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Greener Propulsion:
What’s Next After Diesel Fuel
By John W. Waterhouse, PE, PMP, Elliott Bay Design Group
The Fourth Marine Industrial Revolution

This year of 2020 has been one of tumult. There is a global
pandemic that is crashing businesses around the world,
which will lead to economic impacts at national, regional,
and local levels. There are regional conflicts and political
upheavals with Europe facing Brexit, the Middle East
struggle between Sunni and Shia factions, South America
struggling with social unrest amid strong arm politics, and
Africa dealing with insurgent military groups and deep corruption. Let us not even discuss the United States.
Behind all the other issues, we have seen numerous
reminders that the climate is changing. There have been a
record number of hurricanes in the Gulf of Mexico, devastating forest fires along the U.S. West Coast, new record lows
for the polar ice cap coverage, food insecurity in Africa, and
devastating heat waves in the U.S. and India. Headlines
from the October 10 Science Daily website include “Droughts

are threatening global wetlands,” “Marine heatwaves
can strengthen hurricanes,” and “Redefining drought in
the U.S. corn belt.” The average global temperature has
increased by two degrees from the pre-industrial era (1880
– 1900) according to the U.S. National Oceanographic and
Atmospheric Administration (NOAA).
The activities of people have an impact on the planet and
therefore on the climate. We need to examine those activities
and make smart choices on ways to change our activities and
reduce our impact. In the marine sector, we need a Fourth
Industrial Revolution.
A review of shipping history shows three previous
“industrial revolutions” that changed the way ships were
designed, constructed, and operated. The first was the
transition in the 1800’s from wooden sailing ships to iron
construction and steam power. In the early years of the
20th century, we saw the second shift from using coal as the

Figure 1 - Sources and Uses of Energy in the United States. Source: https://flowcharts.llnl.gov/
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Figure 2 - Sankey Diagram on Cruise Ship Energy Systems. Source: Energy and Exergy Analysis of a Cruise Ship, Baldi, Ahlgren, Nguyen, Gabrielli & Anderson, Proceedings of ECOS
2015

dominant fuel to petroleum products.
We also saw riveted construction
transition to welded structures,
reducing the number of structural parts
and the labor to fasten them together.
There was a third revolution that really
began to take hold in the 1960’s when
internal combustion diesel engines
supplanted steam as the preferred
choice for propulsion. That same period
also saw the rise of computer-aided
design and construction that further
reduced the labor required to build a
ship. The fourth industrial revolution
will move the marine industry away
from diesel propulsion. The question
is what technologies will supplant the
compact, reliable, relatively low-cost
diesel engine?

over millennia turned into coal and
petroleum. The combination of sunlight
and the Earth’s rotation also creates
the movement of air across the oceans
that we call “wind,” clockwise in the
Northern Hemisphere and counter-

clockwise in the Southern Hemisphere.
Nuclear elements such as uranium and
plutonium are the result of star destruction, where “heavier elements beyond
the iron group, including uranium,
plutonium, and the other actinides, are

Energy Sources and Uses

So, what do sails and rigging,
steam plants, and diesel engines have
in common? They all convert a form
of energy (wind, coal, fuel oil) into
motion. The fourth revolution will have
to do the same.
Most energy on Earth comes from
the Sun. Sunlight made the plants that
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produced by successive absorption of
neutrons on iron group seed nuclei,
under conditions of extremely high
neutron flux.” Stardust itself.
The sources and uses of energy
in the U.S. can be seen in Figure 1.
Roughly 28 percent of the total energy
consumed domestically is used in
transportation. Note that rejected
energy from transportation (the global
warming component), is 22.4 Quads,
while 5.95 Quads is the amount that

creates motion. The largest share
(58% in 2013) of the U.S. transportation energy is consumed by cars,
light trucks, and motorcycles. Boats
and ships account for four percent of
the U.S. transportation energy or 1.1
percent of the total energy demand
in the U.S. While this is small overall,
remember that regional impacts can
vary. For example, the California Air
Resources Board (CARB) estimates that
the transportation sector accounts for

40.1 percent of greenhouse gas (GHG)
emissions in California, but ships
account for only 0.8 percent of the total.
As noted above, a substantial
portion of the energy consumed gets
rejected and does not directly result
in work being performed. A map
of energy flows is called a Sankey
diagram. When applied to a modern
cruise ship, 47% of the energy produced
from burning fuel gets rejected into the
environment as heat. As we examine
different technologies, we will want
to look at whether the effectiveness of
transforming energy into actual work
(motion) can be improved.
Possible Alternatives
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So, what will replace diesel? Let us
look at two approaches: different fuels
and energy management.
One of the ways to reduce environmental impact is to use fuels with
lower impact. These may be alternative
fuels such as liquified natural gas or
renewable fuels such as bio-diesel. Each
fuel must be assessed for:
• Environmental Impact – Does the
fuel result in lower emissions?
• Availability – Is there a reliable
source of supply?
• Safety – Can the fuel be safely
handled by ship’s personnel during
bunkering and operation?

• E n e rg y D e n s i t y – H o w m u c h
volume is required for the fuel and
its containment?

• Cost – Can the operation support the
cost of the fuel including its creation,
transportation, and storage?

We care about your Customers
Worldwide, we serve over 33 million passengers, 5 million
vehicles and over a million cargo units annually.
From whale watching to fine dining and from bay crossings
to ocean voyages; Carus has the answer.
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An ideal fuel would be one that
could be safely used in existing propulsion plants at a cost comparable
to diesel but with significantly lower
emissions. There have been several
proposed alternates to diesel, according
to Comparison of Alternative Marine
Fuels, DNV-GL, from September 25,
2019. Their relative strengths and weaknesses are shown in the table below.
Some of the fuels listed above can
be used in internal combustion engines.
Biodiesel, LNG, and methanol can all
be injected into cylinders just like diesel
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FUEL TYPE

EMISSIONS

AVAILABILITY

SAFETY

ENERGY DENSITY

COST

Diesel

Baseline

High

Proven

12.9 kWh/kg

Inexpensive

Vegetable Oils/
Biodiesel

Lower SOx, Lower
Particulates

Renewable but enviSafe
ronmental impact from
monocrop.

10.9 kWh/kg

Moderate and
competes with
food crops

Liquified Natural Lower SOx, Lower
Gas
Particulates

Plentiful but no marine Cryogenic Fuel with
infrastructure
low flash point but
well-established
regulations

10.8 kWh/kg but effectively 1/3
to 1/5 of diesel due to cryogenic
storage tank

Inexpensive

Methanol

Lower SOx, Lower
Particulates

Industrial uses only –
no infrastructure

Low flash point

6.4 kWh/kg Liquid at atmospheric Low
pressure and temperature

Ammonia

High energy cost to
produce

Widespread use as
fertilizer

Toxic

5.17 kWh/kg

Moderate

Hydrogen

None if created by
renewable energy

Industrial use primarily, Very low flash point
some automotive use
but no marine infrastructure

39.4 kWh/kg but effectively 1/3
to 1/5 of diesel due to cryogenic
storage tank

High

Uranium 235

Small amount due
to refining process

Tightly regulated

22,500,000 kWh/kg

Hugely expensive

fuel. Other fuel types, such as ammonia
or hydrogen require the use of fuel cells
to convert the fuel into electricity which
can then be used for propulsion. Fuel
cells have higher operating efficiencies than internal combustion engines
(50% to 55% efficient versus 40% to
45% efficient) but the electrical conversion offsets some of the advantages.
Fuel cells are a mature technology in
bus operations and stand-by power
generation. There are demonstration
projects underway to apply fuel cells to
the marine environment. The promise
of a quiet, emission free, propulsion
technology is very appealing.
Nuclear power is listed above as
a potential fuel because it is a proven
technology. The USS Nautilus first
demonstrated the feasibility of such
propulsion in 1955. Since then, several
hundred vessels have safely operated
on nuclear power. New reactor designs
could further improve safety and
reduce the lifecycle cost to the point
where it is economically viable. A
large container ship could operate at
high speeds for up to 20 years with
no emissions and no need to refuel.
Nuclear power may not be suitable for
smaller vessels, but we can expect to
see its continued application in vessels
with high power requirements, such as
ice breakers.

Nuclear fuel with
well-established
regulations

One way to reduce environmental impact is to use less energy. At the
International Maritime Organization
(IMO), the Marine Environmental
Protection Committee has introduced
the concept of the Energy Efficiency
Design Index (EEDI). This index is
a measure of how much energy a
ship uses. IMO has set targets for the
industry to reduce over time the EEDI

for various types of vessels. This can
be achieved through better hull forms,
decreasing the hotel load, slowing the
vessel speed, installing more efficient
engines, or increasing the carrying
capacity for the same CO2 emissions.
While the EEDI only applies to certain
types of vessels (tankers, bulk carriers,
container ships, general cargo ships,
etc.) on international routes, the EEDI

atten tion to d eta il
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concepts will influence U.S. regulatory
authorities as they consider the future
of the domestic fleet.
Passenger vessel operators can
reduce their environmental impact
through better management of energy.
This can range from:
• Reducing Energy (setting the air conditioning at a higher temperature or
reducing the vessel speed)
• Shifting Energy (using the more
efficient main engines to produce
electricity through a gearbox
mounted generator rather than an
independent generator set)

• Storing Energy (use batteries
powered by the engine while
underway to provide all electrical
needs with the engine shut down at
dockside)

The rapid development of large
capacity batteries is transforming the
marine industry. This technology is
especially suited to vessels that spend
significant time at dock and have relatively short routes with low-speed
operation. It is possible to have a vessel
charge its batteries overnight and run
throughout the day on that stored
energy, perhaps supplemented during
the day by interim charging at a dock or

from small generator sets. When these
technologies of energy management
are combined with alternative fuels and
new propulsion plant configurations,
the Fourth Industrial Revolution will
have arrived.

• What are the space/weight/maintenance impacts from a new fuel or
energy management approach?

Analyses and Decisions
Designers, builders, and operators
of passenger vessels have many factors
to consider when evaluating the path to
a lower environmental impact. There is
no clear winner among the alternative
fuels and propulsion plant technologies. Each operation must be evaluated
a s t o t h e re l e v a n t e x t e r n a l a n d
internal factors that impact emissions.
Questions to ask include the following:
• Can I change my operation to reduce
my energy needs while still delivering on my customer experience?
• Are there regulatory developments
that need to be evaluated?
• What trade-off of capital and
operating costs can my business
consider?
• Is there evolving infrastructure to
provide a reliable fuel supply chain?
• How would my training needs
change with different technologies/
fuels?

• Will reducing my operation’s environmental impact attract customers
and benefit my employees?

www.rigidized.com/marine.php
marine@rigidized.com
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• Does my appetite for risk match up
to changing a fundamental part of
my operation?

The Fourth Industrial Revolution
w i l l re q u i re t h e U . S . m a r i t i m e
community to change old habits and
get out of our “comfort zone.” The
Associate members of the Passenger
Vessel Association are a great source of
information and assistance in analyzing
the trade-offs of different approaches.
The eternal message of the great waters,
be they brown or blue, is that change is
inevitable. Find a course that works for
your operation as you contemplate the
environment, how you impact it, and
how it will impact you. n
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