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Fig. 1. Global CO, emissions and adoption year of key inter-
national climate agreements
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Table 1. NFPA 704 hazard ratings for ammonia
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Fig. 2. Distribution of ammonia-related chemical accident cas-
es by accident type (2014-2025)
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Fig. 3. Annual trend of ammonia-related chemical accident
cases (2014-2025)
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8. Community Emergency Response

7. Plant Emergency Response

6. Post-Release Physical Protection, such as Dikes
S. Physical Protection, such as Safety Valves

4. Safety Instrumented Functions (SIFs)

3. Critical Alar@xman Intervention

2. Basic Process Control System

1. Process Desig]

Fig. 4. A layer of protection to reduce the frequency of specific
accident scenarios
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v Stationary equipment
~ Storage tank
~ Worst case scenario
~ Pool Evaporation

Disnersion - Toxic Dose

| Dispersion — Flammable Cloud
Dispersion — Concentration

y Alternative case scenario

> LOPA case scenario

Fig. 5. Example of the EFFECTS link system
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Fig. 6. Storage tank selected by scenario

Table 2. Each storage tank and operating conditions

Design parameter Value
Design diameter [m] 40
Design height [m] 20.806
Design pressure [bar] 1
Design temperature [°C] —40
Site area [m?] 5,500
Max. filling capacity [%)] 85
Leak hole size (Alternative) [mm] 10
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Table 4. Scenario Parameters for the Worst and Alternative

Scenarios Worst Alternative
Parameters
Wind speed [m/s] L5 ’
Wind direction (Day / Night) [-] NW /' SE

Pasquill stability classes [-] | F (Very stable) | D (Neutral)

Ambient temperature [°C] 40 25
Table 3. Adopted inside fraction value Relative humidity [%] 50
Inside Outside Surface roughness (Zd) [m] 0.25
Day 0.93 0.07 Release duration [min] 10
Night 0.99 0.01 Measurement height [m] 1.5
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Table 6. Concentration contour levels

Concentration contour levels

ERPG-1 at 1.5 m 25 ppm
Toxic ERPG-2 at 1.5 m 200 ppm
ERPG-3 at 1.5 m 1500 ppm
Level-1 4 kWm®
Heat radiation Level-2 12.5 kW/m?
Level-3 37.5 kW/n’
Level-1 70 mbar
Peak pressure Level-2 210 mbar
Level-3 840 mbar
Flammable LFL 150,000 ppm
UFL 280,000 ppm
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Table 7. Concentration contour levels

Concentration contour levels

Thermal Efficiency (1) 0.45
Co-firing ration (%) 0.20
LHViiq 18.4 Ml/kg
Density (p) 689.94 kg/m®
Generating capacity (Pe 1050 MW
time (t) 604,800 sec
Design diameter (D) 40 m
Max. filling (f) 0.85
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