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« Ammonia can be used to store seasonal TET 2 g 80 LT
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stranded energy (ie. Summer) for its later use 3
(Ie' Wmter)' ] Using hydrogen and ammonia for renewable energy
* Thus ammonia COMPLEMENTS the hydrogen storage: A geographically comprehensive techno-
e economic study [Palys MJ et al. 2020. Computers and Chemical
transition. Engineering]
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Challenges

However, the technology faces the following obstacles,

1.Ammonia Carbon-free synthesis (cost reduction, efficiency
improvement)

2.Power generation at utility-scale from ammonia
production (stable, low emissions)

3.Public acceptance through safe
appropriate community engagement.

regulations and

4.Economics — profitable scenarios (cannot be applied
everywhere)

frio,
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Key barriers for ammonia-based energy systems

>

Power generation at utility-scale

Carbon-free synthesis of ammonia

This is critical because ammonia production methods
are heavily reliant on fossil fuels and burning fossil
fuels for this purpose severely releases carbon
dioxide emissions into the Earth's atmosphere,
which is extremely detrimental to the environment.

This is important as most developments have
focused on improving small-to-medium scale devices
for transportation purposes. More importantly, pure
ammonia combustion has several technical
challenges include high auto-ignition temperature,
low flame speed, narrow flammability limits, high
heat of vaporization and high NOx emissions.

Public policy and safety regulations

They are essential to be implemented throughout
health and safety impact analyses and the review
of currently associated legalisation and end-user
perceptions and acceptability.

Competitive economics

=
=
It is needed to undergo thorough economic studies
in order to determine the potential of ammonia and
its viability for use as energy systems.
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Scenario 1: Delivered cost of fuel to an industrial end users comparing low-carbonammoniaand +  Existing off-gas grid boiler sites have between

H, fuels with increased end user storage at boiler site, 15 days (E.MWh%, Lower Heating Value) 10 and 15 days of storage.

= 250 - 12 MW qistillery, 200 km dlistribuﬂon distance, Iarjge scale 200MW NH; syntlh esis, Blue H, « Ifthis higher storage is needed Ammonia
; If greenH, is 230 [ Tagditional if Blue H2 production  Production, at £1.80.kgH,, 15 days storage at boiler- Carbon tax £50 10, 247 offers a comparative cost improvement over
2 used then Cracking 250 q liquid and compressed hydrogen whichare
& 200 1| emissions for 176 - g expensive to store.
% ammoniain - B Truckin s 2004 * Ammonia can be stored at similar conditions
‘z_‘ 150 4 | configurations 1 uckhing “ to LPG whilst compressed hydrogen needs
% and 2 are under I HB + ASU % 150 - 142 high pressures (350 bar), orliguid hydrogen
8 100 5 kgCO, MWh'! I H2 Production o 111 103 ! needs extremely low temperatures (-253°C).
c 1 [] PR
b LPG Trucking 2 004 _ o o +  Though this gives an advantage to ammonia,
2 Il LPG usage '§ 59 [ it may be that for new technologies lower
g 50 1 o 504 quantities of storage are used due to storage
b 1 17 2 being more expensive and possible
] 0 s i 3 regulatory/safety constraints.
e ; 100% NH3 Fuel 5% H2- 95% Ammonia - Ammonia - LiquidH2 Compressed

L ~N 2 «Iq K] § ¢ NH3 fuel LPG blend BioLPG blend H2 350 bar

€6 §35. 5§ ) -4 L J

g EEX¥ §E: i '

S s‘ ® a 5‘ Z § z g Ammonia-based fuel to boiler Hy-based fuelto boiler

- LI .

o 15 days storage - Loss 3 days Storage - Input Series BioLPG
L_J Carbon price Release Trucking - H2 Production - LPG

Emissions and Delivery Fuel Cost of various options
I (report 2023, 145 pages) (H )
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*  Works in collaboration with TATA steel and the South
Wales Industry led to the recognition of several
streams, product of waste gases, from which ammonia
can be recovered for additional power generation via
engines, gas turbines or furnaces.

*  These work secured funding from DESZN to replace
LPG by Ammonia in medium scale boilers (>1IMW).
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Net Zero through British Innovation Exploitation Plan
. Develop a new generation of burners and facilities . Developments will enable
capable of using NH3 with ultra-low polluting emissions; —  Patents for
) Novel concepts include e new burners
— Integrated Ammonia Cracking « cracking devices
— Hydrogen Sieving . etc.
— Artificial Intelligence —  Large academic dissemination (PhDs, conferences and
— Advanced Computational Design industrial events)
— Bespoke Storage and Delivery Systems — Commercialization of the technology - estimated market of
-  Etc. ~£700M in the next 15 years;
to reach >1IMW clean ammonia combustion with —  More than 70 direct jobs;
reduced retrofitting of existing units. — Active supportin the creation of ISO Standards
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Stratification appears as a good potential for NOx mitigation
whilst enabling good flame stability (Mashruk et al 2023 JAE).
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Fundamental work on cracking, thermoacoustics,
radiation, neural networks and chemical kinetics
(presented at the 3@ Symp Ammonia Energy)
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Test mode Test point Dry 15% 0, Wet MFR Error
NO (ppm) | NO; (ppm) | N2 (ppm) | NH: (ppm) [ 02 (%) | Hz (%) | (ke/s) | MFR (%)

20° | CRO90-T-B-EDC| 13381 0.0 0.0 0.1 000 | 220 |o.003852] 6.1%

stratification | CR095-T-8-EDC| 974.8 0.0 0.0 02 000 | 362 |0.003676] 13%

Ha CR-100-T-B-EDC| 609.4 0.0 0.0 04 000 | 495 |0.003517| 31%

C’E‘;:Edc\m CR-105-T-B-EDC| 286.8 0.0 0.0 37 000 | 622 |0.00337a] -7.0%

2gex | CRAIOTB-EDC| 437 0.0 01 1348 | 000 | 7.41 |0.003243] -106%

bremixed | CR-1IS-T-B-EDC| 37 0.0 0.0 7756 | 000 | 841 |0.003124| -13.9%

EOR  [cr120T-BEDC| 09 0.0 0.0 17827 | 0.00 | 924 |0003015| -169%

o PR-060-B-EDC | 2839.9 12.7 58.7 0.0 8.63 | 0.00 |0.005433] 49.7%

promied | PROTO-8EDC | 20474 7.2 0.1 0.0 642 | 0.00 |0.004713] 29.8%

NHs/H270/30 | PROSO-B-EDC | 2882.8 56 0.0 0.0 415 | 000 |0.004173| 150%

Tu=288K | PR-090-B-EDC | 2393.1 29 0.0 0.0 192 | 000 |0.003753| 3.4%

EDCStandard | pR-100-B-EDC | 1565.2 0.0 0.0 0.0 0.00 | 039 |0.003417| -59%

P’i‘g:“ PR-110-B-EDC | 7580 00 00 02 | 000 | 326 |0.003142] -13.4%

cornpenc | 2395 0.0 0.0 29 000 | 595 |0.002913| -19.8%

5.0 106 3885 0.0 852 | 0.00 |0.005522| 52.1%

{00402 1s 78 18 0.0 631 | 0.00 |0.004805| 32.4%
5.4 37 0.0 0.0 415 | 000 |0.004267| 17.5%

8.0 28 0.0 0.0 190 | 0.00 |0.003849| 6.0%

10001 5.9 0.0 0.0 0.0 000 | 033 |0.003514] 3.2%
st ‘ 1 0.0 0.0 02 000 | 312 | 0.00324 | -10.7%
4 0.0 0.0 3748 | 000 | 559 |0.003012] -17.0%

Advanced CHT analyses of more than 200 cases provided details
for improvement and best blend. Dispersion modelling was also

used for Safety purposes.
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*HAZOP and Dispersion Analyses Final Outcomes

*300-500 kW facility at Cardiff University

«Ultra-low emissions at 25 kW J Design of a burner/cracker concept for medium
*High quality validation of CFD modelling heating scale heating applications

e Acquisition of advanced measuring systems . . . . .
d 4 *  Techno-economic analysis for national/international

implementation

eTesting 300-500 kW burner

eDevelop bespoke ammonia delivery unit

eDesign of novel fuelling control

eDiscussions for a new Technical Specification Acknowledgements

*Evaluation of novel methods for emissions control . . .
*  Staff/PDRAs/Technicians — High level of skills.
*  Industrial steering — fast TRL progression

Commissioning offsite 1MW facility *  DESNZ support has enabled the transition of lab to

sTechnical Specification demonstration scale in months rather than years
eDemonstration 4 weeks continuous running 1MW (total funding £3 45M)
eLeaning out components manufacturing for cost reduction '
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100% Ammonia Configuration TABLE 10.6
Reported Accidents With Transporting Anhydrous Ammonia and Ammonia Solutions, United States, 1971

Hazard Failure Mode/ Direct / Indirect Safequards / = H
[ | e [ [ S | S | e [l S50 oot oy o Ao ot

Impact on land. Total reported Total fatalities Total hospitalized injuries Total nonhospitalized injuries
e Highways 3209 (797) 25 (23) 36 (29) 744 (602)
Lt Rail 2460 (2301) 11 (11) 23 (21) 321 (290)
Waste disposal
Accessibility isno 26, Due to additional toxicity of Water 21 (14) 0(0) 0(0) 4(4)
Unauthorised See toxicity and different to that of ammonia, seek advice whether
Terrorism release of propane either on additional security measures are
Security ammonia. flammabllity scenarios. i o' oad or at the needed on sites to prevent malicious Appl Energy 2017.
site. damage leading to a release.

Faclly acoess https://doi.org/10.1016/j.apenergy.2016.10.088.

Incidents involving
railroad/railcar

1.00E-06
Tanks and
pipeworks are
Impact of protected from 1.00E-07
vehicles with See toxicity and vehicle collision.
. at armmonia flammability scenarios.  gupply pipeline
rans| w ”
POrAION  \ehicle traffic incidents system. under public road 5 TR0
has 800mm surface
cover.
Road accidents 27.Review current emergency 1.00E-09
involving procedures for road tanker accidents
armmonia and modify to take account of
tanker. ammonia hazards. 1.00€-10
Aircraft 3
Simultaneous operations. 1 00F.11
Crew change.
Operational 9
Increased Contributes to air 1.00E-12
e ammonia into pollution including o 100 200 300 400

Distance from Roadway, m

HAZID and HAZOP analyses for the system at Cardiff, —LFQ —Qescine —Ammone) | . .
. . Quest Consultants Inc. Comparative Quantitative Risk Analysis
Spadeadam and final user site

of Motor Gasoline, LPG and Anhydrous Ammonia as an
CARDIFF I Automotive Fuel. lowa, USA: 2009. Courtesy of Quest.)d 2@
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e Ammonia can be used for power purposes via combustion;

e Green ammonia produced from renewables is capable of storing and
delivering stranded energy;

* Rural locations are a preferred option for the chemical for direct fuelling
applications;

 Fundamental analyses show stable regimes, whilst the potential of in-situ
cracking improves combustion features;

 Robust developing, complex integration and advanced modelling have
served to establish a unique facility for large scale demonstration.
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* Ammonia -+ New Energy - New Opportunity
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