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KEY CHALLENGES OF
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WHY GREEN AMMONIA* AMMONIA COMBUSTION

AMMONIA PRODUCTION PATHWAYS

« Ammonia is a compound of nitrogen (abundant in
the atmosphere), and hydrogen (a component of
water).

SUSTAINABLE FUEL
Near-zero carbon fuel suitable for long-distance %l & %I o ﬂ E |

shipping where batteries and hydrogen alone are .

» Can it be burned efficiently?
» Can it be burned cleanly?

This means that it can be synthesised using only

less practical. Natural gas Natural gas Nuclear power | Renewable energy electricity, first to split the water into hydrogen and ° Can It be hand Ied Safely as a fuel’?
Steam reforming Steam reforming Electrolysis Electrolysis oxygen by electrolysis, then to extract nitrogen ]
from the atmosphere to combine it with the
E N E RGY STO R AG E Hydrogen (H,) Hydrogen (H,) Water (H,0) Water (H,0) hydrogen.
( CO, emissions > [Caarrllng rsnt?rgtglére ] Hydrogen (H,) Hydrogen (H,)
High energy density and existing global Synthest N ynthesis Sy - If that electricity is sourced from renewables, it is CO M B U STIO N AN D
infrastructure enable safe storage and bulk 9 1 9 . potentially a zero-carbon fuel, called “green
transport. ammonia”. If a more conventional natural gas EFFICIE N CY
(NH,) (NH,) (NH,) (NH,) route is used but the carbon released is

sequestered (captured and stored), it is low

carbon “blue ammonia” (see Figure 1). SlenplEsel s T2

3
In both cases, the ammonia itself is identical to , B a5
the existing well-known industrial chemical, - i
meaning that equipment, processes and skills for @ *
its handling, storage and shipment are well >
established, needing only adaptation and roll-out 36 -
to a marine environment. - )
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HYDROGEN CARRIER

Ammonia efficiently stores and transports
hydrogen, releasing it onboard to power clean
combustion.
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Reducing carbon emissions .
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Fig :1 Ammonia Production Pathways
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EXECUTIVE SUMMARY

 Ammonia is well known as an industrial chemical,
especially in the production of fertiliser and chemical
products. Ammonia is also flammable, opening a new
possibility to be used as a fuel.

Engine speed [rpm] Engine speed [rpm]

AMMONIA) COMBUSTION

* The primary attraction of ammonia as a fuel lies
in its potential for 100% carbon reduction during
operation. However, ammonia combustion
produces nitrogen-based species that must be
carefully managed to avoid replacing a carbon
problem with a nitrogen one.

Conventional Current production Conventional
fuel engine after-treatment

Question: Wouldn'tit be

great if the engine can

naturally provide enough
ammonia to react with NOx
emissions, no more AdBlue!
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Tailpipe

IpiE Fig 5 : The variation of thermal efficiency in an adapted single cylinder gasoline engine at
emissions

compression ratios of 12.4 and 17.5 across various speed and load conditions

Demand for retrofit solutions
to meet future ambitious
emission standards.

6B

Existing fleet reliance:
Proven reliability and cost-
effectiveness in manufacturing
and operation management.

C « Initial research conducted on an adapted single cylinder gasoline
> engine shows promising results, achieving 39% indicated thermal

efficiency at the lower compression ratio of 12.4.

« Ammonia is made, shipped and handled in bulk today.
While it may present safety and environmental risks (like
any fuel), these are understood.

Fossil fuel
(Hydrocarbons)

* The three dominant species of concern are
nitrogen oxides (commonly referred to as its
chemical formula, NOx), nitrous oxide and
unburned ammonia (also known as ammonia
slip). The interaction between these in both the
engine and its catalytic after-treatment is
complex, where strategies to reduce one can
often increase another.

* When the engine was further modified to be more in line with
conventional diesel engine configuration (a compression ratio of
17.5), the indicated thermal efficiency increased by ~20%, achieving
peaking at 47% indicated thermal efficiency.
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Unburned

Conventional hydrocarbons

carbon intense
fuel: Net-zero
target by 2050.

After-treatment system: Requires
a separate urea (AdBlue) storage
and injection system to “generate”
ammonia after the engine.

« The MariNH; programme is a consortium of UK
universities, alongside over 20 industrial partners,
established to study the use of ammonia as a fuel in
internal combustion engines, alongside broader socio-
economic aspects of its uptake as a replacement for fossil
marine fuel.

Retrofittable
self-cleaning exhaust

~90%
decarbonisation

Advanced ammonia
combustion engine

»LESR 0

Zero-carbon
fuel

Near zero
harmful
emissions
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and unburned
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Aranpnia mapping and ammonia
: crackin energy-ratio Pre-tuned Nitrogen + ~ . . .
_ Green ammonia ° ealibeation sxPeustEss  Watrvapour ‘h « As such, the nitrogen pathway still requires
* The programme haS SucceSSfu”y developed CombUStlon Ammonia as Advanced ammonia mono Existing SCR+ASC utilisation: ‘ fundamental researCh to enable d rObUSt
: : -carb fuel busti ine - onl High-effici Selecti . . .
and after-treatment technologies suitable for both it ammonia Is stored. Asmall portion | Caxalytic Redation (SCR) and combustion system design. There is, however,
e . . . . . . fo_rshipping: is converted tolhydrogen_onbolard, Ammonia Slip (;atalyst (ASQ) o . . .
retrofitting of existing engines (which would retain their Eoinme |Sonninnnotl Koyt Meeengeow|  One very useful interaction of these nitrogen- MG g S e

than maritime (IMO
Tier 1lI) and meet
land-based standards.

methanol as liquid. and NOx before entering the

exhaust after-treatment system.

slip directly, incorporating a
follow-up catalyst to manage
any remaining nitrous oxides.

existing marine diesel fuel alongside ammonia). based gases that can be key to low emissions:

IMO Tier Il

Fig :2 Comparison of fossil fuel and Ammonia Combustion

ammonia (the fuel) can be reacted with nitrous
oxides (the engine-out emissions) to create
harmless nitrogen and water.
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EPA Tier 4

(US Environmental
Protection Agency)

80-95%
GHG REDUCTION

The MariNH, result of 0.5g/kWh is
a quarter of the IMO Tier Il limit
and approaches the land-based
Euro 7 WHSC and EPA Tier 4 limits,
which demand lower NOx due to
population proximity.

Euro 7 WHSC
(World Harmonised
Stationary Cycle)
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MariN H3 Post-SCR Test
Results

I N D U ST RIAL HAN D LI N G i £0.25- Figure 6: Post-SCR Nitric Oxides (NOx) Performance Benchmark: experimental results beyond
_ 0.6 maritime & meeting land-based standards [1][2].
EXPERIENCE S
g < - MariNH, research results show NOx emissions measured after the
0% 04 2 £015- exhaust catalyst (Figure 7) are well below the International Maritime
BELOW IMO £3 AT
§8~ o E Organisation (IMO) Tier lll regulatory limit of approximately 2.0 g/kWh at
TIER I o . & il 2000 rpm (with higher permissible level at lower engine speeds).
s :
Moy Lllally _ el - - The achieved ultra-low values also reach land-based standards for off-
Post-SCR ~ 0.5 g/kWh achieved 00- ‘ . road and stationary engines as prescribed by the EPA and Euro7 WHSC
oSSl amBr'n“cfnia arcr::r?gt:ia hygll'gge . hy%rri)egr;n Electricity Red ~ Natural  LPG ~ Green  Green  Green  Green standards which are 5-10 times more stringent.
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GLOBAL AMMONIA DEMAND

Fig :3 Global warming potential over 100 years for ammonia
compared with fossil fuel marine diesel oil and hydrogen.

CONCLUSION AND RECOMMENDATIONS

Fig :4 UK bulk energy costs by fuel type.

PROGRAMME

0 ESTABLISH MARKET e ENABLE PORT-SIDE ° BUILD TRAINING a IMPROVE PUBLIC AND e CONTINUE RESEARCH
INCENTIVES AMMONIA ECOSYSTEMS AND SKILLS STAKEHOLDER AND INNOVATION Technologies
UNDERSTANDING and policies

right first

Invest in storage,

_ Advance engine
bunkering ,safety

technology, emissions

Develop workforce
capable for safe

Create clear policy
and financial signals

Communicate
benefits, address
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(1) Engine combustion and emission control
(2) Advanced engine concepts
(3) Ammonia fuel cells

systems and standards . .
to unlock early ~ y " handling, operations concerns and build Ry control and systems
. -ﬂ- at key maritime hubs. : intearation
investment and scale ' and maintenance. trust through g :
adoption- transpa rency. Figure 7: Overview of the MariNH; Research Programme: its three research

themes and investigative focus within each.
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More information about the Y @
Propelling growth white paper
can be obtained by scanning
the QR code or visit
https.//marinh3.ac.uk/outputs/

reports/
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