long incentivized compliance through
inspection targeting systems, incentives have not previ-
ously been encouraged by the regulations themselves.

Role of the”Bunkering State”
In the classic “Thames Formulation” of international
maritime governance, parties to an IMO convention
work together in their capacities as flag states, coastal
states, and port states to achieve agreed on safety or
environmental protection goals. Annex VI created a new
role for parties as fuel regulators. This began with the
SOx regulation, which requires parties to:
* maintain a register of local suppliers of fuel oil
e require those suppliers to provide BDNs, retain
copies, and make them available for inspection
* notify flag states of vessel’s receiving
non-compliant fuel
e take action against fuel oil suppliers that have
been found to deliver fuel oil that does not
comply with that stated on the BDN1®
The role of parties as regulators of fuel suppliers is
likely to expand apace with
required reductions in EEDI/
EEXI levels. Once the initial
reductions associated with
optimizing speed have been
exhausted as a means of bring-
ing down EEDI/EEXI, ship
owners will look to alterna-
tive fuels for further improve-
ments. The IMO, flag states,
and port states will, in turn,
look to the countries produc-
ing fuels for reliable documen-
tation of C;, and perhaps one
day, a lifecycle fuel cost.

The Expanding IMO Role
Where most IMO regimes leave oversight to flag and port
states, the carbon intensity regulations are notable for
assigning a significant oversight role for the IMO itself.
To start, fuel consumption data must be reported to the
IMO. The individual EEDI figures for each ship will also
be reported to IMO by flag administrations and recog-
nized organizations. Moreover, new Regulation 31 sub-
jects flag states to periodic audits by the IMO to verify
compliance with Annex VI and to implementation of
corrective action based on the results of those audits.
Less obvious, but equally important, will be the
IMO'’s role in developing safety regulations to address

Given the complexity of calculating
EEDI/EEXI, class societies, in their
capacities as recognized organizations,
will play an increasingly larger role
in effectuating the carbon intensity
regulations. Unenviably, this includes
the role of developing corrective
action plans for ships with low ClII.

the carriage and use of new fuels like methanol, ammo-
nia, and hydrogen. These coordinated regulatory efforts
will be necessary for decarbonization to proceed in a
safe manner.

New roles for classification societies

Given the technical complexity of calculating EEDI/
EEXI, class societies, in their capacities as recognized
organizations, will play an increasingly larger role in
effectuating the carbon intensity regulations. This role
will also include the unenviable task of developing cor-
rective action plans for ships with low CII ratings.

Emerging Tensions

Chapter 3 vs. Chapter 4

Currently, the fuel oil quality regulations in Chapter 3,
which deal with emissions, draw a distinction between
traditional marine fuels as “blends of hydrocarbons
derived from petroleum refining,” and others.1® Other
liquid marine fuels, including biofuels, must be certi-
fied to meet SOx and NOx standards. Additionally, they
must be free of inorganic acid and meet more open-
ended criteria, including being safe for the vessel, its
machinery, and crew, while not contributing to “overall
air pollution.” This all-or-nothing dichotomy between
petroleum derived fuels and
all others does not account
for the wide variety of blends
of petroleum and biofuels
and consequently, the IMO
is considering approaches
that would put biofuels on
equal footing with petroleum
fuels.!”

The extent to which
biofuels and bio-blends merit
distinct regulatory treatment
will, in turn, depend on fuel
chemistry and the character-
istics of the engine in which
it is used. This may require new content in a ship’s NOx
technical file and, perhaps, new documentation demon-
strating fuel-engine compatibility.

Similarly, the scope of the fuel quality regulations
may need to expand as ship operators look to non-con-
ventional fuels. Coal, gaseous, and nuclear fuels are
exempt from the current fuel quality regulations. As a
result, there is no regulatory requirement for a BDN. As
the BDN takes on new functions under Chapter 4’s car-
bon intensity regulations, like documenting Cj, this too
may require reconsideration.

The Broadening Horizon Ahead

As significant as these developments are, and as much
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as they expand the scope of IMO regulatory activity, one
stone remains unturned along the path to reducing over-
all CO, contribution from shipping. Developments to
date limited their scope to emissions from ship stacks
and do not consider the energy required to produce fuels
and the CO, that results. This broader, well-to-wake
view of carbon intensity is assessed in a lifecycle analy-
sis (LCA). Although international LCA standards exist,
none have been incorporated into the MARPOL context
yet. The IMO’s GHG working group is, however, working
toward developing guidelines for an IMO standard.®

But development of LCA guidelines would just be
the first step towards incorporating a well-to-wake
approach. Implementing LCA metrics in the IMO’s car-
bon intensity regulatory regime would not just require
new calculations for EEDI/EEXI and CII, it would require
new documentation and reporting requirements. Just as
the C; for some fuels may become mandatory content
for BDNSs, so too may the lifecycle carbon intensity of
a fuel. And where C; for a type of fuel is essentially the
same for all batches of fuel of a particular grade, lifecycle
carbon intensity of a fuel may vary drastically for fuels
of the same grade based on the energy sources used to
produce it.

Ammonia, for example, produces water, nitrogen,
and nitric oxides in combustion and is thus a serious con-
tender for a zero-carbon marine fuel. Since it can be pro-
duced by different processes, using energy from a wide
variety of sources, merely identifying the fuel as ammo-
nia is insufficient to assess its lifecycle carbon intensity.
Any regulatory system that accounts for lifecycle carbon
intensity will require a means of ascertaining and verify-
ing it.

Ultimately, the success of a well-to-wake carbon
intensity accounting system—both in terms of net GHG
reductions and economic viability—will depend on reg-
ulators’ ability to devise a coherent, practicable approach
to a challenge that spans both jurisdictions and disci-
plinary specialties. This is borne out by the history of
other IMO regulatory projects. The IMO’s early efforts
with safety of life at sea realized their full potential only
after flag state administrations’ efforts were reinforced
by port state control and safety management systems.

The more open ended, iterative, and metric-driven
approach of Chapter 4 presents the maritime industry
an unprecedented opportunity to meet a regulatory goal
through the means of their choosing. Under Chapter 4,
ship owners that embrace technological ingenuity and
managerial innovation have unprecedented opportunity
to set the future course for the industry more broadly.
As industry takes up this challenge, regulators will face
the accompanying challenge of regulating at the pace of
technological change. Because of the unique life-cycle
dimension of carbon intensity, regulators must not only
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assume new roles, but do so in an atmosphere demand-
ing unprecedented levels of coordination.

Despite the modest volume of the new regulations in
Chapter 4, their goal is anything but modest. And while
the open-ended approach embodied in Chapter 4 pro-
vides fewer explicit standards for flag state and ports
to enforce, the work of developing the implementing
guidance, information collection processes, and itera-
tive reductions are immense. Efforts to bring Chapter 4
into effect will not only change the maritime industry’s
relationship with fuel, it is likely to spur unprecedented
regulatory innovation along the way. /&
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Standing Tall on the Corner of
Prosperity and Stewardship

Low country seaports champion
social and environmental sustainability

by CDR CorypoN Hearp, D.B.A.
Deputy Sector Commander, Sector Charleston
U.S. Coast Guard

LCDR CHAD Ray

Marine Transportation System Human Capital Planner

U.S. Coast Guard

LT NicoLe CORBETT
Enforcement Division Chief, Sector Charleston
U.S. Coast Guard

“Every great city has a great river. London has the Thames. New York has the Hudson. Washington
has the Potomac. And Charleston... Charleston has two great rivers—the Ashley and the Cooper—

and that’s where the Atlantic Ocean starts.”

prawling over the maritime forests dotting the

low country’s coastal plain, whimsically veiled

in wispy Spanish moss, the Southern live oak, or
Quercus Virginiana, is a hallmark of a region renowned
for its natural beauty, rich culture, and deep history.
Symbolic of strength and longevity, the live oak is
indigenous to both the coastal climate and Southern
appeal. Its curved trunk and way-
ward branches resemble the winding
rivers and tidal creeks that feed into
the Atlantic Ocean forming the pro-
file of the low country coastline; the
geographic region generally accepted
as the area between the Charleston
Watershed and the Savannah River
Basin. Considering the natural gran-
deur and ambition of the low country,
it should come as no surprise that the
South Carolina statesman, who dedi-
cated a storied career to ocean policy
and conservation, would make such a
bold proclamation regarding the ori-
gins of the Atlantic.!

Over the course of his 38 years in
the U.S. Senate, Ernest “Fritz” Hollings
garnered an environmental legacy
by claiming a seminal role in the for-
mation of the National Oceanic and
Atmospheric Administration, enact-
ing several pivotal environmental

—Sen. Ernest “Fritz” Hollings, South Carolina

laws, and establishing the U.S. Commission on Ocean
Policy.? It is no coincidence that his emphasis on “practi-
cal conservationism” would suit a region dependent on
both traditional coastal economics as well as modern
maritime trade. Indeed, as he prepared to depart the
Senate in 2005, the Port of Charleston was embarking
on a massive transformation, signaled by the opening

A symbol of strength and longevity, oak trees are plentiful in downtown Charleston, South Carolina’s,
historic Battery Park. Coast Guard photo by LT Nicole Corbett
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of the Arthur Ravenel Jr. Bridge. The bridge serves as
a gateway for the next generation of cargo vessels that
would soon set sail for the nation’s Southeast in support
of its burgeoning economy.

Fifteen years on and the South is the fastest growing
region in the United States with a 10.2 percent population
increase over the last decade.3 The nation’s Southeast
corridor, in particular, has seen positive trends in every
primary economic driver including tourism, technol-
ogy, manufacturing, and logistics. Of significance, a
boom in the automotive and aerospace industries across
Charlotte, Nashville, and Atlanta has led to the exponen-
tial growth of its seaports, which connect these blossom-
ing cities and the industries they host to the rest of the
world. The ports of Charleston and Savannah, Georgia,
have both capitalized, making significant investments in
waterfront infrastructure and deep draft channels with
a clear vision of balancing economic growth with social
and environmental impacts through the integration of
sustainable technologies, operations, and outreach.*
Accordingly, each state’s Port Authority is making sub-
stantial “green” contributions toward safeguarding the
natural environment and cultural heritage of the low
country with efforts to bring holistic and lasting success
to a region known for strength and longevity.

Low Country Initiatives

Over the past 20 years, the South Carolina Ports
Authority (SCPA) and Georgia Ports Authority (GPA)
have delivered record-breaking numbers in terms of con-
tainers, break-bulk, and ro-ro movements, ranking both
Charleston and Savannah in the top 10 U.S. container
ports. SCPA’s capital improvements have undoubtedly
reshaped and improved the economic landscape for
South Carolina. Similarly, GPA’s march toward wide-
spread growth through habitual improvements of the
Garden City Terminal—the largest of its kind in North
America—and its $973 million harbor expansion project,
has boosted Georgia’s capability to reach 44 percent of

Capital Investments

new U.S. container terminal in more than 10 years

52 feet

South Carolina Ports Authority’s

e a $500 million investment into the Wando Welch Terminal
¢ inaugurating the Hugh K. Leatherman Terminal as the first

e $565 million jointly funded U.S. Army Corps of Engineers
Charleston Harbor Deepening Project (aka “Post 45”), which
will yield one of the deepest harbors on the East Coast at

U.S. consumers and manufacturers within two days.
Despite these blockbuster headlines, the fact remains
that increased port activities can lead to environmental
impacts on air, water, marine life, and land. And port
authorities have a vital role to play in mitigating adverse
effects to health and the environment. Generally, these
impacts can be categorized into three main sources—
vessels calling on the port, organic port activities,
and transport distribution networks beyond the port.
Understanding the wake of these projects and their
impacts on the environment is imperative as the SCPA
and GPA devote resources to consciously preserve the
idyllic landscapes, natural resources, and communities
quintessential to the low country way of life.

Air
Dum Spiro Spero. While I Breathe, I Hope.

The Latin phrase adorns the South Carolina state
seal and is employed as a motto to symbolize grit and
determination. Fortunately, any breath of perseverance
taken outdoors in the low country has the likelihood of
being clean and fresh. According to the American Lung
Association’s State of the Air report, both Charleston
and Savannah are tied for the country’s cleanest met-
ropolitan areas for 24-hour particle pollution. Similarly,
while Charleston has an above average ranking for low
ozone—or smog—days, Savannah is again tied for the
cleanest.®

However, neither state’s Ports Authority rests on a
picturesque sea breeze to maintain the area’s healthy
draw of breath. Instead, through separate initiatives,
strategic coalitions with nearby communities and state-
run air working groups have been created. These groups
ensure constant engagement with their local communi-
ties, focusing on the well-being of those that live close
to one of the Ports Authority operations and could be
impacted by the supply chain transportation logistics
system.

In addition, mirroring the shipping line’s next-gen-
eration fleet of efficient, ultra-large cargo ships
that call on low country ports each day, both
SCPA and GPA have earned initiatives that
will implement a variety of emission-reducing
technologies. Through the Diesel Emission
Reduction Act, SCPA has earned a $2 million
grant to repower 12 rubber-tired gantry cranes
with hybrid systems. There is also a $1.3 mil-
lion grant to repower eight diesel freight haulers
with new zero emission, battery electric-pow-
ered tractor trucks, reducing harmful emissions
from each piece of equipment by 98 percent.
SCPA also invested in 25 new hybrid rubber-
tired gantry cranes at the Hugh K. Leatherman
Terminal. These cranes are 100 percent electric
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South Carolina Port Authority’s hybrid Rubber-Tired Gantry cranes at the state-of-the-art Hugh K. Leatherman Terminal reduce emissions with each move.
South Carolina Ports Authority photo by English Purcell

battery powered, which significantly reduces air emis-
sions and fuel consumption.

Similarly, through the same Act, GPA begins an
eighth year in its Drayage Truck Replacement program.
Conversationally referred to as “Dray Trucks,” this pro-
gram aims at replacing older, diesel-emitting trucks with
newer, eco-friendly models. Owners and motor carri-
ers are now financially encouraged to “go green,” an
option that previously would have been too expensive.
As a result, according to the Environmental Protection
Agency’s Diesel Emission Quantifier, emissions of nitro-
gen oxides, particulate matters, hydrocarbon, and carbon
monoxide have all been reduced by 10 percent.

GPA’s continued engagement towards green initia-
tives has allowed it to capitalize on a variety of other
innovations. The use of electric refrigerated container
racks keeps cargo cold, saving 54,000 gallons of diesel
each year. Implementing all-electric rubber-tired gantry
cranes at the Appalachian Regional Port has reduced the
equipment’s fuel consumption by 95 percent and vir-
tually eliminated harmful emissions. Finally, refitting
the Port of Savannah’s ship-to-shore cranes with hybrid
capabilities has provided the sky-scraping equipment

enough battery power to run each crane for 18 minutes
per hour.

Water
As a maritime agency, SCPA depends on a healthy water-
way to efficiently handle record-breaking cargo volumes
and retail imports, which continue to grow year-over-
year. Recognizing the importance of the medium in
which they operate, SCPA revels in the opportunity to
engage in environmental initiatives that positively impact
its clients’ mode of transportation. Its role in island and
oyster restorations, storm water management, and water
monitoring impacts the vital ecosystems, marine species,
recreational activities, and local business for the better.
Drum Island, which sits in the center of Charleston
Harbor and is the footing for the skyline’s Arthur Ravenel
Jr. Bridge, is used for dredge spoils from harbor dredge
projects. A condition of the 1972 Federal Clean Water
Act requires companies that impact national waters and
wetland properties to mitigate damage by recreating or
preserving new wetland habitats. Twenty-two acres of
Drum Island’s southern end was revitalized into a thriv-
ing salt marsh, changing the public perception of dredge
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spoils from that of waste to a
valuable resource.

Started in 2019, a $3.5 mil-
lion investment in the Drum
Island project allowed for the
excavation of approximately
115,000 cubic yards of dirt
and the fine grading of the
landscape so it was similar
to adjacent wetland eleva-
tions. It also allowed for the
planting of more than 106,000
native marsh plants. Now, this
once-eyesore is a highlight
for commuters crossing over
the Cooper River as various
birds, fish, and other marine
life can be seen feeding on the
island daily. These planted
marsh grasses are also now
providing some seed stock to
South Carolina Department
of Natural Resources and its
ongoing marsh restoration
efforts. Additionally, this has
fostered partnerships between
the South Carolina Department
of Natural Resources, local
non-profit groups, and SCPA,
creating oyster beds not only
on the island, but throughout
the harbor, totaling 12 acres of
small fish habitat and natural
filtration.

Marine Life

As part of their efforts to foster and promote a healthy
marine ecosystem, the SCPA and GPA have prioritized
conservation of protected indigenous marine species.
In Charleston, the SCPA’s financial contributions have
advanced the maintenance and preservation of the
Crab Bank Bird Sanctuary, home to a variety of sea- and
shorebirds including threatened species like the Black
Skimmer and Least Tern. Additionally, dredged sedi-
ment from the Charleston Harbor Deepening Project
created approximately 32 acres of new land to serve as
a bird-nesting habitat. The partnership with the South
Carolina Coastal Bird Conservation Program exemplifies
the strong relationships needed to achieve port growth
while mitigating environmental impacts.

Similarly, since 2005, GPA has invested thousands
in the Caretta Research Project (CRP), a conservation
organization named after the predominant low coun-
try sea turtle species, the loggerhead, or Caretta Caretta.
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A loggerhead hatchling on Georgia’s Wassaw Island makes its way to the sea for the first time. Photo courtesy of
the Caretta Research Project

Established in 1973, the CRP studies, supports, tracks,
and protects nesting sea turtle mothers and their nests
on Georgia’s Wassaw Island. While all sea turtles play an
essential role in the marine ecosystem, the loggerhead
provides multiple benefits including:

e calcium and nutrient recycling for other species

through their hatched eggshells

e stimulation of dune grass growth from nesting

e epibiont habitat promotion through settlement on

their shells

Other low country varieties, such as the green sea
turtle, consume seagrass which contributes to the healthy
regrowth of seagrass beds. The large and endangered
leatherback sea turtle feeds on jellyfish, an over abun-
dant species that preys upon fish larvae, which helps
keep marine food chains balanced.

Every year, the CRP accepts 80 to 90 volunteers that
stay overnight for a week alongside wildlife biologists
on Wassaw Island’s National Wildlife Refuge, an unin-
habited, yet critical habitat and location for loggerhead



nesting. Volunteers and biologists work from early May
through mid-October to monitor nesting females, col-
lect individual biometrics, protect nests, and observe
hatchlings along a 6.5-mile-long beach.® The CRP also
collaborates on a coast-wide genetics project lead by the
University of Georgia in which one egg is collected from
every nest along the coast, and its mitochondrial DNA is
used to identify individual nesting females. In a single
reproductive year, female loggerheads lay between four
and eight nests with an average of 120 eggs per nest. Over
the past 49 years, the CRP has protected and monitored
1,930 individual turtles and 5,440 nests leading to the
release of over 373,900 hatchlings, significantly bolster-
ing loggerhead population growth.

The odds of long-term survival from hatchling to
adulthood and sexual maturity—25 to 30 years—is less
than 1 percent worldwide for all seven
species of sea turtles. In 1978, the log-
gerhead sea turtle was listed as a threat-
ened species and federally protected
under the Endangered Species Act. The
first loggerhead conservation efforts
consisting of nest protection in Georgia
began on Little Cumberland Island in
1969, ahead of the federal listing. Since
1989, biologists have observed a signifi-
cant increase in nesting activity due to
these efforts, which has in turn led to an
increase of the number of loggerheads
reaching sexual maturity along the low
country coast.

Land
Since 2016, SCPA has partnered with
environmental groups to preserve
and restore nearly 3,000 acres of South
Carolina land. The historic Fairlawn
Plantation represents 1,142 acres of this
preservation initiative and is home to
the 170-acre Mayrants Reserve, which
serves as an “Important Bird Area” as
designated by the Audubon Society.
“The preservation of Fairlawn will pro-
vide habitat benefits to threatened and
endangered species such as the frosted
flatwoods salamander, gopher frog, and
red cockaded woodpecker, as well as
restore longleaf pine forest and provide
protection to a variety of native wetland
plant,” Mark Messersmith, SCPA’s per-
mitting manager, said.”

Similar initiatives surrounding the
greater Charleston Port Complex include,
but are not limited to, preservation

efforts of the 425-acre Charleston French Quarter and
589-acre Hyde Park Plantation. In addition, the preser-
vation efforts at Timothy Creek and Four Holes Swamp
Watershed, a 325-acre area, support SCPA’s latest block-
buster strategic collaboration with Walmart and its new
3 million-square-foot distribution center.

Additionally, the Savannah River ecosystem has
benefitted from GPA’s initiatives. Since 2014, more than
100 million gallons of rainwater each year have been
rerouted through a 14-acre wetland, eloquently wedged
within the heart of GPA’s flagship Garden City Terminal.
This $3.7 million project leverages microbes living at the
roots of regional flora, like sawgrass and rushes, to eat
harmful pollutants in rain runoff prior to its entry back
into the Savannah River. Aside from providing healthy
oxygenated water for the river’s marine wildlife, the

Mayrants Reserve, part of nearly 3,000 acres preserved and restored by South Carolina Ports
Authority and partners, serves as an Important Bird Area as designated by the Audubon Society.
South Carolina Ports Authority photo by English Purcell
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wetlands have also supported the refuge of local craw-
fish, brim, egrets, and dragon(flies.

GPA has invested thousands to better serve the
residential areas in close proximity to the port that are
impacted by pollution, noise, and traffic from port indus-
trial sites. Those funds have gone into funding neigh-
borhood community centers, recreational facilities, park
beautification, and air monitoring for several communi-
ties. GPA’s relationship with the Brickyard community,
comprised of five small streets between Carver Heights
and Bay Street Viaduct at the base of Highway 17,
brought attention to an overgrown berm causing exces-
sive noise for residents and resulted in the new construc-
tion of a community-gathering pavilion south of GPA’s
Ocean Terminal facility. Conscious actions by the Port
Authorities to nurture forested and urban wetlands
resulted in improved water quality and wildlife habitats
enabling future generations to enjoy the natural beauty
of the low country.

On the Horizon

According to the Smithsonian Institution, the live oak
has been a symbol of safety, strength, and resilience for
centuries. Like the mighty live oak, a keystone species
that serves as the backbone of its ecosystem, the low
country’s seaports are the economic engine and foun-
dation of the regional economy.® Today, the American
Southeast is realizing anticipated growth spurred by
strategic economic development. In South Carolina,
one in 10 jobs are created by the SCPA, and in Georgia
the GPA now accounts for 10 percent of total state
employment.®1? As a result, the low country seaports
of Charleston and Savannah are primed for additional
throughput as harbor deepening and infrastructure
modernizations climax.

Central to this transformation is a vision to improve
and minimize any socio-environmental impacts, while
partnering with federal and state agencies to bring sus-
tainable success to the region; a revelation foretold more
than 20 years ago by Sen. Hollings.

In the year 2002, as our population grows, more and
more people are moving to the coast to enjoy its beauty
and recreational opportunities. As these good folks move
to take advantage of coastal living, we have to be careful
that we don’t destroy the natural resources and qual-
ity of life that draw them to our shores. Big changes are
coming to all of our coastal counties, and we must make
some careful and smart decisions if we want to keep the
very resources we depend on.!!

According to the International Chamber of Shipping,
shipping is the form of commercial transport least
damaging to the environment.!> No doubt, ships can
carry vast amounts of cargo in a single trip, reducing
road congestion and highway traffic. Nevertheless, with

22 PROCEEDINGSI Fall 2022

approximately 90 percent of all globally traded goods
traveling by sea, it is imperative that ports and ship-
owners join forces to better understand and implement
the meaningful solutions needed to curb any adverse
impacts of maritime trade on the environment. Moving
forward, continued investment in sociological-environ-
mental programs, technologies, and ingenuity will be
integral to responsible global commerce and regional
viability. /&
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Leveraging Partnerships
to Build Climate Change
Resiliency in the Arctic

by CDR JEREME ALTENDORF
Arctic Emergency Management Specialist
U.S. Coast Guard

he rapid pace of climate change in the U.S. Arctic

is posing an increased risk for oils spills from

vessels traveling Arctic waters, as well as above
ground bulk fuel tanks located in every rural Arctic
community.

Annual mean surface temperatures in the Arctic
have increased by approximately three times the global
average over the last 50 years. Specific consequences
include, but are not limited to, reduced seasonal sea
ice—further opening the Bering Strait to international

LCDR MATT RICHARDS
Chief, Emergency Management and Force Readiness Division
U.S. Coast Guard

traffic—significant shoreline erosion, increased per-
mafrost thaw, and more powerful storms, all leading
to more severe infrastructure degradation. In some
instances, entire Alaskan villages are forced to relocate
from the lands their ancestors have called home for thou-
sands of years.

While some areas around the world are planning on
how to react to the consequences of climate change, in
the U.S. Arctic consequences are being felt now. Region
by region, each community must cope with the exposure

The Arctic boundary, as defined by the Arctic Research and Policy Act includes, “all United States and foreign territories north of the Arctic Circle and all United
States territory north and west of the boundary formed by the Porcupine, Yukon, and Kuskokwim Rivers; all contiguous seas, including the Arctic Ocean and
the Beaufort, Bering, and Chukchi Seas; and the Aleutian Chain.” U.S. Arctic Research Commission
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to different climate change-related shocks, risks, and
contingencies to their established way of life. These doc-
umented vulnerabilities may be as unique as the com-
munities, families, and individuals affected. This makes
building and sustaining resilient geographic communi-
ties and villages incredibly difficult.

Therefore, government agencies with relevant statu-
tory or regulatory compliance requirements, to include
any of their associated public-private partnerships,
have a duty to incorporate adaptive capacity concepts
within the bounds of their associated compliance ver-
ification program(s). This describes how Coast Guard
regulatory program activities changed in conjunction
with the changing Arctic environment. Since 2019, Coast
Guard Sector Anchorage has acted upon two of the three
lines of effort from the Coast Guard’s Arctic Strategic
Outlook—partnerships and unity of effort. By merging
legacy federal environmental law compliance programs
with an intentional effort to build dynamic, community-
adaptive capacity, the Coast Guard created a blueprint
for building and sustaining resiliency within the Arctic.

Life in the U.S. Arctic

The Coast Guard adopted the Arctic Research and Policy
Act definition of the Arctic, which includes regulated
entities that may impact the Arctic. This area is popu-
lated by Alaska Natives, who are part of federally rec-
ognized tribes. Their history and identities are directly
connected to the land; a connection that is more complex
than we could ever fully describe. The ability to obtain a

food source year-round that does not have to be shipped
in, makes Arctic life possible. Maintaining a traditional-
use lifestyle is especially important after U.S. Arctic
communities transitioned away from their traditional
nomadic culture in the mid-1970s. This lifestyle shift was
possible because the U.S. government established school
systems and supporting infrastructure, like bulk fuel
tank farms fed primarily by annual/biannual tug and
barge delivery to power and heat the schools.

Norlisk Oil Spill: A Warning

Thermokarst, erosion from the thawing of ice-rich per-
mafrost, is already being blamed for a significant Arctic
oil spill in the Russian Arctic. On May 29, 2020, 4 million
gallons of diesel fuel flowed into local rivers when a fuel
tank at the Norilisk-Taimyr Energy Thermal Power Plant
Number 3 failed. Norilsk Nickel, the Russian company
that owns the plant, blamed the incident on instability
of the ground underneath the tank due to thawing per-
mafrost, causing one of the tank’s pillars to collapse. The
Russian government stated it was ordering safety checks
on all installations built on permafrost in Russia’s Arctic
region.

U.S. Arctic Bulk Fuel Tank Infrastructure
Currently, there is no comprehensive evaluation of the
status of bulk fuel tanks in the U.S. Arctic. However,
better information exists thanks to the collective efforts
of the Coast Guard and its partners.

Many of the bulk fuel tank farms in Alaska’s rural
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Frost heaves and permafrost thawing threatens fuel tanks like these near Newtok, Alaska, shown in October 2018. Coast Guard photo




communities are now beyond
their designed service life, a
problem exacerbated by the
high cost of bulk fuel tank
maintenance in small, remote,
communities not accessible by
established roadways. These
maintenance tasks and costs
are further impacted by an
increase in the number and
intensity of extreme weather
events. Facilities, like those in
Newtok, Alaska, are especially
susceptible to changes in stabil-
ity caused by permafrost thaw
and ground erosion.

Of the 380 regulated
bulk fuel facilities in Sector
Anchorage’s area of responsibil-
ity, only 36 are accessible via the
Alaskan road system. The other
91 percent of the total regulated
facilities are in remote com-
munities and generally owned
and operated by Alaska Native
tribal governments and /or sub-
sidiary general stores where
fuel and goods are purchased. Most villages are only
accessible via aircraft, where landing requires small pro-
peller or bush planes landing on, and taking off from,
small gravel airstrips. Any consistent commercial service
schedules that do exist in villages are not designed to
support the needs of regulatory inspectors, examiners,
or investigators, making these facilities extremely dif-
ficult and expensive to travel to. Given the challenges
Sector Anchorage faces maintaining situational aware-
ness of their regulated entities, one can only imagine the
challenges facing those charged with the operations and
maintenance of each privately owned and managed bulk
fuel tank. Without developed roads, airports, and port
facilities, which are accessible by car for most Americans,
the supply chain for the U.S. Arctic takes significantly
longer and is much more expensive than anywhere else.
This lack of modern infrastructure also limits com-
munities” ability to undertake even minor projects to
safeguard against environmental impacts. For example,
when coastal erosion and permafrost thawing destabi-
lizes or threatens to destroy fuel farms, mitigating mea-
sures are not easily undertaken locally and require state
and federal intervention. These interventions can include
federal or state administrative orders to act, compliance
assistance, external grant funding, or state and federal
regulators taking action to remove the pollution threat
or mitigate an active spill.

In August 2019, the Lower

oil. Coast Guard photo

Kuskokwim School District’s fuel
storage facility sat just 76 feet from

the riverbank'’s erosion point along
Alaska’s Kuskokwim River. When the
Coast Guard issued an administrative
order to the facility’s owner, the district,
to remove the contents, the tanks held a
estimated 36,000 gallons of home heatin

Regionally Based Solutions are Difficult
Several realities of life in the U.S. Arctic prevent Alaskan
communities from “scaling up” oil spill prevention and
preparedness programs regionally. Joint response pro-
grams and pre-positioned oil spill response equipment
are either non-existent or extremely limited in effective-
ness due to the vast distance between communities, lack
of dedicated professional facility operators and response
managers, and absence of commercial oil spill response
organizations. The remoteness of these villages also lim-
its the ability for state and federal oversight, assistance,
and training. Geographic isolation, as well as limited
communications capabilities and connectivity, compli-
cate regional programs and initiatives in a way that is
entirely different from the continental United States.
Tribal and municipal governments throughout
rural Alaska have limited management capacity that
prevent them from developing the strong partner-
ships necessary to build the adaptive capacity needed
to safeguard communities from the impacts of climate
change. This resource gap was noted in Article X of the
Alaska Constitution, which established the Division
of Community and Regional Affairs (DCRA) with the
mission of providing support for tribal and municipal
governments. While DCRA's staff of local government
specialists is key to aiding tribal and municipal gov-
ernments, state government support is not tailored to
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address these kinds of challenges. Combined with a lack
of organized climate change policy, communities are left
vulnerable to the rapidly intensifying impacts of climate
change.

U.S. Coast Guard Response

The Coast Guard is closely monitoring the rapidly chang-
ing Arctic environment through annual congressionally
mandated regulatory on-site inspections with the goal of
identifying the consequences of climate change as they
impact local communities, the maritime transportation
system, and Coast Guard operations. Sector Anchorage’s
area of responsibility includes all of south central and
western Alaska, as well as the North Slope and Aleutian
Islands. This includes every tug- and barge-delivered
bulk fuel facility and thousands of commercial fishing
vessels.

Unlike larger corporate managed facilities found
in the contiguous United States, most of the facilities
in Alaska are much smaller and operated part time by
members of the community instead of professionally
trained facility operators. All of these factors, coupled
with impacts of climate change, have caused a dramatic
increase in spills from these smaller facilities. Even these
smaller spills can have severe impacts to the local com-
munities that rely on the environment for subsistence
foods.

For years, Sector Anchorage struggled to obtain regu-
lated facility compliance status via on-site inspections
consistent with similar Coast Guard operational units in
the contiguous United States. Limited

inspections in the Arctic and western Alaska. Due to
the significant operational planning involved in coor-
dinating regulatory requirements and the complex
logistics for traveling Coast Guard inspectors and exam-
iners, Sector Anchorage created the Arctic Coordinating
Element, a unique deployment and logistics manage-
ment group, which manages the multimission Marine
Safety Task Force (MSTF). Subsequently, MSTF manages
the seasonal deployment of teams to remote areas across
the state for the purposes of conducting vessel and facil-
ity inspections, providing operator training, improving
maritime domain awareness, and conducting outreach
for preparedness and safety programs. The direct result
of these efforts is a 395 percent increase in physically
inspected facilities and an almost 2,000 percent increase
in vessel inspections. The task force identifies high risk
facilities which are prioritized for additional follow up
and support, and these operations directly mitigate pol-
lution and vessel safety risks, while improving maritime
domain awareness.

Building Resiliency Through

Legacy Regulatory Programs

Sector Anchorage was able to accomplish this by leverag-
ing existing environmental laws and regulations to build
an unconventional deployment model able to overcome
the challenges of operating in the U.S. Arctic. Many of
these laws also have an existing mechanism for building
partnerships that include information sharing between
government agencies, stakeholders, and the regulated

funding, personnel, and standardized [ T
Coast Guard regulatory processes not
appropriate for the U.S. Arctic, lead to
a dearth of basic compliance informa-
tion regarding most of the Sector’s regu-
lated community. In fact, Coast Guard
Sectors are not constructed or designed
to support the collection, processing,
and dissemination of our biennial bulk
fuel facility inspection data and regu-
latory outreach operations to external
partners. Despite these challenges,
Sector Anchorage worked diligently to
find unique ways to go beyond regula- .
tory compliance program data collec- -
tion regarding area preparedness and
response planning for spills.

Starting in 2018, funding via the
Arctic Shield program, managed by
Coast Guard District 17, allowed for

Prince B
William
Sound | Southeast

~|_ Alaska

additional operational travel funding,
providing an unprecedented ability
for personnel to conduct compliance
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U.S. Coast Guard District 17's area of responsibility encompasses the entirety of the Alaskan
coastline. However, Sector Anchorage is responsible for the area indicated in light blue, including
the coastline plus 1,000 yards inland. Coast Guard map



community.
Sector Anchorage has successfully relied Spill Location Spill Amount Spill Date

on its legacy statutory and regulatory authori- }
ties, leveraging the partnerships that existed s a2tlgplens <EET) A7
or creating new partnerships to assist com- Scammon Bay 7,000 gallons April 2018
munities in building community resiliency
through better regulatory compliance. It is Gambell 2,700 gallons June 2018
important to recognize that regulatory com-

. . . . . Newtok 150 gallons October 2018
pliance is not one dimensional or binary, but
is a desired result of integrated actions that Lower Kuskokwim 36,000 gallons (potential) | May 2019
include increased funding to ensure energy
security by investing in above ground stor- Shuyak 16,000 gallons August 2020
age tanks and sgpportmg. 1nfrastructu're. Wales 1,860 gallons February 2021
Regulatory compliance also includes creating
two-way information sharing via participa- Savoonga 20,000 gallons March 2021
tion in legacy government committees that X —
were designed to provide communities with Spills from USCG regulated facilities that were 150 gallons or greater between

. January 2017 and November 2021. Coast Guard

assistance to prevent and protect them from

internal and external threats.

Sector Anchorage uses the most applicable legacy
laws and regulations, briefly discussed below, to help
create opportunities to increase community resiliency.

National Oil and Hazardous Substances
Pollution Contingency Plan
The National Oil and Hazardous Substances Pollution
Contingency Plan was first developed in 1968, and
provides a framework and guidance for oil discharge
and hazardous substance release response operations.
For facilities in a state of significant disrepair, Sector
Anchorage has used 40 CFR 300.322, articulating a “sub-
stantial threat to public health or welfare of the United
States,” to identify a responsible party for a potential or
actual oil discharge. Sector Anchorage uses this author-
ity to further compel the responsible party to initiate
removal actions, and initiate any necessary mitigation
measures and /or clean-up and abatement activities.
The most notable of these cases was the response
on Alaska’s Lower Kuskokwim River where more
than 150 feet of the riverbank had eroded, threaten-
ing to destroy the Lower Kuskokwim School District’s
36,000-gallon tank farm. Sector Anchorage issued an Oil
Pollution Act Administrative Order to the school district
and provided oversight of their response actions, which
included purchasing new tanks and placing them in a
safe location before fuel was transferred.

Port and Waterways Safety Act

One issue frequently reported to the Coast Guard by
tribal representatives is the shared use of the marine
transportation system and the impacts of increased
commercial traffic on traditional use activities. Seasonal
whale hunting is an important cultural activity, as
well as a major source of food for the year for many

coastal tribes.

The Coast Guard used authorities granted by the Port
and Waterways Safety Act to initiate the Arctic Alaska
Port Access Route Study (PARS) to designate routing
measures. The goal of PARS is to reduce the risk of
marine casualties and increase the efficiency of vessel
traffic. This study considers current and potential vessel
traffic and density, coastal communities, military opera-
tions, wildlife, and tribal concerns. Changes to sea ice
patterns and warmer ocean waters have changed the
home range of key species and prevented access to tra-
ditional harvest areas. These changes have caused new
conflicts with shared waterway usage that the Coast
Guard hopes to help alleviate with PARS.

Oil Pollution Act of 1990

One of the key provisions of the Oil Pollution Act of 1990
(OPA 90) was the creation of an inspection regime for
waterfront facilities via the Code of Federal Regulation
(CFR). Specifically, 33 CFR 154.120 allows the “Coast
Guard, at any time, to make any examination ... to deter-
mine compliance.”

Many of these facilities change the mode of delivery
from barge to air, or vice versa, based on a combination
of factors including cost. This makes it even more diffi-
cult to track Coast Guard inspection requirements.

Leveraging OPA 90 changes to the Clean Water Act,
the Coast Guard uses the Arctic and Western Alaska
Area Committee to plan and prepare for an oil dis-
charge or hazardous substance release. This committee is
responsible for managing the Arctic and Western Alaska
Area Contingency Plan. It is the Clean Water Act require-
ments, as amended by OPA 90, in which the Coast Guard
incorporates tribal input as it relates to oil discharge
and hazardous substance release prevention, planning,
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preparedness, response, and enforcement issues.

This input plays a vital role in driving contingency
planning efforts and helping to frame the conversa-
tion on response tactics. In addition, it is through broad
participation in area committees by all involved in
preventing and responding to oil and hazardous sub-
stance incidents that the Coast Guard can validate cli-
mate change impacts to sensitive wildlife species. This
includes changes to behavior and migration pattern as
well as coastal erosion and other geographical impacts.

Now that the MSTF is in its fourth year of operational
planning, Sector Anchorage’s partnerships are neces-
sary to the success of the program. As the only federal
regulating entity consistently traveling to the Arctic and
western Alaska, it is clear that Sector Anchorage has an
important role to play in the effort to build more resil-
ient communities. For example, the Sector partnered
with DCRA to include basic Coast Guard regulatory
information within its statewide bulk fuel facility geo-
graphic information system database. Additionally,
under the umbrella of the Arctic and Western Alaska
Area Committee, the sector partnered with the Denali
Commission, the Environmental Protection Agency,
Alaska Department of Environmental Conservation,
DCRA, and the Alaska Energy Authority to form the
Bulk Fuel Facilities Workgroup. This group meets several
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times annually to discuss each agency’s needs regarding
bulk fuel tank inspections, infrastructure status, and
other related bulk fuel farm operational issues.

These discussions led to the inclusion of Coast
Guard compliance status within DCRA’s GIS database.
Additionally, data compiled by Sector Anchorage is feed-
ing a federally funded risk assessment project seeking
to prioritize high-risk facilities to help decision-makers
determine which bulk fuel facilities should receive pri-
oritized federal funding for repair, recapitalization, and
operator training,.

|
The Denali Commission is a federal
agency created by Congress in 1998
with several missions focused on
supporting rural tribes, including rural
development and power generation.

Executive Order 13175 and

Public Laws 108-199 and 108-477

Signed by President George W. Bush in November 2000,
Executive Order 13175 (EO 13175) requires the federal



government to establish “regular and meaningful con-
sultation and collaboration with tribal officials in the
development of Federal policies that have tribal implica-
tions.” In 2004, EO 13175 was written into law via Public
Laws 108-199 and 108-477. The public law expanded the
consultation and coordination requirement with tribal
entities and added government-to-government con-
sultation requirements. This is especially important in
Alaska where many tribes are organized into for-profit
corporations. The Coast Guard has integrated tribal
governments into its operational contingency plans and
communication strategies in several ways, including
through our commitment to engagement via the Arctic
and Western Alaska Area Committee, as well as its sub-
committees and workgroups. The annual MSTF opera-
tions also ensure that Sector Anchorage conducts routine
biennial on-site bulk fuel facility inspections.

Conclusion

Climate change is resulting in coastal erosion, changes
to the home range of key species, increased commercial
traffic, and melting permafrost. These effects all have
significant impacts on coastal communities and Coast
Guard operations across various mission sets.

In Alaska, oil discharges from rural community bulk
fuel farms are happening more frequently each year, and
with greater potential impacts. Environmental sensitiv-
ity and the historic and cultural importance of the U.S.
Arctic to Alaska Natives makes oil discharges a very
high-consequence event. The high number of regulated
facilities, their remoteness, the logistical challenges in
maintaining existing infrastructure and building out
new infrastructure, lack of communication options,
and redundancy create a substantial challenge for the
Coast Guard to effectively manage. The Coast Guard has
leveraged legacy regulatory programs to build and/or
enhance local partnerships to create a unique and effec-
tive collaborative relationship that identifies risk and
mitigates the rapidly advancing effects of climate change
in the Arctic.

Coast Guard Sector Anchorage has successfully lev-
eraged partnerships with different state and federal
agencies, regional stakeholder groups, and tribal enti-
ties. These partnerships help improve maritime domain
awareness, forecast future impacts, identify at-risk
facilities, and recommend prevention and mitigation
measures that protect the Arctic environment and the
Alaska Native’s traditional-use lifestyle. This fact makes
it imperative that the regulatory programs the Coast
Guard promulgates incorporate the identification of vul-
nerabilities and ensures all follow-on actions via compre-
hensive compliance assistance, information exchanges,
collaborative workgroups, etc., are designed with adap-
tive capacity principles in mind. Only consistent, joint,

inter-agency regulatory compliance efforts and the cre-
ative use of existing environmental laws and regulations
will assist rural Alaska communities in their efforts to
increase overall community resiliency. /&
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Maritime Sustainability

Regulatory landscape and decarbonization solutions

by MATTHEW DAVIDSON
Vessel Performance Engineer
American Bureau of Shipping

tion based on global efforts to reduce greenhouse

gas (GHG) emissions from shipping, which includes
adjusting to the impact of the International Maritime
Organization’s (IMO) GHG reduction strategy and the
relevant regulatory changes. There is, however, consen-
sus that adapting to the new rules and challenges aimed
at lowering the industry’s collective carbon footprint will
be another period defined by the emergence of innova-
tive solutions. There is a range of solutions available to
meet the IMO decarbonization goals, as well as other
decarbonization drivers, which essentially fall under
three categories:

e the use of alternative fuels that have a low- or

zero-carbon content

e technology improvements

e operational measures

It is expected that a combination of low- or zero-car-
bon fuels, technology improvements, and operational
measures will provide the solution to meet the decar-
bonization targets set by IMO and other industry stake-
holders.

I nternational shipping is undergoing a transforma-

What is Driving Decarbonization?
The are several key drivers behind the efforts to decar-
bonize the industry, including:
e existing and future IMO regulations
* societal pressures on companies to operate
sustainably in all aspects
e financial institutions supporting the purchase of
new ships and retrofits
e corporate governance and shareholders pushing
to reduce emissions
e charterers looking for assurance that vessels will
be compliant and as efficient as possible
* market-based measures (MBMs) introduced by
local and regional authorities
As a result of the IMO’s continuous work, part of a
global effort to address climate change, the organiza-
tion adopted the initial GHG strategy in April 2018. The
initial strategy has established goals that have caused
consideration of potential improvements to vessel design
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and operational performance, as well as the immediate
need to introduce low- and zero-carbon fuels.

The initial goals agreed to by the IMO in 2018
included a reduction of 40 percent in the carbon inten-
sity of shipping by 2030, and 70 percent by 2050. This is
in addition to a reduction in absolute GHG emissions of
at least 50 percent by 2050, which brings the shipping
industry broadly into line with the goals of the U.N.’s
Paris Agreement to combat climate change.

Regulatory and Commercial

Decarbonization Initiatives

IMO Regulations

The initial GHG strategy introduced a list of candi-
date short-term, mid-term, and long-term measures



to support the IMO’s ambition levels. Short-term mea-
sures include the evaluation and improvement of vessel
energy efficiency through the application of technical
measures for existing ships and of operational mea-
sures. The basis of the short-term measures lies in the
Energy Efficiency Existing Ship Index (EEXI) and Carbon
Intensity Indicator (CII) regulations, with which all ships
over 400 GT and 5000 GT, respectively, will have to com-
ply when they become effective. The regulations are
currently under development and will be finalized for
implementation at the beginning of 2023 during Marine
Environmental Protection Committee 78.

Mid-term and long-term measures include develop-
ing an implementation program for alternative low- and
zero-carbon fuels, adoption of other possible innovative
emission reduction mechanism(s), and MBMs to incen-
tivize GHG emissions reduction. These measures are
being considered now with a view to take effect between
2023 and 2030.

Poseidon Principles

This is a global framework for assessing and disclosing
the environmental performance of the shipping port-
folios held by financial institutions. These principles
apply to the lenders, the lessors, and financial guaran-
tors, including export-credit agencies, and are consis-
tent with the policies and ambitions of the IMO. For the
global fleet, the Poseidon Principles adopt a decarbon-
ization trajectory similar to the IMO’s. Therefore, any
vessels that have been financed by the signatories need
to demonstrate their carbon-intensity reductions on an
annual basis.

Sea Cargo Charter

Charterers are developing their own approach to address
the carbon intensity of the vessels they charter. The latest
initiative is the Sea Cargo Charter which forms a global
framework for assessing and disclosing the environmen-
tal performance of chartering activities. Their objective is
to set a standard for reporting the emissions associated
with chartering activities, thus enhancing transparency
and creating a global baseline to support the decarbon-
ization of the global economy.

Market Based Measures
MBMs were included in the initial IMO strategy as a pro-
posed medium-term measure to incentivize the reduc-
tion of GHG emissions. Several of these measures have
been proposed, but two types seem to have the highest
potential for application to shipping—the bunker, or car-
bon, levy and the global Emissions Trading System (ETS).
The bunker levy concept is based on a global GHG-
reduction target. Any emissions above the target would
be mostly offset by the purchase of emission-reduction

credits. The offsetting activities would be financed
by ships’ contributions on the purchase of every met-
ric ton of bunker fuel. After these offsetting activities
are financed, any remaining funds would be available
for adaptation and mitigation activities via the United
Nations Framework Convention on Climate Change, as
well as for research and development within the IMO
framework.

The ETS is a cap-and-trade concept. The cap is set on
the total amount of GHG emitted from shipping that
would be reduced over time. Within this cap, shipown-
ers and operators can receive or buy emissions credits,
which they can trade with other companies, as needed.
A limited number of credits—ship emission units—
would be released into the market each year so that they
have a value.

The European Union established its ETS in 2005, and
the marine sector was recently added to this scheme.

Decarbonization Solutions

In the challenging transition to a global, low-carbon fleet
by 2050, interim solutions will be crucial. A phased tran-
sition focused on retrofitting existing vessels and fuel
substitution would offer valuable time for more rapid
deployment of decarbonization technologies while
allowing supply chains to become commercially viable.
The global fleet’s path toward meeting the long-term
IMO GHG reduction targets will require significant
changes to vessel technology and fuels. The adoption
of new fuels and technologies will lead to new vessel
design and construction, but it will also require signifi-
cant infrastructure upgrades related to alternative fuel
distribution and bunkering at port site facilities.

Alternative Fuels

Alternative fuels will play a dominant role in the decar-
bonization of the marine sector and are expected to
yield the most benefits for reducing GHG emissions.
The current regulatory framework is focused on ves-
sel emissions tank-to-wake (TTW) rather than the over-
all life-cycle emissions of a given fuel, or well-to-wake.
However, it is recognized throughout the industry that
the life cycle carbon footprint of fuels provides the most
complete description of their environmental impact.

Liquefied Natural Gas

Liquefied Natural Gas (LNG) is a relatively mature,
low-carbon fuel comprised primarily of methane. It can
reduce TTW emissions by about 20 percent compared to
fuel oil. This value does not include carbon release from
methane slip, which may be an issue in two- or four-
stroke engines that operate on LNG in the Otto cycle.
Minimizing methane slip is important and the industry
is currently developing in-cylinder emissions control
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Summary of Characteristics for Fuels Produced from Hydrocarbons

Vessel Specific GHG

Storage Volume

Fuel Type LHV (kJ/ka) Density (kg/m?3) Ratio Emissions (g/kWh)'
VLSFO (ref) 41,600 944 1.0 568 (ref)
LNG 50,000 420 1] Déiiil g;;l:jgg ((-}235,439;))
LH, 120,000 71 4.6 0 (-100 %)
LNH, 18,800 674 3.6 102 (-82%)
LPG 46,000 448 19 500 (-12%)
Methanol 19,900 796 25 533 (-6%)

The fuels include:

Liquefied natural gas (LNG)
« Liquefied petroleum gas (LPG)
Methanol (CH,OH)

Liquefied hydrogen (LH,)

Ammonia (NH,)

used as the reference.

This section presents comparative analyses of some of the alternative marine fuels and their life-cycle emissions,
with the objective of offering a holistic view of the challenges associated with adopting low- and zero-carbon fuels.

The adoption of alternative fuels will require changes to ship designs in order to accommodate storage tanks, as
well as fuel-containment and gas-supply systems. The table below offers some key indicators to compare the fuels
and to understand some of the design implications. For comparison purposes, very low sulfur fuel oil (VLSFO) is

strategies which could be combined with after treatment
systems.

LNG'’s carbon footprint can be reduced or eliminated
if it is produced from renewable sources. These fuels are
known as bio-LNG, synthetic natural gas, renewable nat-
ural gas, or electro-methane, in which renewable energy
is used to produce LNG with the use of electric power.

Liquefied Petroleum Gas
Liquefied Petroleum Gas (LPG) is primarily a mixture of
propane and butane, with small fractions of other light
hydrocarbon species. It is produced as a byproduct of the
processing of natural gas or from oil refining and can
be liquefied at low pressures and ambient temperature,
which is a major advantage for its transportation com-
pared to other gaseous fuels.

The combustion of LPG results in lower carbon diox-
ide (CO,) emissions than diesel fuels due to its lower
carbon-to-hydrogen ratio, but higher CO, emissions
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than LNG. This is due to LPG having a higher carbon-
to-hydrogen ratio than LNG. However, when consider-
ing the life cycle of LPG, its production is less carbon
intensive than that of diesel or natural gas. The life cycle
GHG emissions of LPG have been reported to be 17 per-
cent lower than that of heavy fuel oil or marine gas oil.

Methanol
Methanol may be used onboard ships as fuel for internal
combustion engines or as a fuel source for fuel cell opera-
tion. On a commercial scale, it is most commonly pro-
duced from natural gas, but can also be produced from
renewable sources like biomass or electrolysis using
renewable power. Due to its potential to reduce the CO,
output from marine vessels, methanol’s applications are
drawing a wide interest from shipowners and operators.
When natural gas is used as feedstock, the GHG well-
to-tank (WTT) emissions of methanol are higher than
fuel oil, which shows that the source of energy is an



important factor impacting the life cycle GHG emissions.
Using renewable energy for production greatly reduces
the carbon footprint of bio-methanol.

Hydrogen
In recent years, the industry has recognized hydro-
gen’s potential to offer a zero-carbon solution for the
future. Hydrogen can be extracted from fossil fuels and
biomass, from water, or a combination of the two. The
key challenges with hydrogen are the stringent storage
requirements and fire hazard mitigation. To become a
competitive alternative marine fuel, hydrogen will also
face the challenges of availability and high costs to
upscale its production and transportation infrastructure.
It has the potential to be a zero-carbon marine fuel
when consumed in a fuel cell or a single-fuel internal
combustion engine. When consumed in a dual-fuel
engine, hydrogen can significantly reduce carbon emis-
sions resulting in very low TTW emissions. However, the
lifecycle of hydrogen production must be considered to
evaluate the overall carbon footprint of using hydrogen.

Ammonia

Ammonia is the second zero-carbon fuel considered for
use in the marine sector, and its production pathway is
directly related to hydrogen. It offers ship owners and
operators a very low carbon TTW emissions profile, and
is typically created by combining nitrogen with hydro-
gen. Therefore, the emissions from producing hydrogen
as feedstock and the emissions arising from the synthe-
sis of ammonia should be considered as part of the life
cycle emissions of ammonia. However, if it is produced
from fossil sources, such as natural gas, it can have high
WTT carbon footprint. Alternatively, it can be produced
by electrolysis of water with renewable energy for low
carbon footprint (green ammonia).

Biofuels

Biofuels are typically liquid hydrocarbon fuels that are
produced from renewable sources such as vegetable and
animal oils or agricultural and forestry waste.

The similarity in physical and chemical properties
between biofuels and petroleum diesel means that the
former can be used as drop-in fuels without any need
for equipment modifications or vessel retrofits. One of
the key limitations of biofuels is their low availability,
and thus high cost, which is expected to change in the
following years as more suppliers upscale their produc-
tion around the globe.

The various types of biofuels have different proper-
ties and qualities, resulting in varying emissions reduc-
tion benefits. When produced from renewable biomass
such as plant fibers and other materials, biofuels have
the potential to offset the carbon footprint of a vessel due

to the CO, absorption of the plant feedstock. However,
the total carbon reduction potential of different biofuels
heavily depends on their source feedstock, production
pathways, and associated emissions.

Technology Improvements

Retrofitting of energy efficiency devices/systems

The adoption of practical energy saving devices, such as
pre/post-swirl devices, contra-rotating propellers, low
friction coatings, waste heat recovery, and solar power
can help the global fleet to increase its design-based effi-
ciency. Many of these devices, however, are not mutu-
ally compatible or applicable to all ships. Some of these
technologies are also struggling to gain a significant role
in our industry because of the high implementation cost
and difficult integration of these energy-saving mea-
sures in the ship’s design and operation. Often, these
issues have prevented the use of energy efficiency tech-
nologies on ships, particularly when the economic risk
of its adoption cannot be readily quantified, as is the case
for most new technologies.

Electrification

The efforts to decarbonize shipping are expected to accel-
erate the electrification of power generation and propul-
sion systems, which offer the potential for operational
flexibility, optimized power consumption, efficiency
improvements, and lower emissions from ships.

Novel power generation systems such as hybrid
diesel-electric or fuel cells have the potential to offer
significant emissions benefits. The first applications of
such systems are in specific vessel types, especially those
that operate in environmentally sensitive areas such
as ports.

Hybrid-electric propulsion systems are currently
used in the maritime industry and are increasing in pop-
ularity. Their adoption is being led by offshore support
vessels and harbor tugs, where the systems readily pro-
vide additional energy on demand. Vessels and offshore
installations require electric power for a wide range of
components, from those that support communications
and navigation systems to crew comfort and propulsion
systems. These systems have the potential to improve
reliability, operational efficiency, fuel consumption rates,
environmental footprints, and maintenance costs when
compared to traditional electric power systems. A fully
integrated hybrid system includes an energy storage sys-
tem, power generation, and power management systems.

Carbon Capture

Carbon capture and sequestration (CCS) refers to a set of
technologies that can be used to remove CO, from vessel
exhaust gas or the atmosphere and store it for subsequent
use. Combustion of zero-carbon fuels, like ammonia and
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hydrogen, could result in zero CO, formation. However,
in all other cases of fuels, CO, will form as a complete
combustion product in proportion to the carbon content
of the fuel. Therefore, with all but the zero-carbon fuels,
CCS technology could be used on board ships to further
reduce their carbon emissions.

Due to their large size and capital cost, these systems
are both technically and economically challenging,
whether installed on new builds or as vessel retrofits.
Despite these technical and economic challenges, carbon
capture technology can be an effective way to reduce the
GHG emissions of future vessels, especially in combina-
tion with low-carbon fuels. Further technical advances
are expected to reduce the size, cost, and complexity of
CCS systems.

Operational Efficiency
Speed optimization is an operational measure that can
have a significant impact on reducing GHG emissions
in a relatively short amount of time. It is estimated that
‘slow steaming,” as it is known, reduced shipping’s over-
all CO; output in 2015 by dropping the carbon inten-
sity of maritime transport by 30 percent compared with
2008 levels. The reduced speeds are having a significant
short-term impact before any
incremental newbuilding
orders are added to the fleet
and, even accounting for the
increases in tonnage by 2025,
overall CO, emissions are

Reaching the future milestones for decarboniza-
tion will require contributions from existing ships.
Benchmarking GHG output and investigating ways to
reduce that number at the vessel and fleet levels are
at the core of this effort. Class societies are committed
to supporting the shipping industry by continuing to
develop the tools and services that facilitate decision
making and help the operator navigate the challenges
of decarbonization. They are also focused on working
with other industry stakeholders to maintain safety by
developing new guidelines and rules as new fuels and
technologies are introduced.

Building the decarbonization trajectory for a fleet
requires a specific toolbox to address the complexities of
decision making. ABS has developed an extensive set of
tools and services to help the industry tackle these com-
plex challenges. These services range from developing a
sustainability plan through environmental, social, and
governance assurance and verification, to benchmarking
a fleet’s energy efficiency and providing improvement
options regarding EEXI and CII. Additionally, evalua-
tion of the life cycle cost of retrofitting or newbuilding
for low-carbon fuels is available. Products such as the
ABS Environmental Monitor™ help shipowners achieve

CO, Emissions Reduction

1 knot Speed Reduction | 2 knot Speed Reduction

reduced. Dry Bulk 13% 25%
Speed optimization also

involves varying the ves- Qil Tankers 15% 28%

sel speed to arrive “just in

time,” thus avoiding idle Containerships 6% 11%

time outside the terminals

and minimizing overall fuel
consumption.

The Role of Class Societies

in Industry Decarbonization

With the IMO having set mid-term targets to reduce
shipping’s CO, and GHG output, owners now face the
difficult task of decarbonizing their fleets to meet the
2030 goals. There are so many technology options to
consider that selecting a sustainable, fleetwide decar-
bonization strategy that will align with a company’s
business goals is increasingly complex. The carbon foot-
prints of each fleet will be different, and each ship will
require a bespoke strategy to find the most effective path
towards compliance with the new regulations and emis-
sions targets. Class societies are dedicated to helping
clients comply with these new regulations and emissions
targets.
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sustainability goals by benchmarking and monitoring
fleet or vessel-specific environmental categories like
emissions, garbage, waste, and consumables.

Recognizing that marine operators require support to
align with the United Nations Sustainable Development
Goals (SDG), ABS has introduced two new sustainability
notations—SUSTAIN-1 and SUSTAIN-2, both introduced
in 2020. These recognize alignment with the SDGs, and
having these notations assigned provides testament to
financiers and charterers about the sustainability of the
fleet and the company.

ABS has also published a series of guides and
sustainability whitepapers to assist shipowners in adapt-
ing their vessels for a low-carbon future. These include a
Guide for Sustainability Notations; Guide for Ammonia Fueled
Vessels, Biofuels as Marine Fuel Whitepaper; and Guide for
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Methanol and Ethanol Fueled Vessels; among others.

Conclusion
The maritime industry is undergoing a significant trans-
formation centered around decarbonization and moti-
vated by IMO regulations; the financial institutions that
support new vessel construction and retrofits; the multi-
national charterers of such vessels; and MBMs emerging
from local and regional authorities. The decarbonization
solutions the industry has at its disposal center around
three areas including alternate fuels and energy sources,
as well as technological and operational improvements.
It is expected that the majority of the decarboniza-
tion benefits will come from using low- and zero-carbon
fuels. Technological and operational improvements,
however, can increase the efficiency of vessels and the
voyage, respectively, which can be equally effective. It
is expected that a combination of the three will provide
the desired results and allow the achievement of GHG
reduction targets and carbon intensity reduction targets
of 2030 and 2050. /&

Graphic courtesy of the American Bureau of Shipping
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Sustainability from a
Marine Insurance Perspective

by TrupE S. HuseBo
Chief Human Resources Officer
Skuld

the United Nations declared a “code red for human-

ity” in August 2021. That put decarbonization on
the minds of everyone in the ocean industries. It is the
leading topic on the shipping sector’s lengthening envi-
ronmental, social, and governance (ESG) agenda, and
a key area for the marine insurers that help to manage
maritime risk.

Skuld is one of a small group of international
“Protection & Indemnity” (P&I) clubs. Collectively,
these mutual insurers cover more than 90 percent of the
global, commercial, ocean-going fleet against third-party
claims. Skuld, directly and through its membership, is
at the leading edge of action in this planet-critical area.

I n response to rapidly intensifying climate change,

Decarbonization

New technologies hold many of the keys to how we, as
ocean industries, meet the transition to zero-carbon emis-
sions. An important activity for the marine insurance
sector is to support the development of next-generation
power solutions, such as fuel and battery technologies.
For example, some of our members are experiment-
ing with very low-emission alternatives to fossil fuels,
including onboard solar generation, hydrogen-powered
ships, and even a return to sail. Since new technologies
introduce new risks, insurers are an integral part of the
common goal of securing and providing tomorrow’s
zero-carbon shipping solutions.

The insurance industry can play an active role,
too. For example, Skuld has recently joined the Meersk
Mc-Kinney Moller Center for Zero Carbon Shipping as
a mission ambassador. This independent research and
development (R&D) center is looking to accelerate the
maritime industry’s transition to a net-zero future.

Equally, we must remain on the front line of provid-
ing the appropriate risk measurements and advisory
services to our members and insured customers. We are
eager to support high-level R&D initiatives and individ-
ual insurance customers’ decarbonization projects, but
the majority of the efforts shippers are making to decar-
bonize happens day-to-day. For example, vessel opera-
tors are working hard towards adapting to significant
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new regulatory requirements, not least is the obligation
to switch to low-sulphur fuel. On any issue related to risk
and process, marine insurers always have a carrot and
a stick to deploy. On marine fuel, Skuld refuses to cover
fines or penalties assessed against members who fail to
meet low-sulphur bunker requirements.

We feel strongly that sustainability impacts will have
to be considered more broadly in underwriting decision-
making across the marine insurance market. That belief
drives our restrictive, but simple and sensible approach
to covering fines which arise from any breach of envi-
ronmental laws and regulations. Less directly, the wider
insurance sector, can and do contribute significantly
to the zero-carbon transition through loss-prevention
initiatives. Skuld also builds internal competencies
that support the transition to environmentally friendly
shipping.

Insurers must carefully analyze their rules and the
terms on which they grant coverage to ensure they are
sufficient to cater to these new emissions regimes. They
must also maintain a watching brief because several new
IMO initiatives and regulations will be launched during
the coming years. Underwriting teams must be aware
of their impacts and trained appropriately. It is equally
important to ensure members and clients are kept aware
of the impact of any new rules on the risk profile of ves-
sels and cargoes.

Beyond Emissions

Alongside the effort to reduce the shipping sector’s
greenhouse gas emissions, environmentally conscious
removal of wrecks is another important ESG area for
vessel owners and insurers. Green wreck removal is par-
ticularly costly, and because specific jurisdictions have
different requirements, the process follows no standard
approach, which makes generalizations about cost dif-
ficult to make.

Other topics have always been important to shipown-
ers and their insurers even before ESG was a hot topic.
During these past two pandemic years, crew safety and
well-being were high-profile concerns, starkly demon-
strating the importance of insurers’ work in this area.



For example, COVID-19 highlighted crews’ vulnerabil-
ity to travel restrictions and limited access to medical
assistance. We spare no time or expenses to restore the
health of stricken crew and passengers during this ongo-
ing crisis.

That said, safety and well-being have been a focus for
the P&I sector for decades. It is difficult to overestimate
the importance of the area for insurers and their clien-
tele. Skuld has adopted the U.N.’s Sustainability Goal 3—
good health and wellbeing—which reflects our hard
work to improve health and safety for the crew of any
vessel we cover, and also of course, for our own employ-
ees. We have also signed the Neptune Declaration on
Seafarer Wellbeing and Crew Change, and we actively
encourage all our colleagues in the P&l market to do
so too.

On a practical level, we are in the process of updating
our procedures for the condition surveys we perform
on vessels. The new process will include assessment of
shipboard working conditions, and general treatment
of crews by their employers. We use in-house techni-
cal managers to perform surveys that help us get a real
impression of what it is like to work on specific ships.

Changing Approaches

Marine insurers have a responsibility to help their cus-
tomers make transitions and should be engaging their
expertise and resources to provide support. One of our
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strategies is to help traditional shipowners that want to
change their industry focus and shift into more climate-
friendly sectors. Some may move, for example, from
fishing fleets to fish farms, or from tanker ownership to
offshore windfarms.

We already see demand from our membership to sup-
port them on such journeys, and it will only increase
as companies in the shipping sector go green. We are
closely involved with some members switching from
conventional to green passenger ferries.

Accidents at sea will unfortunately always happen,
but our sector is here to ensure that responses to events
like wrecks and spills are as rapid and environmen-
tally sensitive as possible. Skuld and other P&I clubs are
enormously important in the remediation of pollution
incidents, working to guarantee prompt and efficient
casualty response services to ensure that all the neces-
sary measures are taken to protect people, property, and
the planet, when an emergency occurs.

Ocean pollution is taken very seriously by everyone
in the shipping sector. The number of oil spills has dra-
matically declined during the past half century, with
frequency reduced by 90 percent since the 1970s. This is
very much thanks to the joint efforts of shipping, marine
insurers, and regulators. The insurance market has sub-
stantial experience dealing with large pollution incidents
and is well aware of its role in ensuring efficient clean
up and swift compensation payment to the victims of

PEACE, JUSTICE
AND STRONG
INSTITUTIONS
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Skuld has chosen five Sustainable Development Goals that guide its work on sustainability. Graphic courtesy of Skuld
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Sustainability is an essential part of Skuld’s strategy, culture, and identity. Photo courtesy of Skuld

such incidents.

Many vital commercial sectors will demand and rely
on the transportation of fossil fuels for decades to come.
The sudden withdrawal of insurance coverage in some of
these sectors could therefore be very damaging. Instead,
the insurance community’s role must be to help our com-
panies achieve United Nations sustainability goals, and
to continue to be part of the protective cordon. As long as
hydrocarbons are transported by sea, insurers will be on
hand to minimize any potential environmental impacts
arising from that process.

Looking internally, sustainable investment is an ESG
issue for all insurers. Skuld is identifying and assessing
a range of investment opportunities that would improve
our overall ESG-risk profile, encouraging our external
asset managers to develop investment vehicles that com-
bine sustainability with our other investment criteria,
and preparing to make climate-related, non-financial
disclosures. This is happening across the insurance and
financial sectors.

These internal efforts are important, as are others,
such as careful care for the well-being of the insurance
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workforce and a concerted effort to reduce the environ-
mental impact of our operations. However, the greatest
ESG impact we can make as insurers is to act as a trusted
partner of our insurance-buying members and clients.
We need to talk to them about the risks that threaten
them, how those risks may be changing, what they can
do to minimise such risks, and how we can help.

We have made sustainability an essential part of
Skuld’s strategy, culture, and identity. We are commit-
ted to continuing our work as an important way to meet
our aim of preventing injury to people, property, and the
environment. We encourage everyone across the ocean
industries to do the same. /lf
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Hybrid Tugs

Improving system efficiencies
as a viable decarbonization pathway

by JoHN BucHANAN
President
Harbor Docking and Towing

riencing smaller margins and increased pressure
to accelerate decarbonization. Understanding
our customers’ needs to reduce their carbon footprints
across operations in order to meet decarbonization
goals, Harbor Docking and Towing (HDT) faces a chal-
lenge: offering technical solutions that work today while
remaining competitive. Considering a tug’s 40-year lifes-
pan, it becomes increasingly apparent that any single
measure would not result in meeting our targets, so HDT
is embarking on a course to deploy innovative technolo-
gies and explore new pathways for decarbonizing gen-
erally hard-to-abate maritime applications. Going green
impacts our bottom line, but in a positive way by cutting
our fuel consumptions and reducing maintenance cost,
which has reduced our carbon footprint.
This article explores HDT’s decarbonization options
through the design of two of its newest tugs.

T he maritime industry, especially towing, is expe-

Goal Setting
The shipping community is setting ambitious goals for
decarbonization based on the International Maritime
Organization’s goal of achieving a 40 percent carbon
intensity reduction by 2030. By 2050, the goal increases
to a 70 percent carbon intensity reduction, as well as a
50 percent total emissions reduction based on 2008 levels.
Currently, these decarbonization targets are intended
for much larger cargo vessels like tankers serviced by
HDT. However, as these larger vessel companies com-
mit to sustainability improvements, their strategies not
only include the vessels they oper-
ate, but more often they are also
looking at the entire supply chain.
For example, Amazon, one of the
largest companies in the world,
recently committed to a goal of net
zero carbon across all operations
by 2040. This means that in order
to remain competitive, servicing companies like ours
also need to start considering their own sustainability
goals, especially when building newer vessels.

Carbon output and fuel
consumption have a linear
relationship of 10.5 kg/gallon

Operational Efficiency
There are multiple decarbonization options that ves-
sel owners can consider. The first involves improving
operational efficiencies. By using less energy, a vessel
consumes less fuel, and thus emits less carbon dioxide.
Service tugs typically have a short waterline length
and the high power density needed for towing that
allows them to reach speeds of 12-13 knots. However,
the power, and thus fuel, necessary to reach these speeds
is extremely inefficient. For a conventional 100-foot tug,
the difference in power required to sail at 10 knots is
more than 200 percent of the power needed to sail at
8 knots. The economic incentive for cutting fuel costs
is clear and owners and operators have implemented a
range of policies, technologies, and measures to incentiv-
ize crews and dispatch to reduce vessel cruising speeds,
improve vessel efficiencies, and ultimately lower costs
and carbon output.

Drop-In Fuels

A second option for reducing carbon impact involves
synthetic and renewable diesel fuels like gas-to-liquid;
hydrotreated vegetable oil; biodiesel-diesel blends like
B50; and fatty acid methyl esters. These “drop-in” fuels
have similar qualities to diesel, but with a much lower
carbon footprint. Additionally, most diesel engines can
operate with drop-in fuels or traditional and drop-in
fuel mixtures.

The decarbonization impact of using drop-in fuels is
heavily dependent on the availability of biomass feed-
stock. While drop-in fuels pro-
duced from biomass feedstock
are technically possible today,
they're lack of availability at U.S.
ports make them commercially
infeasible at this time. However,
as decarbonization demand con-
tinues to grow and regulators set
carbon intensity values for biomass feedstocks, as well
as consider implementing carbon taxing, it will be inter-
esting to watch for potential growth of biomass fuels.

Fall2022 PROCEEDINGSI 39



For owners, the ability to mix and match the percentage
of drop-ins with existing diesel fuels could be a viable
option for achieving company decarbonization goals
with their existing vessels.

Vessel Design-Based Measures
The third option to reduce carbon impact is to improve
vessel design-based measures. A range of advances in
tug and drivetrain designs have been developed in the
past decade to optimize performance output. In general,
bollard pull for ship handling is the primary perfor-
mance requirement with dynamic escort towing, with
steering and braking forces, coming in a close second.
As aresult, a traditional harbor tug operational profile is
characterized by a highly skewed power curve, as it was
designed for maximum bollard pull capability and fuel
efficiency at bollard pull conditions.

This single design point approach created very pow-
erful tugs with the assumption that if energy efficiency
was high at the single design point—bollard pull—it
would also be good at the working points in between.
This assumption is now being challenged by studying
the working points where tugs actually use the most
energy.

The multiple design-point approach optimizes total
system efficiency over multiple design points, improv-
ing system efficiencies for those conditions where the
tug uses the most energy. This creates better system effi-
ciency and results in lower fuel

As described in a 2014 IEA Bioenergy
report: “Drop-in” biofuels are defined
as liquid bio-hydrocarbons that are
functionally equivalent to petroleum
fuels and fully compatible with
existing petroleum infrastructure.

consumption and reduce vessel emissions.

Caterpillar, a pioneer in hybrid system design, ini-
tially designed them for use in offshore industry appli-
cations. Now, the same patented control algorithms are
being used in hybrid tug power plant applications. The
hybrid design provides tug owner/operators with the
ability to improve fuel savings, lower emissions, and
extend engine maintenance intervals.

When HDT contracted to build two new harbor
tugs to add to its fleet, it took into consideration all of
the options above, including the inclusion of a hybrid
diesel-electric plant. The goal for these new vessels was
to reduce emissions, while also providing the capability
needed to handle today’s larger ships.

In 2019-2020, Ralph and CAPT Robb, HDT’s newest
tugs were built at Washburn & Doughty Associates Inc.
in Boothbay, Maine. At 93 feet long, 38 feet wide, and

consumption and emissions. In
other words, modern tug design
is shifting towards an availabil-
ity of power philosophy rather
than a philosophy of full, con-
tinuous power at all times.

In a multi-design point, the
goal is to have higher efficien-
cies at established design points
based on the most common
operating profile of the vessel,
while accepting lower efficien-
cies at maximum power due
to lower operational use. The
result of this type of multi-point
approach supports the use of a
hybrid diesel-electric propulsion
system. While a traditional tug’s
main engines run at an ineffi-
cient idle condition more than
32 percent of the time, a diesel-
electric system could allow the
operator to secure the diesel
engine when not needed. This
would significantly improve fuel
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Harbor Docking and Towing's goal for its newest tugs, Ralph, pictured here, and CAPT Robb, was to reduce
emissions, while also providing the capability needed to handle today’s larger ships. The powerful,
environmentally friendly tugs present no downside, according to the company’s president, John Buchanan.
Photo courtesy of Harbor Docking and Towing



with 91 short tons of bollard
pull, these vessels are powered
by two 2,550 HP main engines,
two 565 KW generators, and
a 200 KW generator. This all
drives two azimuthing thruster
units powering 2,800 mm
propellers in high efficiency
nozzles.

For towing operations, each
vessel is fitted with a Markey
DEPCEF-52-75HP electric-driven
hawser winch. The electric-
driven winch provides more
energy efficiency when com-
pared to hydraulic-driven
winches. In total, 475 feet of
10-inch circumference Samson
AmSteel-Blue hawser line is fit-
ted in a single drum arrange-
ment. Samson AmSteel-Blue
Dyneema fiber rope materials
are lighter and stronger than
traditional steel wire rope.

For push-pull docking-
assisted vessels, the tugs are
fitted with two upper rows of
24-inch cylindrical fender, a
middle 16-inch soft loop fender,
and a lower laminated fender.
Twelve-inch black rubber “D”
fenders are fitted at the main
deck on the sides and around
the stern. Between the D fender and the middle bow
fender there is a double row of soft loop fender, with the
aft end of the soft loop fender tapered to approximately
the depth of the D fender. The softer cylindrical fend-
ers provide a “soft” landing, while
the laminated fenders distribute tug
power over a wider area. The work-
ing equipment is completed by an
EBI TC10 telescopic boom crane with
a maximum 30-foot reach and 4,000

Each of the Caterpillar
3512E engines generates
2,550 HP @ 1800 RPM.

CAPT Robb, pictured here, and Ralph, are two of Harbor Docking and Towing’s newest hybrid diesel-electric
tugs. Built by Washburn & Doughty Associates Inc., they are 93 feet long, 38 feet wide, and boast 91 short tons
of bollard pull. Each tug is powered by two 2,550 HP main engines, two 565 KW generators, and a 200 KW
generator. Photo courtesy of Harbor Docking and Towing

straight composite shaft line. Between each main engine
and thruster there is a main clutch mounted in a bell
housing attached to the engine. The single skid arrange-
ment, in combination with the bell-house mounted
clutch and straight-line composite
shaft, provides modern tug designs
with an elegant solution to misalign-
ment issues of days past.

An electric 560 KW electric
motor-generator is mounted juxta-

pounds at maximum reach lifting
capacity.

Both vessels are also fitted with an ABS class-
approved fire-fighting I system driven by the starboard
main engines on the power take off (PTO) side. During
fire-fighting, maneuverability and propulsion power is
maintained through the vessels” hybrid drive systems
and/or the port-side main engine.

Propulsion Plant Design
The two main engines power the main thrusters via a

posed to the mechanical input drive
of the azimuthing thruster upper
gearbox. This allows the motor-generator to work in a
hybrid power take in/PTO arrangement. In PTO mode,
electricity can be provided to the vessel from the main
engines. In power take in (PTI) mode, the motor-gener-
ator can work as part of the propulsion system. To take
advantage of the PTI/PTO capabilities, the azimuthing
thrusters use a pinion straddle mounted upper gearbox
arrangement. This prevents the need for customized
in-line motor-generator units, increasing flexibility for
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selection of off-the-shelf drive system components. The
electric motor-generator, in combination with the bell-
house mounted clutch on the main engines, provides
a range of operational modes, as well as performance
benefits with increased load response.

The hybrid system design also provides owners
and operators with the type of performance
required for high power demands when it is
needed. When operated in parallel, the electric
motor acts as a torque-enhancer, improving load

comparison between our newest vessels and older EPA
Tier I and II tugs. We do see fuel savings with our hybrid
tugs compared to the other vessels. These fuel savings
directly translate to a 70 percent carbon intensity reduc-
tion for our fleet. Pound-for-pound, these are the best
tugs in our fleet.

Hybrid Drivetrain Arrangement
for Ralph and CAPT Robb

response characteristics. At top rpm ranges, the
hybrid E-motor provides an extra boost to the
tug’s main engines. The boost, or turbo, feature
provides more power at the top range, even
allowing for the Ralph and CAPT Robb to be fit-
ted with smaller engines. Other tugs of similar
high bollard are generally fitted with 16-cylinder
engines instead of the 12-cylinder CAT 3512E.
While this is a nice feature on diesel-driven
engines, it is an invaluable feature on future
alternative fuel and blend-driven engines.
Regardless of whether the future of marine fuels
will be some form of natural gas, diesel blends,
or methanol, the energy densities of these fuels
are lower compared to diesel. Hybrid systems
are a must to provide customers with the diesel-
like performance needed for their operations.

A More Efficient Tug Design

The most efficient engine is the one you don't
need to run. These are also the engines that emit
fewest particles. On a traditional tug, the main engines
are always running. Slower transit speeds of around
6 knots can be achieved by engaging and disengaging
the clutch. Below those speeds, when maneuvering near
assisted vessels, or just standing by, these tugs turn the
thrust vectors of their azimuthing Z-drives into each
other, wasting energy by creating juxtaposed propeller
washes. Again, slow speed and standby modes account
for approximately 32 percent of a tug’s operational time.
Ralph and CAPT Robb can operate up to 10.5 knots in
a diesel-electric configuration with both C18 generator
sets running. However, in its more common operating
mode, it can run at 8 knots with a single C18 running.
Further, when the tug is just standing by, both engines
can be secured, and Ralph and CAPT Robb can just use
the motor generator. By securing the engines on Ralph
and CAPT Robb when not needed, this hybrid system can
save more than 8 gallons per hour, leading to a 46 per-
cent reduction in fuel consumption.

Moving Forward
Ralph and CAPT Robb are the biggest and most modern
tugs in HDT's fleet. As such it is difficult to make a direct
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Further integration and electrification of tug sys-
tems seems inevitable. Bringing a hybrid automotive
user experience to the marine environment will be key.
Whether that means battery-electric tugs like Crowley’s
E-wolf and the Canadian Haisea ElektRA tugs, or paral-
lel hybrids like Ralph and CAPT Robb, remains to be seen.

In the meantime, HDT is moving forward with our
own new build program. Our goal is to use the new-
est technology combined with the lessons learned from
Ralph and CAPT Robb to ensure that HDT can be a real
contributor on the path toward decarbonization without
compromising the power needed to safely handle today’s
larger ships. /&
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Chevron Shipping’s Path
to Lower Emissions

by Martt TUrNS
General Manager, Strategy & Business Performance
Chevron Shipping Company

and sustainable world, enabling modern life, and
the conveniences that come with it. Affordable,
reliable energy will continue to be essential for growing
a global economy and lifting billions out of poverty.
The future of energy is lower carbon. To achieve this
lower carbon future, the carbon intensity of oil and gas
operations must be reduced and solutions for lower car-
bon energy must be provided. The maritime industry
has been on its own decarbonization path. In 2018, the
International Maritime Organization (IMO) set goals for
international shipping to reduce its total annual green-
house gas emissions by at least 50 percent of 2008 levels
by 2050, while reducing carbon intensity by 70 percent
over the same period.

E nergy is essential to achieving a more prosperous

Chevron’s View
Chevron Shipping aligns with our parent

through 2050. Chevron is fostering hydrogen demand
growth through original equipment manufacturer alli-
ances with Toyota, Cummins, and Caterpillar, and we
believe that investing in bio feedstocks is critical to
securing our lower-carbon fuels value chain—including
sustainable aviation fuels. Through a memorandum of
understanding between Chevron Products Company,
Delta Air Lines, and Google, we have agreed to track
sustainable aviation fuel test batch emissions data using
cloud-based technology.

A Changing Industry

There is a desire to continue the decarbonization of the
maritime industry. Maersk Mc-Kinney Meller Center
for Zero Carbon Shipping, Poseidon Principles, Global
Centre for Maritime Decarbonization, and Sea Cargo
Charter are just a few organizations aiming to advance

company, Chevron Corporation, in deliver-
ing our goal of lower carbon. To achieve this,
we are accelerating progress toward a lower
carbon future by continuing to lower the car-
bon intensity of our operations and making
investments to develop lower carbon energy
solutions for the future. We are investing
more than $10 billion between now and 2028,
with $2 billion earmarked to lower the carbon
intensity of our operations.

Innovation will be critical to achieving
IMO targets. Breakthroughs will be needed,
and technologies must adapt and be devel-
oped. Additionally, global energy challenges
must be solved on a massive scale. Chevron
and the energy sector—including maritime—
can play a major role in addressing this chal-
lenge.

We view liquefied natural gas as the short-
term lower emission fuel and see promising
alternative fuels, like ammonia, as integral
in meeting the IMO 2050 target. Regarding
propulsion technology, we see the internal
combustion engine as most likely dominant

While the Apollo Voyager most often supports ship-to-ship operations at the request of
Chevron'’s Richmond Refinery, it also makes frequent voyages to Panama. The vessel has
reduced its emissions by improving business processes and communications, adjusting
voyage speeds, and implementing a main engine low-load initiative. Photo courtesy of
Chevron Shipping Company
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global decarbonization and/or lower carbon initiatives.
Chevron recently joined Sea Cargo Charter’s benchmark
initiative for responsible shipping activities, transpar-
ent greenhouse gas (GHG) reporting, and improved
decision-making in line with U.N. decarbonization tar-
gets. Additionally, regional initiatives are also enacting
measures that aim to advance this goal.

The European Union’s “Fit for 55” package includes
the FuelEU Maritime proposal which seeks to increase
the use of sustainable alternative fuels at EU ports, as
well as establish limits on GHG intensity of energy used
on board vessels. “Fit for 55” also includes an expanded
emissions trading system (ETS). Both FuelEU Maritime
and the ETS are expected to include international ship-
ping beginning in 2023.

Chevron supports well-
designed climate policies such

focus on tracking and lowering emissions from within
our owned and operated fleet, in addition to our third-
party fleets, piqued our interest in learning more about
the Sea Cargo Charter.

Sea Cargo Charter establishes a common baseline
to quantitatively assess and disclose whether shipping
activities are aligned with adopted climate goals. Their
charter is consistent with the policies and ambitions
adopted by the IMO and the anticipated future regula-
tory framework. By joining Sea Cargo Charter, Chevron
joins other maritime leaders in committing to even
greater transparency in measuring and reporting GHG
emissions.

With the help of Sea Cargo Charter, we will start
tracking its chartered ship emissions against a common

baseline as a way to moni-
tor how business decisions

as a price on carbon to enable
scalable decarbonization of
the energy system. Chevron
believes this is one of the most
efficient ways to harness mar-
ket forces to reduce emissions.
For the maritime sector, these
market-based mechanisms
should be as broad as possible
to maintain a level playing field
and reduce trade distortions.
Chevron Shipping has been

“The FuelEU Maritime initiative
proposes a common EU
regulatory framework to increase
the share of renewable and low-
carbon fuels in the fuel mix of
international maritime transport
without creating barriers to the
single market,” as proposed by
the EU Commission.

impact emissions. Our efforts
to make the information vis-
ible required close coordina-
tion between Information
Technology, Operations, and
Fleet Technical organizations.

Additional Opportunities

In addition to joining the
Sea Cargo Charter, Chevron
Shipping is exploring and exe-
cuting on multiple solutions to

on its own decarbonization
journey, beginning two years
ago with a review of our environmental strategy. We
found that while we were very strong in the traditional
areas of environmental stewardship, includ-
ing preventing releases and reducing waste,
lowering carbon required additional focus.
As we looked across the segments of our
organization, we recognized that there were
many lower-carbon activities happening,
but they could be better organized, central-
ized, and coordinated by a single group.

This more centralized approach allowed
us to prioritize and focus our efforts.
Chevron Shipping not only owns and oper-
ates ships, we are also one of the world’s
largest charterers of tankers, and have
looked for opportunities to reduce our car-
bon intensity in both of these areas.

Sea Cargo Charter

While we have been tracking the GHG emis-
sions of our operated fleet, we have had
much less visibility into the emissions of the
third-party chartered ships. Our continued
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achieve our lower carbon goals
within our operated fleet. The
initial focus was on information transparency so we
could find the opportunities and measure our progress.

The Asia Excellence is one of Chevron’s new, technologically advanced LNG ships supporting
the company’s growing global LNG leadership position. Each of Chevron’s LNG ships can hold
approximately 160,000 cubic meters of LNG at the necessary -260 F while in transit. Photo
courtesy of Chevron Shipping Company



Armed with better information on fuel consumption,
and therefore emissions, we could quantify the benefits
of optimized routing, speeds, and energy usage within
our operated fleet. Reviewed daily, our new ‘dashboard’
system brings visibility to the ships deviating from
expectations and also enables an immediate dialogue
for ways to increase vessel efficiency.

Scheduling was another area of improvement. One
of the benefits of being an integrated oil company is that
we can work with the refineries and adjust arrival dates
to reduce demurrage and maximize efficiency. This data
transparency allows us to make high-quality, value-
based decisions across the supply chain, in addition to
operational improvements. In 2021, these improvements
reduced CO, emissions by more than 104,000 metric tons,
compared to 2019 levels.

What’s Next?

Longer-term, Chevron Shipping is continuing to explore
new technologies, energy-saving devices, and future
fuels. We are also looking to partner with other indus-
try organizations to create cutting-edge solutions. The
advances in technology are moving at a rapid pace. Even
vessels that we acquired over the past 2-3 years are sig-
nificantly more fuel-efficient than ships acquired 5-10
years ago.

For more information

For more information on Sea Cargo
Charter, visit www.seacargocharter.org/
about/governance

Chevron's Pegasus Voyager, left, and
Polaris Voyager, not pictured, are
specifically designed for ship-to-

ship operations (e.g., lightering),

with controllable pitch propellers

and bow thrusters providing extra
maneuverability. In addition to being
safe, modern vessels, these sister ships
have achieved significant emission
reductions. In 2021, they reduced CO,
emissions by more than 104,000 metric
tons compared to 2019 consumption
values. This was achieved by making
operational adjustments and improving
business processes and communications
across functions and assets.

“We believe the path to meet our 2050 goals will be
a mix of many incremental improvements and indus-
try-wide transformation. We are prepared and dedi-
cated to the journey,” David Moore, senior manager,
Chevron Shipping Operational Excellence (OE) Health,
Environment and Safety, said. This path will require
establishing new fuel alternatives and associated infra-
structure and supply in order for the industry to meet
the IMO 2050 goals.

Working Together

In our industry, members from across the maritime sector
will need to work together. Reaching our carbon reduc-
tion goals will take creating and testing many different
solutions from different parts of the industry. It will also
require industry and governments to align on policies
and infrastructure development, as well as cooperative
action amongst charterers, owners, operators, ports, and
regulators, including ship class societies to ensure that
solutions are not only efficient but also safe. /&

About the author:

Matt Turns is the general manager of Chevron Shipping Company’s
Strategy & Business Performance. He holds a B.S. in naval architecture
from Webb Institute and an MBA from Arizona State University’s W.P.
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Hydrogen Vessel
Feasibility Studies at
Sandia National Laboratories

by LeoNArD E. KLEBANOFF, Pr.D.
Lead, Maritime Applications for Hydrogen Fuel Cells
Sandia National Laboratories

Emissions from International Shipping document,

the International Maritime Organization recently
called for a reduction of total annual greenhouse gas
(GHG) emissions from international shipping by at least
50 percent of 2008 levels by 2050.! In order to achieve
this reduction, a shift in ship propulsion fuel away from
traditional fossil-derived fuels to fuels that, from “well-
to-waves,” reduce or eliminate GHG emissions will be
needed. Reductions in the criteria pollutant emissions
like the oxides of nitrogen (NOx), hydrocarbons (HC)
and particulate matter (PM) are also important, as these
adversely affect human health in the short term.? Broad
surveys of possible alternative fuels have been pub-
lished, 345 as well as studies of specific candidate fuels
such as dimethyl ether,® methanol,” ammonia,® liquid
natural gas,? and biodiesel. 1 Among the candidate fuels
for replacing marine hydrocarbon fuels is hydrogen. The
safety-related properties of hydrogen as a fuel!! and a
description of hydrogen fuel cells'? have been published
previously.

Even before the announced IMO strategy, the use
of hydrogen technology in maritime applications has
been considered for the past two decades, with increas-
ing interest in the use of hydrogen fuel cell technology
on ships. Early studies examined the first approaches
toward an integrated use of hydrogen, both in fuel cells
and internal combustion engines (ICE), for the entire
maritime scope of shore power, prime vessel power,
and vessel auxiliary power.1314 In 2016, L. van Biert and
coworkers!® reviewed the status of the different types
of fuel cells that could be used on a ship, as well as the
various approaches to hydrogen storage or on-board
hydrogen generation—for example, the reforming of
other fuels. Others performed analysis using hydrogen
in ICEs as a replacement for burning heavy fuel oils on
transoceanic vessels. 16

A number of recent studies have been published
with a focus on lifecycle emissions, 1718 maritime fuel

In its IMO Action to Reduce Greenhouse Gas
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cell thermodynamics, ¥ safety,?’ and comparative
reports of the varying types of fuel cells and hydrogen
storage approaches available to future low-emission
shipping, 212223

The original idea for Sandia to examine the feasibility
of hydrogen fuel cell vessels came in 2015 from Mr. Tom
Escher of the Red & White Fleet in San Francisco. He
suggested we initially examine the feasibility of a hydro-
gen fuel-cell ferry. Funding for this first study came
from the U.S. Department of Transportation’s Maritime
Administration (MARAD), and involved a collabo-
ration between Sandia; the naval architect Elliott Bay
Design Group; and the class society American Bureau
of Shipping (ABS). The result of this study is the San
Francisco Bay Area Renewable Energy Electric Vessel
with Zero Emissions, or more concisely, the SF-BREEZE, a
conceptual high-speed hydrogen fuel-cell ferry designed
for commercial use in San Francisco Bay.

The SF-BREEZE

In order to satisfy the requirements of ferry operation,
the SF-BREEZE design combines renewable liquid
hydrogen (LH,), proton exchange membrane (PEM) fuel
cell technology, and a catamaran hull design to provide
high-speed ferry service for 150 passengers at 35-knot
top speed. A full account of the vessel design, as well
as the technical and economic feasibilities are reported
elsewhere.?*

As indicated by the SF-BREEZE engineering draw-
ings, the top deck holds a cylindrical 1200 kg capacity
LH, tank with enough hydrogen for 4 hours of continu-
ous operation. The tank size is driven by the desire to
refuel only a couple of times per day during operations.
The high-speed—35 knots—requirements of the design
necessitate the lightest and most compact method of
storing 1200 kg of hydrogen, namely LH, storage in a
traditional cryogenic tank. The PEM fuel cells, a total
installed fuel cell power equal to 4.9 MW, were selected
for their fast turn on, minimal weight, commercial


https://elsewhere.24
https://vessels.16
https://biodiesel.10

availability, established track record, and ability to run
on pure hydrogen.

The vessel was generally designed to be compliant
with the International Code of Safety for Ships using
Gases or other Low-flashpoint Fuels (IGF Code),?® which
was written with natural gas in mind. The IGF Code is
a good starting point for compliant design of hydrogen
vessels because of the similarities of the safety-related
combustion properties of hydrogen and natural gas.?®
The SF-BREEZE'’s Vent Mast, a safety requirement for
hydrogen vessel designs, allows for safe venting and dis-
persion of boil-off gas from the LH, tanks during periods
of vessel inactivity, as well as exhaust from fuel cell room
ventilation. During the SF-BREEZE project, Sandia held
monthly meetings with the United States Coast Guard
to provide hydrogen technology “tech transfer,” and to
help develop science-based hydrogen regulations in the
maritime space.

During the final stages of work on the SF-BREEZE,
Sandia briefed the Scripps Institution of Oceanography
(SIO) on H, vessel technology. The SIO staff was think-
ing about a new nonpolluting coastal research vessel to
replace fossil-fuel vessels that were recently retired or
near retirement. For a research vessel, the advantages of
using hydrogen fuel cells are considerable:?”

* Zero-emissions hydrogen technology allows the
collection of air samples with no interference
from vessel engine emissions.

* Hydrogen is readily used in arctic oceanographic
exploration because it is not susceptible to the
waxing/freezing problems of petroleum-based
fuels.

e The complete elimination of vessel particulate
emissions in arctic research missions avoids
the formation of “black ice” which is a major
concern for increased solar absorbance leading to
increased rates of ice melt.

¢ Fuel cells are low-noise power systems, meaning
an H, fuel-cell research vessel would radiate
substantially less underwater noise, enabling
better scientific acoustic surveys with reduced
noise impacts on marine wildlife.

* Being electrical devices, PEM fuel cells offer faster
power response than conventional diesel engine
propulsion technology, which is an advantage in
vessel handling and positioning.

e Fuel cells generate pure deionized water which is
needed for laboratory use and can also be treated
to use as the ship’s source of potable water.

* Having no fossil fuels onboard means no risk of a
polluting fuel spill, which allows oceanographers
to work in sensitive habitats without fear of
polluting them.

These potential benefits motivated a detailed

Passenger
Compartment

PEM Fuel Cells

Engineering models provide views of the SF-BREEZE, including a cutaway
version, to show the PEM fuel cell power racks on the main deck. The top
deck holds the LH, storage tank, the associated Vent Mast, evaporation
equipment, and the pilot house. Image courtesy of Elliot Bay Design Group

exploration of the technical, regulatory, and economic
feasibility of designing, building, and operating a practi-
cal, commercial, zero- emission coastal research vessel.
This led to a MARAD-funded project consisting of a col-
laboration between Sandia, the naval architect Glosten
and SIO, the results of which have been published.?

The Zero-V

The hydrogen-powered coastal research vessel Zero-V
engineering models show the placement of PEM fuel
cells (1800 kW) and the cryogenic LH, tanks. The Zero-V
requires two large LH, tanks—10,900 kg total consum-
able capacity—because of the considerable distance of
2,400 nautical miles that the research vessel must travel
before refueling. The Zero-V design follows the IGF
Code? and is based on a trimaran hull type, which was
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selected because it enabled the vessel to meet all space,
volume, and stability requirements. More specifically,
the design has a wide deck allowing for a large deck-
house and superstructure which affords ample accom-
modations, laboratory, and service spaces, in addition to
excellent stability characteristics.

These attributes, combined with the light weight of
the LH, fuel, allows the fuel storage tanks to be placed
in an elevated position on the 01 deck without adversely
affecting the vessel’s stability.

The H, Hybrid

The SF-BREEZE and Zero-V feasibility studies examined
the use of hydrogen PEM fuel cells to provide all required
propulsion power for the vessel. However, early uses of
hydrogen technology on ships may be more limited, with
the hydrogen fuel-cell power acting as a hybrid power
component supplementing a primarily diesel-based
powertrain. A natural question arose: How useful is
hydrogen fuel-cell technology as a hybrid power system
component? For this feasibility study,3? we examined
hydrogen fuel cells as hybrid power systems supple-
menting primary diesel power. We targeted a different
kind of vessel, namely an H, hybrid cost-constrained
coastal/local research vessel intended as a replacement
for the smaller SIO R/V Robert Gordon Sproul, which is
approaching the end of its service life. This MARAD-
funded project continued the collaboration between
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Engineering
models of the
Zero-V, including
a cut-away
view (bottom),
show parts

of the vessel,
including some
of the hydrogen
technology
components.
Image courtesy
of Glosten
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Sandia, Glosten, and SIO.

A trimaran hull was used for the Zero-V3! since the
previous Zero-V project determined a monohull vessel
would not provide sufficient stability for an all-hydrogen
powered vessel of that size. However, due to the limited
introduction of hydrogen technology, a monohull was
the only hull design pursued for the H, Hybrid Sproul
Replacement Vessel (SRV).32 In addition, since this vessel
is cost-limited, a monohull of conventional proportions
would be the most cost-effective design.

Once the LH, tank size was chosen—733 kg consum-
able LH,—the H, Hybrid SRV was designed. Since the
H, Hybrid SRV is not completely reliant on hydrogen
power for propulsion, there is no need to have redun-
dancy in the hydrogen system—LH, tanks, evaporators,
manifolding, fuel cells. This means that just a single LH,
tank needs to be accommodated. As required by the IGF
Code,33 the LH, tank needs to be located no closer than
20 percent of the vessel beam to the side of the vessel.

The H, Hybrid has a total of 800 kW of installed hydro-
gen fuel-cell power. This hydrogen fuel-cell system is in
addition to the 1185 kW diesel generator plant. It was
found that the H, Hybrid provided much superior per-
formance—Dbetter zero-emissions range and emissions
benefits—than a Li-ion battery hybrid vessel due to the
higher volumetric energy storage density of the LH,/fuel
cell combination.3*

Based on this study, SIO sought, and was granted,


https://combination.34

funding from the state of California for the H2 Hybrid
vessel. The organization announced on July 23, 2021,
that California would provide $35 million towards the

design, construction, and commission-
ing of the vessel as a replacement for the
R/V Robert Gordon Sproul.3> The project
began in Spring 2022.

Air Emissions

Fuel cells are zero emission at the point
of use. However, there are emissions
associated with the production and
delivery of hydrogen to the vessel, or
the so-called “fuel pathway” emissions.
A full analysis of the GHG and criteria
pollutant—NOx, HC, and PM—emis-
sions—for the SF-BREEZE has been
published 3¢ and shown in Figure 1.
Presented are the production and deliv-
ery GHG emissions, the so-called “well-
to-tank” (WTT) emissions, for a variety
of different ways of making hydrogen.%”

The current commercial method of
making LH,, namely fossil-derived natu-
ral gas (NG) reforming to hydrogen, fol-
lowed by hydrogen liquefaction, releases
significant CO, (eq.) per megajoule of
LH, (126.3). The formulation CO, (eq.)
considers that there are other gases that
contribute to global warming besides
CO, itself.38 Water electrolysis using
conventional grid power produces even
more CO; (eq.) emissions—235.9 grams
CO; (eq.)/MJse—because water elec-
trolysis is very energy intensive, and the
current electrical grid used to perform
the electrolysis is based on fossil fuels.
Fortunately, when renewable sources
of hydrogen are available that do not
involve fossil fuel, the fuel pathway GHG
emissions are dramatically reduced.
Renewable methods include wood gas-
ification, and electrolysis of water using
low-carbon electricity sources such as
nuclear power or wind.

Since PEM fuel cells produce no pol-
lutant emissions at the point of use, these
WTT LH; production numbers also pro-
vide the well-to-waves, or well-to-wake,
(WTW) emissions, which includes emis-
sions from the vessel operation, if any.
For a hydrogen fuel-cell vessel, the WTT
emissions equals the WTW emissions.

Using non-renewable fossil-derived

LH, leads to undesirable GHG emissions for the Zero-V,
even greater than for the equivalent diesel-fueled ves-
sel.? However, the situation is dramatically improved

Vent Mast

/ TCS Ventilation Exhaust

FC Room Ventilation Exhaust

FC Room

B

Glosten

/

LH; Bur;kering
Station

LH, Tank

Renderings of the H, Hybrid SRV present the layout of the vessel, including its first platform (below
the main deck) arrangement showing the fuel cell and diesel engine rooms. The second image
shows the locations of the LH, tank and other hydrogen fuel cell technology features, including the
exhaust vent for the fuel cell (FC) room ventilation, and a tank connection space exhaust. Image
courtesy of Glosten
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Represented above is the greenhouse gas emissions associated with producing one megajoule
of finished hydrogen fuel on a lower-heating value basis, or MJg. It also shows production
and delivery GHG emissions—the so-called “well-to-tank” emissions—for a variety of different
methods of making hydrogen.'® Graph courtesy of Leonard E. Klebanoff, Ph.D.
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using renewable LH,. Taking the aver-
age value of the renewable production
pathways shown, the annual WTW GHG
emissions from the Zero-V using renew-
able LH, becomes 0.16 Gg CO, (eq.)/year.
This is 91.6 percent less than the WTW
GHG emissions from the equivalent die-
sel vessel running on conventional diesel
fuel (1.9), a level of GHG emissions reduc-
tion needed to survive growth in the
fleet. 404142 It is clear that the real potential
in hydrogen technology to reduce mari-
time GHG emissions lies not in the use
of hydrogen derived from fossil natural
gas (NG), but rather in using renewable
hydrogen. On the other hand, the crite-
ria pollutant emissions—NOyx, HC, PM—
from a hydrogen vessel are much lower
than for equivalent diesel-fueled vessels
regardless of whether the hydrogen is
renewable. 434445

Conclusions

The Sandia hydrogen vessel feasibility
studies affirmatively answered many
feasibility questions including whether
hydrogen vessels were up to the task
in the areas of speed, range, passenger
capacity, and feasibility in fueling sites
and provision. Additionally, the studies
explored whether these vessels would
provide the required GHG reductions
and whether they would satisfy Coast
Guard requirements and be supported
by port authorities.

It’s worth noting that all of these ques-
tions were inherently “show-stopping” if
they were found to be infeasible. However,
the only item for which feasibility was not
demonstrated, and not examined in the
studies, concerned the commercial attrac-
tiveness of a hydrogen vessel. That is ulti-
mately for the future marine marketplace,
with all its complexity, to determine.
While the Coast Guard review has found
no “show-stopping” problems thus far,
the approval of any given vessel, either
by the Coast guard or other national regu-
latory authority for another country, will
depend on the particular design of the
vessel under review.

The full final reports for the
SF-BREEZE, Zero-V, and H, Hybrid projects
are available for download at the Sandia

50 PROCEEDINGSI Fall 2022

Annual CO, (eq.) Emissions
(Gg CO, (eq.)/year)

"Well-to-Waves" Greenhouse Gas Emissions from
the Zero-V Using Different Fuel Types
2.2
2 4 1.9
1.2
1 4+
0.16
0 IS
LH, LH, Mission Mission
from from Equivalent Equivalent
Fossil NG Average Diesel Biodiesel
Reforming Renewable Vessel Vessel

The chart shows the greenhouse gas (GHG) emission results for the Zero-V, comparing the annual
GHG well-to-waves emissions for the vessel running on either fossil natural gas LH, or renewable
LH,, along with the GHG emissions from mission-equivalent vessels powered with either diesel

fuel or biodiesel fuel. Graph courtesy of Leonard E. Klebanoff, Ph.D.
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Questions Addressed in Sandia’s
Hydrogen Vessel Feasibility Studies

The list below indicates the questions that arose and were answered, with
a check mark signifying that feasibility was indeed found and the question
answered affirmatively.

Will H, vessels float?

Can they go fast enough, up to 35 knots, depending on the application?
Can they carry a decent number of people (~150) as needed for a ferry
service?

Do they have sufficient range before needing refueling?

Can the hydrogen suppliers (e.g., Air Products, Linde) provide the needed
LH, per day?

Can the hydrogen suppliers provide renewable LH,?

Can viable H, ferries be refueled fast enough with LH, for commuter
service?

Would using new and unfamiliar hydrogen technology be supported by
Port Authorities?

Are deep cuts in WTW GHG emissions possible with H, vessels?

Are deep cuts in WTW criteria pollutant emissions possible with H,
vessels?

Could H; fuel-cell maritime vessels satisfy the U.S. Coast Guard (USCG)
without presenting any “show stopping” issues?

Can they satisfy USCG regulatory requirements to gain an Approval in
Principal?

Can suitable hydrogen refueling sites be found for these vessels?

Would there be support from local government (City Hall, others) for this
new maritime technology?

Commercial attractiveness was not assessed as it is a consideration for the
marine marketplace to determine.




Hydrogen Program Maritime website: www.maritime.
sandia.gov. This website also allows download of other
hydrogen maritime studies at Sandia not covered here. /Il
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n a tonnage basis, most of the world’s goods
O move over water. Indeed, compared with other

modes, the maritime industry remains the most
efficient means of transporting goods.

Maritime shipping emits considerably less carbon per
ton of cargo shipped compared to air or land transport.!
However, maritime shipping still represents a significant
portion of total worldwide carbon emissions, account-
ing for approximately 3 percent of the total output.? As
with other transport sectors, there are many technologi-
cal and regulatory opportunities for lessening maritime
shipping’s climate change impacts.

Climate change represents a critical challenge
to the commercial interests, environmental welfare,
and national security interests of the United States.?
Nevertheless, with a plethora of emerging technologies,
alternative fuels, and possible regulatory schemes, it is
critical that new technologies and regulatory propos-
als are adopted with care, systematically examining the
range of possible impacts. By not examining the effects
of new technologies on a truly end-to-end, or complete
lifecycle basis, the best intended approaches may, in fact,
have more severe climate impacts while simultaneously
upending the fight against climate change.

Summer 2021 marked the occasion of United Nations
26th Climate Change Conference (COP26), during which
the United States reaffirmed commitments to reduce
carbon intensity of transportation systems, including
maritime shipping, under the Paris Agreement.4 Even
before the conclusion of COP26, there had been world-
wide initiatives to reduce the carbon impact of maritime
shipping.

Over the last decade, the International Maritime
Organization (IMO) has been responding to the call of
climate change action by steadily developing regulatory
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frameworks to assess and mitigate maritime emissions.
The initial IMO Green House Gas (GHG) strategy seeks
“to reduce CO, emissions per transport work, as an aver-
age across international shipping, by at least 40 percent
by 2030, pursuing efforts towards 70 percent by 2050,
compared to 2008.” The strategy continues, stating the
total annual GHG emissions from international ship-
ping should be reduced by at least 50 percent by 2050
compared to 2008.°

In support of the GHG strategy, and as the initial
framework to measure and control maritime emissions,
the IMO has developed energy efficiency indices manda-
tory for both new ships and existing ships, and the Ship
Energy Efficiency Management Plan. These schemes
attempt to quantify and manage the carbon impact of
shipping as measured by the amount of carbon produced
at the stack of the ship. In light of this strategy, the excite-
ment surrounding the push for zero-emission fuels, such
as ammonia, is understandable, as they have a zero-car-
bon impact when burned. Limiting carbon reduction
strategy to stack emissions alone, however, does not
account for the true total carbon impact of these fuels.
The IMO’s GHG strategy does not currently take into
consideration the creation, transportation, and storage
of any fuel burned in its net scoring of carbon intensity
mitigation. Additionally, the carbon intensity of replac-
ing (i.e., scrapping and building) ships in the maritime
fleet that burn these fuels in order to meet stated carbon
reduction goals has not been considered.

There have been many studies that gauge the rela-
tive climate change impacts of using different alterna-
tive fuels, most of which are focused on automobiles.®
Most of these studies analyze carbon impact on a well-to-
tailpipe basis, an analysis that properly accounts for the
carbon intensity of creating any fuel before it is burned.



Unfortunately, there are very few, if any, peer-reviewed
studies that analyze the climate change impacts of alter-
native fuels used in maritime shipping, especially those
offering a well-to-wake analysis. Indeed, this represents
a gap in critical knowledge of total carbon impact on rela-
tive climate change and illustrates the need to expand
further upon the accounting of stack emissions alone.
There exists an apparent need to close this gap in order
to meet the actual intent of IMO’s GHG strategy.

A cradle-to-grave analysis provides tremendous
insight into how to fully account for carbon impact.
The use of ammonia as an alternative fuel is a revealing
example of how a narrower view can show misleading
results. When used in a combustion process, ammonia
leads to water vapor and other nitrogen byproducts,
like nitrogen oxide (NOx), but no direct greenhouse gas
emissions.” Focused on consumption emissions alone,
the “stack” or “wake” carbon emissions here would be
essentially zero. Nearly all the world’s ammonia is cur-
rently produced via the Haber process, which requires
a hydrogen gas feedstock. Hydrogen is primarily pro-
duced via steam reformation of fossil fuels, which is a
process that is extremely carbon intensive.®

While hydrogen can be produced from water through
electrolysis, which could conceivably be powered by
renewable resources—wind, solar, or hydroelectric—
there is currently no infrastructure to produce hydro-
gen at-scale through this approach. Further complicating
ammonia as a fuel is its toxicity to human life and the
environmentally harmful effects of non-GHG NOy emis-
sions resulting from ammonia

findings against the standard heavy fuel oil (HFO) cur-
rently burned in maritime shipping. Liquefied natural
gas (LNG), methanol, ammonia, biodiesel, and Fischer-
Tropsch diesel, all of which exhibit realistic potentials for
widespread use in the near future, were chosen as the
target alternative fuels.

A Closer Look at Alternative Diesels

Fischer-Tropsch diesel was one of the more interesting
alternative fuels considered during the Coast Guard-
WPI study. The Fischer-Tropsch process was developed
in 1925 by German chemists Franz Fischer and Hans
Tropsch. It remains the most critical step in the produc-
tion of a category of synthetic fuels known as electro-
fuels, or e-fuels.’® Through a series of chemical reactions,
liquid hydrocarbons are synthesized from a mixture of
carbon monoxide and hydrogen, known as water gas.
Included in these liquid hydrocarbons are the potentially
usable e-fuels, notably here, diesel.!!

The overall reaction that produces the
useful alkanes, in which n=12 would
constitute average diesel fuel, is:
2n+1NHH,+nCO—C,H,,.o+NHO

This reaction is extremely unfavorable and occurs
at high temperatures and pressures in the presence of

combustion in propulsion plants. e

Inlight of this identified infor- : Ty
mation gap, the Coast Guard c
Office of Design and Engineering
Standards hosted three engi-
neering student interns from the
Worcester Polytechnic Institute
(WPI) during fall 2021 to assist
in a well-to-wake analysis.® This
comprehensive seven-week proj-
ect aimed at assessing various
alternative fuels for use in mari-
time shipping through develop-
ment of a modeling system to
calculate the total emissions of
carbon throughout the fuels’ life-
cycles, from raw material extrac-
tion to fuel consumption.

The objective of the analy-
sis was to understand the true
carbon impact of various fuels
beyond just stack emissions, with
the end goal being to weigh these

il PSS ¥

Considering only the carbon emissions from a ship’s stack does not account for its true carbon impact. A
cradle-to-grave, or well-to-wake, analysis provides a much fuller picture. liveslow | istock/ Getty Images Plus
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catalysts to promote the reaction.
The process is therefore very energy
intensive when not conducted using
renewable energy sources, lead-
ing to a significant “well” carbon
intensity. This is indicated in the
results of Figure 1, which assumed
non-renewable energy source use,
as Fischer-Tropsch diesel showed
slightly greater carbon emissions as
compared to HFO. However, there
are potentially other carbon-gener-
ating offsets that are not included
in this description which will be
addressed later.

When combined with renewable
energy sources, Fischer-Tropsch
diesel shows promise as a means
of reducing total carbon impact
on a well-to-wake basis. The Coast
Guard-WPI study indicated a
reduction of “wake” carbon inten-
sity for this fuel as compared to
HFO. Reducing the “well” carbon
intensity through use of renew-
able energy sources would result in
further reduction of overall carbon
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intensity, more in line with the IMO
strategy. In addition to carbon emis-
sion savings, the Fischer-Tropsch
process has also received attention
as providing a source of low-sulfur diesel fuel and as a
means to address issues related to dwindling supply or
increasing cost of petroleum-derived hydrocarbons.

In the same vein as Fischer-Tropsch diesel, biodiesel
is another interesting example from the alternative fuels
analyzed. Biodiesel is a renewable fuel produced from
agricultural resources, typically vegetable oils and ani-
mal fats, which are transformed into long-chain fatty acid
esters through a process known as transesterification. 1?
During the process of transesterification, the organic
group R” of an ester is exchanged with the organic group
R’ of an alcohol. The organic group R” represents the
long-chain alkyl group of the vegetable oil or animal fat
and low molecular weight alcohols—ethanol and metha-
nol—are used resulting in the overall reaction: ROH +
R"OOR — R"OH + R'OOR.

Though this reaction does occur in the presence of
catalysts, the lower temperatures and pressures required
make this reaction far less energy intensive as compared
to the Fischer-Tropsch process. This is indicated in the
results of Figure 1, such that biodiesel showed slightly
less carbon emissions as compared to HFO. Indeed, the
report showed this carbon intensity reduction was seen
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Figure 1. Comparison of annual well-to-wake carbon emissions of various marine fuels against an HFO
baseline for four ship types. The shaded bars represent the tank-to-wake portion of emissions, while the
solid bars represent the well-to-tank portion, while the entire bar represents well-to-wake.

at both the “well” and the “wake” ends of the fuel’s
lifetime.

Though biodiesel offers obvious carbon impact sav-
ings over HFO, the alternative fuel is still not without
its drawbacks in regards to upscaling production neces-
sary to fuel maritime shipping. Most notably, because the
feedstock is derived from agricultural resources, there
are concerns with regard to biodiesel production tax-
ing food chain supplies, as current production of the
feedstock is not sufficient to replace traditional HFO.
Additionally, there are concerns with regard to yield
efficiency per unit area of the feedstock when upscal-
ing production to necessary industrial levels. Despite
these shortcomings, there are additional benefits to the
use of biodiesel beyond carbon impact reduction as, like
Fischer-Tropsch diesel, biodiesel is an excellent source of
ultra-low-sulfur diesel fuel. There are potentially other
carbon offsets involving the early retirement of vessels,
and related carbon impact.

A Well-to-Wake Study
Data collection for the Coast Guard-WPI study on well-
to-wake carbon emissions was based on peer-reviewed
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sources of déta and analy- Average . Emission Lifespan
ses. These included the . Remaining . ity Factor for EEnY C.OSt Savings
IMO’s Fourth Greenhouse Gas Ship Type Life in 2021 Dlsp(ltaoc:sr;\ent Steel per Ship (torl:g)s?lr;ar) per Ship
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Laboratory.!® From there, a
novel approach was taken to
model the usage of alternative
fuels against HFO and thus calculate the total carbon
impact of the alternate fuels from well to wake.

Briefly, from published values of carbon emission data
for HFO, the mass of HFO used on an annual basis to
move a ship was determined. Assuming that the energy
requirement to move cargo by each type of alternative
fuel is approximately the same, the above calculations
were then reversed to extrapolate total carbon emissions
for each alternative fuel. This methodology provides a
useful, simplified insight into how the push for cleaner
burning fuels may affect overall total carbon impact.

Although the final report of the Coast Guard-WPI
study has not been academically peer-reviewed, many
preliminary key takeaways can be observed. Figure 1
shows the study’s well-to-wake results for the carbon
intensity of the various marine fuels. The shaded por-
tion of the column represents the tank-to-wake portion
of emissions, while the solid portion represents well-to-
tank. Note that the carbon impact is assessed by average
mass of each type of ship, as well as average distance
each type of ship travels in a given year. In this sense a
lighter ship, which travels a greater distance, could con-
ceivably create the same carbon impact as a heavier ship
traveling, on average, a shorter distance. This also means
that well-to-tank emissions will not categorically be the
same across all ship types for the same fuel, because dif-
ferent ships will require different amounts of sourced
fuel per year.

The initial observation is that all fuel types, except
Fischer-Tropsch diesel, showed lower total carbon emis-
sions as compared to the HFO baseline. This result is
expected, as LNG, methanol, and ammonia are recog-
nized as lower-emission fuels and remain prominent
options in meeting the IMO’s GHG strategy for zero-car-
bon emissions. More strikingly, however, is how poorly
each alternative fuel scored against HFO when includ-
ing well-to-tank, and how ammonia, a zero-carbon fuel
when burned, showed a non-zero total carbon emission.
This result is a bit less expected, but it represents the
foundational takeaway from the report, which lies in
the inability of stack emissions alone to capture the total
carbon impact of alternative fuels.

maritime shipping fleet.

Table 1: Carbon costs associated with construction of a new ship and compared to the average age of the existing

Indeed, all of the alternative fuels studied, except bio-
diesel, showed greater carbon emissions well-to-tank as
compared to the HFO baseline. These emission values
are the result of the existing maritime fueling infrastruc-
ture being geared toward diesel fuel usage and do not
account for use of “clean energy” in fuel production. This
highlights existing obstacles—clean production, trans-
portation, and storage—still to be overcome in the push
towards using these alternative fuels. Such observations
are not trivial and serve to illustrate the risks associated
with failing to account for carbon emissions in a truly
cradle-to-grave approach.

Beyond Stack Emissions

As has been shown in the Coast Guard-WPI report and
presented in this paper, the IMO’s GHG reduction strat-
egy targets currently consider only stack emissions from
maritime shipping and do not account for the carbon
impact from a total well-to-wake basis. Indeed, it can be
reasonably assumed that the IMO’s intent is for the use
of alternative fuel sources that have zero carbon impact
when burned, such as ammonia, which would elimi-
nate stack emissions altogether. An unintended conse-
quence of this change, certainly one that must properly
be accounted for, is the need to retrofit or even replace
the existing maritime shipping fleet in order to burn the
new fuels. Indeed, the carbon impact of this endeavor
is non-zero, but rather can accumulate significantly, as
expanded upon below.

In order to help determine what the carbon impact
of replacing the existing fleet would look like, an infor-
mal analysis is presented here to estimate the carbon
emissions associated with construction of a new ship.
Several assumptions were made to simplify calculations.
These include assuming that the displacement tonnage
of a ship is roughly equal to the mass of the ship; that
the mass of a ship is almost entirely steel; and that the
average age of the fleet will remain constant through
2030. Additionally, only the carbon used to create a new
ship was accounted for, not the carbon already spent
building the existing fleet. By determining the average
displacement tonnages for different ship types, and with
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a published emission factor of 1.6 tons of carbon per ton
of steel, total carbon emissions required to construct a
new ship were calculated. Table 1 gives the results of
these calculations per year by remaining ship service-
life basis.

Assuming the average lifespan of a ship to be 30 years,
the annual carbon cost to construct a new ship is not
zero, most notably for oil tankers due to their generally
larger displacement. The carbon impact of replacing the
fleet becomes even more noticeable after factoring in the
average age of the ships, with the younger ship types all
displaying significant carbon costs should they be pulled
from the fleet early.

Figure 2 displays the well-to-wake results for the car-
bon intensity of the various marine fuels, but with the
annual ship replacement carbon costs for biodiesel and
Fischer-Tropsch diesel discounted, marked by the red
bars. These results may still seem insignificant in com-
parison to HFO, but several key takeaways exist. First, it
should be noted that not only has Fischer-Tropsch diesel
become less carbon intensive than HFO for container
ships, but biodiesel and Fischer-Tropsch diesel are both
more in line with the more traditional greener fuels like
LNG and methanol. More notably, overall carbon emis-
sions for both biodiesel and Fischer-

fleet discussed above, there is an opportunity for a
potential carbon-generating offset. The significance of
using Fischer-Tropsch diesel and biodiesel in the short
term with the existing maritime shipping fleet should
not be overlooked. It is fully acknowledged in this pre-
liminary work that the existing fleet cannot meet the
stack reduction goals set by the IMO, even with a switch
to greener diesel sources. To meet these goals would
require either complete replacement of the fleet or com-
plete overhaul of the fleet’s propulsion systems. With the
average lifespan of a ship close to 30 years, early retire-
ment could mean losing upwards of 20 years of a ship’s
service life by the first IMO target goal in 2030. This total
loss of useable machinery, especially when accounting
for total replacement costs, could lead to a significant
net carbon impact, as shown in the final column of
Table 1.

In light of this, the opportunity for potential carbon
savings becomes apparent. Instead of quick replacement
of the existing maritime fleet, Fischer-Tropsch diesel and
biodiesel may have the potential to support fleet transi-
tion to newer ships that support low- and zero-carbon
emission fuels over time. Other technologies such as
wind sails could possibly also extend the efficiency of

Tropsch diesel are now less than that
of LNG and methanol for oil tankers.

Figure 3 shows a closer compari-
son of Fischer-Tropsch diesel and
biodiesel versus ammonia, indicating
that carbon emissions for these diesels
are now even less than that of ammo-
nia, a strict zero-carbon emission fuel.
This remarkable observation indicates
the possibility of Fischer-Tropsch die-
sel and biodiesel being the optimal
fuel choice for oil tankers, should they
remainin service and age out naturally
versus being pulled early to accom-
modate new fuel types. Figure 3 also
demonstrates that inclusion of carbon
credits for ship replacement leads to
results that are comparable or less
than methanol emissions. The results
shown in Table 1 and Figure 2 may be
preliminary in nature, but they open 5000
the door for expanded conversation
regarding the use of alternative fuels
in maritime shipping and their effects 0
on overall carbon output.
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Given the noticeable carbon impact
of rebuilding the maritime shipping
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Figure 2. Comparison of annual well-to-wake carbon emissions of various marine fuels with Fischer-
Tropsch diesel and biodiesel adjusted for yearly carbon costs per ship.



existing diesel-powered ships.

This allows for existing ships to
age out naturally, taking advantage
of the potential carbon reductions,
and for greener fuel technology to
develop further, overcoming their
carbon impacts on the “well” end.
Fischer-Tropsch diesel and bio-
diesel can be burned in existing
fleet prime movers with little-to-no
ship modification required. And, as
the Coast Guard-WPI research dem-
onstrated, even when not produced
with clean energy, they offer overall
net reductions in carbon emissions
on a well-to-wake basis.

Development and use of clean
energy and more advanced indus-
trial practices only compound this
net reduction. Indeed, the notion
of gradual fuel transition in the
fleet quickly becomes significant
and directly supports the intent
of the IMO’s GHG strategy. Thus,
the point of emphasis is that exist- 0
ing vessels should be allowed to
operate in the cleanest fulfillment
of their lifespan, while facilitating
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to ammonia.
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a critical role in reducing airborne emissions of

sulfur and nitrogen oxides in the marine envi-
ronment, improving the world’s air quality while meet-
ing current International Maritime Organization (IMO)
emission standards. As the world’s liquefied natural gas
(LNG) marine fuel value chain continues to bourgeon,
so does its endurance, attractiveness, and reliability. The
IMO set strategic initiatives to reduce global emissions
of greenhouse gases (GHG) with milestones set for 2030
and 2050. These actions provide an opportunity for the
LNG industry to demonstrate its ability to advance over
the next three decades and lead the world marine indus-
try to a lower carbon economy.

This article will discuss a few of the ongoing advance-
ments in natural gas technology and how we might
expect natural gas to meet emission-reduction targets
by these critical dates.

T oday, the use of natural gas as a marine fuel plays

Key Driver for LNG Today
Emission Standards Drive Growth
for Natural Gas as a Fuel

The primary international regulatory mechanism
for controlling air pollution from ships is IMO’s
International Convention for the Prevention of Pollution
from Ships (MARPOL) Annex VI, Regulations
for the Prevention of Air Pollution from Ships.
It was further implemented in the United States

ADITYA AGGARWAL
General Manager
SEA-LNG Limited

Annex VI requirements for vessels operating within a
U.S. emission control area (ECA). As a party to Annex VI,
the Coast Guard is also bound to verify compliance with
fuel standards for a vessel operating beyond U.S. waters.

The sulfur limits are 0.10 percent m /m when a vessel
is operating within the ECA and 0.50 percent m/m when
operating outside control area. In addition to the ECA
and global sulfur caps, the control of nitrogen oxides
(NOx) is provided through the survey and certification
standards for the issuance of the Engine International
Air Pollution Prevention Certificate, also a MARPOL
Annex VI requirement.?

Fossil LNG emits virtually no sulfur oxides (SOx) or
particulate matter and is compliant with the IMO’s SOx
emissions limits inside and outside of the ECAs. NOx
emissions can be up to 95 percent lower compared with
marine residual and distillate oil fuels.? The environ-
mental performance of natural gas as a marine fuel is one
of several factors that has promoted its growth through-
out the marine transportation system.

Maritime Governance, Fleet,

and Infrastructure Growth

Liquefied Natural Gas Carriers Paved the Way

The safe and effective use of natural gas as marine fuel

Total Weighted Cycle Emission Limits

through the Act to Prevent Pollution from Ships :
(APPS) in accordance with 33 United States Code Ter
of Federal Regulations. The current regulations

within Annex VI are one of several factors that I
has driven the industry to adopt new technolo-

gies, including the use of low sulfur fuels, reme- I
dial devices like exhaust scrubbers, or non-oil

based fuels, ! like LNG. m
Through APPS, the Coast Guard has the

Ship Total weighted cycle emission limit (g/kWh)

construction n = engine’s rated speed (rpm)

dateonorafter | n<130 | n=130-1999 n 22000
45n02)

1 January 2000 17.0 e.g, 720 rpm - 12.1 9.8
44-n(-0.23)

1 January 2011 144 e.q., 720 rpm - 9.7 7.7
g,n(-O,Z)

1 January 2016 34 e.q, 720 rpm - 2.4 2.0

authority and responsibility to enforce MARPOL
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was demonstrated years ago onboard LNG carriers
(LNGC) that consume boil-off gas (BOG) for power and
propulsion. BOG is evaporated LNG vapor that causes
the pressure inside the cargo tank to rise during stor-
age and transportation. BOG supplied to gas consumers
within the engine room is one method for the crew to
safely manage the tank pressure and temperature.

Prescriptive safety standards that govern the use
of natural gas as fuel on liquefied gas carriers is pro-
vided in the International Code for the Construction and
Equipment of Ships Carrying Liquefied Gases in Bulk.*
Coast Guard foreign gas carrier examiners (FGCE) are
advanced vessel examiners trained to verify compliance
with the LNGC Certificate of Compliance. The FGCE
competency establishes specialized knowledge within
the workforce to help develop future low-flashpoint fuel.

Today, LNG meets world energy security needs and
strategic environmental and sustainability initiatives.
Liquefied gas carriers provide the critical link in the value
chain between liquefaction terminals and regasification
terminals, often on different continents. At of the end of
2020, there were 642 LNGCs operating worldwide and
another 161 carriers on order.’> The majority of LNGCs
are around 170,000 cubic meters capacity with the larg-
est, the Q-Max, having a capacity of 266,000 cubic meters.

The first LNG carrier in the world, Methane Pioneer,
began her maiden voyage in 1959, departing from
Louisiana en route to England’s Canvey Island. With the
Sabine Pass Liquefaction Terminal Train 6 and Venture
Global Calcasieu Pass Liquefaction Terminal bringing
the total number of operating LNG export terminals in
the United States to eight, the nation is on pace to become
the world’s largest LNG exporter.®”

International Regulatory Framework
IMO addressed the safety challenges presented by natu-
ral gas-fueled ships by adopting the International Code
of Safety for Ships using Gases or other Low-flashpoint
Fuels (IGF Code), which came into force January 1, 2017.
The IGF Code is applicable to any ship subject to The
International Convention for the Safety of Life at Sea and
which uses a low-flashpoint fuel, other than liquefied gas
carriers that are subjected to the ICG. The code provides
goal-based requirements for the design, construction,
and operation of ships and installations of systems using
gas or other low-flashpoint fuels, as well as prescriptive
requirements for ships using natural gas as a fuel.®
Foreign-flagged vessels operating within U.S. navi-
gable waters are subject to the Coast Guard Port State
Control program, including vessel examinations. Those
using low-flashpoint fuels are examined for compliance
with the IGF Code as part of the vessels’ routine Port
State Control exams. In September 2021, several Coast
Guard units developed and led training for the first
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Coast Guard marine inspectors conduct examination of a cargo tank relief
valve during a Liquefied Gas Carrier Accelerated Program course. Coast
Guard photo

The Coast Guard's Liquefied Gas Carrier
National Center of Expertise, the Office of
Design and Engineering Standards, the
Office of Commercial Vessel Compliance,
and Training Center Yorktown
collaborated with Sector Jacksonville to
develop and lead training for the first
wave of low-flashpoint fuel examiners.

wave of low-flashpoint fuel examiners to help ensure the
organization continues advancing technical proficiency
while maintaining pace with this growing industry.

National Policy

On March 6, 2019, Coast Guard Rear Admiral John P.
Nadeau testified before the Committee on Transportation
and Infrastructure’s Subcommittee on the Coast Guard
and Maritime Transportation.
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Two ships load liquefied natural gas (LNG) at Cameron LNG's liquefaction facility, where the first two liquefaction trains produce LNG for customers around
the world. Photo courtesy of Cameron LNG.

We have worked with industry to use provisions in our
requlations, because right now regulations would not
cover LNG as fuel. But we do have provisions and regu-
lations to allow us to do equivalencies, and that is what
we have done, where we have worked in partnership
with industry as well as the IMO and others around the
globe to ... develop a set of standards that are uniform.
And we have done that, both for the ships as well as some

of the infrastructure. And we have worked with them,

as well, on the actual procedures and the handling and

the bunkering.”

As RADM Nadeau mentioned, the Coast Guard has
worked in partnership with the IMO to develop stan-
dards for ships. A critical national policy that has helped
promote the use of LNG as a marine fuel on U.S.-flagged
vessels includes the Coast Guard’s Office of Design
and Engineering Standards policy letter CG-ENG 01-12
Change 1, which provides design criteria for natural gas
fuel systems. The policy provides a level of safety at least
equivalent to that provided for traditional fuel systems,
as required by existing regulations, while recognizing
the IGF code as the baseline standard.® This national
policy continues to provide industry with an avenue
to obtain administration approval. Another avenue is
via a concept review and design basis approval from
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the Coast Guard.

In addition to system design standards, several
national policies were developed to facilitate LNG
infrastructure growth. These policies served to provide
appropriate maritime governance across the maritime
transportation system including LNG bunkering facili-
ties, LNG bunker barges, LNG bunkering operations,
crew training, and simultaneous operations.

Fleet and Infrastructure Growth

In the first quarter of 2022, there were 226 vessels in oper-
ation using natural gas as a fuel and another 434 on order
worldwide. These numbers indicate that the natural gas-
fueled fleet will nearly triple in the immediate future.
Most orders are for large vessels operating in worldwide
deep-sea trades. The high energy demand for these ves-
sels will greatly increase natural gas consumption and
drives the need for additional and more geographically
diverse LNG bunkering assets.

Under the United States’ national policy framework
there are nine U.S.-flagged natural gas-fueled vessels
in operation with five under construction. In addition,
there are three U.S.-flagged LNG bunker barges in
operation and two more in early stages of construction.
Finally, there are four LNG bunkering facilities currently



operating in the United States.

Future Maritime Emissions

Since the introduction of the global sulphur cap in 2020,
the environmental focus has shifted to carbon dioxide
(CO,) and other GHG. LNG provides the industry with
a low-carbon fuel comprised primarily of methane.
IMO’s initial strategy is aimed at GHG emission reduc-
tion, however it only refers to CO,. Though methane and
nitrous oxides are currently outside the strategy’s scope,
IMO is discussing including them in its strategy.

The IMO’s initial strategy on the reduction of GHG
emissions from shipping sets key ambitions, but the
main goals are:

e Cutting annual GHG emissions from
international shipping by 50 percent of the 2008
totals by 2050, and working toward phasing out
GHG emissions from shipping entirely as soon as
possible in this century.

* Reducing the carbon intensity of international
shipping, as an average across international
shipping, at least 40 percent by 2030, pursuing
efforts towards 70 percent by 2050, as compared
to 2008 levels.

IMO’s Marine Environment Protection Committee is
developing short-, mid-, and long-term measures to real-
ize these goals. The IMO and member states are under
increasing pressure to reduce GHG emissions further
and faster to bring the industry’s emissions in line with
the COP-21 Paris climate agreement and IMO is planning
a revision of its Initial Strategy in 2023.

The lifecycle of fuel classifications include well-to-
tank, tank-to-wake, and well-to-wake bases. A well-to-
wake basis refers to the full lifecycle assessment of GHG
from production through downstream emissions. LNG

Methane Slip

can provide a 23 percent reduction in GHG emissions on
a well-to-wake basis right now. 1

The IMO regulates on a tank-to-wake basis which
considers GHG emissions from the ship’s fuel tank to
its exhaust, or the downstream emissions, but does not
take into consideration emissions from the production
and transportation of the fuel, or the upstream emis-
sions. Upstream GHG emissions from production and
transportation, including bunkering to the ship’s fuel
tank, are considered as well-to-tank. The Society of Gas
as a Marine Fuel has proposed to the IMO that it regulate
GHG emissions on a well-to-wake basis to account for
the entire emission lifecycle.

Optimization

Methane Slip

Methane slip is a phenomenon associated with LNG as
a marine fuel and describes what happens when part of
the fuel injected into an engine’s cylinders is not com-
busted and leaves the stack as methane. Although meth-
ane slip is currently an unregulated gaseous emission,
methane is such a strong GHG, it may be introduced as
part of the IMOs GHG reduction strategy.

Supply chain methane emissions on a well-to-wake
basis is around 6 percent of total GHG emissions.!!
Currently, significant effort is being made to reduce
methane slip levels. As such, engine manufacturers
have been able to reduce methane slip considerably in
recent years through significant improvements in engine
designs. Two-stroke vs. 4-stroke cycle and the type of
fuel injection equipment result in various levels of meth-
ane slip.

Additionally, LNG suppliers continue to make signifi-
cant progress in reducing methane slip. Current technol-
ogies in research and development, such as combustion

High-pressure (diesel cycle)
2-stroke slow speed

virtually

0-.

Low-pressure (Otto cycle)
2-stroke slow speed

50-

4-stroke medium speed

90-.

methane slip

reduction today

potential reduction

Graphic courtesy of SEA-LNG
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Clean Jacksonville, America’s first LNG bunkering vessel, completes fueling with a blend of liquefied natural gas and renewable liquefied natural gas at JAX
LNG, in Jacksonville, Florida, in September 2021. The vessel was loaded with the blend in preparation for refueling TOTE Maritime Puerto Rico’s Isla Bella, the
world’s first LNG-powered container ship. Photo courtesy of JAX-LNG

enhancing and exhaust gas after-treatment will also play
a part. By 2030 engine manufacturers expect LNG-fueled
engine technologies to have minimal levels of meth-
ane slip. 12

Human Element

Though the conversation surrounding the path to a zero-
carbon future tends to revolve around fuel performance
and assets, we must also consider human element issues.
Mariners, management, and regulators continue to grow
their knowledge and experience with the increased use
of natural gas as a fuel. Many lessons learned during sys-
tem design, construction, operations, infrastructure, and
governance continue to shape and improve safety man-
agement systems, procedures, and industry guidance
which promotes a positive safety culture. Experience
from the liquefied natural gas carrier industry was lev-
eraged among regulators, classification societies, and
industry to help facilitate the initial use of natural
gas as a fuel. These human element issues may pose a
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significant challenge when considering other alternative
fuels which may lack that same level of experience from
top to bottom as compared to LNG.

Growing Infrastructure

LNG bunkering infrastructure in the United States
will continue to grow outside the ports of Jacksonville,
Canaveral, and Fourchon. The Coast Guard’s Office of
Design and Engineering Standards has recently con-
ducted concept reviews and design basis approvals for
three LNG bunker barges which will begin construc-
tion or retrofit this year. This is in addition to the Clean
Jacksonville, Q-4000, and Clean Canaveral, which are
already operating in the United States.

Outside of the four LNG bunker facilities, which
include, Eagle LNG, Harvey Gulf, Puget LNG, and JAX
LNG—which can only load LNG barges—multiple
mobile bunkering facility operations have been pro-
posed for U.S. ports on the east, west, and gulf coasts.
Globally, there are nearly 100 ports currently supplying



LNG as a marine fuel. By leveraging this existing and
growing infrastructure, a “drop-in” alternative could be
used for LNG future fuels.

Future Fuels

Marine fuels offer the most powerful tool in addressing
the emission challenge for the shipping industry and
there is little doubt that the maritime energy transi-
tion requires more than one solution. However, in the
absence of compatibility and interoperability of multi-
fuel solutions, the industry would be subjected to risks
arising from accessibility, affordability, and availability
of marine bunkers. While sustainably produced ammo-
nia, methanol, and hydrogen may offer future emission
benefits, significant environmental benefits are available
today through the use of LNG which offers operators a
23 percent reduction in GHG emissions. The LNG path-
way offers a viable route towards a zero-carbon future
for the maritime sector through its BioLNG and renew-
able synthetic LNG variants. The U.S. Environmental
Protection Agency refers to liquefied biomethane (LBM),
or BioLNG, as renewable natural gas (RNG), and lique-
fied synthetic methane (LSM) as renewable synthetic
LNG, or e-LNG.

Liquefied BioMethane

LBM is a non-fossil, renewable green energy which may
be derived from a variety of sources, including land-
fills, digesters at waste treatment plants, agricultural
and forestry residues, and organic waste management
operations.!3 There are two main ways of producing bio-
methane from biomass, namely

Different than renewable synthetic
methane, which uses renewables
to create synthetic gas, syngas s a
mixture of hydrogen and carbon oxides
that can be made from biomass.

would have otherwise been released into the atmosphere
and displaces fossil fuels in the combustion cycle. Farm-
based RNG production sourced from dairy or swine
manure has the potential to offer negative GHG emis-
sions on a full lifecycle basis due to capturing methane
emissions that would otherwise be released into the
atmosphere.

The United States is seeing growth in LBM projects
with more than 150 agriculture and landfill projects
currently in operation. The use of LBM can provide
benefits toward fuel security, economic revenues, local
air quality, and greenhouse gas emission reductions.®
Furthermore, policy development has allowed incen-
tives for some transportation sectors, with the exception
of marine, under the Federal Renewable Fuel Standard
(RFS) program. Future amendments to the RFS program
that include the marine transportation sector would ben-
efit the industry, as well as producers of LBM.

CMA CGM has announced their commitment to
the energy transition through the use of LBM. They
indicate a 67 percent reduction in GHG emissions on a

anaerobicdigestionand gasifica-  papawable Natural Gas Projects in the U.S., 2005-2021

tion. Anaerobic digestion of bio-

mass produces biogas which is
then treated to remove moisture,
particulates, contaminants, and
other non-methane gases which
increases methane content and
overall quality for injection into 150
the pipeline.* Gasification is a
process in which biomass feed-
stocks are reacted with oxygen
and/or steam at high tempera-
tures to produce syngas which
is then fed into a methanation
process. The biomethane pro-
duced from anaerobic digestion
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Synthetic Liquefied Natural Gas Production

well-to-wake basis and an 88 percent reduction in GHG
emissions on a tank-to-wake basis can be achieved by
using LBM combined with their dual-fuel gas technol-
ogy, paving their path towards achieving carbon neu-
trality.!® In December 2021, CMA CGM in partnership
with Shell performed the first LBM bunkering in the
port of Rotterdam. The container ship Aurora received
a 10 percent blend of LBM.1” In September 2021, the first
LBM bunkering in the U.S. was delivered by JAX LNG to
the M/V Isla Bella demonstrating the ability to capitalize
on LBM’s environmental benefits today in the United
States.18

Liquefied Synthetic Methane
LSM, or renewable synthetic methane, is methane
derived from synthesis of CO, and hydrogen produced
by the electrolysis of water using renewable energy.
Similar to LMB, LSM offers a carbon-free drop-in fuel
that could be used interchangeably with existing natural
gas infrastructure. 1920

The production process for LSM is also known as
power-to-gas. MAN Energy Solutions developed a pilot
facility in Werlte, Germany, that uses carbon neutral
renewable energy to operate an electrolysis plant which
serves to separate the hydrogen and oxygen in water.
Carbon dioxide obtained as a waste gas from anaerobic
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digestion is then added to the hydrogen in a methana-
tion reactor resulting in synthetic methane. After a final
cleaning process the gas can be injected into existing
natural gas infrastructure and distributed for liquefac-
tion to create LSM. Two main factors exist when consid-
ering LSM’s GHG impact; the feedstock used to create
synthetic gas, and the fuel replaced by the gas in its final
application.

Under ideal circumstances, replacing heavy fuel oils
with LSM from a power-to-gas reactor, which uses bio-
genic CO, or captures it directly from the atmosphere
using Direct Air Capture, may cut emissions completely
along the value chain.?! The use of LSM puts carbon
neutrality by 2050 within reach, however several factors
would need to be addressed which include renewable
electricity capacity, technology readiness, and costs.??

Conclusion
During the American Bureau of Shipping’s North
America Regional Committee Meeting, Assistant
Commandant of Prevention Policy Rear Admiral John W.
Mauger discussed the triple challenge facing the Coast
Guard’s prevention program.

“We really see three major challenges driving our
business and affecting how we do our work. The first
challenge is really a drive to get more capacity out of
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the maritime transportation system. In addition, there’s
really a desire to reduce the environmental footprint,”
he said. “And the only way that you can grow capacity
while reducing the footprint is by making things much
more complex in terms of increased automation, optimi-
zation of designs, and operational modes.”

The industry has accepted that the IMO GHG emis-
sion reduction targets for 2050 cannot be met with
only the fuels currently available and that new low or
zero-carbon “green” fuels will have to be developed.
The candidate fuels have diverse production pathways
resulting in different overall environmental impacts. As
a result, the GHG intensity of all new fuels will need
to be assessed on a well-to-wake basis. Work is already
underway at IMO to develop lifecycle GHG/carbon
intensity guidelines, also known as LCA guidelines, that
can be used for assessing the overall climate impact of
the new fuels.

In light of ongoing technological developments com-
bined with the growing infrastructure to support LNG,
public and private stakeholder familiarity, and increased
mariner competence, LNG remains a viable fuel to meet
the maritime global emission targets. The shipping

industry needs to focus on the most practical solution
that can be safely used aboard ships today while put-
ting us on track to achieve the sustainability goals of
the future. We cannot dismiss LNG as a transition fuel,
leading the journey to a cleaner and safer future for the
maritime industry. /&
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Liquefied Natural Gas Pathway to 2050

Each step along the
way cuts GHG emissions

experience in the marine, offshore, and subsea industries. Mr. Aggarwal
earned a diploma in marine engineering from Singapore Polytechnic, a
bachelor’s and master’s in naval architecture and marine engineering
from the University of New Orleans, and an MBA from Texas A&M
University’s Mays Business School.

References:

U.S. EIA “U.S. liquefied natural gas export capacity will be worlds largest by
end of 2022”: December 9, 2021 online: www.eia.gov/todayinenergy/detail.
php?id=50598

Federal Energy Regulatory Commission, “North American LNG Export
Terminals — Existing, Approved not Yet Built, and Proposed”: November 17,
2021. https://cms.ferc.gov/media/north-american-Ing-export-terminals-exist-
ing-approved-not-yet-built-and-proposed-2.

The Society of Gas as a Marine Fuel, December 2021: www.sgmf.info/

Endnotes:

1. William J. Cotta PE. (M), William Alex Haugh, Lee Franklin P.E. “Liquefied
Natural Gas as Fuel Design Considerations.” U.S. Coast Guard, 2017

2. CG-CVC, “Implementation of Compliance/Enforcement Policy for MARPOL
Annex VI Regulation 14, including IMO 2020 Sulfur Cap.” U.S. Coast
Guard Commercial Vessel Compliance, January 13, 2020: www.dco.uscg.
mil/Portals/9/DCO%20Documents/5p/CG-5PC/CG-CVC/CVC_MMS/
CVC-WI-022_signed.pdf

3. Sphera, “Definitive Study on Lifecycle Analysis for LNG as a Marine Fuel”
and “Sphera 2nd Lifecycle GHG Emission Study on the use of LNG as a
Marine Fuel.” April 2021

4 The International Code of the Construction and Equipment of Ships Carrying
Liquefied Gases in Bulk (IGC Code)

5 SIGTTO 2020 Annual Report and Accounts (2020) www.sigtto.org/
media/3454/2020-annual-report.pdf

6.U.S. liquefied natural gas export capacity will be world’s largest by end of
2022: December 9, 2021 EIA Report: www.eia.gov/todayinenergy/detail.

66 PROCEEDINGSO Fall 2022

Graphic courtesy of SEA-LNG

php?id=50598

7-North American LNG Export Terminals—Existing, Approved not Yet Built,
and Proposed: November 17, 2021. https://cms.ferc.gov/media/north-ameri-
can-Ing-export-terminals-existing-approved-not-yet-built-and-proposed-2

8. International Code of Safety for Ships using Gases or other Low-flashpoint
Fuels, 2016 Edition.

9 CG-ENG, “Equivalency Determination- Design Criteria For Natural Gas Fuel
Systems (Change-1),” U.S. Coast Guard, 2017

10. Sphera, “Definitive Study on Lifecycle Analysis for LNG as a Marine Fuel”
and “Sphera 2nd Lifecycle GHG Emission Study on the use of LNG as a
Marine Fuel.” April 2021

11. ABS. Sustainability Whitepaper. “LNG as a Marine Fuel.” June 2020

12.Tbid

13.U.S. EPA “An Overview of Renewable Natural Gas from Biogas.” July 2020.
Available online: www.epa.gov/Ilmop/renewable-natural-gas

14. Outlook for biogas and biomethane, IEA 2020

15.Thid

16. CMA CGM, “A concrete commitment to energy transition in shipping.”
July 05, 202120 CE DELFT, “Availability and costs of liquefied bio-and syn-
thetic methane.” March 2020

17.Surabhi Sahu, “CMA CGM, Shell perform first Bio-LNG bunkering in
Rotterdam.” December 02, 2021 online: www.spglobal.com/platts/en/mar-
ket-insights/latest-news/energy-transition/120221-cma-cgm-shell-perform-
first-bio-Ing-bunkering-in-rotterdam

18- Sarah Smith, “Renewable LNG bunkering completed in US.” LNG Industry.
September 24, 2021

19.Sphera, “Definitive Study on Lifecycle Analysis for LNG as a Marine Fuel”
and “Sphera 2nd Lifecycle GHG Emission Study on the use of LNG as a
Marine Fuel.” April 2021

20. CE DELFT, “Availability and costs of liquefied bio-and synthetic methane.”
March 2020

21 MAN Energy Solutions. “Power-to-X Solutions.” December 2021. Available
online: www.man-es.com/energy-storage/solutions/power-to-x

22.CE DELFT, “Availability and costs of liquefied bio-and synthetic methane.”
March 2020


www.man-es.com/energy-storage/solutions/power-to-x
www.spglobal.com/platts/en/mar
www.epa.gov/lmop/renewable-natural-gas
https://cms.ferc.gov/media/north-ameri
www.eia.gov/todayinenergy/detail
www.sigtto.org
www.dco.uscg
www.sgmf.info
https://cms.ferc.gov/media/north-american-lng-export-terminals-exist
www.eia.gov/todayinenergy/detail

Hydrogen and

Fuel Cell Technology
is Poised to Transform
the U.S. Maritime Industry

by JosepH Pratt, PH.D.
CEO and CTO
Zero Emission Industries

the United States, and the first hydrogen fuel cell

commercial ferry in the world, made history when
itlaunched August 12, 2021, at All American Marine ship-
yard in Bellingham, Washington. The vessel is the result
of an effort that began in 2013 at the U.S. Department of
Energy’s Sandia National Laboratories. Two years later a
study called the “SF-BREEZE”
was released showing how
a 150-passenger hydrogen
fuel cell ferry could be built,
certificated, operated, and
fueled.!

In 2018, Golden Gate Zero
Emission Marine, now Zero
Emission Industries (ZEI), was
founded to provide zero emis-
sion power solutions to vessel
operators around the world.
Shortly after, the California
Air Resources Board awarded
a $3 million grant to a team
led by the company to build
the Sea Change, then called the
Water-Go-Round. The grant
allowed the team to show, not
tell, how the marine industry
could transition away from
diesel fuel and to zero-emis-
sion hydrogen.

Sea Change is a 72-foot,
7-inch-long aluminum cata-
maran, with a capacity of
80 passengers and crew.
It can reach a top speed of
22 knots and is powered by
twin 300 kW electric motors.

S ea Change, the first hydrogen fuel cell vessel in

Hydrogen fuel cells provide 360 kW of power to the
motor, and for high-speed sprints, lithium-ion (Li-ion)
batteries provide 100 kWh of power. The fuel, com-
pressed hydrogen, is stored in tanks on the top deck at
3,600 psi, and can be fueled by a truck.

It is not an exaggeration to say that the Sea Change and
the effort that led up to it have already revolutionized

A compressed hydrogen trailer refuels the Sea Change through the onboard bunkering system. Zero Emission
Industries has developed a low-cost, portable fueling interface box capable of fueling any vessel with compressed
hydrogen, eliminating a significant barrier to hydrogen-powered vessel adoption. Photo courtesy of All American
Marine
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how the world views the transition to a decarbonized
marine sector. Numerous vessels around the world are
now following its lead. This article describes why by
explaining how the technology works and the implica-
tions for hydrogen fuel cells as a power source in the
marine sector.

Introduction to Fuel Cells

A fuel cell is a solid-state electrochemical power source
and like a battery in many ways. This means it has no
moving parts and generates electricity directly from a
chemical reaction without combustion. Batteries and fuel
cells require different chemicals to produce electricity,
but when these chemicals react inside the fuel cell or
battery they turn into electricity.

By contrast, combustion engines generate electricity
through a longer process, first converting chemicals to
heat, then to mechanical energy, then to electricity. The
ability of batteries and fuel cells to shortcut this process
gives them a much higher energy efficiency than com-
bustion engines.

The net chemical reaction inside a fuel cell is:

2 H, + O, - 2 H,O + electricity + heat.

That is, hydrogen and oxygen react to generate water,
electricity, and heat, which is a byproduct of a process
that is less than 100 percent efficient. A typical fuel cell
efficiency is about 50 percent. For comparison, a car’s
gasoline engine averages around 15 percent to 20 per-
cent efficiency, gas turbines are around 35 percent,
and very large engines like

series or parallel to create multi-megawatt arrays, which
can in turn be combined to ever higher levels.

Advantages of Fuel Cells

Because the only exhaust from a fuel cell is water, it is
considered a zero emission, environmentally friendly
technology. There are no air pollutants like CO, NOx,
SOx, or particulate matter, and there is no carbon, mean-
ing no CO, or greenhouse gas emissions. In addition to
the environmental benefits, the solid-state, all-electric,
and modular nature of fuel cells provide added advan-
tages.

The modularity of fuel cells allows for completely
reimagined hull designs, eliminating the need for an
engine room. Fuel cells can be distributed around the ves-
sel to achieve optimal weight distribution, trim, and vessel
performance. In some applications, a distributed power
system also provides an inherent resilience, allowing the
vessel to continue operation despite attack or damage.

Fuel cell systems also reduce maintenance costs and
downtime, partially because they have so few moving
parts which means fewer things to fail and diagnose if
there is a failure. Even when considering the air and the
cooling systems attached to it, a fuel cell system might
have only 5-10 moving parts compared to the hundreds
found in a combustion engine. If a single fuel cell fails, it
is only one part of a larger array so the vessel can keep
operating without a noticeable effect in performance and
the faulty stack can be replaced once in port, or in some

those on ocean-going vessels
may have efficiencies above
45 percent. Another difference
between fuel cells and com-
bustion engines is that in a
fuel cell the fuel and air never
mix, which adds a new level of
safety.

A single fuel cell is like a
single battery with an output of
around 1 volt. To create higher
voltages and more power, fuel
cells are stacked up like slices
in a loaf of bread. More cells in
a stack provides a higher volt-
age. Making each cell larger
will produce higher current.
Thus, adjusting the area and
number of cells allows fuel cell
stacks to be built in a variety
of configurations with power
levels from just a few watts up
to hundreds of kilowatts. The
stacks can then be combined in
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A hydrogen fuel cell stack made by Cummins, shows 128 individual fuel cells stacked together to provide about
30 kW of power. Photo courtesy of Joseph Pratt, Ph.D.
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United States and around the
world, hydrogen is measured
by the kilogram. Through
a coincidence of conversion
units, a kilogram of hydrogen contains about the same
amount of energy as a gallon of diesel. The efficiency
advantage of fuel cells over combustion engines means
less hydrogen is needed to achieve the same range. For
example, a 500 kg hydrogen tank provides as much range
as an 800- to 1,000-gallon diesel tank.

At 144 times lighter than air, hydrogen is the lightest
gas. It is so light that it will rise out of the Earth’s atmo-
sphere and leak into space. Methane, or natural gas, is
the next lightest fuel and is 1.8 times lighter than air.

This extremely high buoyancy is why hydrogen is
very difficult to contain in small spaces. From a safety
perspective, this is a good thing because once it reaches
free air it immediately zooms upward, leaving no traces
around to flare up and cause problems. But to store
hydrogen for later use, such as in a car or boat, this
means it takes up a lot of space.

One way to reduce the size of hydrogen is to increase
the pressure. For example, today’s hydrogen fuel cell cars
store hydrogen in thick carbon fiber tanks at 10,000 psi.
But this comes at a cost because it also takes quite a
bit of energy and machinery to get the hydrogen up to
10,000 psi.

Another solution is to turn hydrogen into a liquid.
However, liquefying hydrogen is an even more intense
process than pressurizing it to 10,000 psi. Unlike propane,
hydrogen will not automatically liquefy when pressur-
ized. It must be cooled to -423F, just 36 F above absolute
zero. Liquefying hydrogen requires a lot of energy—1.5
to 2 times that of compressing it to 10,000 psi.

This chart compares the energy density of today’s common and most advanced batteries with that of commonly
available hydrogen storage tanks. The low energy density of batteries makes them physically unable to provide
the needs of most marine vessels. Graphic courtesy of Joseph Pratt, Ph.D.

Despite the energy penalty and resulting cost increase,
liquid hydrogen (LH,) is still the fuel of choice for many
applications. Stored as a liquid in one tank, hydrogen
would be about half the volume of that stored as a gas
at 10,000 psi in another tank. Weight is another issue.
A tank of hydrogen compressed to 10,000 psi weighs
nearly three times more than a tank of the same amount
of liquid. So, despite the higher initial cost, transport-
ing and storing large volumes of hydrogen is more cost
effective when done as a liquid than as a compressed gas.

Onboard Hydrogen Storage Options

Once the hydrogen is produced and transported, it must
be loaded onto the vessel. When it comes to deciding
whether to store hydrogen as LH, or compressed H,
on board a vessel, ZEI has developed a rule of thumb:
Applications requiring less than 300 kg are probably bet-
ter suited for compressed gas, while LH, is likely a better
choice for applications over 500 kg. This, of course, is not-
withstanding the other considerations discussed above.
Between 300 kg to 500 kg the choice becomes more com-
plicated but becomes clearer with a deeper understand-
ing of the tradeoffs.

For example, let’s look at a 600-passenger tourist boat
that uses about 200 kg per day. The boat has sufficient
space for about 260 kg of compressed gas at 5,000 psi,
or in the same space it can fit about 1,000 kg of LH,.
Compressed gas will work and will probably be cheaper
than LH,, so do we go with that? Looking a little deeper,
going with compressed gas means refueling every day.
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But with 1,000 kg of LH, on board the refueling could be
spaced out to every four or five days. Today’s delivery
logistics are structured such that there are two compo-
nents to the cost, the hydrogen and the truck. In this
case, the four- or five-times higher delivery cost of get-
ting compressed H, every day will certainly dwarf any
cost savings of the hydrogen itself, resulting in a higher
overall cost to the operator.

Though storing hydrogen as a liquid or compressed
gas are, by far, the most common methods today, they
are not the only options. It can also be stored in revers-
ible—rechargeable—materials like chemical hydrides,
sorption materials, metal hydrides, and organic liquids.
There are also substances made from hydrogen, like
ammonia and synthetic methane, where hydrogen is
stored as a compound that is irreversibly broken apart
later for use.

Sources and Costs of Hydrogen

Hydrogen can be produced anywhere, by anyone, and in
several ways. Currently, the most popular form of hydro-
gen production is via natural gas steam methane refor-
mation (SMR), which is cheap, but not a zero-emission
process. In this two-step process, methane, or CH,, is
combined with water and the products are H, and CO,,
along with some air pollutants.

In contrast, electrolysis of water allows zero-emission
hydrogen production which can be done anywhere and
by anyone with access to water and electricity. The only
outputs of electrolysis are O, and H,. When renewable
electricity—solar, wind, or hydro power—is used, the
process is completely renewable. Hydrogen production
can be done centrally and distributed via the infrastruc-
ture used to move fossil fuels today. Alternately, it can be
done locally, for example right at the dock where the ves-
sel will refuel, creating a completely grid-independent
operation.

Because hydrogen is created from an energy source,
whether a fossil fuel or the sun, the cost of hydrogen
depends directly on the cost of the energy source used
to produce it. Natural gas is relatively cheap today, mak-
ing SMR-produced hydrogen one of the least expensive
options, at about $1.50/kg at the manufacturing plant.
But because the cost of renewable energy is becoming
so low, it is widely expected that hydrogen produced via
electrolysis powered by renewable energy will soon be
less expensive than that produced by fossil fuels.

It should be noted that the $1.50/ kg mentioned above
is what it costs to make the hydrogen. The transportation,
compression and/or liquefaction, and final vessel fuel-
ing infrastructure all add cost along the way such that
the final price of the delivered hydrogen will be higher.
To help reduce this added cost, ZEI designed the fuel-
ing system onboard the Sea Change to be fueled by any
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A kilogram of hydrogen
contains about the same amount
of energy as a gallon of diesel.

hydrogen truck without any shoreside infrastructure,
saving millions of dollars and years of additional work.

Hydrogen and Fuel Cells for Maritime Uses

The International Maritime Organization has put forth a
plan to lower carbon emissions from shipping to 50 per-
cent of current levels by 2050. That is despite what is
projected to be a five-fold increase in shipping over
that same period. Combining this reduction goal with
the estimated growth means there will be a need for a
90 percent cut in carbon emissions on an average per ship
basis by 2050. This is only realistic with zero-emission
technology.

For commercial vessels, the only options for zero-
emission propulsion are batteries and hydrogen fuel
cells. Unfortunately, batteries have several limitations
making them unsuitable for all but a few marine appli-
cations including poor scaling ability and the require-
ment for shoreside infrastructure. As hydrogen systems
scale, their cost, weight, and volume all decrease per
unit of energy while those of battery systems remain
unchanged. While hydrogen is transported and can be
used to fuel vessels in the same way as diesel—directly
from a truck with a hose—the shoreside infrastructure
required for battery systems can be millions of dollars
and reduces the flexibility of a vessel to change routes
in the future.

In a Sandia National Laboratories study, it was shown
that today’s hydrogen fuel cell powertrains can meet the
propulsion power and energy storage requirements of
a wide range of vessels, from small passenger ferries to
the largest cargo ships.? Technologically, nothing is pre-
venting hydrogen fuel cells from being deployed today
in the maritime. However, regulations are proving to be
a significant hurdle.

The use of hydrogen as a marine fuel is not spe-
cifically addressed in the Code of Federal Regulations
(CFR). Efforts have been underway since 2013 to provide
the Coast Guard with the scientific and practical under-
standing of hydrogen needed to craft safe regulations.
However, today a design proposal to the Coast Guard
for any vessel using hydrogen must still be considered
on a case-by-case basis as an equivalency to the CFR.
This pathway is to first develop a design basis for the
vessel that lays out a framework of design standards and
requirements for the equivalency. Once the design basis



is approved by the Coast Guard, the designers can use
it to develop detailed vessel plans. Finally, the Marine
Safety Center will use the design basis when approv-
ing vessel plans, and the local Officer in Charge, Marine
Inspection will use it when conducting inspections
during vessel construction. The process adds time and
uncertainty to any vessel project.

Although substantial changes to the CFR can take sig-
nificant time, guidance and policy documents can have
the same practical impact. This has been done in many
areas, including recently with the handling of Li-ion
battery installations. First, a design guidance document
based upon initial best practices was written, followed
by a formal policy letter (02-19) incorporating additional
learnings and referencing an accepted standard.

The issuance of these kinds of documents can allevi-
ate compliance hurdles and, as illustrated, can provide
the needed flexibility to be updated as new information
becomes available. This means designers can finalize
designs up front, builders can proceed without a threat
of rework, and Coast Guard reviewers are on the same
page as designers and builders. All of this means that
vessel projects are built faster and with lower cost mak-
ing them financially viable for owners to undertake in
the first place.

The only thing worse than no policy at all would be
one that was poorly crafted, not based in science, and
overly conservative. Therefore, a key component to
the success of this approach is that the personnel writ-
ing the guidance and policy, crafting the design basis
agreements, evaluating the designs, and conducting
inspections should all have in-depth knowledge of this
technology. While some members of the Coast Guard
have the extensive knowledge of hydrogen necessary to
create the policy, more are needed, especially in other
parts of the review process.

Thankfully, the United States has some of the best
hydrogen technology expertise in the world due to its
longstanding use of hydrogen, which began with the
space program in the 1950s. Scientists and engineers
at NASA and the Department of Energy’s National
Laboratory system have spent decades developing an
understanding of hydrogen’s fundamentals. Those learn-
ings have been used to develop science-based hydrogen
codes and standards in multiple other industries, as well
as hydrogen technology training courses.

Hydrogen’s Impact

The decline of the U.S. maritime industry over the past
50-plus years has been widely noted. The effects of this
are numerous, including the loss of supply chain control,
loss of jobs, a reduced economic impact, and elimination
of the ability to quickly produce maritime assets in times
of crisis.

The hydrogen industry, having come into its own
in the 1950s in support of the space program, can help
the United States regain its competitive maritime edge.
Because of the industry’s extensive history, the United
States has a unique hydrogen expertise which can be
immediately leveraged to make its shipyards and regula-
tors proficient in the technology. Clearly, hydrogen will
play a large role in a future decarbonized world vessel
fleet and this proficiency can once again propel the U.S.
maritime industry to a world-leading position.

Marine deployment of hydrogen also enables U.S.
energy independence. Hydrogen can be produced
at massive scale with our domestic renewable energy
resources (e.g., solar, onshore and offshore wind), elimi-
nating the need to import foreign energy. At the same
time, marine vessels are enormous consumers of fuel.
The demand created through just a few ferries, push-
boats, or patrol vessels is more than that created by thou-
sands of hydrogen cars. Because hydrogen cost decreases
with scale, marine vessel usage enables the roll-out of a
cost-effective national hydrogen production and distri-
bution network from the beginning.

Conclusion

Hydrogen fuel cell technology provides a viable path-
way to a zero-pollution, decarbonized marine fleet. It
can be created anywhere through renewable electricity
to provide a low-cost, resilient fuel enabling U.S. energy
independence. Additionally, the solid-state nature of
fuel cells provides operating benefits, including higher
efficiency, lower maintenance, and reduced downtime.
The transition of the U.S. maritime sector to hydrogen
fuel cell technology supports a regrowth of a declining
industry, while a concentrated effort to develop relevant
regulations will remove the current bottleneck to wide-
spread commercial adoption. /&
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A Breeze of Fresh Air

Addressing climate change with green sailing solutions

by LCDR Dimritrios WIENER
Staff Engineer, Office of Design and Engineering
U.S. Coast Guard

power of the wind has been vital to the growth

of society. To keep up with the needs of today’s
global markets, commercial shipping relies on various
propulsion systems, a majority of which require burning
fossil fuels. In most parts of our modern world, sailing is
a nod to a bygone era and has been relegated to leisure
and prestigious competitive sports.

We are beginning to see a shift in social trends, how-
ever. As climate change concerns come to the forefront
of discussions, national and international policymakers
are pushing to address the impact of emission pollution
on the planet before it brings us to the brink of environ-
mental disaster.

Through Executive Order (E.O.) 14008, issued Janu-
ary 27,2021, the United States reentered the Paris Agree-
ment which was ratified April 22, 2016, thus prioritizing
the climate crisis with regard to both national security
and foreign policy. In Part II of E.O. 14008, the admin-
istration aims to “... put the United States on a path to
achieve net-zero emissions, economy-wide, by no later
than 2050.”! At the president’s April 2021 Leaders Sum-
mit on Climate, the administration established addi-
tional plans to, by 2030, reduce the 2005 greenhouse gas
(GHG) levels by 50 to 52 percent. The summit also high-
lighted the need to revitalize the transportation sector by
working with the International Maritime Organization
(IMO) to achieve net-zero emissions from international
shipping in the same timeframe.?2

Internationally, the United Nations’ (U.N.) and the
IMO have been working diligently to address climate
change, beginning with the 1997 Kyoto Protocols which
addressed the reduction of GHG emissions. In 2011, dur-
ing its 62nd session, the IMO’s Marine Environmental
Protection Committee made mandatory the Energy
Efficiency Design Index and the Ship Energy Efficiency
Management Plan.3 In the committee’s 72nd session in
2018, it adopted an initial strategy on the reduction of
GHG emissions from ships, marking the first steps for
the international shipping sector’s alignment with the
goals of the Paris Agreement.*

As nations and companies race against the clock to
meet the GHG reduction milestones, engineers the world

T hroughout civilization, using sails to harness the
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over are innovating technologies the international ship-
ping community can use to reduce its carbon footprint.
Currently, international shipping accounts for approxi-
mately 3 percent of GHG emissions annually.>

As a first step in reducing GHG to meet the 2030 and
2050 goals, shippers are currently planning to imple-
ment a strategy known as “slow steaming,” or lowering
vessels’ sailing speeds. This tactic provides some GHG
reduction as it allows for reduced fuel consumption and
cuts carbon emission, but sacrifices time, as an Atlantic
crossing could take 10 days as opposed to the current
average of six to eight. To address further GHG reduc-
tion, some firms are seeking to harness new green fuel
technologies, while others are reconsidering nuclear pro-
pulsion plants to power vessels. Still others are seeking
new ways to harness the renewable power of the wind
to sail us to a cleaner future. This article explores three
innovative wind-capture methods currently being tested
around the globe.

Vertical Sails
Created by Michelin Research and Development with the
assistance of two Swiss inventors, the Wing Sail Mobility
(WISAMO) system includes an inflatable wing sail that
can be used on both commercial and recreational vessels.
The system can be installed during initial construction or
retroactively. The company claims the technology can be
used on any shipping route and may improve a vessel’s
fuel economy by 20 percent if certain design, weather,
and route conditions are met.® The company plans to test
the sail on commercial vessels this year. This is not the
only sail initiative by Michelin, though. As a testament
to its commitment to carbon free shipping, the com-
pany promises to also ship its tires across the Atlantic
aboard sailing vessels operated by the company Neoline.
Using the WISAMO, the first of these Neoline vessels is
scheduled to be in operation by 2023. The sail system
consists of 4200m? of sail area, which at an average of
11 knots, will allow for a 14-day trans-Atlantic journey.
Compared to similarly sized vessels, the Neoline vessels
are expected to release 90 percent less carbon.”
Oceanbird, by Wallenius Marine, also features a
vertical sail design. Expected to set sail in 2024, this



200-meter-long, roll-on, roll-off (RORO) ves-
sel is designed to carry up to 7,000 cars across
the Atlantic in 12 days at an average speed of
10 knots. The Oceanbird uses five rigid, telescopic
wing sails that can be lowered from 105 meters
to 45 meters above the waterline to navigate
obstacles like bridges while coming into port.
The five sails can rotate 360 degrees and will use
state-of-the-art programing to catch the wind in
the most optimal way. The vessel has only an
auxiliary engine which is a necessity to aid with
safe maneuvering in navigation channels and
ports. In addition to the sails, the vessel has a
unique hull design that, when working in con-
junction with the sails, is expected provide a
90 percent reduction in emissions compared to
other vessels in its class.

eConowind, a company in the Netherlands,
is developing an alternate approach to Michelin
and Wallenius Marine’s tall sail methodology.
eConowind has developed three versions of its
“Ventifoil’ sail system that can be added to an
existing vessel. One such option is a container-
ized unit that stores all system components for
two wing-shaped Ventifoil sails. Both sails are
approximately 33.8 feet in height and use pro-
graming and automation within the container-
ized housing unit to find the best wind angles to

The Oceanbird, by Wallenius Marine, is a 200-meter-long car ferry powered by rigid
telescopic wing sails and is expected to set sail in 2024. Photo courtesy of Wallenius
Marine

Two eConowind VentiFoils mounted on the bow of the M/V Ankie. Each sail is approximately 33.8 feet in height and uses programming and automation to find
the best wind angles to reduce engine power. Photo courtesy of eConowind
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reduce engine power. During inclement weather, these
sails can be folded down and stored in their housing.
With the footprint of a common 40-foot container, this
unit could see adoption within the container fleet where
any number of these units could be placed on a vessel to
assist as needed. Another option from eConowind per-
manently adds foils on the bow of a vessel’s structure. As
permanent structures, the Ventifoils are not constrained
to the dimensions of a shipping container, and the sails
provide more surface area to catch wind. In foul weather,
these sails can also be lowered and secured.

The company provides a third option, the Flatrack
Ventifoil unit, which is almost a hybrid of the two previ-
ous designs. The base of the Flatrack unit is designed
to be secured to the port and starboard sides of a ves-
sel’s deck using shipping container twist-locks. In foul
weather, they can be secured across the breadth of a ves-
sel. Since late 2019, all three systems have been deployed
on vessels, including the M/V Ankie, which has had two
10m high foils installed near her bow. The system is
expected to produce up to 30 percent of the vessel’s pro-
pulsion, while increasing fuel economy by 15 percent.?

Kite Sails

Commercial shipping compa-
nies are also investigating the
kite sail design. Connected by a
towline and hitched to the bow
of a vessel, these sails overcome
certain visibility issues that
may occur with vertical sails. A
benefit of using a towline at the
bow of a vessel is that the cargo
areas of a ship are not impacted
by machinery or additional sup-
porting structures, yet total sail
area could be sacrificed for this
convenience.

SkySails, of Hamburg,
Germany, has been pursuing
the use of this technology since
2001 in both ashore and seaborne
applications. The company’s
marine division states that its
kites, which can range up to
1000m?, can produce 25 times
more energy per square meter
than a conventional sail. This
would cut fuel consumption by
half on a good day, with up to
20 percent in fuel savings annu-
ally. The concept was realized
and tested in 2008 aboard the
MS Beluga SkySails when the kite
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sail was used for eight hours a day on a voyage from
Bremerhaven, Germany, to Guanta, Venezuela. The total
fuel savings for the vessel was approximate 2.5 tons
per day.

In France, with backing from Airbus, AirSeas’
Seawing Kite System, seeks to enter the market, as well.
The company signed a 20-year agreement with Kawasaki
Kisen Kaisha, Ltd. (K Line), in mid-2019 to test the tech-
nology on one commercial vessel.? Upon successful
delivery and satisfactory operation, it is estimated that
these kites will reduce CO, emissions by 5,200 tons per
vessel, per year. In July of 2021, it was announced that
a long-term charter between K Line and the JFE Steel
Cooperation for a liquid natural gas (LNG) bulker sched-
uled for delivery in 2024 would include the Seawing Kite
System. 10

Rotor Sails

While vertical and kite systems might be considered more
traditional sail styles, rotor sails, both in concept and
design, may seem like something out of a science fiction
novel. The truth is, this technology is almost a century

The MS Beluga SkySails uses the SkySails system during a 2008 transatlantic voyage from Germany to
Venezuela. This kite sail design saved approximately 2.5 tons of fuel per day. Photo courtesy of SkySails Group
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Ore carrier Sea Zhoushan is the latest vessel to be equipped with five Norsepower rotor sails. The project’s goal is to reduce CO, emissions by 3,400 tons per
year and increase the efficiency of the vessel’s propulsion system by 8 percent. Photo courtesy of Norsepower Oy Ltd.

old. Originally designed in 1926, the Flettner Rotor, col-
loquially known as the rotor sail, uses the Magnus effect
on a rotating cylinder to produce a thrusting force per-
pendicular to the direction of the wind. Norsepower, out
of Helsinki, Finland, is seeking to revive this technol-
ogy, with the utility of other modern marine engineering
systems

Since the company’s 2012 founding, Norsepower has
installed its rotor sail on four vessels. In 2014 and 2015,
the company installed two 18mx3m rotors on the RORO
M/V Estraden, which saw an approximate 6.1 percent
emission reduction on its North Sea route.!! Working
with Maersk, the Energy Technologies Institute, and
Shell Shipping & Maritime, the company installed two
30mx5m rotors aboard the Maresk Pelican in 2018. The
vessel’s fuel consumption was reduced by approximately
8.2 percent when independently monitored by Lloyd’s
Register.1?

Also in 2018, the passenger ship Viking Grace was
fitted with one 24mx4m rotor sail, making it the first

The Magnus Effect

The Magnus effect, first described by German phys-
icist Heinrich G. Magnus in 1852, describes how a
spinning object moves through a fluid. When an
object spins while moving through a fluid, like air,
its rotation causes pressure differences to occur
around it, causing a lift force and diverting the
object from its original direction of motion. It is an
applied example of Newton’s 3rd law of motion, as
well as Bernoulli's theorem.

We have all witnessed the Magnus effect in
many of our favorite sports, from golf to baseball,
athletes put a spin on a ball to cause it to curve ina
particular way. This curve we witness is the Magnus
effect!
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LNG/wind hybrid vessel. In a two-year trial period, the
rotor sail helped cut the vessel’s annual emissions by an
average of 900 metric tons. The company is now moving
to install five 24mx4m rotor sails on the new build Sea
Zhoushan, a very large ore carrier being constructed in
China. The intent is to reduce CO, emissions by 3,400
tons per year and increase the efficiency of the vessel’s
propulsion system by 8 percent. If trials are successful,
the vessel’s owner, Vale, could seek to outfit 40 percent of
its ore-carrying fleet with this technology.’

Regulation of Wind Harnessing Technologies

As these new technologies continues to evolve, nation
states and classification societies must also develop
standards for the construction, installation, and inspec-
tion of these highly complex engineering systems. The
American Bureau of Shipping (ABS), one of the United
States’ recognized organizations, has developed a
guide! for wind-assisted systems, which works in con-
junction with its steel vessel rules. This classification
society has established three differing levels of nota-
tions for vessels starting with Wind-Assisted Ready, then
onto Wind-Assisted, and the highest level, Wind-Assisted+.
Considerations for all aspects of sail and vessel design,
as well as surveying and testing, are included in this
guidance, which harmonizes well with the existing steel
vessel rules. ABS is not the only classification society
to develop guidelines for sail technology. Around the
world, many classification societies are working to find
the ways and means to achieve the goals of the Paris
Agreement.

The ability to add considerations to existing rules,
versus the need to develop new ones, makes it easier for
new and existing vessels to incorporate the technology
into their design and operation. Owners soon may be
requesting that the Wind-Assisted Ready notation be pro-
vided on their current fleets as a step towards the goal of
reduced GHG emissions.

At the national level, there are no current laws, regu-
lations, or proposed rules on the books to address the
integration of these wind technologies aboard U.S. ves-
sels. And at present, the U.S. Coast Guard does not have
any standing procedures on the design review, approval,
or inspection of such systems.

Conclusion

As using sail technology and the wind helps reduce ves-
sel GHG emissions, it may be one of the quickest and
most simply implemented technologies available to the
shipping industry to help it meet the Paris Agreement’s
goals. There is no doubt that auxiliary sail technology
provides ships with a means to reduce GHG emissions
and cutting fuel costs. However, the international com-
munity must weigh the economic, logistical, and social
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factors tied to longer shipping time if sails were to return
as the primary mode of shipping.

International shipping could leverage wind power as
a primary mode of propulsion if the global economy can
support transatlantic transits of 12 to 14 days. As noted
earlier, one viable strategy available to shippers in the
reduction of GHG is slow steaming, which increases the
transatlantic sailing time by approximately 40 percent
compared to current shipping averages. Companies and
consumers must be willing to accept an increase in ship-
ping times of more than 70 percent should sails return as
the primary propulsion system.

The forecasts show a growth in commercial ship-
ping, driven by a need to trade goods due to food and
water stresses caused by the very climate crisis the Paris
Agreement is trying to mitigate. Perhaps a large fleet of
smaller wind-powered sailing vessels, like those of a
bygone era, could be the solution we are looking for. /&
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Il arrows point to the end of the days of one
A dominant fuel. The need for decarbonization of

shipping is pushing the industry to find new,
greener energy carriers. While tomorrow’s fuel mix will
be complex, and difficult to predict for several decades,
hydrogen has been debated for years as an energy car-
rier. If it is produced from renewable resources, it is one
of the few zero-emission fuel options. The use of hydro-
gen as ship fuel now signals a conscious effort to tackle
decarbonization ahead of regulatory timelines.

Hydrogen’s introduction to the energy mix has the
potential to contribute to solving some of the challenges
we are facing in the age of decarbonization. However,
like all alternative fuels it introduces other issues, includ-
ing technical, economic, and safety. Although the imple-
mentation of hydrogen as a fuel might result in high fuel
costs in the short term, avoiding transitional fuels might
prevent ship owners from going through costly retrofits
during a vessel’s lifetime.

The 2021 DNV Energy Transition Outlook indicates
that by 2050 hydrogen, being a carbon-free molecule,
will have a significant share in the fuel mix as a building
block for synthetic fuels. This is due to the challenges
of supplying the market with large amounts of biofuels
produced from sustainable carbon sources.

Hydrogen’s strong points are numerous and attrac-
tive. It can be produced from water and energy alone
and, at the point of conversion to energy, only emits
water. Given the availability of sufficient amounts of
renewable energy and water, green hydrogen can be pro-
duced anywhere in the world. The drawback is that the
energy demands in the production process are consider-
able and thus generate substantial amounts of energy
loss from production through liquefaction/compression,
and conversion back into useful energy. There are also
concerns about the safety and storage of hydrogen due
to its low gravimetric and volumetric energy density.
Economically and energy-wise, the high cost is cur-
rently the greatest obstacle to widespread adoption of

HANs-CHRISTIAN WINTERVOLL
Senior Consultant

Maritime Environmental Advisory
DNV

hydrogen as an energy carrier. However, the increas-
ing push for decarbonization and the declining cost of
hydrogen production will make hydrogen a contender,
especially in sectors where electrification is not feasible
due to the low energy density of batteries.

Decarbonization Policies in Norway and the EU
Norway’s target is to reduce greenhouse gas (GHG)
releases by 55 percent by 2030. The government’s prin-
cipal decarbonization policy is to connect emissions
to a cost. More than 80 percent of the GHG emissions
in Norway are either taxed or are part of the common
European Union Emissions Trading System. This system
caps the emissions from power production, industry, and
aviation, and every release of GHG requires an allow-
ance, which is reduced in number every year. In 2030,
the total amount of GHGs accounted for in the European
allowances will correspond to 43 percent of the GHG
emissions of 2005.

The European Union (EU) is currently working on
a legislative package called “Fit for 55.” Among other
things, it is expected to include an emission trading sys-
tem for shipping in the EU, which aims to expand the
use of sustainable fuel through increasingly stringent
requirements. The goal is proposed to be a reduction of
50 percent of the GHG emissions for shipping in and out
of the EU, and 100 percent of the emissions for shipping
within the EU and when in EU ports. The draft propos-
als will be considered by the EU Council and Parliament
before final adoption.

Funding Mechanisms in Norway

One of the largest environmental public funding schemes
available in Norway is the ENOVA public fund, owned
by the Ministry of Climate and Environment. Established
to reduce business risk when individual businesses start
using the newest and most climate-friendly technolo-
gies, ENOVA can make a financial contribution so that
projects can be realized. Each year, ENOVA invests more
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Owned by Norled, MF Hydra, the world’s first hydrogen-powered ferry, has been operating between Hjelmeland, Skipavik, and Nesvik, on Norway'’s southwest
coast under electrical operation, with hydrogen installation onboard expected in 2022. Photo courtesy of Norled

than NOK 3 billion, or $335 million, of public resources
in environmentally friendly projects, and a prerequisite
for support is that the project would not have been real-
ized without it. ENOVA sees hydrogen as a potentially
vital energy carrier in the process of decarbonizing the
maritime sector and has launched a separate program
to support investments in hydrogen fuel production for
maritime transportation. One of the reasons for special-
izing in maritime transportation is the large quantities of
fuel consumed by each ship. Fewer maritime consumers
are needed to reach the production volume required to
build a viable business than would be the case for land-
based transport.

In addition to ENOVA, the municipalities in Norway
can apply for state-funded, climate-positive investments,
through an initiative called “Klimakur,” a Norwegian
expression best translated to “Heal the Climate.” This
is important as the municipalities along the coast of
Norway are major players for the procurement of pas-
senger transport along the coast.

Another tool for realizing the green shift in Norway
is the Green Shipping Programme (GSP), a public-pri-
vate venture funded by the government and under the
management of DNV. The GSP initiates pilots, solidi-
fies theoretical findings and learnings, and facilitates
dialogue and collaboration between all stakeholders.

78 PROCEEDINGS[ Fall 2022

The programme’s vision is to develop and strengthen
Norway’s goal of establishing the world’s most efficient
and environmentally friendly shipping. There are cur-
rently several hydrogen pilot projects funded through
the programme.

Examples from Norway

In 2011, the Norwegian Public Roads Administration
(NPRA) launched a competition to develop, build, and
operate the world’s first electric and zero-emission car
ferry. The result was M/V Ampere, which was put into
operation in 2015 and today operates between Lavik and
Opedal.

In 2017, the NPRA again aimed to pave the way for
new environmentally friendly technology and launched
another competition to develop and operate the ferry
connection between Hjelmeland, Skipavik, and Nesvik,
on Norway’s southwest coast, this time by a hydrogen-
electric ferry. Norled, a Norwegian shipping company
specializing in ferry transport won the contract. The
development and building of MF Hydra concluded in
2021, and it has been operating the connection since
July 6. For the time being, it is under electrical operation
only and is charged from shore. Hydrogen installation
onboard the Hydra is expected in 2022.

In addition to the demonstrators and pilots covered



by the NPRA and the GSP, the Getting to Zero Emissions
Coalition maps many more hydrogen fueled vessels
covering cargo and passenger transport needs that are
being developed both within and outside of Norway.
The Coalition is an alliance of more than 150 companies
within the maritime, energy, infrastructure, and finance
sectors that is supported by key governments and inter-
national governmental organizations.

H, Value Chain

Today, most of the hydrogen production is via steam
methane reforming (SMR), where hydrogen is derived
from methane. Due to low gas prices, this method is eco-
nomically favorable, but results in carbon dioxide (CO,)
emissions. However, the emissions from SMR can be cap-
tured and stored. The overall costs of carbon capture and
storage (CCS) are expected to fall and hydrogen produc-
tion from SMR will gain momentum in the short term.

The practice of creating hydrogen via electrolysis has
been picking up for some years and will be the domi-
nant method for producing the gas by the mid-2040s.
Production costs of manufacturing hydrogen via elec-
trolysis are still higher than via SMR, but increased
availability of cheap electricity will make electrolysis
more competitive.

Coal gasification has a large market share in China
due to its low cost, but a very limited presence in other
regions. This technology is expected to adopt CCS
towards 2050, and will keep its absolute

pipelines, automotive, or waterborne transportation.

Success Depends on Collaboration

When novel technologies enter new applications, as in
the maritime adoption of hydrogen as fuel, widespread
industry collaboration with public and private stake-
holders is critical for success. This includes sharing safety
findings and engaging with large scale tests that can be
too expensive for individual companies to perform. One
accident in the early phase of technology uptake can stop
investments and negatively affect the public perception.
It is therefore important that safety is prioritized and
transparent sharing of experience is facilitated across
the industry.

DNV supports several such activities with regard to
the use of hydrogen as ship fuel, including the Maritime
Hydrogen Safety project, or MarHySafe, the joint indus-
try development project initiated by DNV. MarHySafe
was created to demystify the alternative design approval
process that hydrogen fuel designs face in lieu of available
prescriptive regulations or rules. Through its first phase,
the project established a publicly available Handbook for
Hydrogen-Fuelled Vessels that gathers the industry knowl-
edge available today. The handbook describes the regula-
tory processes that early adopters must go through and
provides guidance on how to achieve approval through
risk assessments and detailed design analysis.

In Phase 2, MarHySafe aims to close some of the

volumes, but will lose its market share

as other production methods increase
their volumes.
Long term trends that promote the

World hydrogen production by source
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identified knowledge gaps through further safety work
on quantitative risk assessments, paired with physical
testing where needed. The second phase will also include
extensive work on bunkering requirements through the
publication of a best industry practice reference for both
liquefied and compressed hydrogen storage solutions. In
the end, MarHySafe hopes to produce concrete recom-
mendations for future rule developments.

Regulatory Outlook
Hydrogen is a low flashpoint fuel and is therefore regu-
lated by the International Code of Safety for Ships using
Gases or other Low flashpoint Fuels, or the IGF Code.
The IGF Code is a goal-based regulation whose main
content is prescriptive regulations for the use of liquefied
natural gas (LNG) as ship fuel. Fuels that are not covered
by the prescriptive content shall comply with the func-
tional goals of the same code. Demonstrating compliance
with the goals and functional requirements of the code
implies the use of the alternative design approval pro-
cess—the IMO instrument to be followed to obtain an
equivalent approval from the flag state administration.
One of the main challenges of the goal-based approval
process is to confirm that the new system’s safety level
is equivalent to that achieved with comparable conven-
tional oil-fuelled machinery systems as required by
the code.

Hydrogen is in many ways a more hazardous fuel
in comparison to other low flashpoint fuels. To design
arrangements for which safety can be
comparable with the current fuel and
machinery installations, additional
safety barriers and protective mea-
sures not used in the existing hydro-
gen applications for other transport
sectors will need to be applied.

Hydra, the first liquefied hydrogen-
fuelled ferry built for domestic opera-
tion in Norway, has been following a
risk-based design due to the implica-
tions and the lack of prescriptive regu-
lations that could be used for hydrogen
fuel arrangements. The risk-based
design uses advanced risk analysis to
meet the safety objectives during the
design process and in a cost-effective
manner. For approval, the alternative
design process has been followed. The
project owner has been requested to
carry out a quantitative risk assess-
ment so that safety is measurable and
the acceptance criteria comparable to
other installations.

So far, the compliance of alternative
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fuels and arrangements other than hydrogen, with the
mentioned goal and functional requirements of the IGF
Code, is achieved by the use of adequate prescriptive
regulations verified through approval and supported
with qualitative risk assessments.

Safety and Technological Challenges

Hydrogen has a wide flammability range and it is eas-
ily ignitable. Considering its high reactivity, especially
for concentrations in air above 15 percent, it has a more
significant explosion potential than currently available
alternative fuels for shipping.

There are significant specific hydrogen safety chal-
lenges for ship applications. The first is due to the
inherent characteristics of hydrogen. Another is due to
ship-design constraints, like the need to store large quan-
tities of hydrogen in enclosed spaces and in relatively
close proximity to crew and passengers. Environmental
design loads and operational conditions can also signifi-
cantly impact the total risk of ships using hydrogen fuel.

For ship applications, hydrogen is primarily being
stored either compressed, typically in the ranges from
250 bar to 700 bar, or stored liquefied at cryogenic tem-
peratures close to -253 C, or -423 F. These two main
storage methods have different advantages and disad-
vantages when used as fuel.

The feasibility of liquefied hydrogen-fuelled vessels is
currently being demonstrated in several publicly funded
projects in Norway. Generally, the LNG fuel baseline

Siemens Gamesa-commissioned REM Energy, a new hydrogen-ready service operation vessel, is
technically ready to operate emission free thanks to fuel cells and battery technology. Photo courtesy
of REM Offshore AS



requirements can be used with
additional hydrogen-specific
requirements for protection of
components and equipment,
leak prevention, and a higher
degree of automation. Vacuum
insulated C-type tanks are used
for both liquid hydrogen (LH>)
and LNG fuel. Besides the safety
challenges, the main technologi-
cal challenges are loss of vapor
pressure in the tanks due to cool-
down of the gas when liquid
sloshing takes place.

Safety is a crucial concern for
compressed hydrogen (CH,) solu-
tions. A single leak in the air can
result in high-speed flame com-
bustion events and high energy
releases. Explosions should be prevented by design; sin-
gle failures should not create them, as hydrogen explo-
sions are difficult to predict, difficult to model, and the
safety quantification of escalated events is not an exact
science. Most of the demonstration projects have placed
hydrogen storage and systems in fully ventilated open-
air locations. The negative effects of congestion and con-
finement should not be underestimated in new projects.

Compressed hydrogen is available in several loca-
tions, which is a vital advantage that outweighs the dis-
advantages it has in comparison to LH,. The number of
demonstrator projects with CH, is increasing in compar-
ison to LH,. However, the new application of the technol-
ogy also comes with challenges. The low gravimetric and
volumetric energy density increases the space needed
for fuel storage. In addition, the refuelling rates inherent
to transporting low-density gas is a key disadvantage.
With CH,, one may consider refuelling in terms of days
instead of hours, so innovative ideas such as container
swapping are being studied. However, container swap-
ping as bunkering solutions needs new regulations, new
safety approaches, and new regulatory regimes.

Generally, a key advantage of hydrogen fuel com-
pared to new alternative fuels for shipping, such as
ammonia, is that hydrogen-fuelled ships can use fuel
cells without the need for fuel reforming. For instance,

For more information

Handbook for Hydrogen-Fuelled Vessels
can be viewed at www.dnv.com/maritime/
publications/handbook-for-hydrogen-
fuelled-vessels-download.html

Liquid Hydrogen Carrier vessels are still in the concept phase, but could look something like this rendering
when they become reality. Photo by audioundwerbung|istock/Getty Images Plus

Proton Exchange Membrane (PEM) fuel cells are widely
used in land applications and are suitable for ship appli-
cations because of their small volumes and low tempera-
tures. PEM fuel cells require up to 99 percent hydrogen
purity, which at the moment, constrains its application
with reformed fuels.

Conclusion

As indicated in the DNV’s Maritime Forecast to 2050,
hydrogen will play a significant role in the decarboniza-
tion of shipping and can be used in its pure form or as a
building block for synthetic fuels such as ammonia and
carbon-based biofuels.

Green hydrogen is a truly zero-emission alternative
fuel. However, there is a clear need for industry coopera-
tion to tackle the new application’s safety challenges and
help hydrogen fuel become a competitive and available
alternative fuel in the near future. /&
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As the world moves towards a low carbon economy, how does Methanol fit into the crowded mix of alternative fuels?

greenhouse gas (GHG) study, conducted in 2020,

found that GHG emissions from maritime ship-
ping rose 9.6 percent between 2012 and 2018, mostly due
to a continuous increase of global maritime trade. The
shipping industry is increasingly aware of its environ-
mental responsibilities for both air quality impacts and
GHG emissions. This is why the International Maritime
Organization’s (IMO) GHG strategy
includes initial targets to reduce the

T he International Maritime Organization’s fourth

mature.

Methanol presents a potential low carbon fuel for
this cleaner air future. This article discusses the char-
acteristics of methanol, regulatory perspectives from
the United States Coast Guard and American Bureau
of Shipping (ABS), and the availability and viability of
green methanol fuel production in the United States.

All alternative fuels and energy sources have

CO, Emissions from International Shipping

average CO, emissions per ‘trans-
port work” at least 40 percent by 2030
compared to 2008 levels, with an aim
to attain a 70 percent reduction by
2050. The strategy also includes an
ambition to reduce total annual GHG
emissions from shipping by at least
50 percent by 2050.

Moving beyond the IMO require-
ments, several carriers have set even
more ambitious goals of achieving
zero GHG emissions by 2050 or
sooner. Existing technologies and
strategies can help the maritime
industry reach the IMO GHG tar-
gets for 2030, but the more ambi-
tious emissions goals set for 2050
lie beyond the reach of current tech-
nology and fuels. To achieve those
goals, new technology will need to
be developed with the main thrust of
research and innovation occurring
before 2030, giving any new prod-

S P @®

CO: emissions from international shipping under IMO’s initial GHG strategy
(blue and green) vs. BAU (black), with cumulative emissions 2015 through 2075.
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shortcomings in terms of practical

Types of Methanol

application for international shipping,
from onboard storage and energy den-
sity to supporting infrastructure and
supply systems. Currently there is no
obvious fuel choice for the global fleet
of the future. It is entirely possible the
global solution to shipping’s emissions
challenge will be found by combining
several strategies and future technolo- B
gies, including new fuels.

High Carbon Intensity

Why Methanol?

From the operational perspective, four
factors are key in selecting the fuels for
a zero- or low-carbon future. These are
economics, scalability, sustainability,

Lower or Neutral
Carbon Intensity

@ Gray Methanol

Produced from natural
gas by steamn reformation

Green Methanol

Produced through biomass
or renewable energy and
captured carbon

Black Methanol

Produced from coal

Blue Methanol

Produced from
manufacturing by-products

and technical viability. Future fuels

must be found at realistic prices and be

available at the needed scale. Methanol offers several
advantages and can enable relatively rapid implemen-
tation.

Methanol is a colorless liquid at ambient temperature
and pressure, and it is relatively low in toxicity when
compared to ammonia. It can be handled, stored, and
pumped like other liquid fuels, and the risks associated
with methanol spills are lower when compared to oil
spills due to methanol’s biodegradability and water solu-
bility. Fuel storage and piping do require some special
attention due to the lower flashpoint, but unlike cryo-
genic or pressurized fuels, methanol does not require
refrigeration, liquefaction, or vaporization equipment
similar to liquefied natural gas (LNG), hydrogen, or
ammonia. Nor does it require large, pressurized storage
tanks.

Methanol is one of the top five chemical commodi-
ties shipped and is available for bunkering in over 88

Properties of Methanol Compared to LNG, Diesel

Courtesy of ABS

of the world’s top 100 ports with minor infrastructure
modifications.! Unlike other alternative fuel sources,
only minor modifications to existing infrastructures
would be required to have a fully functioning methanol
transport facility. Marine engines are already operating
on methanol at smaller scale in commercial service, so
adoption for larger vessels is a matter of scale rather than
new design.

By its chemical composition, methanol has the low-
est carbon content and the highest hydrogen content of
any liquid fuel, and has the benefit of liquid storage at
atmospheric pressure. It is an excellent replacement for
diesel fuel or mixed fuel engines, and its combustion in
marine diesel engines can provide high engine efficiency
and lower emissions compared to diesel fuel. These fac-
tors all simplify the transition to this future fuel and will
enable rapid adoption once the new fuel supply chain is
established. One factor to consider however, is that when
compared to petroleum-based fuels,
methanol’s energy density is low
enough that twice the storage space

is required for these fuels to provide

Properties Methanol | LNG Diesel the same amount of energy
Molecular Formula CH3;0H CnHm; 90-99% CH, CnH1.8n; C8-C20
Carbon Content (%) 37.49 =5 86.88 MARPOL
7 . .
Boiling Point (°C) (101.3 kPa) 64.5 160 (-161) 163 to 399 IMO’s Internatlc.)nal Convent%on
for the Prevention of Pollution
Flammability Limits (vol % in air) 6.72-36.5 4.2 to0 16.0 1.0t0 5.0 from ShlpS (MARPOL) AI’II’IQX VI
4
A [T IED(Re) 46.4 580 257 Regulations for the Prevention of
Flashpoint (°C) 11 136 5210 96 Air Pollution from Ships, is the
Energy Density (MJ/L) 15.7 20.3-22.5 320 40 prlmar}{ international 'regu.latory
mechanism for controlling air pol-
Sulfur Content (%) 0 <0.06 Varies, <0.5 or <0.1 lution fI'OI'I'l ShipS When used as a

primary fuel source, methanol can

Courtesy of ABS  reduce CO, emissions by 10 percent
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compared to conventional fuel
oils.2 Much greater reductions, up
to full carbon neutrality, are avail-
able when methanol is produced 1.2
via renewable methods to make
green methanol. However, these
carbon-neutral forms are not yet

produces low levels of nitrogen
oxide (NOx) emissions, and indus-
try studies indicate that life-cycle
NOy emissions for methanol are

0.0

1.0 -
0.8 4
available in the significant volume 0.6 1
necessary for use as marine fuel. 0.4
Methanol fuel combustion 0.2 -
HFO

Life-cycle NO, emissions of methanol compared to

conventional fuels

MGO

u Tank-to-propeller

. . Well-to-tank

Methanol
biomass

Methanol (NG)

about 45 percent that of conven-

tional fuels per energy unit. While

the NOx levels are similar to LNG, the CO, levels dramat-
ically decrease with the use of green methanol. That said,
NOx reductions using methanol are not large enough
to get to IMO Tier III level compliance as specified in
MARPOL Annex VI, and thus would require exhaust
after-treatment, or blending water with methanol.

Ship owners and operators have various options to
meet the IMO sulfur cap requirements. These options
include the use of compliant low sulfur fuels or alterna-
tive fuels without sulfur. One of the advantages of meth-
anol as a marine fuel source is that it produces little to
no sulfur emissions. Compared to conventional fuels, the
use of methanol fuel will reduce SOx levels by approxi-
mately 92 percent. It is therefore compliant with current
emission reduction measures set by MARPOL Annex VL.

Regulations

The International Code of Safety for Ships Using Gases
or Other Low-Flash Point Fuel (IGF Code) currently only
includes detailed prescriptive requirements for natural
gas (methane) applications. All other low flashpoint fuels
or gases must demonstrate an equivalent level of safety
by application of the alternative design methodology
as specified in IMO’s International Convention for the
Safety of Life at Sea (SOLAS) Chapter II-1 regulation 55,
and guidelines referenced by footnote MSC.1/Circ.1212
or associated guidelines MSC.1/Circ.1455.

However, where other prescriptive IMO require-
ments exist for particular gases or other low-flashpoint
fuels, either by regulation or as interim guidelines,
these may be applied in lieu of the alternative design
criteria, subject to agreement by the flag administration.
The November 2020 adoption by IMO’s Maritime Safety
Committee of MSC.1/Circ.1621, the interim guidelines
for the Safety of Ships Using Methyl/Ethyl Alcohol as
Fuel, has established the goals and functional and pre-
scriptive requirements for the application of methanol or
ethanol as marine fuels. Several standards and technical

84 PROCEEDINGSI Fall 2022

Courtesy of DNV IMO Report No 2015-1197, Rev. 2

specifications also have been developed to support the
application of low-flashpoint fuels to the marine sector.
Classification societies have been developing guides
and assigning fuel-specific notations to further support
the application of methanol or ethanol as fuel, as well as
incorporating the IMO MSC.1/Circ.1621 interim guide-
lines through a goal-based approach. These guidelines
are intended to provide guidance for the design, con-
struction, and survey of vessels using methanol as fuel.

Safety

While relatively low in toxicity when compared to ammo-
nia, methanol must be handled carefully if spilled or
leaked in confined spaces or on deck. Exposure to liquid
methanol can cause skin irritation, dryness, cracking,
inflammation, or burns. Crew training and awareness
of the additional hazards and characteristics of metha-
nol, including in the case of leaks, spills, or exposure, is
necessary.

Methanol is corrosive to certain materials, and its
use as a marine fuel may require the redesign of some
combustion engine parts. Storage tanks holding metha-
nol are to have an appropriate grade of stainless steel
or methanol-resistant coating. The corrosive proper-
ties of methanol mean that special considerations may
be required for tank coatings, pipes, and piping fix-
tures. Non-metallic materials, consisting of appropriate
methanol-compatible materials like nylon, neoprene, or
non-butyl rubber, are necessary. If coatings are used,
it is important to consider that any acidic impurities
can damage the coating material, and this damage may
need to be addressed quickly before accelerated corro-
sion occurs, including pitting, iron pick-up, and further
methanol contamination.

Fire Safety
Methanol vapor is heavier than air and tends to accumu-
late at low points, like the bottoms of tanks or low pipe
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points. Therefore, special attention needs to be given to
the placement of ventilation and detection arrangements
in spaces where methanol leakage may occur. Methanol
flames are particularly hazardous, as methanol burns
at low temperatures with a flame that is nearly invisible
in daylight with no smoke. These flames often go unde-
tected until they have spread to adjacent materials that
burn in a wider spectrum of light. A methanol-water
mixture of 25 percent methanol, or greater, is still capable
of burning, so special fire extinguishing practices are to
be followed, including the use of alcohol-resistant foams.

Because methanol flames produce no smoke or soot,
a smoke detector is not likely an effective source of fire
detection. Unlike petroleum-based fuel, methanol flames
are easily detected in infrared light, making it an ideal
method to monitor for methanol flames. Vapor detection
can also be used simultaneously for leak and fire detec-
tion by monitoring oxygen and carbon dioxide levels.

Including gas detection systems near expected leak
points, as well as near the ceiling and surrounding low
points, offers protection against leaks adjacent to meth-
anol tanks or pipes. Adequate tank overflow and leak
protection provisions for the holding arrangement helps
prevent flammable conditions in areas with potential
ignition sources.

In some cases, additional safety measures for cof-
ferdams are needed to prevent a potentially dangerous
buildup of methanol liquid or vapor. Flammable vapors
burn over a methanol pool and the liquid evaporates
due to the heat, contributing to the burn. Therefore, the
most effective ways of fighting a methanol fire are to
smother the vapors or dilute the flammable substances
below their lowest flammable limit.

Courtesy of ABS

Portable dry chemical or CO, extinguishers can be
used for small methanol fires where there is less risk of
methanol pool evaporation. For larger volumes of metha-
nol, water extinguishers may be used, if the volume of
water is at least four times the size of the methanol pool.
Alcohol Resistant Film Forming Foam (AR-FFF) extin-
guishers with foam water proportioning equipment are
a highly recommended method for large methanol pool
fires, such as a potential fire below methanol fuel tanks.

Projected Role of Methanol as a Marine Fuel

An increased number of methanol carriers are using
methanol for propulsion and power generation. If meth-
anol is produced renewably, these vessels could have
an even greater potential to reduce life-cycle emissions
while concurrently improving the renewable methanol
fuel supply chain for other applications.

The use of methanol as a fuel in dual-fuel marine
engines may allow for robust operations with various
types of alternative fuels in the future. Such applications
may use methanol when it is available, with the option
to burn other fuels according to availability and econ-
omy. The advantage of methanol over LNG or other gas
fuels is its liquid state and ability to re-purpose existing
infrastructure to include engines and vessels with effi-
cient retrofits. Methanol is significantly easier and more
economical to store on board than gas, and retrofitting a
vessel’s tanks from conventional fuel oil, ballast, or slop
to hold liquid methanol fuel is also easier than installing
LNG tanks.

Ongoing research is striving to rapidly scale up
methanol availability in terms of infrastructure as well
as onboard applications and installations.
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Methanol Advancements

Maersk plans to launch its new carbon-neutral vessels
in 2023 and 2024—its first feeder vessel and eight 16,000
TEU vessels, respectively. The company has announced
that these vessels will have dual fuel capability to enable
operations on either green methanol or standard marine
fuels. Engines of this type are already in use in methanol
carriers, although none are of the sizes required for the
new 16,000 TEU vessels. Once the green methanol sup-
ply chain is fully established, Maersk estimates that full
carbon neutral operations of the eight large container
vessels will reduce the total fleet carbon footprint by one
million metric tons of CO, per year.

Engine manufacturers have advanced projects to
commercialize methanol as a marine fuel. Projects such
as MethaShip’s cruise ship in Germany and Methanex’s
tugs in China have focused on the development of alter-
native marine fuel-powered vessels to help advance a
sustainable process to address the current challenges for
methanol as a marine fuel.

Coast Guard Perspective
Currently the Coast Guard has not received any pro-
posals for methanol fueled vessels, nor has it published
any policy to address U.S. vessel designs proposing the
use of methanol. However, the process that would be
used would involve concept review and approval of the
design basis that lays out standards and requirements for
an equivalency under 46 Code
of Federal Regulations.

additional alternative fuel sources being available and
the recently established interim guidelines for Methyl
Alcohol as fuel (MSC.1/Circ.1621), the Coast Guard will
have to update its policy letters to be in line with the
international standards.

Current policy letters and regulations simply address
the requirement for credentialed mariners to be familiar
with relevant characteristics of the vessel appropriate to
their responsibilities. The Coast Guard anticipates addi-
tional guidance will be published addressing training
and emergency exercises for personnel onboard vessels
using low-flashpoint fuels. The Coast Guard will focus
its efforts on training its personnel on the proper use and
handling of these low-flashpoint fueled vessels whether
foreign or domestic. The service relies on its Liquefied
Gas Carrier National Center of Expertise offices to assist
in the efforts of compliance as well as updating policies,
establishing regulatory changes, and developing acceler-
ated training to reflect industry trends and changes set
by the IMO’s GHG strategy.

Conclusion

With IMO’s new initiative to reduce current GHG emis-
sions at least 50 percent by 2050, low carbon-emission
fuels are of the utmost importance for the future.
Therefore, new approaches like the adoption of meth-
anol-fueled vessels need to be considered. Operations
using renewable methanol fuel are expected to reduce

ABS’ Projected Marine Fuel Use through 2050
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GHG emissions significantly.
Current projections from a
Netherlands’” maritime report
on a methanol-fueled vessel,
Stena Germanica, expect reduc-
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Advanced Nuclear Technology

for Maritime
‘30 knots for 30 years’ with

true-zero emissions as the standard

by Patrick G. GERRITY
Principal
Pat Gerrity Maritime Advisors, LLC

ver the last 180 years, ships successfully pro-
O gressed from sail to coal to oil power. Now,
over the next two decades it will be necessary
for shipping to move away from fossil fuels and toward
new sustainable energy sources to reduce greenhouse
gas (GHG) emissions that contribute to global warming.

How significant is shipping’s contribution to global
warming? The Fourth IMO GHG Study 2020 estimated
that total shipping emitted 1,056 million tons of CO,
in 2018, which accounted for 2.9 percent of total global
anthropogenic CO, emissions. If treated as a country,
this would make shipping the sixth largest emitter in
the world. Left unchecked, the IMO has indicated that
shipping emissions could, by 2050, increase between
50 percent and 250 percent over 2012 levels of 962 mil-
lion tons of CO,.

Given the urgency of reducing GHG to limit the
effect of climate change, the IMO has declared that GHG
emissions must be reduced by 50 percent by 2050. It is
expected that in 2023, the IMO will further revise this
goal to 100 percent reduction by 2050.

However, we must recognize that ocean transporta-
tion is a fiercely competitive business, and technological

solutions that lead towards sustainability must come
with benefits to match the costs. Otherwise, adoption of
these new technologies is doomed to fail.

Batteries, wind, and biofuels, to various degrees,
provide some environmental improvements for ships.
Electro fuels, like green hydrogen, green methanol, and
green ammonia, offer a more substantial carbon and
particulate matter emission reduction. Then there is
advanced nuclear which is the only true-zero emission
energy source that can meet the heavy power demands
of large ships.

30 Knots for 30 Years
One of the most impressive statements about new nuclear
power is that advanced nuclear reactors could propel
large vessels, such as containerships, at speeds of more
than 30 knots for over 30 years on a single fuel load, with
zero lifetime emissions. If this became a reality, it would
transform the value chains of industrial components and
durable consumer goods.

The favored option—or combination of options—
chosen by ship operators will be dependent on the ship’s
purpose, route, size, and most importantly, the balance of

Capesize bulkers are so named because they are too large to navigate the Panama or Suez canals and must sail around Cape Horn or the Cape of Agulhas
to transit between the Atlantic and Pacific. The current capesize bulker fleet carries nearly 1.1 billion tons of iron ore a year while emitting more than 100
million tons of CO, in the same time. If a single capesize vessel, like this concept vessel, was powered by molten salt reactors (MSR)—nuclear power—it would
consume less than 200 Kg of MSR fuel in a quarter decade and produce the same weight in a metallic waste. Image courtesy of Core Power
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cost and benefit of that option. If alternatives presented
are not competitive, ship owners will not choose them
even if mandated to do so.

Small ferries on short, fixed routes may find using
rechargeable batteries a better choice than green ammo-
nia, mostly due to cost. Cargo ships trading in the
Caribbean may find electro fuels like green ammonia
most competitive due to a combination of not needing
to carry much fuel onboard, the availability of those
fuels, and the prohibitive cost of carbon taxes, which are
now looming. Large container vessels on global rota-
tions could find that the sheer efficiency, flexibility, and
speed advantage provided from advanced nuclear is the
optimal choice.

It is widely recognized that just 20 percent of the
world’s 100,000 ships over 100 gross register tonnage
consume 80 percent of the world’s marine fuels. Hence,
they produce 80 percent of global carbon emissions from
shipping.

Digging deeper, we discover that around 7,000 of
the largest ships in the world are responsible for almost
half of all those emissions. That
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leaves about 13,000 ships respon-
sible for a third of emissions and
80,000 ships emitting the remain-
ing 20 percent.

Given that, if there was a sus-
tainable and competitive power
source for the largest 20,000
ships, it would not only elimi-
nate most emissions from ship-
ping, but it would also create a
new dawn for maritime competi-
tion. It would be a new “Sail-to-
Steam” moment. As advanced
nuclear comes of age, let us con-
sider some of the newly emerging
nuclear technologies that could

be suitable for this segment of

shipping,.

Marine-Appropriate Technologies

To do so we need to apply three basic criteria which solve
for the most common challenges of introducing nuclear
as a power source for ships.

1. We will need very fuel-efficient reactors with
long periods between refueling, if any refueling
at all. Avoiding refueling prevents handling of
spent nuclear fuels in ports and mitigates issues
related to nuclear proliferation.

2. We will need reactor systems that are not
pressurized so that the emergency planning
zone in ports and narrow waterways can be
confined to the ship. In the event of an accident

Capesize bulker viewed from the back and stern. Images courtesy of Core Power

reactors should shut down automatically
providing the walk-away-safety assurances that
are crucial in a maritime environment.
3. Lastly, we will need to have reactor designs and
fuel supply chains that can be industrialized
so that the reactors can be small, mass
manufactured, and type approved. This will
make them affordable, easier to finance and
insure, and it will allow for the creation of
standardized well-designed and vigorous
training regimes for operators and stakeholders.
Two advanced nuclear reactor designs stand out as
they meet these three criteria well.
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Molten Salt Reactor

A molten salt reactor (MSR) is an advanced nuclear reac-
tor that uses a liquid fuel instead of a solid fuel like most
conventional reactors. It is a possible choice for the very
largest ships with power demand of more than 20 MW
that sail on very long voyages. The fuel salt in an MSR
contains the uranium fuel which keeps the fuel salt lig-
uid at high temperature. Unlike conventional reactors,
an MSR does not need a fuel assembly, making it simpler,
cheaper, and more efficient. It operates at ambient pres-
sure, making it safer and cheaper, and it runs at a very
high temperature, meaning it produces heat more effi-
ciently. Because the fuel salt is liquid, it is both the fuel
which produces the heat, and the coolant, which trans-
ports the heat to the power conversion system that makes
electric power. Since the fuel and coolant is combined
into one, and the fuel is always locked into the coolant,
the reactor cannot melt-down. MSRs can be mass manu-
factured as small modular machines to the highest qual-
ity standards which would substantially lower costs and
complexity. Superior safety, increased efficiency, simpler
operation, and lower cost could make the MSR an ideal
choice to replace fossil fuel power for heavy transport
and industry.

Heat Pipe micro-Reactor

Heat Pipe micro-Reactors (HPR), are an innovative,
advanced reactor design combining space-age reactor
technologies and over half a century of commercial
nuclear systems design, engineering, and innovation.
Additionally, they fit well the criteria for ships with
power demand between 5 MW and 20 MW. In the most
basic terms, an HPR simply turns the heat from nuclear
reaction into hot air which can then be used as heat or
electricity. The HPR is designed to create competitive
and resilient power with superior reliability and mini-
mal maintenance, particularly for energy consumers in
remote locations, such as ships. Its small size allows for
rapid installation and deployment. The heat pipes make
the HPR a “solid-state” reactor with minimal moving
parts, allowing for autonomous operation and the ability
to adjust power output as electricity demand fluctuates.
Being fully factory built, fueled, and assembled, the HPR
promises up to a 40-year design life with a 5-10 year refu-
eling interval, and a very small footprint.

Why Advanced Nuclear Is Different
Both MSRs and HPRs are significantly different, both
in design and operation, than conventional pressurized
water reactors (PWRs) which are those in use on nuclear
powered Naval vessels.

First, and most notably, unlike PWRs, these reactors
operate at ambient pressure only, and with fuel that is
only useful at very high temperatures of around 600 C.
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The molten chloride fast reactor is an advanced nuclear reactor that uses a
liquid fuel instead of the traditional solid fuel used by conventional reactors.
By design, molten salt reactors are simpler, cheaper, more efficient, and
safer than their conventional counterparts. Image courtesy of TerraPower

In MSRs the fuel salts are only molten over 400 C, so in
an emergency, the fuel salt would cool and ‘freeze’ into a
solid, rather than heat and “melt” the reactor core. With
no pressure to expel toxins into the environment in case
of an accident, and a fuel which if cooled becomes an
inert, solid rock inside the reactor, safety is assured. In
the HPR, there is no moving of fuel, and automatic fail
safes would shut down reactivity in the reactor instantly
in the event of an emergency.

Secondly, both MSR and HPRs are designed to run for
very long periods without maintenance. MSRs’ fuel can
be topped-up while the reactor is operating which elimi-
nates most of the highest risk associated with operating
any nuclear reactor—refueling. An HPR functions like a
large battery that can be refueled after 10 years of opera-
tion. In a conventional PWR, complex fuel assemblies
must be changed every two to three years and spent or
unused fuel—aka, nuclear waste—must be handled care-
fully and stored in secure sites. In an MSR, the nuclear
fuel is topped up, rather than changed, and is locked
into the coolant salt which in turn is impervious to radia-
tion damage and remains chemically stable so that it
can be used and recycled for generations. Using a liquid
fuel salt where the fuel and coolant are one, instead of
solid fuel assemblies, means loss of coolant accidents are



impossible. Like a battery, the HPR is simply swapped
out for a new machine at the end of its lifespan and used
reactors would be reconditioned and recycled for re-use.

The MSR and HPR represent an entirely new era of
safe, secure, and civilian-grade reactor designs which
can be made small enough to be useful for heavy indus-
try and transport.

Fuel efficiency of more than 95 percent in an MSR
compared to less than 2 percent of a PWR, means that
MSR fuel cycles are long, and final end-of-cycle waste is
minimal. Not having to remove and replace the fuel in
an MSR vastly diminishes the threat of proliferation of
nuclear materials. The HPR is not as fuel efficient as the
MSR but would still perform very well for medium-sized
ships over long periods of time.

Third, an MSR is naturally fuel agnostic and can be
designed to run on various grades of uranium, as well
as the thorium fuel cycle, and even spent nuclear fuels.
The HPR could run on a variety of fuel types in solid
form and is currently being constructed for tri-structural
isotropic uranium fuels. Both MSRs and HPRs are small,
manufactured machines, as opposed to large construc-
tion projects. This makes them cheaper and easier to fab-
ricate, with fewer parts to maintain, and both the MSR
and HPR could be scaled to meet the power needs of the
segment of shipping which emits 80 percent of emis-
sions. A modular MSR could deliver as little as 20 MW
of power over a very long time and as much as 100 MW
over a shorter period. The HPR would cover the seg-
ment requiring 5 MW-20 MW with between one and
four power units installed onboard.

Given their relative simplicity, smaller size, and
lower cost, HPRs or MSRs could be used in a variety
of ways. For example, one or more could be placed on
an offshore platform or barge to provide nearshore and
offshore true-zero emission electricity to produce elec-
tro-fuels like green hydrogen, ammonia, and methanol
for smaller ships. Additionally, these reactors could be
located within a major port to provide the energy needed
for true-zero emission port operations—including pro-
viding shore power to ships.

MSRs and HPRs are not truly new technology. The
first MSRs were built in the 1950s and 1960s at Oak Ridge
National Laboratory as experimental reactors. However,
until recently, due to lack of demand for small, super
fuel-efficient, zero-emission energy sources, funding for
the next stage of development has been elusive. HPRs
were first built and tested at Los Alamos in the 1960s, and
much of the work resulting from that research has been
deployed successfully across a multitude of applications.
Once the PWR was established as the dominant nuclear
reactor technology, significant infrastructure came into
existence for processing and producing solid fuel to
support it, as well as a focus on ever larger machines to
achieve economies of scale for utilities. Further explora-
tion of MSR was set aside.

Combining Best-In-Class Expertise

However, things are changing. Driven by the need to
find durable and reliable solutions to climate change,
both interest in and funding for advanced nuclear reac-
tors has re-emerged. The U.S. Department of Energy,

UPTO 5 MWE HEAT AND POWER

Westinghouse Electric Corporation’s eVinci™, a heat pipe micro-reactor, has many features that could make it an ideal, carbon-free source of maritime power.
Its small size makes it easily transportable, is completely builtand assembled in a factory, is capable of autonomous operation, and will operate at full power for
more than 8 years without refueling. It also boasts minimal moving parts making it a “solid state” reactor. Photo courtesy of Westinghouse Electric Corporation
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Westinghouse Electric Corporation’s eVinci™ heat pipe micro-reactor is shown installed and ready for use. Photo courtesy of Westinghouse Electric Corporation

in collaboration with private enterprises under a pub-
lic-private cost-share model, is currently funding the
development of five new reactor technologies through
its Advanced Reactor Demonstration Program. Both the
MSR and the HPR are included in that program with the
MSR being developed as a molten chloride fast reactor,
one of the most exciting MSR designs, and a world first.
The first experimental reactor is planned for comple-
tion at Idaho National Laboratory in the middle of this
decade.

The U.S. Navy’s own nuclear propulsion program,
which has operated faultlessly since the 1950s, has
become a highly respected and specialized branch of the
military, with its own highly enriched fuels and special-
ized operating procedures. Much is made of that excel-
lent safety record, and it has often been suggested that
commercial shipping should adopt a similar approach.
However, while the technology used by the nuclear Navy
is not suited to commercial shipping, the superior, strict,
and rigorous safety, training, and operational regimes
that form the basis of the Navy’s safety record, are very
applicable.

Now, with advanced nuclear technologies emerging
as a viable option for commercial shipping, a civilian-
flagged nuclear fleet could become an early demon-
stration to the world of how large ships can be fully
decarbonized and operate in a competitive market
simultaneously. As both the MSR and HPR are being
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built in the United States, it is a natural place to start.
Under the leadership of the U.S. Coast Guard, the launch
of high quality, zero-emission nuclear commercial ves-
sels staffed by highly trained crew adopting the practices
and policies proven successful by the U.S. Navy could
be expected in the next decade. As routines for vessel
design, construction, and operation at sea and in ports
mature, the technology and how it is deployed could
be exported to other ‘flags,” allowing mature maritime
nations like the United Kingdom, Japan, and others to
also move to true-zero emission shipping,.

Combining best-in-class procedures from the U.S.
Navy, with state-of-the-art advanced MSRs and HPRs
would help create a better and cleaner environment for
the oceans, for ship owners and charterers, for seafarers,
and for those working in and living near ports around
the world. The promise of true-zero emission ships, built
to high quality standards, that can travel faster for lon-
ger periods of time, with more cargo is the catalyst for a
future-oriented shipping industry serving as the clean
and green heart of global trade. /&
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The Evolution of Marine Safety
During World War I

by LCDR AARON GARNIER, P.E.
Executive Officer, Marine Safety Unit Chicago
U.S. Coast Guard

n March 12, 1942, just 25 miles south of Cape
O Fear, North Carolina, a torpedo from German

U-boat 158 struck the 11,000-ton steam tanker
SS John D. Gill. The impact created a geyser of oil that
coated the surrounding water and quickly caught fire,
engulfing the tanker.

On his first sea journey, Herbert Gardner found him-
self part of this horrific scene. Running to the nearest life
boat, he attempted to lower it with two men aboard, but
the equipment failed, quickly tossing the men into the
water. “I saw two of my comrades ground into pieces
by the propeller of the ship as they tried to escape the
flames.”! Jumping into the oil-slicked water, he attempted
to swim away from the ship. “Every time I'd come up, I'd
come up on fire.”? Finding the life raft, Mr. Gardner sur-
vived and was rescued nine hours later by Coast Guard
Cutter Kukui (WAK-186). His story illustrates the impor-
tance of Coast Guard Marine Inspections.

Supplying the Front

During the early stages of World
War II, the Allies relied on aid
from the United States to help
keep them supplied, a mission
carried out by U.S. Merchant Ships
crewed by licensed merchant mar-
iners.® In an attempt to counter
this, the Axis used U-boats to stem
the flow of goods from the United
States. This fact was only fully
realized by the Americans after
eight U.S. owned or flagged mer-
chant ships were attacked, kill-
ing 27 crew members.* President
Roosevelt addressed these attacks
during his September 11, 1941, Fire
Side Chat radio address on main-
taining freedom of the seas. The

Atlantic, he noted, had always been a “free and friendly
highway” for the United States.

“These Nazi submarines and raiders are the rattle-
snakes of the Atlantic,” the president said. “They are a
menace to the free pathways of the high seas. They are
a challenge to our own sovereignty. They hammer at
our most precious rights when they attack ships of the
American flag—symbols of our independence, our free-
dom, our very life.”

This alone was not enough to provoke the United
States into joining the war. That would happen nearly
three months later when Japan struck the U.S. 17th fleet
at Pearl Harbor. Only while discussing strategy during
the Arcadia Conference, did President Roosevelt and
British Prime Minister Winston Churchill realize there
were not enough ships, including merchant ships, to
carry out their plans. “Shipping was at once the strangle-
hold and sole foundation of our war strategy,” Churchill

Officers of a torpedoed British merchant ship hold onto their heaving raft a little longer as crew members
clamber aboard a sub-hunting Coast Guard cutter. Coast Guard photo
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wrote in his book, The Hinge of Fate. [

Though the United States |
already had a merchant fleet, it was
insufficient to keep up with sup-
plies needed for the war. In January
1942, President Roosevelt set a goal
of constructing and delivering
8 million tons of merchant ships
in one year. This more than dou-
bled the standing fleet and placed
a new burden on the Bureau of
Marine Inspection and Navigation
(BMIN). At the time, it was tasked
with inspecting and approving ves-
sel construction, strength, stability,
repairs, and alterations of passenger
vessels over 100 gross tons and pro-
pelled by machinery.

Executive Order 9082
In February 1942, a month after
President Roosevelt’s request to
double the merchant fleet and
on advice from the Bureau of the
Budget,® Executive Order 9082 was penned to
expedite “the prosecution of war efforts” under
the president’s wartime powers. Militarizing
the then-civilian marine inspectors, the order
transferred more than 1,000 BMIN employees,
as well as those of the Bureau of Customs and
the Maritime Commission, to the Coast Guard.
This arrangement was to last six months
beyond the end of the war.®

By absorbing BMIN, the Coast Guard was
now responsible for vessel inspection includ-
ing construction, repair, and alteration; admin-
istering load lines; enforcement of regulations
for outfitting and operation of motorboats; and
the shipment, discharge, protection, and wel-
fare of merchant seamen. These are just a few of
the inspection functions outlined in the execu-
tive order. In addition to these roles, the Coast
Guard took on the responsibility of issuing
licenses; certifying officers, pilots, and seamen;
suspension and revocation of licenses; and
investigating marine casualties. Additionally,
the executive order even transferred the train-
ing of merchant mariners from the Maritime
Commission to the Coast Guard for a year.

Role of the Coast Guard

The attacks on American seamen and ships
necessitated the need for improved safety mea-
sures to meet the conditions of modern war.
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PBM “Mariner” patrol-bombers, like this one, were instrumental in the Battle of the Atlantic. Used for anti-
submarine warfare, the first German U-boat destroyed by a PBM was U-158 on June 30, 1942. A typical
PBM had a crew of seven, a maximum speed of 205 mph, and a range of 3,000 miles. Navy photo

Creating the Bureau of Marine
Inspection and Navigation

The Steam Boat Inspection Service, founded on July 7, 1838,
preceded the Bureau of Marine Inspection and Navigation (BMIN)
and was established to protect the lives of passengers on board
steam-propelled vessels.

Its need became clear after the massive death tolls sustained
onboard these types of vessels. By 1832, 14 percent of the steam
vessels in operation had been destroyed by explosion and more
than 1,000 persons killed.? Over the years, additional regulations
were “written in blood,” including the Steam Boat Act of 1852 and
the Motor Boat Act of 1910.

Following a 1932 merger with the Bureau of Navigation, the
Steam Boat Inspection service became the Bureau of Naviga-
tion and Steamboat Inspection. After the tragic loss of nearly 200
lives in the Morro Castle and Mohawk incidents in 1934 and 1935,
respectively, the service again evolved, becoming the Bureau of
Marine Inspection and Navigation in 1936. By this time the BMIN
inspectors were highly experienced and almost entirely merchant
mariners who were required to have licenses ranging from one
year as a master or chief engineer to three years as chief mate.

Endnote:
1 Crouch H. Merchant Marine Inspection: A Major Function of the Coast Guard. U.S.
Naval Institute Proceedings. 1948:823-831




Historic calls for an organization fully and
completely responsible for safety at sea
came to the forefront,” and the need for a
more efficient, unified maritime regulatory
agency that could modernize an antiquated
marine safety program was recognized.

Consisting of several formerly inde-
pendent services—the Revenue Cutter,
Lifesaving, and Lighthouse services—the
Coast Guard was administratively placed
under the Navy in November 1941. The
Coast Guard was the preeminent agency
in charge of protecting merchant mariners
from enemy attacks.

During the war, the Coast Guard pro-
tected merchant mariners, maintained light
ships, marked minefields, placed torpedo
nets, and changed buoys.® On land, the ser-
vice patrolled beaches on horseback, keep-

ing constant lookout for enemy forces and
assisting merchant mariners in distress.

From left, Seamen 1st Class C. R. Johnson, Jesse Willis, Joseph Washington, and Frank Garcia,
members of a Coast Guard horse patrol unit, patrolled beaches in the New Jersey area in all

kinds of weather. Wartime beach patrols were conducted on foot, by jeep, or on horseback,

Marine Inspections

During World War Il
The keel of the Coast Guard’s inspection program—
licensing and investigation—was laid to support Allied
operations in WWIL “As an American merchant marine
becomes more and more vital to our national safety,
so will the importance of marine inspection increase
to make the merchant marine reliable and efficient,”

and often included dogs. These types of patrols date back to the U.S. Life-Saving Service of the
1800s, so the Coast Guard was the logical choice for this duty. Coast Guard photo

LT Holmes Crouch, a Coast Guard marine inspector,
said.” The Coast Guard not only oversaw construction,
repairs, licensing, and training of the Merchant Marine,

but also conducted rescues.
The face of the United States merchant inspection pro-
gram was changing. The Coast Guard no longer required
a merchant license to be a marine

Coast Guardsmen inspect the Sperry Gyrocompass on a merchant vessel in port for repairs. Coast Guard
photo

inspector but had health and age
standards. The BMIN inspectors,
with an average age greater than
62, integrated into the Coast Guard
and were offered reserve commis-
sions as lieutenant commanders.
More than 400 inspectors accepted
this commission.

Coast Guard personnel that
were not part of BMIN were
assigned to marine inspection
offices in increasing numbers.
There was an influx of inexperi-
enced personnel, including junior
officers and enlisted personnel,
into these inspection duties, which
quickly changed the face of the
program. Quite naturally, some
of the “old timers” disapproved
of these inexperienced personnel.
Yet, despite the conflict in schools
of thought, there was some bal-
ancing effect.1 Coast Guardsmen
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exchanged military experience for
inspection information, invoking a
bilateral system that proved advanta-
geous to the Coast Guard. The Coast
Guard used the strengths of both
services to build a robust inspec-
tion program. Though there was still
some tension between more experi-
enced, formerly civilian, inspectors
and newly integrated Coast Guard
inspectors, equilibrium was achieved
between administrative, military, and
inspection experiences. This resulted
in revision of policy, unit structures,
and the writing of publications.

As the war progressed, U.S. indus-
try met the president’s call for ship
construction with a record setting
delivery of 746 merchant ships by
December 31, 1942. This included 542
Liberty Ships, which, by November
1942, averaged a construction time of
just 55 days from keel lay to delivery.
New vessel inspections increased
from 538 to 1,557 in the course of one
year, and the equipment inspections doubled over the
same time period.

In addition to reviewing the design and construction
of the new merchant fleet, these inspectors conducted
several different activities, including alterations for
war operations, damage surveys, and structural failure
exams. Though not required, the Coast Guard even took
on roles of inspecting Army vessels.!!

Oversight of Vessel Construction

While limited in responsibility due to the urgent war-
time needs, the Coast Guard oversaw new vessel con-
struction and vessel repair. In particular, they reviewed
safety equipment onboard the massive new fleet of
Liberty Ships and conducted reviews of their oil-fired
boilers, stability, and hull strength.!?

Dry dock examinations and damage surveys
increased significantly as inspectors analyzed the effects
of deterioration, faulty design, and external damage
from torpedo and mine strikes. During these inspec-
tions, causes of failure were determined, leading to rec-
ommendations on how to avoid recurrence. Throughout
the repair process inspectors monitored the vessel to
confirm appropriate work was being done. Additionally,
ships were continually being altered to upgrade safety
equipment and increase their survivability. Because
skilled laborers were serving in the war, this work was
conducted primarily by inexperienced shipyard work-
ers. This work alone was enough to keep Coast Guard
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Coast Guard SPAR and two U.S. sailors display new lifeboat supplies for merchant vessels. Coast Guard
photo

offices fully employed.!3

Steam propulsion systems were being pushed to their
limits as merchant ships were continuously underway.
This created a massive strain on the boilers and made the
usual annual inspections insufficient. The Coast Guard
decided to conduct unannounced interim inspections, a
new concept at the time, 4 to maintain the safety of these
systems. The service used the intelligence gathered to
adjust how inspections were being done and improve
required and approved equipment.

Licenses and Hearing Offices

As the war progressed, mariners were working on Navy
and Coast Guard ships, causing a significant shortage in
the merchant marine fleet. As the lead organization for
issuing licenses, the Coast Guard established foreign and
domestic licensing offices to administer written and oral
examinations in an effort to help combat this shortage.
These offices not only issued new licenses, but allowed
for promotion exams to be conducted in the European
theatre, as many vessels did not have the opportunity to
return to the United States for testing. Additionally, hear-
ing offices were created around the world to investigate
crew misconduct and discipline credentialed merchant
mariners as appropriate.

These offices were also gaining valuable intelligence
from interviewing those involved in these marine causal-
ities and compiling recommendations to improve safety
measures aboard these vessels. Interviews conducted at
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the hearing office after marine
casualties played a key role in
the creation of improved safety
requirements on merchant
vessels.

New Safety Equipment
Requirements

Despite inspections that contin-
ued through 1942, the death tolls
from U.S.-flagged ships quickly
rose to more than 4,000.> This
was the first time the maritime
community had faced such dire
losses during wartime, and
it caused the United States to
address unprecedented con-
cerns for merchant mariner
safety. Interviews with survi-
vors, like Herbert Gardner, pro-
vided valuable intelligence used
to improve safety measures.

Gardner told the inspection
office that the lifeboat davit con-
struction failed, leading to the
death of two crew members,
information that was relayed
to Coast Guard Headquarters.
As with the John D. Gill, it was
common for a vessel to list
significantly after being hit
by a torpedo or a mine, which
impaired the deployment of
lifeboats. Because of Gardner’s
report, new davit plans with
“skids” were installed to aid in
lowering life boats when a ves-
sel was listing. Eventually, it
became a requirement to carry
lifeboats in a lowered position
on both sides so that the entire
crew could escape a severely
listing vessel.!® These life-
boats were also filled with new
rations and water filtration sys-
tems based on reports of mer-
chant mariners dying of thirst
and hunger.

Another consistent concern
was the survivability of the crew
if they entered freezing waters.
Taking into account many new
immersion suit recommenda-
tions, like adding weights, a

Under the direction of a Coast Guard inspector, two deckhands give a hand-hoisting apparatus for the Phoenix
lifeboats a workout. Coast Guard photo

P .-'I'i\ s I - -}‘ l j R, ; B,
After the sinking of the SS John D. Gill in March 1942 shined a light on issues with launching lifeboats during an
incident, new lifeboats were designed. One of these new lifeboats is seen above. Coast Guard photo
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Members of the boarding party from USS Pillsbury secure the tow-line to the bow of captured German U-505, which is the same type as U-185. The latter sunk
the SS John D. Gill on March 13, 1942, and was sunk two months later when U.S. Navy Squadron VP-74 dropped depth charges on the submarine. Navy photo

light, and padding, the Coast Guard approved novel
rubber suits to increase survivability, ultimately requir-
ing them onboard all vessels operating in cold waters.
Crew members were reported to have “practically lived
in them,” showing the constant fear of attack surround-
ing the merchant marine transportation system.!”

Merchant Marine Wartime

Emergency Safety Measures

Collecting information did not save merchant mariners
lives on its own, it needed to be researched, analyzed,
and shared. This spurred the Coast Guard to com-
pile perhaps one of the greatest wartime publications,
Merchant Marine Wartime Emergency Safety Measures. Just
over 35,000 copies were printed in 1942, and it was, for
those that owned it, “second only to food and water as
an essential to life.” 18
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This seminal work of the Coast Guard Marine
Inspection program played a key role in reducing mer-
chant marine losses. It was carried on board vessels and
read by crew members who were living in constant fear
of being hit by Nazi torpedoes or mines. It was used
by inspectors and merchant vessel crews to verify they
were carrying the appropriate safety equipment before
embarking on their journeys. It was an administrative
victory for the Coast Guard.

Permanent Transfer

On September 2, 1945, victory was declared in Japan,
marking the end of the war. The Coast Guard’s adminis-
trative expertise, combined with that of the BMIN com-
missioned officers, had significantly increased merchant
mariner safety. Their actions lead to a decrease of post-
incident loss of life by 75 percent between 1942, when


https://system.17

4,300 casualties were reported, and 1944, when there
were reports of fewer than 1,000. This result proved the
importance of a government oversight organization that
could regulate the merchant marine program

These actions laid the foundations of the modern
inspections program. Bringing to the table its technical
engineering knowledge and administrative abilities, the
Coast Guard continued to write memorandums, regula-
tions, and manuals that successfully modernized the
inspections program and created national level policy
for the merchant fleet.

The end of the war didn’t mean an end to inspections
and hearings on a significantly larger merchant fleet.
Executive Order 9082, written to last just six months past
the end of the war, made the decision about whether
these functions would revert to BMIN an urgent one.
President Harry S. Truman realized this, acknowledg-
ing that the Coast Guard administered the missions
of BMIN “successfully during the tremendous expan-
sion of wartime shipping, by virtue of improvements in
organization and program, many of which ought to be
continued.” He furthermore indicated that the Coast
Guard inspections program proved that marine inspec-
tion functions should continue as a role of the Coast
Guard.

This was met with harsh criticism from various mari-
time associations and organizations with some declaring
that the militarization of the inspection program could
come with a lack of experience, and an intimidation of
the merchant marine community. It was argued that
the plan to reorganize the Coast Guard marine inspec-
tion program lacked requirements for experience as
included in previous legislation for the BMIN Board of
Supervising Inspectors, traveling inspectors, as well as
in requirements for local inspectors (S. Con Res 64, 65,
66). The Coast Guard, however, argued that the officers
conducting these exams had degrees in engineering
fields that made up for this lack of experience. Others,
including Stephen J. Spingarn, assistant general counsel
of the Treasury Department, advocated for the perma-
nent transfer, noting that the Coast Guard provided key
administrative oversight of the antiquated BMIN while
overhauling its inconsistent rules and requirements
across the United States.

Conclusion

The Coast Guard’s Marine Safety program was estab-
lished at the onset of World War II when a unified
organization to review the massive increase in vessel
construction, safety equipment, licensing, training, and
hearings was desperately needed. Recognizing this,
President Truman signed Executive Order 9082 placing
BMIN under the Coast Guard for 6 months beyond the
end of the war which, due to its great success, would be

made permanent a few years later. This program was
highly successful as indicated by the 75 percent decrease
in lives lost between the beginning and end of the war.
This proved the importance of a government oversight
organization that could regulate the Merchant Marine
program.

During times of war, it is crucial that the merchant
marine fleet is ready to support the transportation of
supplies to foreign countries. New vessels will need to
be built, damaged vessels will need to be repaired, and
existing vessels will need retrofitting to adapt to chang-
ing needs. Semper Paratus, the Coast Guard continues
performing oversight to maintain the safety of the fleet
and its crews. /N
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Hazardous Materials Division
U.S. Coast Guard Office of Design and Engineering Standards

What is it?

Epichlorohydrin is an organochlorine epoxide with chemi-
cal formula C3HsClO. It is a colorless liquid under ambient
conditions and releases an irritating chloroform-like odor. As
a chiral molecule, it generally exists as a racemic mixture of
its left-handed and right-handed enantiomers. With a highly
reactive epoxide ring, it is mainly used in the production of
epoxy resins, plastics, and glycerol. Due to its flammabil-
ity, toxicity, and carcinogenic properties, epichlorohydrin
is a dangerous good when transported, and is regulated
by the U.S. Department of Transportation (DOT) and the
International Maritime Organization (IMO).

Why should I care?

» Epoxide resins

The primary use for epichlorohydrin is in the production
of epoxide resins. Epoxide resins are a class of highly reac-
tive polymer intermediates that form thermosetting poly-
mers when reacted with themselves or with other hardeners.
They have many applications, including coatings, glues, and
maritime repair. Specifically, epichlorohydrin is reacted with
bisphenol A to produce bisphenol A diglycidyl ether, which
forms the building blocks to the epoxy resin. The epichloro-
hydrin provides the ether with epoxy groups, which in turn
provide desirable adhesive characteristics.

» Synthetic glycerol

Another major use for epichlorohydrin is in the production of
synthetic glycerol. Glycerol is a simple polyol compound used
heavily in the pharmaceutical industry. Though a significant
waste product of biodiesel production, when collected in this
manner, glycerol remains full of impurities, rendering it inad-
equate for pharmaceutical use as these impurities interfere
with active pharmaceutical ingredients. While attempts to
remove the impurities have proven unsuccessful, epichloro-
hydrin has emerged as the primary method to produce highly
pure synthetic glycerol suitable for pharmaceutical use.

» Flammability concerns?

Readily ignited under nearly all ambient temperature con-
ditions, epichlorohydrin is considered a highly flammable
liquid and vapor. It has a flashpoint of approximately 70°F
and its explosive range is 3.8% to 21.0%. As such, care must
be taken when storing and working with epichlorohydrin to
avoid contact with sources of heat and ignition.

» Health concerns

Epichlorohydrin also demonstrates several human health
concerns, namely carcinogenic and toxic properties. The U.S.
Environmental Protection Agency has classified epichloro-
hydrin as a Group B2, probable human carcinogen, with an
increased number of lung cancer mortalities observed by a
study of workers regularly exposed to the chemical. As for
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toxicity, acute exposure has been shown to cause irritation of
the eyes, skin, and respiratory system, with prolonged con-
tact leading to burns. Chronic exposure is associated with
respiratory tract inflammation, hematological effects, and
hepatic damage.

» Shipping concerns

Epichlorohydrin is classified as a Class 6.1 poison, inhalation
hazard dangerous good and is regulated by DOT’s Hazardous
Material Regulations and IMO’s International Maritime
Dangerous Goods Code when transported. Due to flamma-
bility and health concerns, these regulations limit the types
of packaging permitted to carry epichlorohydrin and specify
required labeling and placarding to identify all known haz-
ards. Additional requirements include stowage away from
living quarters and placement of a self-contained breathing
apparatus near the stowage location. These requirements are
designed to maximize the safety of the crew, ship, and envi-
ronment by minimizing the threat of chemical exposure.

What is the Coast Guard doing about it?

The U.S. Coast Guard is responsible for enforcing maritime
transportation requirements for all hazardous materials,
such as epichlorohydrin. The Coast Guard Office of Design
and Engineering Standards is responsible for voicing mari-
time transportation opinions to DOT and internationally on
behalf of the U.S. while creating and interpreting regulation.
Epichlorohydrin is, indeed, a very useful, yet hazardous
material, and it is the responsibility of all involved parties to
ensure its safe carriage over U.S. waterways.

Additionally, the U.S. Coast Guard operates the National
Response Center (NRC), which is the sole federal point of
contact for reporting chemical spills. In the event of a spill
or emergency involving epichlorohydrin, contact the NRC at
(800) 424-8802. /W
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1. The primary purpose of a control desuperheater installed in the steam drum of a boiler is to

assure a constant volume of steam flow through the entire superheater under all load conditions
regulate the temperature of superheated steam by adding moisture

regulate the superheater outlet temperature by cooling a portion of the superheated steam
regulate saturated steam temperature through the desuperheater

ONw >

2.[Operatinglalreciprocating/airicompressor without/an/air/intakelfilter/can/resultin/a/an/_

immediate piston damage
immediate clogging of the intake
possible explosion in the compressor
deposit of carbon on the valves

ONw >

3. Carbon dioxide extinguishers must be recharged when the charge weight is less than

A. 80%
B. 85%
C. 90%
D. 95%

4. Inlalfour-stroke/cyclediesel engine, [theintake valvesopen!/_
A. before TDC and close after BDC
B. after TDC and close after BDC
C. before TDC and close before BDC
D. after TDC and close before BDC
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1. A. assure a constant volume of steam flow
through the entire superheater under

all load conditions

B. regulate the temperature of superheated

steam by adding moisture

C. regulate the superheater outlet
temperature by cooling a portion

of the superheated steam

D. regulate saturated steam temperature

through the desuperheater
References: Introduction to Marine Engineering, Latham, p. 4-11 AND Combustion Engineering, Fryling, pages 28-17 & 18

Incorrect answer

Incorrect answer

Correct answer. “A typical arrangement which will provide close control
of steam temperature and in so doing protect the last passes of the super-
heater ... when the last temperature tends to rise above the set temperature,
the control valve opens to permit a portion of the steam to flow to the desu-
perheater and have its temperature reduced.”

Incorrect answer

2. A. immediate piston damage
B. immediate clogging

of the intake

C. possible explosion in the compressor

D. deposit of carbon on the valves

Incorrect answer
Incorrect answer

Correct answer. “... when the percentage of dust becomes sufficiently high
an explosive mixture is formed. It is very important, therefore that air filters
be fitted on the air intake lines and that they be kept in good condition, in
order that air free from dust will be supplied to the compressor”
Incorrect answer

Reference: Naval Auxiliary Machinery, USNI, page 11-5

3. A.80%
B. 85%
C. 90%

D. 95%

Incorrect answer

Incorrect answer

Correct answer. “Remove a CO; extinguisher that is found deficient in
agent weight by 10% or more, and replace with a full unit of equal size”
Incorrect answer

Reference: Marine Fire Fighting, 1st Ed., IFSTA, page 151

4. A. before TDC and close after BDC

B. after TDC and close after BDC

C. before TDC and close

before BDC

D. after TDC and close before BDC

Correct answer. “In General, the intake (or inlet) valve begins to open 20
degrees before top dead center (TDC). This is done so that the valve will
be fairly well open soon after the piston starts down, or out, on the intake
stroke. The intake valve closes 35 degrees after bottom dead center (BDC).”
Incorrect answer
Incorrect answer

Incorrect answer

References: Diesel Engine Reference Book, Lilly, page 6/5, fig 6.2 AND Diesel Engineering Handbook, Stinson, page 10, fig 1-5

102 PROCEEDINGSI

Fall 2022



Naui‘ical

N @er,eg“

1. INLAND ONLY A power-driven vessel proceeding downstream in a narrow channel on the Western Rivers
sights another power-driven vessel moving upstream. Which vessel has the right of way?

A. The vessel located more towards the channel centerline
B. The vessel moving downstream with a following current
C. The vessel sounding the first whistle signal

D. The vessel moving upstream against the current

2. Which publication offers information on Great Lakes ice services?

A. Light List volume VII

B. U.S. Coast Pilot #6

C. National Weather Service, Ice Outlooks
D. Marine Weather log

3.0What(isithe dorrect(procedure(tofollow whenmanuallylaunchinglan(inflatableTiferaft?(

A. Open the canopy relief valves

B. Pull the painter from the container and make it fast to the cleat provided
C. Remove the raft from the container to permit complete inflation

D. Connect the float free link to the vessel

4. A time diagram is a diagram of the celestial sphere as observed from above which location?

A. The north celestial pole
B. The Greenwich meridian
C. The south celestial pole
D. The observer’s meridian
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1. A. The vessel located more towards the

channel centerline

B. The vessel moving downstream with a

following current

C. The vessel sounding the first whistle

signal

D. The vessel moving upstream against the

current

Reference: Inland Navigation Rule 9

Incorrect answer

Correct answer. Inland Rule 9(a)(ii) “...a power-driven vessel operat-
ing in narrow channels or fairways on the Great Lakes, Western Rivers,
or waters specified by the Secretary, and proceeding downbound with a
following current shall have the right-of-way over an upbound vessel, ...”
Incorrect answer

Incorrect answer

B. U.S. Coast Pilot #6

C. National Weather Service, Ice Outlooks

A. Light List volume VII

D. Marine Weather log

Reference: Coast Pilot 6, 2021 Edition, p.176

Incorrect answer

Correct answer. Winter Navigation: “The Coast Guard operates a
VHF-FM radiotelephone vessel traffic reporting system on Lakes Superiot,
Michigan, Huron, Erie and the St. Mary’s River. The system is designed
to provide vessel traffic information, aid in the efficient deployment of
icebreaking services and obtain ice information from transiting vessels.”
Incorrect answer

Incorrect answer

3. A. Open the canopy relief valves
B. Pull the painter from the container and
make it fast to the cleat provided

C. Remove the raft from the container to

permit complete inflation

D. Connect the float free link to the vessel

Incorrect answer
Correct answer. “Before launching the raft by hand, pull out the painter
from the container and make it fast to the cleat provided (on the cradle).”

Incorrect answer

Incorrect answer

Reference: The Cornell Manual for Lifeboatmen, Able Seamen and QMED’s, Keever, 2nd Ed., page 47

4. A. The north celestial

pole

B. The Greenwich meridian
C. The south celestial pole

D. The observer’s meridian

Incorrect answer

Incorrect answer

Correct answer. “The (time diagram) circle is the celestial equator as seen
from above the South Pole, with the upper branch of the observer’s meridian
at the top.”

Incorrect answer

Reference: The American Practical Navigator (Bowditch), 2002 Ed., page 238
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In the News: Refloating the Ever Forward
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Coast Guard Sector Maryland commander CAPT David
O’Connell and members of Station Curtis Bay oversee a safety
zone around the Ever Forward on March 16, 2022, after the
1095 foot vessel carrying 4,964 containers ran aground

in the Chesapeake Bay. The Coast Guard and Maryland
Department of the Environment worked with the ship
owner to develop and safely execute a plan to lighter
containers and refloat the vessel. Ever Forward was

freed April 17, 2022. Coast Guard photo by Petty

Officer 3rd Class Breanna Centeno
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New Technologies for Greener Shipping
Congratulations to the winners of the 2022 North American Marine
Environment Protection Association’s annual student art contest!
Students in Kindergarten through 12th grade were invited
to artistically interpret “the importance of developing new
technologies to support a green transition of the maritime
sector into a sustainable future, while leaving no one
behind.” The contest was co-sponsored by the U.S. Coast
Guard and The Inter-American Committee on Ports of the
Organization of the American States. To learn more see
https://namepa.net/education/art-contest/

Nicholas L., 6th Grade
Philadelphia, PA
Go Solar for Better and
Greener Shipping

David J., 3rd Grade

Rancho Cucamonga, CA

Save Energy and
Save Ocean

Yaru C., 8th Grade
Saint Petersburg, FL
Greener Shipping

EvaS., 4th Grade

Shinyee T., Kindergarten

Milpitas, CA Frederick, MD
Greener Ocean, Simple, But Effective
Happier Friends
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Emma J.,, 8th Grade
Philadelphia, PA
Pollution is No Fun

Sean Z., 2nd Grade
Delta, BC, Canada
Use Less Oil to
Save the Ocean

Jiseok S., 6th Grade
Richmond, BC, Canada
If a Ship Can be
Run by Broccoli
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