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1. Introduction 
A bit over six months ago, I posted the paper described and linked below. 

Floating Anodes and Cathodes: In this post we reviewed nautical electric vehicles. 
When I started writing this paper, I assumed that there would be some volume of fuel-
cell nautical EVs, and also some battery-electric nautical EVs. I started with the latter, 
and found a large volume of these already in service. When I got to fuel cell versions, I 
basically came up empty. Thus the paper linked below covers BNEVs, followed by a 
short section where we review possible reasons why I was wrong about hydrogen/fuel-
cell ships. 

https://www.energycentral.com/c/ec/floating-anodes-and-cathodes  

The main image for this post is a real picture of the Yara-Birkeland container-vessel, 
which is described in detail in the above linked post. It was finally launched recently. It is 
intended to ultimately be the first autonomous and electric ship but is initially crewed. Its 
schedule for autonomy has slipped to 2022 due to the COVID-19 Pandemic. 

This will be a nautical paper of a different kind. Whereas the above post focused on 
boats and ships that had already been built or soon completed (next year or two), this 
post will focus solely on the power source of ships, starting with the present, and 
defining possible future power plants and fuels that will let ships migrate to very low 
greenhouse gas (GHG) operation. 

As we progress into the future, financially-competitive technologies will be implemented. 
This will be a complex path, some market initially will drive down the price of a particular 
technology, enabling other markets to adapt it and so on. 

Also, many would say what I’m describing below is net-zero-GHG, but I’m a bit more 
picky about using this term. Until we are able to build ships using net-zero-GHG, operate 
them using net-zero-GHG, and (especially) manufacture and use their energy-producing 
fuel with no net GHGs, we cannot say that these transports are net-zero-GHG. This 
journey to net-zero, like all ambitious endeavors, will follow the 90/10 rule – the first 90% 
will require 90% of the effort, and the last 10% will require the remaining 90%... 

2. Present Technology 
This section will cover what we have done to date, and any attendant technology that 
can be added presently (but may not be yet viable from a financial standpoint).  

2.1. Diesel Fuel Transition 
In 2016, the International Marine Organization (IMO) agreed to limit the sulfur content in 
all marine fuels to 0.5 percent beginning in 2020. The fuel standard for ships previously 
allowed the use of “bunker oil” that had a maximum sulfur content of 3.5%. 

https://www.energycentral.com/c/ec/floating-anodes-and-cathodes
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Of course the above does not significantly reduce greenhouse gases unless the 
changes needed to accommodate the cleaner fuel were implemented concurrently with 
increased efficiency. Even then there would be minimal decreases of GHG. 

2.2. Bio-Diesel Fuel 
One method of significantly decreasing GHG immediately is to use bio-diesel fuel. Per 
the source referenced here,1 Biodiesel is a form of diesel fuel derived from plants or 
animals and consisting of long-chain fatty acid esters. It is typically made by chemically 
reacting lipids such as animal fat (tallow), soybean oil, or some other vegetable oil with 
an alcohol, producing a methyl, ethyl or propyl ester. … bio-diesel is a drop-in biofuel, 
meaning it is compatible with existing diesel engines and distribution infrastructure. 
Biodiesel can be used alone or blended with petro-diesel in any proportions…  

According to the EPA's Renewable Fuel Standards Program Regulatory Impact 
Analysis, released in February 2010, biodiesel from soy oil results, on average, in a 57% 
reduction in greenhouse gases compared to petroleum diesel, and biodiesel produced 
from waste grease results in an 86% reduction.  

Authors comment: Although it took me while to find the above referenced document, I 
did, and it is linked below. I would strongly suggest downloading the PDF and using 
Acrobat or Acrobat Reader to read it. The applicable section (2.6.1.3) starts on page 
474. The EPA’s reader really sucks. 

To get to the above document go to the page linked below, and scroll down to “Peer 
Review of Lifecycle Analysis” heading, and then to “Final Regulatory Impact Analysis 
(PDF)”. Clicking on this will open a page with the document in the EPA’s reader, and on 
the right side of the page is a “Adobe PDF” button to download the PDF. The document 
has much useful information (since it predates the current administration). 

https://www.epa.gov/renewable-fuel-standard-program/renewable-fuel-standard-rfs2-
final-rule-additional-resources  

2.3. Liquefied Natural Gas (LNG) Powered Ships 
From the reference here,2 The 3,100 TEU3 Marlin-class containerships are currently 
under construction at the General Dynamics' NASSCO shipyard in San Diego for TOTE 
Ship-holdings. These $350 million vessels will measure 764 feet in length when 
completed late next year, making them the largest ships primarily powered by LNG ever 
produced. They're not the only LNG-powered ships on the sea mind you, more than 40 
LNG-powered vessels are already operating around the world but the Marlins will be the 
first to use the fuel for hauling cargo. 

Each Marlin-class ship will utilize an 8L70ME-GI gas-injected, dual-fuel, low-speed 
diesel engine capable of running on either conventional fuel oil or LNG. When burning 
natural gas (stored in 380 ton cryogenic tanks), the ships are expected to produce 98 
percent less sulfur oxides, 71 percent fewer nitric oxides, 71 percent less carbon dioxide, 
and a jaw-dropping 99 percent reduction in particulate emissions, all while increasing the 

                                                 
1 Wikipedia article on “Biodiesel”, https://en.wikipedia.org/wiki/Biodiesel  
2 Andrew Tarantola, Gizmoto, “The World's Largest Natural Gas-Powered Ships Are Almost Ready to 

Sail”, Aug 11, 2014, https://gizmodo.com/the-worlds-largest-natural-gas-powered-ships-are-almost-

1619504300  
3 TEU “twenty foot equivalent unit.” A standard container size that can be loaded and sealed onto ships. 

https://www.epa.gov/renewable-fuel-standard-program/renewable-fuel-standard-rfs2-final-rule-additional-resources
https://www.epa.gov/renewable-fuel-standard-program/renewable-fuel-standard-rfs2-final-rule-additional-resources
https://en.wikipedia.org/wiki/Biodiesel
https://gizmodo.com/the-worlds-largest-natural-gas-powered-ships-are-almost-1619504300
https://gizmodo.com/the-worlds-largest-natural-gas-powered-ships-are-almost-1619504300
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vessels' fuel efficiency compared to conventional diesel engines. What's more, these 
ships will carry 60 percent more cargo per trip than TOTE's current class of Sea Star 
ships and also include a ballast water treatment system to prevent the introduction of 
invasive species. 

Go through the link below for additional information on these ships. 

https://www.ship-technology.com/projects/marlin-class-lng-powered-container-
ships/#:~:text=%20Marlin-Class%20LNG-
Powered%20Container%20Ships%20%201%20Construction,container%20ships.%20T
OTE%E2%80%99s%20Marlin-class%20vessels%20are...%20More%20  

Natural gas is methane, and biomethane is biologically-derived methane that is purified 
to pipeline natural gas standards. The biological methods can include (1) extracted from 
landfills, (2) recovered from sewage processing, (3) anaerobic fermentation of bio-mass 
(including livestock manure). In the first two cases, the only alternatives to capture and 
purification are to vent the biogas to the atmosphere, or to flare (burn) it. Methane is a 
GHG much more powerful than CO2, so of these two disposal methods, flaring is greatly 
preferable. Although purification does have a small GHG-cost, and liquefaction 
additional cost, the lifecycle GHG-cost would still be very low.  

Alternative (3) above has an additional cost for the fermentation process, but the 
alternative (leaving the biomass to degrade in the atmosphere) emits greenhouse gases. 
Thus, the net GHG-cost for purification to biomethane and consumption is very low, and 
may be negative vs. the alternative. 

2.4. Battery Powered Ships 
There some classes of ships with applications that currently suitable to be battery-
electric powered. These are explored in the prior paper linked in the Introduction. 
Batteries are rapidly improving their capabilities and reducing their cost, so the number 
of suitable applications will expand, albeit slowly. 

3. Near-Term Applications 
The following are applications that are not currently financially viable, but have the 
potential for other markets to bootstrap them into viability. 

3.1. Fuel Cells 
There are at least two markets in the U.S. that may evolve to use fuel cells as cap and 
trade or carbon tax systems drive the price of diesel up, these are (1) trains used for 
cargo transport on track segments that are not electrified, and (2) long-term emergency 
power backup (replacing diesel generation). The following two subsections each explore 
a possible option for fueling this technology on ships. 

3.1.1. Methane-Derived Hydrogen 

In the prior section we saw that methane is already being used to fuel ships, and this 
application is expanding. A bridging application might be to use fuel cells on those same 
ships (initially, in addition to the above-described methane-fueled IC engines) for 
auxiliary power. Currently most fuel cell technologies reform methane (natural gas) at 
the fuel cell to produce hydrogen (these fuel cells primary fuel). The down side of this is 
that the reforming also produces CO2 although perhaps not as much as the IC engines 

https://www.ship-technology.com/projects/marlin-class-lng-powered-container-ships/#:~:text=%20Marlin-Class%20LNG-Powered%20Container%20Ships%20%201%20Construction,container%20ships.%20TOTE%E2%80%99s%20Marlin-class%20vessels%20are...%20More%20
https://www.ship-technology.com/projects/marlin-class-lng-powered-container-ships/#:~:text=%20Marlin-Class%20LNG-Powered%20Container%20Ships%20%201%20Construction,container%20ships.%20TOTE%E2%80%99s%20Marlin-class%20vessels%20are...%20More%20
https://www.ship-technology.com/projects/marlin-class-lng-powered-container-ships/#:~:text=%20Marlin-Class%20LNG-Powered%20Container%20Ships%20%201%20Construction,container%20ships.%20TOTE%E2%80%99s%20Marlin-class%20vessels%20are...%20More%20
https://www.ship-technology.com/projects/marlin-class-lng-powered-container-ships/#:~:text=%20Marlin-Class%20LNG-Powered%20Container%20Ships%20%201%20Construction,container%20ships.%20TOTE%E2%80%99s%20Marlin-class%20vessels%20are...%20More%20
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or gas turbines used for ship propulsion. Using biomethane would have very low net-
GHG emissions. 

As we pointed out in an earlier post, fuel cells can also be used as range extenders for 
battery-powered ships, and initially LNG would be a reasonable way to fuel these. 
Auxiliary power and range extenders might be roughly have the same power rating (250 
kW to 5 MW). 

3.1.2. Ammonia 

I have had exchanges with proponents of using ammonia as hydrogen carrier. In this 
role ammonia has several advantages: (1) Ammonia is already manufactured in large 
volumes (mainly for fertilizer), (2) when it is cracked to produce hydrogen, ammonia 
(NH3) does not produce any GHG, just nitrogen (primary component of air), and, as 
described in the next paragraph, prototypes of fuel cells have been developed that can 
be directly fueled by ammonia. 

Researchers at the University of Delaware have demonstrated a direct ammonia fuel 
cell.4  

The site referenced here5 earlier described two potential designs for direct ammonia fuel 
cells. One design is similar to the University of Delaware design, and the other is a Solid 
Oxide Fuel Cell. 

An article caught my interest recently. Below is an excerpt from this, followed by a link to 
the full article, 

Solid oxide fuel cell technology company Bloom Energy Corp. (BE:NYSE) and Samsung 
Heavy Industries Co. Ltd. (010140:KRX) (SHI), a part of Samsung Group, announced 
that they "have signed a joint development agreement (JDA) to design and develop fuel 
cell-powered ships." The two companies reported that they are partnering to work 
together toward achieving clean power for ships and creating a more sustainable 
vessels for the marine shipping industry… 

https://www.streetwisereports.com/article/2020/06/30/bloom-energy-shares-charge-
higher-on-partnership-with-samsung-for-clean-powered-ships.html  

After seeing this, I did a bit of research and found a patent by Bloom, described and 
linked below. 

Patent No.: US 8,916,300 B2 

Date of Patent: Dec. 23, 2014 

ABSTRACT: Systems and methods are provided in which ammonia is used as a fuel 
source for solid oxide fuel cell systems. In the various aspects a high temperature fuel 
cell stack exhaust stream is recycled through one or more separation or conversion 
devices to create a purified recycled fuel exhaust stream that is recycled back into the 
fuel inlet stream of the high temperature fuel cell stack. In various aspects a nitrogen 
separator may remove nitrogen from the recycled fuel cell stack exhaust stream, a water 

                                                 
4 Julie Stewart, PHYS.ORG, “Ammonia for fuel cells”, Aug 15, 2019, https://phys.org/news/2019-08-

ammonia-fuel-cells.html  
5 By Trevor Brown, Ammonia Energy Association, “Ammonia for Fuel Cells, a Literature Review”,  Oct 4, 

2018, https://www.ammoniaenergy.org/articles/ammonia-for-fuel-cells-a-literature-review/  

https://www.streetwisereports.com/article/2020/06/30/bloom-energy-shares-charge-higher-on-partnership-with-samsung-for-clean-powered-ships.html
https://www.streetwisereports.com/article/2020/06/30/bloom-energy-shares-charge-higher-on-partnership-with-samsung-for-clean-powered-ships.html
https://phys.org/news/2019-08-ammonia-fuel-cells.html
https://phys.org/news/2019-08-ammonia-fuel-cells.html
https://www.ammoniaenergy.org/articles/ammonia-for-fuel-cells-a-literature-review/
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separator may remove water from the recycled fuel cell stack exhaust stream, and/or an 
ammonia reactor and hydrogen separator may be used to condition the fuel inlet stream 
of the high temperature fuel cell stack. In a further aspect a molten carbonate fuel cell 
and/or Sabatier reactor may be used to condition the fuel inlet stream of the high 
temperature fuel cell stack. 

http://www.freepatentsonline.com/8916300.pdf  

The above does not mean that Bloom and Samsung are necessarily planning to use a 
direct-ammonia fuel cell, but this could be the case. Certainly, this should be considered 
for a future design. 

Fuel cells are badly in need of additional markets to (1) expand their volume, (2) fuel 
technological development (pun intended), and (3) drive down their cost, further 
expanding their markets (a virtuous circle). 

3.2. Methane-to-Hydrogen-Fueled Combined Cycle 
A combined-cycle generator is a combustion-turbine gen-set with its exhaust fed into a 
boiler, and the steam from the boiler is fed into a steam gen-set (or prime mover). A 
combined cycle generator has higher efficiency than most single-cycle plants. Typical 
efficiency for industrial-scale combined cycle plants is in the 45% to 50% range. One or 
more small combined cycle electric generation units (in the range of 20 to 50 MW) could 
provide energy to drive the primary propulsion thrusters for medium to large ships. The 
operation of a medium-sized combustion turbine on 100% hydrogen has been 
demonstrated, and Siemens has made a commitment to have a production hydrogen-
fueled gas turbine by 2030.6  

Initially the combustion turbine would be fueled with methane and a small percentage of 
hydrogen. As technology improved the percentage of hydrogen would increase. 

The ideal, very low GHG design (in a decade or two) would probably use batteries to 
drive primary electric thrusters. The batteries would be supplemented and/or recharged 
with a small hydrogen-fueled combined-cycle generation plant. The source of the 
hydrogen would probably be ammonia, cracked to produce hydrogen. An alternative for 
the generation plant would be one or more medium-sized fuel cells that were directly 
fueled with ammonia (as described in subsection 3.1.2). 

4. Phase 2 – Long-Term Applications 
The technologies described in prior sections point to the future, but there is an additional 
technology that may be bootstrapped by systems that are currently being developed – 
small, modular nuclear reactors (SMRs). There are two primary competitors in this 
market that appear to be ahead of the remaining firms working on SMR designs (at least 
for the U.S. market). In the lead is NuScale. I covered them and their SMR in a post 
early last year and linked below. 

https://www.energycentral.com/c/cp/nukes-part-2-little-nukes 

                                                 
6 Dr. Jenny Larfeldt, Siemens, " This Swedish scientist works towards fulfilling Siemens’ 2030 hydrogen 

pledge", June 201Aug 2, 2019, https://new.siemens.com/global/en/company/stories/energy/hydrogen-

capable-gas-turbine.html  

http://www.freepatentsonline.com/8916300.pdf
https://www.energycentral.com/c/cp/nukes-part-2-little-nukes
https://new.siemens.com/global/en/company/stories/energy/hydrogen-capable-gas-turbine.html
https://new.siemens.com/global/en/company/stories/energy/hydrogen-capable-gas-turbine.html
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They are still continuing to make progress with their design and recruiting additional 
potential clients (the latest may be TVA). Their goal for completion of their first SMR is in 
the mid-2020s. 

In a post earlier this year (linked below), I covered another firm that appears to be joining 
the SMR party, GE Hitachi, with their BWRX-300 SMR.  

https://energycentral.com/c/cp/nukes-%E2%80%93-part-3  

Also in the above part 3 post I identified a company that does not produce U.S. power 
reactors, but does produce reactors for naval nuclear propulsion: BWX Technologies. 
Furthermore, I ran across several articles that indicated a possible expansion of this 
technology (for Naval Ships) in the future. 

The "NuScale Power Module™" produces 60 MW electric output. This seems to be a 
reasonable size for large container ships. The largest container ships currently use 
engines that produce over 100,000 horsepower, which is about 75 MW. The GE BWRX 
300 is 300 MW. Either reactor will need to be adapted for nautical applications, so either 
of these designs could serve as a basis for a future reactor for large commercial ships. 

Also current naval reactors have a refueling interval of 20 to 30 years, allowing reactors-
powered ships have extremely high duty-cycles for several decades.  

https://energycentral.com/c/cp/nukes-%E2%80%93-part-3

