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Abstract >> This study provides an in-depth economic analysis of green ammo-
nia, focusing on the optimization of hydrogen production systems, renewable en-
ergy facility scale, and surplus energy management. A key feature of the re-
search is the integration of these elements to derive an optimal facility config-
uration for green ammonia production. The analysis examines operational pat-
terns and surplus energy handling to maximize efficiency. Six scenarios, based
on varying scales of renewable energy and electrolysis facilities, were evaluated
to estimate the levelized cost of ammonia, which ranged from $651 to $705 per
ton of ammonia. When accounting for transportation costs, the estimated im-
port cost ranges from $682.4/tNH3 to $748.4/tNHs. These findings offer val-
uable insights into optimizing facility configurations and understanding the cost
structure of green ammonia imports under different operational conditions.

Key words : Green ammonia(Z12l &2 L|o}), Ammonia supply chain( 2 L|ot
32%Y), Levelized cost of ammonia(d53t L EL[of AMA CEI,
Hydrogen production system(4=4 A4AH A| AR Hydrogen economy
(£AZHA)), Overseas hydrogen import(aj 2| $4 E¢l)
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Fig. 1. Average wind power generation (by quarter/hour)
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Fig. 2. Average solar power generation (by quarter/hour)
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P-Puines.asy Pra s vasy

Supplementing Insufficient power for Mammum Electrolyss P-Pha a0
Ehuction with & nabling Hydrog ee +P Pril_nH3 +asu
gid fotal
Prioritize Supplementing Insufficient Power for Maximum NH: and ASU| P, "
Operation with Gri DDWEr ThEn AHDES‘E Remaining Power to ‘gnd_total
rolysis ~Pgridznis +asu

Pt nvis +asu
(P+Pgriganns +asu)

Prioritize Supplementing Insufficient Power for Minimum NH, and ASU

peratioh withGri PowepThen Alocate Remaining Povir o 0 Pran s +nsu

(P+Pgrionns +asu)

* P = Electricity generated from renewable energy power
plants

* Poversized_Elec = Total installed capacity of electrolyzers
(exceeds real-time ammonia production
needs; used for hydrogen production and
storage)

* Pfull_NH3+ASU = Power required for full operation (100%)
of the ammonia synthesis and Air Separation
Unit (ASU) facilities

* PMIN_NH3+ASU = Minimum power required to operate the
ammonia synthesis and ASU facilities

* Pgrid_total = Total capacity of grid balancing power

* Pgrid,NH3;+ASU = Electricity input from the grid to the am-
monia synthesis and ASU facilities

Fig. 3. Types of power consumption based on equipment oper-
ation patterns
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Table 1. Equipment configuration by green ammonia production
scenario

. Electrolyzer .
Scenario sy () RE capacity (MW)

) 1 1,212 2,632

Nogrid 77, 1,515 3.250
connection

3 1,818 3,868

_ 4 1,212 2,632

orid 5 1,515 3,250
balancing

6 1,818 3,868
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equipment ’ ’ ’ olE £ &
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Hydrogen storage tank | 230 230 230 AE= Zs!
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7
Air separation unit 161 161 161 ¢ lo
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Table 3. Equipment operation results by green ammonia production scenario
Operation Patterns Scenario
1 2 3 4 5 6
Grid power usage (MWh/yr) - - - 7,575 6,634 5,961
Power consumption of electrolyzer (MWh/yr)| 5,476,736 6,833,652 8,203,908 5,476,736 6,833,652 8,203,908
Operating hours of electrolyzer (hr) 7,771 7,797 7,838 7,771 7,797 7,838
Power consumption for ASU/NH; (MWh/yr)| 471,853 509,285 537,607 479,428 515,919 543,568
Hydrogen input for NH; production (tHy/yr)| 110,450 129,531 138,390 110,507 130,716 139,924
NHj; production (tNHs/yr) 614,464 719,450 768,986 618,249 731,313 782,827
Operating hours of NH3 production (hr) 7,416 8,343 8,515 7,483 8,553 8,760
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Table 4. Comparison of LCOA and its composition by scenario

Cost category LCOA ($/tNH3) by scenario
1 2 3 4 5 6
Renewable energy equipment 294.7 310.8 346.1 292.9 305.8 340.0
Electrolyzer 74.7 79.8 89.6 743 78.5 88.0
CAPEX Hydrogen storage tank 252 21.5 20.1 25.0 21.2 19.8
Ammonia synthesis equipment 522 44.6 41.7 51.9 439 41.0
Air separation unit 17.7 15.1 14.1 17.6 14.9 13.9
Subtotal 464.6 471.9 511.7 461.8 464.2 502.7
Renewable energy 105.6 111.4 124.0 105.0 109.6 121.8
Grid - - - 1.9 1.4 1.2
Electrolyzer 16.6 17.7 19.9 16.5 17.5 19.6
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Hydrogen storage tank 3.7 32 3.0 3.7 3.1 2.9
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Air separation unit 10.5 9.0 8.4 10.4 8.8 8.2
Subtotal 188.4 190.1 205.2 189.2 188.4 202.7
Total 653.0 662.0 716.9 650.9 652.7 705.4
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