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Ʉɟɧɚɞɔɞɠ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ Űɞ ɏŰɞɠ 2024-2025 ůŰɞɜ ɇɞɛɏŬ ȽȽ: 

ȷɜɎɚɡůɖɠ, ɆɢŮŭɘŬůɛɞɨ əŬɘ ȷɜɎˊŰɡɝɖɠ ȹɘŮɟɔŬůɘɩɜ əŬɘ ɆɡůŰɖɛɎŰɤɜ, Űɖɠ ůɢɞɚɐɠ 

ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ. 

ŪŬ ɐɗŮɚŬ əŬŰŬɟɢɎɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ə. Ⱦɞəɧůɖ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ Űɞɡ 

ůɡɔəŮəɟɘɛɏɜɞɡ ɗɏɛŬŰɞɠ, Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ŮɜŰŬɢɗɩ ůŰɖɜ ŮɟŮɡɜɖŰɘəɐ ɞɛɎŭŬ Űɞɡ 

ŮɟɔŬůŰɖɟɑɞɡ Űɞɡ, əŬɘ Űɖɜ əŬɗɞŭɐɔɖůɐ əŬɘ ɡˊɞůŰɐɟɘɝɐ Űɞɡ əŬŰɎ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ 

ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ.  

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ə. ɄɡɟɔɎəɖ ɛɏɚɞɠ Űɞɡ ɏɟɔɞɡ çMinimal 

Environmental Footprint LNG Propelled ROPAX Designè, ɔɘŬ Űɖɜ ŮɝŬɘɟŮŰɘəɐ ŭɞɡɚŮɑŬ 

əŬɘ Űɖɜ əŬɗɞŭɐɔɖůɐ Űɞɡ. 

ɃűŮɑɚɤ Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ɡˊɞɣɐűɘɞ ŭɘŭɎəŰɞɟŬ, ũŮɩɟɔɘɞ ɇŬůɘɧ əŬɘ Űɞɜ ə. 

ȷɗŬɜɎůɘɞ ɁɘəɞɚŬəɧˊɞɡɚɞ, ȺȹȽɄ, ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ Űɞɡɠ. ȷɡŰɐ ɖ ŭɘˊɚɤɛŬŰɘəɐ 

ŮɟɔŬůɑŬ ŭŮɜ ɗŬ ŮɑɢŮ ŬɡŰɐ Űɖɜ ɛɞɟűɐ ɢɤɟɑɠ Űɖɜ ůɡɜŭɟɞɛɐ Űɞɡɠ.  

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Ŭˊɧ ŰŬ ɓɎɗɖ Űɖɠ əŬɟŭɑŬɠ ɛɞɡ, Űɞɡɠ ˊɘɞ ůɖɛŬɜŰɘəɞɨɠ 

Ŭɜɗɟɩˊɞɡɠ Űɖɠ ɕɤɐɠ ɛɞɡ, Űɞɡɠ űɑɚɞɡɠ ɛɞɡ əŬɘ Űɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ. ȼ ůɡɜŮɢɐɠ Űɞɡɠ 

ɡˊɞůŰɐɟɘɝɖ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ, əŬɘ ɧɢɘ ɛɧɜɞ, ɛɞɡ ɏɢŮɘ ŭɩůŮɘ Űɖɜ 

ŭɨɜŬɛɖ əŬɘ Űɞ əɞɡɟɎɔɘɞ ɜŬ ɓŬŭɑɕɤ ůɡɜŮɢɩɠ ɛˊɟɞůŰɎ. 

ȷɡŰɐ ɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ŮɑɜŬɘ ŬűɘŮɟɤɛɏɜɖ ůŮ ŬɡŰɞɨɠ, ˊŬɟɧɜŰŮɠ əŬɘ ŮəɚŮɘˊɧɜŰŮɠ. 
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ɄŮɟɑɚɖɣɖ 

ɇɞ 2024 ɞɘ Ůəˊɞɛˊɏɠ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ űŰɎůɞɡɜ Űɞ ɘůŰɞɟɘəɧ ɡɣɖɚɧ, 

Űɤɜ 41,6 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ Űɧɜɤɜ əŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ ŬɡŰɩɜ, ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɜŬɡŰɘɚɑŬ. 

Ƀ IMO ɏɢŮɘ ɗɏůŮɘ ůŬűŮɑɠ ůŰɧɢɞɡɠ ɔɘŬ Űɖ ŭɟŬůŰɘəɐ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ ŬŮɟɑɤɜ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ Űɘɠ ŮˊɧɛŮɜŮɠ ŭŮəŬŮŰɑŮɠ ůŰɞɜ əɚɎŭɞ Űɖɠ ɜŬɡŰɘɚɑŬɠ əŬɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ Űɟɧˊɞɡɠ ɔɘŬ 

Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ ůŰɧɢɤɜ ŬɡŰɩɜ, ŮɑɜŬɘ ɖ ŭɏůɛŮɡůɖ əŬɘ ŬˊɞɗɐəŮɡůɖ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ 

ɎɜɗɟŬəŬ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɑŬ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ůɡůŰɖɛɎŰɤɜ 

ŭɏůɛŮɡůɖɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ əŬɘ ůɢŮŭɘɎɕɞɜŰŬɘ ŰɟŮɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ůŮ ɚɞɔɘůɛɘəɧ Aspen 

Plus V14 ɔɘŬ Űɖɜ ŭɏůɛŮɡůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 Ŭˊɧ ˊɚɞɑɞ Űɨˊɞɡ ROPAX ́ɞɡ əɘɜŮɑŰŬɘ ɛŮ LNG. 

Ɇəɞˊɧɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɟɘɩɜ ůɡůŰɖɛɎŰɤɜ ŭɏůɛŮɡůɖɠ əŬɘ 

ŬˊɞɗɐəŮɡůɖɠ CO2, ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ɢɖɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ rate-based 

ɛɞɜŰɏɚŬ, ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŰɞ ɡˊɧ ŮɝɏŰŬůɖ ˊɚɞɑɞ, əŬɘ ɖ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɐ Űɞɡɠ, 

Űɧůɞ ŮɜŮɟɔŮɘŬəɎ ɧůɞ əŬɘ ɞɘəɞɜɞɛɘəɎ. Ƀɘ ŭɘŬɚɨŰŮɠ ˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ ŮɑɜŬɘ ɖ MEA, Űɞ ɛɑɔɛŬ 

MDEA-PZ əŬɘ Űɞ K2CO3 əŬɘ ɧɚɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 30%wt. ɔɘŬ ůəɞˊɞɨɠ 

ůɨɔəɟɘůɖɠ.  

ȷɟɢɘəɎ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɞɘ ˊɟɞůɞɛɞɘɩůŮɘɠ ůŰɞ ɚɞɔɘůɛɘəɧ ɛŮ ɓɎůɖ ŰŬ ˊɟɞŰŮɘɜɧɛŮɜŬ templates 

Űɞɡ Aspen Plus, ŮɝŬůűŬɚɑɕɞɜŰŬɠ Ŭəɟɘɓɐ ɗŮɟɛɞŭɡɜŬɛɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ. ɆŰɖɜ ůɡɜɏɢŮɘŬ 

ŬɜŬˊŰɨɢɗɖəŬɜ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɟɞɐɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ɔɘŬ əɎɗŮ ŭɘŬɚɨŰɖ əŬɘ ŮˊɘɚɏɢɗɖəŬɜ ɞɘ 

ɓɏɚŰɘůŰŮɠ ůɡɜɗɐəŮɠ ɛɏůŬ Ŭˊɧ ŬɜŬɚɨůŮɘɠ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɘɠ ɓŬůɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ůɢŮŭɘŬůɛɞɨ. ȾŬŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ ůɡɜɗɖəɩɜ, əŬɘ Űɤɜ Űɟɞűɞŭɞůɘɩɜ, ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɞɘ 

Űɘɛɏɠ Űɞɡ lean CO2 loading ɜŬ əɘɜɞɨɜŰŬɘ ůŰŬ ŮˊɑˊŮŭŬ Űɤɜ Űɘɛɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰŬ templates, 

ɔɘŬŰɑ ɏɝɤ Ŭˊɧ ŬɡŰɎ ŰŬ ɧɟɘŬ ɞɘ ɗŮɟɛɞŭɡɜŬɛɘəɏɠ ɛɏɗɞŭɞɘ ŭŮɜ ˊŬɟɎɔɞɡɜ ˊɎɜŰŬ əŬɚɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɚɧɔɤ əŬəɞɨ extrapolation. ɇɞ ůɨůŰɖɛŬ CCS ɛŮ ŭɘŬɚɨŰɖ MEA ́ɏŰɡɢŮ ŭɏůɛŮɡůɖ 

Űɞɡ CO2 ɑůɖ ɛŮ 92,56% əŬŰɎ ɓɎɟɞɠ, Űɖɠ ˊɞůɧŰɖŰŬɠ ˊɞɡ ɡˊɎɟɢŮɘ ůŰŬ əŬɡůŬɏɟɘŬ Űɞɡ ˊɚɞɑɞɡ, 

ɛŮ Űɖɜ Űɘɛɐ Űɞɡ Ůɘŭɘəɞɨ űɞɟŰɑɞɡ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ (SRD) ɜŬ ŮɑɜŬɘ 

5,47 MJ/kg CO2 captured, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɚɑɔɞ ŮəŰɧɠ Űɞɡ Ůɨɟɞɡɠ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ 

ɓɘɓɚɘɞɔɟŬűɑŬ (ůɡɜɐɗɤɠ ɛŮŰŬɝɨ 3,2 əŬɘ 4,5 MJ/kg CO2 captured) ŬɚɚɎ ůɡɛűɤɜŮɑ ɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ template Űɞɡ Aspen Plus ůŰɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ. ũɘŬ Űɞɡɠ 

ŭɘŬɚɨŰŮɠ MDEA-PZ əŬɘ K2CO3, ɖ ŭɏůɛŮɡůɖ Űɞɡ CO2 ŬɜɐɚɗŮ ůŰɞ 92,5% əŬɘ 85,9% ŬɜŰɑůŰɞɘɢŬ, 

əŬɘ ɖ Űɘɛɐ Űɞɡ SRD ɐŰŬɜ ɑůɖ ɛŮ 3,98 əŬɘ 4,4 MJ/kg CO2. ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ Űɤɜ ɛɞɜɎŭɤɜ ɛŮ Űɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɛɏɗɞŭɞ Űɞɡ Ⱦɧɛɓɞɡ ȷɜɎůɢŮůɖɠ (Pinch Analysis) əŬɘ Űɖɠ Ɇɡɜɞɚɘəɐɠ 

ȷɜɎɚɡůɖɠ ɀɞɜɎŭŬɠ (Total Site Heat Integration). ȺˊɘɓŮɓŬɘɩɗɖəŮ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ pinch 

analysis ŮɑɜŬɘ əŬŰŬɚɚɖɚɧŰŮɟɖ ɔɘŬ Űɖɜ űɎůɖ Űɞɡ Ŭɟɢɘəɞɨ ůɢŮŭɘŬůɛɞɨ əŬɗɩɠ ɡˊŮɟŮəŰɘɛɎ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ŮɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ůɡůŰɖɛɎŰɤɜ əŬɘ ɎɟŬ Űɖɜ ˊɟŬɔɛŬŰɘəɐ 

ŭɏůɛŮɡůɖ Ůəˊɞɛˊɩɜ CO2 (CO2 avoidance %). ɀŮ Űɖɜ pinch analysis Űɞ CO2 avoidance 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɏɤɠ əŬɘ 10% ˊŮɟɘůůɧŰŮɟɞ, əŬŰɎ ŬˊɧɚɡŰɖ Űɘɛɐ, ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

TSHI. ɀŮ Űɖɜ ɛɏɗɞŭɞ TSHI, Űɞ CO2 avoidance ɔɘŬ Űɘɠ ɛɞɜɎŭŮɠ MEA, MDEA-PZ əŬɘ K2CO3 

ɘůɞɨŰŬɘ ɛŮ 58,9%, 62,52% əŬɘ 65,6%, Űɤɜ Ůəˊɞɛˊɩɜ CO2 ɢɤɟɑɠ ůɨůŰɖɛŬ CCS, əŬɗɘůŰɩɜŰŬɠ 

Űɖɜ ɛɞɜɎŭŬ CCS ɛŮ ŭɘŬɚɨŰɖ K2CO3 Űɖɜ ˊɘɞ ŬˊɞŭɞŰɘəɐ, ˊŬɟɧɚɞ ˊɞɡ ɏɢŮɘ Űɞ ɛɘəɟɧŰŮɟɞ ˊɞůɞůŰɧ 

ŭɏůɛŮɡůɖɠ ůŰɖɜ űɎůɖ Űɞɡ ůɢŮŭɘŬůɛɞɨ. ȼ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɗɩɠ 

ɞɘ ɗŮɟɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ CCS, ŬɡɝɎɜɞɜŰŬɘ Ŭˊɧ 13,1 ɏɤɠ 36,9% əŬɘ ɎɟŬ ɞɘ 

ŬˊŬɘŰɐůŮɘɠ əŬɡůɑɛɞɡ Ŭˊɧ 6,8 ɏɤɠ 15,9% ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɨůŰɖɛŬ, ŮɎɜ ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 

ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ. ɇɏɚɞɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ əŬɘ ɖ əɞůŰɞɚɧɔɖůɖ Űɞɡ 

Ůɝɞˊɚɘůɛɞɨ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ˊɎɔɘɞ əɧůŰɞɠ, əŬɘ Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ 

ˊɟɞɥɧɜŰɞɠ-́ ŬɟŬɔɤɔɐɠ (TPC) ɛŮ ŭɨɞ ɛŮɗɧŭɞɡɠ, əŬɗɩɠ ˊŬɟŬŰɖɟɞɨɜŰŬɜ ůɖɛŬɜŰɘəɏɠ ŬˊɞəɚɑůŮɘɠ 
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ɛŮŰŬɝɨ Űɞɡɠ. ɇɞ ůɡɜɞɚɘəɧ CAPEX ɔɘŬ ŰŬ ŰɟɑŬ ůɡůŰɐɛŬŰŬ, əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 20,8-26,7ɀú, Űɞ 

ɞˊɞɑɞ ŮɑɜŬɘ ˊɞɚɨ əɞɜŰɎ ůŰɖɜ Űɘɛɐ Űɤɜ 20,5ɀú ˊɞɡ ɡˊɞɚɧɔɘůŮ ůŰɖɜ ɛŮɚɏŰɖ Űɖɠ ɖ Stena Bulk. 

ɇɞ ɢŬɛɖɚɧŰŮɟɞ CAPEX ́ ŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ ɛɞɜɎŭŬ CCS ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ, ɏˊŮɘŰŬ ɛŮ ŭɘŬɚɨŰɖ 

K2CO3 əŬɘ Űɞ ɡɣɖɚɧŰŮɟɞ ůŰɖɜ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ. ɀŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ 

ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ TPC, ́ɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ůɡůŰɖɛɎŰɤɜ CCS ɔɘŬ Űɖɜ 

ɜŬɡŰɘɚɑŬ, Űɞ TPC ɡˊɞɚɞɔɑůŰɖəŮ ůŮ  137 ú/ton CO2 ɔɘŬ Űɞ CCS ɛŮ MEA, 144,44 ú/ton CO2 ɔɘŬ 

Űɖɜ MDEA-PZ əŬɘ 124.75ú/ton CO2 ɔɘŬ Űɞ ůɨůŰɖɛŬ ɛŮ K2CO3 ɤɠ ŭɘŬɚɨŰɖ. Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ 

ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ ůŰɞ əɎŰɤ ɧɟɘɞ Űɞɡ əɧůŰɞɡɠ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ (100-

300ú/ton CO2 ). ɇɞ ůɨůŰɖɛŬ ɛŮ ŭɘŬɚɨŰɖ K2CO3 Ůˊɞɛɏɜɤɠ, əɟɑɜŮŰŬɘ ɤɠ Űɞ ˊɘɞ ŬˊɞŭɞŰɘəɧ Űɧůɞ 

Ŭˊɧ Űɞ CO2 avoidance ɧůɞ əŬɘ Ŭˊɧ Űɞ əɧůŰɞɠ ŭɏůɛŮɡůɖɠ CO2. ȼ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ MDEA-

PZ ́ Ŭɟɧɚɞ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮɘ ɛŮɔŬɚɨŰŮɟɞ CO2 avoidance, ŭŮɜ ŮɑɜŬɘ ɧůɞ ɞɘəɞɜɞɛɘəɐ ɧůɞ ɖ 

ɛɞɜɎŭŬ ɛŮ ɀȺȷ.  
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Abstract 

In 2024, carbon dioxide emissions are expected to reach a historic high of 41.6 billion tons, 

with a significant share attributed to the shipping industry. The IMO has set clear targets for 

drastically reducing greenhouse gas emissions in the maritime sector over the coming decades, 

and one of the strategies to achieve these targets is carbon capture and storage (CCS). This 

study conducts a comparative evaluation of carbon capture systems and designs three 

simulations using Aspen Plus V14 software to capture CO  emissions from an LNG-fueled 

ROPAX vessel. This thesis aims to create three CCS systems using the chemical absorption 

method, employing rate-based models for their application to the studied vessel, and their 

comparative evaluation in terms of energy and economic performance. The selected solvents 

are MEA, the MDEA-PZ blend, and K CO , all used at a 30%wt concentration for comparison 

purposes. 

Initially, simulations were developed in the software based on the recommended Aspen Plus 

templates, ensuring accurate thermodynamic modeling. Subsequently, process flow diagrams 

were created for each solvent, and optimal conditions were determined through sensitivity 

analyses for key design parameters. During the selection of conditions and feed compositions, 

it was ensured that the lean CO  loading values remained within the range specified in the 

templates, as deviations from these limits often lead to inaccurate thermodynamic results due 

to poor extrapolation. The CCS system using MEA achieved a CO  capture rate of 92.56% by 

weight of the CO  contained in the vesselôs flue gases, with a specific reboiler duty (SRD) of 

5.47 MJ/kg CO  captured. This value is slightly outside the range reported in the literature (3.2-

4.5 MJ/kg CO  captured) but aligns with the Aspen Plus template results on which the 

simulation is based. For the MDEA-PZ and K CO  solvents, the CO  capture rates were 92.5% 

and 85.9%, respectively, with corresponding SRD values of 3.98 and 4.4 MJ/kg CO . 

Subsequently, energy integration of the CCS units with the vesselôs energy system was 

performed using the Pinch Analysis and Total Site Heat Integration (TSHI) methods. It was 

confirmed that Pinch Analysis is more suitable for the preliminary design phase as it tends to 

overestimate the heat exchange potential between the two systems and, consequently, the actual 

CO  avoidance percentage. Using Pinch Analysis, CO  avoidance is calculated to be up to 10% 

higher in absolute terms compared to TSHI results. According to TSHI results, the CO  

avoidance for the MEA, MDEA-PZ, and K CO  units is 58.9%, 62.52%, and 65.6%, 

respectively, relative to emissions without a CCS system. This makes the CCS unit with K CO  

the most efficient, despite having the lowest capture rate at the design stage. Energy integration 

is deemed essential, as CCS system thermal demands increase by 13.1% to 36.9%, leading to 

fuel consumption increases ranging from 6.8% to 15.9%, depending on the system, if no heat 

integration takes place. 

Finally, equipment sizing and cost estimation were conducted, calculating the capital 

expenditure (CAPEX) and the total product cost (TPC) using two different methods due to 

discrepancies between them. The total CAPEX for the three systems ranges from ú20.8M to 

ú26.7M, which is very close to the ú20.5M estimated in the study by Stena Bulk. The lowest 

CAPEX is observed in the CCS unit with MEA, followed by K CO , while the highest 

corresponds to the MDEA-PZ system. Using the TPC calculation method applied in most CCS 

studies for shipping, the TPC was estimated at ú137/ton CO  for the MEA system, ú144.44/ton 

CO  for MDEA-PZ and ú124.75/ton CO  for K CO . These values are close to the lower bound 

of the cost range found in the literature (ú100-300/ton CO ). Therefore, the K CO-based 

system is deemed the most efficient both in terms of CO  avoidance and capture cost. The 

MDEA-PZ unit, despite achieving a higher CO  avoidance rate, is not as cost-effective as the 

MEA unit. 
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1. ȺɘůŬɔɤɔɐ 
ɇɞ 2024 ɞɘ Ůəˊɞɛˊɏɠ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ űŰɎůɞɡɜ Űɞ ɘůŰɞɟɘəɧ ɡɣɖɚɧ, 

Űɤɜ 41,6 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ Űɧɜɤɜ əŬɘ ɗŬ ůɡɜŮɢɑůɞɡɜ ɜŬ ŬɡɝɎɜɞɜŰŬɘ ɧůɞ ɞɘ ŬɜɗɟɩˊɘɜŮɠ ŬɜɎɔəŮɠ 

ůɡɜŮɢɑɕɞɡɜ ɜŬ ɓŬɑɜɞɡɜ ŬɡɝŬɜɧɛŮɜŮɠ [1]. ɇɞ ˊŬɟɧɜ ˊŬɟŬɔɤɔɘəɧ ɛɞɜŰɏɚɞ ŭŮɜ ŮɑɜŬɘ ɓɘɩůɘɛɞ əŬɘ 

ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ůɖɛŬɜŰɘəɏɠ əŬɘ ɔŮɜɜŬɑŮɠ ŬˊɞűɎůŮɘɠ ɔɘŬ Űɞɜ ɛŮŰɟɘŬůɛɧ Űɤɜ ŮˊɘˊŰɩůŮɤɜ Űɖɠ 

əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ. ɇɞ ȹɘŬəɡɓŮɟɜɖŰɘəɧ Ɇɡɛɓɞɨɚɘɞ ɔɘŬ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ɐ 

Intergovernmental Panel on Climate Change (IPCC) ˊɟɞŮɘŭɞˊɞɘŮɑ ˊɤɠ ɔɘŬ ɜŬ ɛɖɜ ɡˊŮɟɓŮɑ ɖ 

ɛɏůɖ Űɘɛɐɠ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ˊɚŬɜɐŰɖ, Űɞɡɠ 2C, ɗŬ ˊɟɏˊŮɘ ɛɏɢɟɘ Űɞ 2050 ɜŬ 

ɛɖɜ ŮəˊŮɛűɗŮɑ ́Ɏɜɤ Ŭˊɧ 1Tt CO2. ȼ ɞɟɘŬəɐ Űɘɛɐ Űɖɠ Ŭɨɝɖůɖɠ Űɤɜ 2C ́ɟɞɏəɡɣŮ Űɞ 2015 əŬŰɎ 

Űɖɜ ůɡɛűɤɜɑŬ Űɞɡ ɄŬɟɘůɘɞɨ, ɧˊɞɡ ɤɠ ɓɎůɖ ŰɑɗŮɜŰŬɘ ŰŬ ŮˊɑˊŮŭŬ CO2 ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ˊɟɘɜ 

Űɖɜ ɓɘɞɛɖɢŬɜɘəɐ ŮˊŬɜɎůŰŬůɖ, Ůɜɩ ŰɑɗŮŰŬɘ əŬɘ ɖ Űɘɛɐ ůŰɧɢɞɠ Űɤɜ 1,5C, ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɤɜ 

ŮˊɘˊŰɩůŮɤɜ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ. ɀɑŬ Ŭɨɝɖůɖ Űɖɠ ɛɏůɖɠ ˊŬɔəɧůɛɘŬɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊɎɜɤ 

Ŭˊɧ Űɞɡɠ 1,5C, ɗŬ ɏɢŮɘ əŬŰŬůŰɟɞűɘəɏɠ ůɡɜɏˊŮɘŮɠ ůŰɖɜ ŬɜɗɟɤˊɧŰɖŰŬ, ɧˊɤɠ Űɖɜ Ŭɨɝɖůɖ Űɤɜ 

ŬəɟŬɑɤɜ əŬɘɟɘəɩɜ űŬɘɜɞɛɏɜɤɜ, Űɖɜ Ɏɜɞŭɞ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ŮˊŬɜɎůŰŬůɖɠ. ɀŮ ŬɡŰɎ ŰŬ ŭŮŭɞɛɏɜŬ, ɖ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ɏɢŮɘ ŭŮůɛŮɡŰŮɑ ɜŬ 

ŮɑɜŬɘ əɚɘɛŬŰɘəɎ ɞɡŭɏŰŮɟɖ ɛɏɢɟɘ Űɞ 2050. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ Űɞ ɘůɞɕɨɔɘɞ Űɤɜ Ůəˊɞɛˊɩɜ CO2 

Űɖɠ ɖˊŮɑɟɞɡ, ɗŬ ŮɑɜŬɘ ɛɖŭŮɜɘəɧ, Űɞ ɚŮɔɧɛŮɜɞ net zero [2], [3], [4]. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Ůɜɧɠ 

ɛɖŭŮɜɘəɞɨ ɘůɞɕɡɔɑɞɡ ɎɜɗɟŬəŬ ůŰɖɜ ˊŬɔəɧůɛɘŬ ɞɘəɞɜɞɛɑŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɡɜ ŬɚɚŬɔɏɠ ůŮ 

ˊɞɚɚɞɨɠ ŰɞɛŮɑɠ Űɖɠ əŬɗɖɛŮɟɘɜɧŰɖŰŬɠ, Ŭˊɧ Űɞɜ Űɟɧˊɞ ˊɞɡ ˊŬɟɎɔŮŰŬɘ əŬɘ ŬɝɘɞˊɞɘŮɑŰŬɘ ɖ ŮɜɏɟɔŮɘŬ 

əŬɘ ŰŬ ŬɔŬɗɎ, ɛɏɢɟɘ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɀɏɢɟɘ Űɞ 2050 ŮəŰɘɛɎŰŬɘ ˊɤɠ ɞɘ 

ɘůɞŭɨɜŬɛŮɠ Ůəˊɞɛˊɏɠ CO2 (CO2,eq) ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɗŬ ŮɑɜŬɘ ɑůŮɠ ɛŮ 59Gt. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ 

Űɞɡ net zero, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɢɟɐůɖɠ əŬɘ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ, ɖ 

ɡˊɞəŬŰɎůŰŬůɖ Űɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ ɛŮ ŮɜŬɚɚŬəŰɘəɏɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ˊɟɎůɘɜŬ əŬɨůɘɛŬ 

əŬɘ ɎɚɚŮɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ ɛɏɢɟɘ əŬɘ 90% Ŭˊɞűɡɔɐ Ůəˊɞɛˊɐɠ Űɤɜ 

CO2,eq. ɄŬɟɧɚŬ ŬɡŰɎ, ŰɞɡɚɎɢɘůŰɞɜ 15% Űɤɜ Ůəˊɞɛˊɩɜ ŬɡŰɩɜ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŭŮůɛŮɡŰɞɨɜ ɛɏůɤ 

ŰŮɢɜɞɚɞɔɘɩɜ ŭɏůɛŮɡůɖɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ Űɞ ɚŮɔɧɛŮɜɞ Carbon 

Capture [5]. Ⱥˊɞɛɏɜɤɠ ɖ ŮűŬɟɛɞɔɐ ŰŮɢɜɞɚɞɔɘɩɜ ŭɏůɛŮɡůɖɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ. 

 

ɆɢɐɛŬ 1: ȺˊɑŰŮɡɝɖ Űɞɡ net zero ɛɏɢɟɘ Űɞ 2050 [5] 
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1.1 Ⱥəˊɞɛˊɏɠ ɟɨˊɤɜ ůŰɖɜ ɜŬɡŰɘɚɑŬ, ɜɞɛɞɗŮŰɘəɧ ˊɚŬɑůɘɞ əŬɘ 

ɛŮɚɚɞɜŰɘəɞɑ ůŰɧɢɞɘ 

ɆɨɛűɤɜŬ ɛŮ Űɖ ɛŮɚɏŰɖ ɔɘŬ ŰŬ ŬɏɟɘŬ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ, GHG 2020, Űɞɡ ȹɘŮɗɜɞɨɠ ɁŬɡŰɘɚɘŬəɞɨ 

ɃɟɔŬɜɘůɛɞɨ ɐ International Maritime Organization (IMO), ɞɘ ůɡɜɞɚɘəɏɠ Ůəˊɞɛˊɏɠ ŬŮɟɑɤɜ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ (GHG) Ŭˊɧ Űɖ ɜŬɡŰɘɚɑŬ (ŭɘŮɗɜɐ, ŮɔɢɩɟɘŬ əŬɘ ŬɚɘŮɡŰɘəɐ) ŬɜɐɚɗŬɜ ůŮ 1.076 

ŮəŬŰɞɛɛɨɟɘŬ Űɧɜɞɡɠ CO2,eq Űɞ 2018, ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨůŬɜ ůŰɞ 2,89% Űɤɜ ůɡɜɞɚɘəɩɜ 

ŬɜɗɟɤˊɞɔŮɜɩɜ Ůəˊɞɛˊɩɜ GHG ŮəŮɑɜɖɠ Űɖɠ ɢɟɞɜɘɎɠ. Ƀɘ Ůəˊɞɛˊɏɠ ŬɡŰɏɠ ˊɟɞɏɟɢɞɜŰŬɜ əɡɟɑɤɠ 

Ŭˊɧ Űɖɜ əŬɨůɖ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ Ŭˊɧ Űɘɠ ɛɖɢŬɜɏɠ Űɤɜ ˊɚɞɑɤɜ (əɘɜɖŰɐɟŮɠ, ɓɞɖɗɖŰɘəɞɑ 

əɘɜɖŰɐɟŮɠ, ɚɏɓɖŰŮɠ ə.ɚˊ.). ȷəɞɚɞɡɗɩɜŰŬɠ ɏɜŬ ůŮɜɎɟɘɞ ŮˊɘɢŮɘɟɖɛŬŰɘəɐɠ ůɡɜɏɢŮɘŬɠ (business-

as-usual), ɞɘ Ůəˊɞɛˊɏɠ Ŭˊɧ Űɖ ŭɘŮɗɜɐ ɜŬɡŰɘɚɑŬ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ Ŭɡɝɖɗɞɨɜ əŬŰɎ 50% ɏɤɠ 250% 

ɏɤɠ Űɞ 2050, ůɨɛűɤɜŬ ɛŮ Űɞɜ IMO. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, Űɞɜ Ƚɞɨɚɘɞ Űɞɡ 2023, ɖ ȺˊɘŰɟɞˊɐ 

ɄɟɞůŰŬůɑŬɠ ŪŬɚɎůůɘɞɡ ɄŮɟɘɓɎɚɚɞɜŰɞɠ (MEPC) Űɞɡ IMO ŬɜŬɗŮɩɟɖůŮ əŬŰɎ Űɖɜ 80ɐ Űɖɠ 

ůɨɜɞŭɞ (MEPC80) Űɖ çȷɟɢɘəɐ ɆŰɟŬŰɖɔɘəɐ Űɞɡ IMO ɔɘŬ Űɖ ɀŮɑɤůɖ Űɤɜ Ⱥəˊɞɛˊɩɜ GHG Ŭˊɧ 

ŰŬ ɄɚɞɑŬè, ɖ ɞˊɞɑŬ ŮɑɢŮ ɗŮůˊɘůŰŮɑ Űɞ 2018. ȼ ŬɜŬɗŮɤɟɖɛɏɜɖ ůŰɟŬŰɖɔɘəɐ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ůŰɧɢɞɡɠ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɞɡ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ Űɖɠ ŭɘŮɗɜɞɨɠ ɜŬɡŰɘɚɑŬɠ, ɛŮŰŬɝɨ 

Űɤɜ ɞˊɞɑɤɜ [6]: 

1. ɀŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO  ŬɜɎ ɛɞɜɎŭŬ ɛŮŰŬűɞɟɘəɞɨ ɏɟɔɞɡ Űɖɠ ŭɘŮɗɜɞɨɠ ɜŬɡŰɘɚɑŬɠ 

əŬŰɎ ŰɞɡɚɎɢɘůŰɞɜ 40% ɏɤɠ Űɞ 2030, ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ 2008. 

2. ɀɏɔɘůŰɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ GHG Ŭˊɧ Űɖ ŭɘŮɗɜɐ ɜŬɡŰɘɚɑŬ Űɞ ůɡɜŰɞɛɧŰŮɟɞ ŭɡɜŬŰɧ 

əŬɘ ŮˊɑŰŮɡɝɖ əɚɘɛŬŰɘəɐɠ ɞɡŭŮŰŮɟɧŰɖŰŬɠ net zero ɏɤɠ ɐ ɔɨɟɤ ůŰɞ 2050. 

ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɡŰɩɜ Űɤɜ ůŰɧɢɤɜ, ɏɢɞɡɜ ŰŮɗŮɑ ŭɨɞ ŮɜŭŮɘəŰɘəɎ ɞɟɧůɖɛŬ: 

¶ ɀŮɑɤůɖ Űɤɜ ůɡɜɞɚɘəɩɜ Ůəˊɞɛˊɩɜ GHG Ŭˊɧ Űɖ ŭɘŮɗɜɐ ɜŬɡŰɘɚɑŬ əŬŰɎ ŰɞɡɚɎɢɘůŰɞɜ 

20% (ɛŮ Ůˊɘŭɑɤɝɖ 30%) ɏɤɠ Űɞ 2030. 

¶ ɀŮɑɤůɖ Űɤɜ ůɡɜɞɚɘəɩɜ Ůəˊɞɛˊɩɜ GHG əŬŰɎ ŰɞɡɚɎɢɘůŰɞɜ 70% (ɛŮ Ůˊɘŭɑɤɝɖ 80%) 

ɏɤɠ Űɞ 2040. 

ȾŬɘ ɞɘ ŭɨɞ ůŰɧɢɞɘ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŰŬ ŮˊɑˊŮŭŬ Ůəˊɞɛˊɩɜ Űɞɡ 2008. ũɘŬ ɜŬ ˊŬɟɏɢŮɘ ɏɜŬ 

ɟɡɗɛɘůŰɘəɧ ˊɚŬɑůɘɞ ůɨɛűɤɜɞ ɛŮ Űɖɜ Ŭɟɢɘəɐ ůŰɟŬŰɖɔɘəɐ Űɞɡ, ɞ IMO ŮɘůɐɔŬɔŮ Űɞ 2020 

ɡˊɞɢɟŮɤŰɘəɎ ɛɏŰɟŬ ɛŮ ɓɎůɖ ůŰɧɢɞɡɠ, ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɛŮɑɤůɖ Űɖɠ ɏɜŰŬůɖɠ ɎɜɗɟŬəŬ əŬɘ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ ůŰɖ ŭɘŮɗɜɐ ɜŬɡŰɘɚɑŬ. ȷɡŰɎ ˊŮɟɘɚŬɛɓɎɜɞɡɜ [6]: 

¶ ɇɞɜ ȹŮɑəŰɖ ȰɜŰŬůɖɠ ȯɜɗɟŬəŬ (CII) ɞ ɞˊɞɑɞɠ ɞɟɑɕŮŰŬɘ ɤɠ ɞɘ Ůəˊɞɛˊɏɠ Ůɜɧɠ ŰŬɝɘŭɘɞɨ 

ŬɜɎ Űɧɜɞ űɞɟŰɑɞɡ ŬɜɎ Űɖɜ ŬˊɧůŰŬůɖ ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ 

¶ ɇɞɜ ȹŮɑəŰɖ ȺɜŮɟɔŮɘŬəɐɠ ȷˊɧŭɞůɖɠ ɔɘŬ ɈűɘůŰɎɛŮɜŬ ɄɚɞɑŬ (EEXI) 

¶ ɇɞ Ɇɢɏŭɘɞ ȹɘŬɢŮɑɟɘůɖɠ ȺɜŮɟɔŮɘŬəɐɠ ȷˊɧŭɞůɖɠ Ʉɚɞɑɞɡ (SEEMP) ï ɀɏɟɞɠ III 

ɇŬ ˊŬɟŬˊɎɜɤ ɏɟɢɞɜŰŬɘ ɜŬ ˊɟɞůŰŮɗɞɨɜ ůŰɞɜ ȹŮɑəŰɖ ȺɜŮɟɔŮɘŬəɐɠ ȷˊɧŭɞůɖɠ ɆɢŮŭɑŬůɖɠ (EEDI), 

ɞ ɞˊɞɑɞɠ ŮɑɢŮ ŮɘůŬɢɗŮɑ Űɞ 2013. ɋůŰɧůɞ, ɞ IMO ŭŮɜ ŮɑɜŬɘ ɞ ɛɧɜɞɠ ˊɞɡ ŮˊɘŭɘɩəŮɘ Űɖɜ ŬˊŬɚɚŬɔɐ 

Űɖɠ ŭɘŮɗɜɞɨɠ ɜŬɡŰɘɚɑŬɠ Ŭˊɧ Űɘɠ Ůəˊɞɛˊɏɠ ɎɜɗɟŬəŬ. ɇɞɜ ȹŮəɏɛɓɟɘɞ Űɞɡ 2020, ɖ ȺɡɟɤˊŬɥəɐ 

Ȱɜɤůɖ (ȺȺ) ŬɜŬəɞɑɜɤůŮ Űɖɜ Ůɜɑůɢɡůɖ Űɤɜ ůŰɧɢɤɜ Űɖɠ ɔɘŬ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ, ɗɏŰɞɜŰŬɠ ɤɠ 

ůŰɧɢɞ Űɖ ɛŮɑɤůɖ Űɤɜ əŬɗŬɟɩɜ Ůəˊɞɛˊɩɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ əŬŰɎ 55% ɏɤɠ Űɞ 2030, ůŮ 

ůɨɔəɟɘůɖ ɛŮ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 1990. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ɜŬɡŰɘɚɘŬəɧɠ ŰɞɛɏŬɠ ŮɡɗɨɜŮŰŬɘ ɔɘŬ 3-4% 

Űɤɜ ůɡɜɞɚɘəɩɜ Ůəˊɞɛˊɩɜ CO  ůŰɖɜ ȺȺ, ɞɘ ɜɞɛɞɗɏŰŮɠ Űɖɠ ȺȺ ŬˊɞűɎůɘůŬɜ ɜŬ ŮɜŰɎɝɞɡɜ Űɖ 

ɜŬɡŰɘɚɑŬ ůŰɞ ˊŬəɏŰɞ ˊɞɚɘŰɘəɩɜ ñFit for 55ò, Űɞ ɞˊɞɑɞ ŬɜŬəɞɘɜɩɗɖəŮ Űɞɜ Ƚɞɨɚɘɞ Űɞɡ 2021 əŬɘ 
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ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ űɘɚɞŭɞɝɑŮɠ Űɖɠ ȺȺ. ɇŬ ˊɟɞŰŮɘɜɧɛŮɜŬ ɛɏŰɟŬ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ, ɛŮŰŬɝɨ Ɏɚɚɤɜ [6]: 

¶ ɇɖɜ ɏɜŰŬɝɖ Űɤɜ Ůəˊɞɛˊɩɜ Űɖɠ ɜŬɡŰɘɚɑŬɠ ůŰɞ ɆɨůŰɖɛŬ ȺɛˊɞɟɑŬɠ ȹɘəŬɘɤɛɎŰɤɜ 

Ⱥəˊɞɛˊɩɜ Űɖɠ ȺȺ (EU ETS), ůɨɛűɤɜŬ ɛŮ Űɖɜ ɃŭɖɔɑŬ 2003/87/ȺȾ, ɔɘŬ ˊɟɩŰɖ űɞɟɎ, 

əŬɚɨˊŰɞɜŰŬɠ ˊɚɞɑŬ Ɏɜɤ Űɤɜ 5.000 GT. ɇɞ EU ETS ȷɜŬɗŮɤɟɐɗɖəŮ ɩůŰŮ ɜŬ 

ŬˊɞɗŬɟɟɨɜŮɘ Űɘɠ Ůəˊɞɛˊɏɠ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ Ŭˊɧ Űɖ ɜŬɡŰɘɚɑŬ ůŰŬ ɨŭŬŰŬ Űɖɠ ȺȺ. 

¶ ɇɞɜ əŬɜɞɜɘůɛɧ FuelEU Maritime, ɞ ɞˊɞɑɞɠ ŮˊɘŭɘɩəŮɘ Űɖɜ ŮɘůŬɔɤɔɐ ˊɟɞůŰɑɛɤɜ ɛŮ ɓɎůɖ 

Űɖɜ ɏɜŰŬůɖ ɎɜɗɟŬəŬ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰŬ ˊɚɞɑŬ, ɤɠ ɛɏůɞ ɔɘŬ Űɖɜ 

Ůɜɑůɢɡůɖ Űɖɠ ɕɐŰɖůɖɠ əŬɡůɑɛɤɜ ɢŬɛɖɚɞɨ ɎɜɗɟŬəŬ. Ƀ əŬɜɞɜɘůɛɧɠ ŬɡŰɧɠ Ůˊɞɛɏɜɤɠ, 

ˊɟɞɤɗŮɑ Űɖɜ ˊŬɟŬɔɤɔɐ əŬɘ Űɖ ɢɟɐůɖ əŬɡůɑɛɤɜ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɓɘɩůɘɛŬ, ŬɜŬɜŮɩůɘɛŬ 

əŬɘ ɢŬɛɖɚɞɨ ɎɜɗɟŬəŬ. 

¶ ȾŬɜɞɜɘůɛɧɠ ɔɘŬ Űɘɠ Ɉˊɞŭɞɛɏɠ ȺɜŬɚɚŬəŰɘəɩɜ ȾŬɡůɑɛɤɜ (AFIR): ȷɜŬɗŮɤɟɐɗɖəŮ ɩůŰŮ 

ɜŬ ŭɘŬůűŬɚɑůŮɘ ɧŰɘ ŰŬ əɟɎŰɖ-ɛɏɚɖ Űɖɠ ȺȺ ɡɘɞɗŮŰɞɨɜ Ůɝɑůɞɡ űɘɚɧŭɞɝɞɡɠ ůŰɧɢɞɡɠ ɔɘŬ 

Űɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ əŬɘ ɜŬ ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ ɡɘɞɗɏŰɖůɖ 

əŬɡůɑɛɤɜ ɢŬɛɖɚɞɨ ɎɜɗɟŬəŬ. 

¶ ɃŭɖɔɑŬ ɔɘŬ Űɖ ūɞɟɞɚɧɔɖůɖ Űɖɠ ȺɜɏɟɔŮɘŬɠ (ETD): ȷɜŬɗŮɤɟɐɗɖəŮ ɩůŰŮ ɜŬ 

ŬˊɞɗŬɟɟɨɜŮɘ Űɖ ɢɟɐůɖ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ ůŰɖ ɜŬɡŰɘɚɘŬəɐ ɓɘɞɛɖɢŬɜɑŬ. 

¶ ɃŭɖɔɑŬ ɔɘŬ Űɘɠ ȷɜŬɜŮɩůɘɛŮɠ Ʉɖɔɏɠ ȺɜɏɟɔŮɘŬɠ (RED): ɇɟɞˊɞˊɞɘɐɗɖəŮ ɩůŰŮ ɜŬ 

ŮɜůɤɛŬŰɩůŮɘ ɜɏɞɡɠ ůŰɧɢɞɡɠ ɔɘŬ Űɞ ɛŮɟɑŭɘɞ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɘɠ 

Ůəˊɞɛˊɏɠ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ. 

ȷɜ əŬɘ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ɓŮɚŰɘɤɗŮɑ ˊŮɟŬɘŰɏɟɤ ɞ ŭŮɑəŰɖɠ ɏɜŰŬůɖɠ ɎɜɗɟŬəŬ Űɤɜ ˊɚɞɑɤɜ ɛŮ Űɘɠ 

ɡˊɎɟɢɞɡůŮɠ ŰŮɢɜɞɚɞɔɑŮɠ, ɖ ɛŮɚɏŰɖ GHG Űɞɡ ȽɀɃ ɔɘŬ Űɞ 2020 ɡˊɞɔɟŬɛɛɑɕŮɘ Űɖɜ ŬɜɎɔəɖ 

ŮɝŮɨɟŮůɖɠ ɜɏɤɜ ɚɨůŮɤɜ, ˊɏɟŬ Ŭˊɧ Űɖɜ Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ 

ˊɚŮɨůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ɞɘ ůŰɧɢɞɘ Űɖɠ ŭɘŮɗɜɞɨɠ ɜŬɡŰɘɚɑŬɠ ɔɘŬ Űɞ net zero. Ʉɟɞɠ 

ŬɡŰɐ Űɖɜ əŬŰŮɨɗɡɜůɖ, ɖ ɓɘɞɛɖɢŬɜɑŬ űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ ɔŮɜɘəɐ ůɡɜŬɑɜŮůɖ ɧŰɘ ɖ ɡɘɞɗɏŰɖůɖ 

çŮɜŬɚɚŬəŰɘəɩɜ ɜŬɡŰɘɚɘŬəɩɜ əŬɡůɑɛɤɜè ŮɑɜŬɘ Űɞ əɚŮɘŭɑ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ ɛɘŬɠ ɜɏŬɠ Ůˊɞɢɐɠ 

ˊɟɎůɘɜɖɠ ɜŬɡŰɘɚɑŬɠ. ɋůŰɧůɞ, ɖ ˊŬɟŬɔɤɔɐ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ əŬɡůɑɛɤɜ ŬɡŰɩɜ, ɓɟɑůəŮŰŬɘ ůŮ 

Ŭɟɢɘəɧ ůŰɎŭɘɞ əŬɘ ɖ ɓɘɞɛɖɢŬɜɑŬ ŭŮɜ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŮˊɤűŮɚɖɗŮɑ Ŭˊɧ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ Űɖɠ 

ŭɘŬɗŮůɘɛɧŰɖŰɎɠ Űɞɡɠ ůŮ ˊɟɞůɘŰɐ Űɘɛɐ, ɓɟŬɢɡˊɟɧɗŮůɛŬ ɏɤɠ ɛŮůɞˊɟɧɗŮůɛŬ. ȸɟŬɢɡˊɟɧɗŮůɛŬ, 

ɗŬ ɢɟŮɘŬůŰŮɑ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ɎɚɚŮɠ ɚɨůŮɘɠ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɤɜ GHG Űɤɜ ɡűɘůŰɎɛŮɜɤɜ ˊɚɞɑɤɜ, 

ɩůŰŮ ɜŬ ůɡɛɛɞɟűɩɜɞɜŰŬɘ ɛŮ Űɞɡɠ ɞɚɞɏɜŬ əŬɘ ˊɘɞ ŬɡůŰɖɟɞɨɠ əŬɜɞɜɘůɛɞɨɠ, ɏɤɠ ɧŰɞɡ ŰŬ 

ŮɜŬɚɚŬəŰɘəɎ əŬɨůɘɛŬ ɔɑɜɞɡɜ ˊɘɞ Ůɡɟɏɤɠ ŭɘŬɗɏůɘɛŬ. ȼ ɢɟɐůɖ ŰŮɢɜɞɚɞɔɘɩɜ ŭɏůɛŮɡůɖɠ əŬɘ 

ŬˊɞɗɐəŮɡůɖɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ Ůˊɑ Űɤɜ ˊɚɞɑɤɜ ɐ Onboard Carbon Capture and Storage 

(OCCS), ɏɢŮɘ ŬɜŬɔɜɤɟɘůŰŮɑ ɤɠ ɛɑŬ Ůˊɘɚɞɔɐ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ Űɖɠ ɜŬɡŰɘɚɑŬɠ. ȷɡŰɏɠ 

ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɛŮɘɩůɞɡɜ ůɖɛŬɜŰɘəɎ Űɖɜ ˊɞůɧŰɖŰŬ CO  ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ 

ůŰɖɜ ŬŰɛɧůűŬɘɟŬ əŬŰɎ Űɖ ɛŮŰɎɓŬůɖ ůŰɖ ɢɟɐůɖ ŮɜŬɚɚŬəŰɘəɩɜ əŬɡůɑɛɤɜ. ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, 

ɖ ůŰɟŬŰɖɔɘəɐ ůɖɛŬůɑŬ Űɖɠ ŭɏůɛŮɡůɖɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ůŰɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ 

ˊɚɞɑɤɜ əŬɘ ůŰɖɜ ŬˊŬɜɗɟŬəɞˊɞɑɖůɖ Űɞɡ ɜŬɡŰɘɚɘŬəɞɨ ŰɞɛɏŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɡˊɞŰɘɛɖɗŮɑ [6]. 

ȷɝɘɞˊɞɘɩɜŰŬɠ Űɖɜ ŭɘŮɗɜɐ ŮɛˊŮɘɟɑŬ Ŭˊɧ Űɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ ŭɏůɛŮɡůɖɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ CO2 ɐ 

Carbon Capture and Storage (CCS), ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ, ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ Ůɛˊɞɟɘəɐ 

ŬɜɎˊŰɡɝɖ əŬɘ ɖ ŮűŬɟɛɞɔɐ ŰɏŰɞɘɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ůŰɖɜ ɜŬɡŰɘɚɑŬ. ȷəɧɛɖ, ɖ ŭɏůɛŮɡůɖ ŭɘɞɝŮɘŭɑɞɡ 

Űɞɡ ɎɜɗɟŬəŬ ŮɜŰɎůůŮŰŬɘ ůŰɞ ˊɚŬɑůɘɞ ɛɑŬɠ ɞɘəɞɜɞɛɑŬɠ ɎɜɗɟŬəŬɠ, ɧˊɞɡ ɗŬ ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ŭɏůɛŮɡůɖ, Ŭɝɘɞˊɞɑɖůɖ əŬɘ ŬˊɞɗɐəŮɡůɐ Űɞɡ, ɐ Carbon Capture Utilization and Storage (CCUS). 

ɇɞ CCUS ɏɢŮɘ ŬɜŬɔɜɤɟɘůŰŮɑ Ŭˊɧ Űɞɜ ȹɘŮɗɜɐ ɃɟɔŬɜɘůɛɧ ȺɜɏɟɔŮɘŬɠ (IEA) ɤɠ ɏɜŬɠ Ŭˊɧ Űɞɡɠ 
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ŰɏůůŮɟɘɠ ɓŬůɘəɞɨɠ ˊɡɚɩɜŮɠ Űɖɠ ˊŬɔəɧůɛɘŬɠ ŮɜŮɟɔŮɘŬəɐɠ ɛŮŰɎɓŬůɖɠ, ɛŬɕɑ ɛŮ Űɞɜ ŮɝɖɚŮəŰɟɘůɛɧ 

ɓŬůɘůɛɏɜɞ ůŮ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ, Űɖ ɓɘɞŮɜɏɟɔŮɘŬ əŬɘ Űɞ ɡŭɟɞɔɧɜɞ [7]. 

 

1.2 ȷ́ ɞɗɐəŮɡůɖ Űɞɡ CO2, ɖ ŬɚɡůɑŭŬ ŬɝɑŬɠ Űɞɡ əŬɘ ɞ ɟɧɚɞɠ Űɖɠ 

ɜŬɡŰɘɚɑŬɠ 

ȼ ŮűŬɟɛɞɔɐ ɚɨůŮɤɜ OCCS ůŰɖɜ ɜŬɡŰɘɚɑŬ, ˊɟɞɦˊɞɗɏŰŮɘ ŮəŰɧɠ Ŭˊɧ Űɖɜ ŭɏůɛŮɡůɖ, ɜŬ ɚɎɓŮɘ 

ɢɩɟŬ əŬɘ ɖ ŬˊɞɗɐəŮɡůɐ Űɞɡ Ůˊɑ Űɞɡ ˊɚɞɑɞɡ ɐ ŬəɧɛŬ əŬɘ ɖ ɛŮŰŬűɞɟɎ Űɞɡ ɛɏůɤ ŮɘŭɘəɎ 

ůɢŮŭɘŬůɛɏɜɤɜ ˊɚɞɑɤɜ, ůŰŬ ˊɚŬɑůɘŬ ɛɑŬɠ ɞɘəɞɜɞɛɑŬɠ ɎɜɗɟŬəŬ. ɈˊɎɟɢɞɡɜ ŭɨɞ Űɟɧˊɞɘ ɔɘŬ Űɖɜ 

ɛŮŰŬŰɟɞˊɐ Űɞɡ Ŭɏɟɘɞɡ CO2 ůŮ ɡɔɟɞˊɞɘɖɛɏɜɞ Ŭɏɟɘɞ, ɖ ůɡɛˊɑŮůɖ ůŮ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ ɛɏůɤ 

ŬŮɟɞůɡɛˊɘŮůŰɩɜ əŬɘ ŮɜŭɘɎɛŮůɐɠ ɣɨɝɖɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɐ ɖ ɡɔɟɞˊɞɑɖůɐ Űɞɡ 

ůŮ ɢŬɛɖɚɧŰŮɟŮɠ ˊɘɏůŮɘɠ ɛɏůɤ ůɡůŰɖɛɎŰɤɜ ɣɨɝɖɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ ˊɞɚɨ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ. ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ, ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ ɏɜŬ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɞɡ ůɡɜɞɚɘəɞɨ 

əɧůŰɞɡɠ Űɤɜ ˊŬɔɑɤɜ əŬɘ ɚŮɘŰɞɡɟɔɘəɩɜ Ůɝɧŭɤɜ ɛɑŬɠ ɛɞɜɎŭŬɠ CCS. ɇŬ ůɡůŰɐɛŬŰŬ ɡɔɟɞˊɞɑɖůɖɠ 

ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɞɨɜ ɛɑŬ əŬɚɐ ɚɨůɖ ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ ɡɔɟɞˊɞɑɖůɖɠ ɐ ŭɘŬɢɤɟɘůɛɞɨ ŬŮɟɑɤɜ, 

əŬɘ ˊɚɞɑŬ ˊɞɡ ɛŮŰŬűɏɟɞɡɜ LNG ɐ ɎɚɚŬ ɡɔɟɞˊɞɘɖɛɏɜŬ ŬɏɟɘŬ, ɚɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ ɟŮɡɛɎŰɤɜ əŬɘ 

ˊŬɟɞɢɩɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɘəŬɜɞˊɞɘɐůɞɡɜ Űɖɠ ɗŮɟɛɘəɏɠ əŬɘ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ 

ɡɔɟɞˊɞɑɖůɖɠ Űɞɡ CO2. ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɧɛɤɠ, ɛɑŬ ŰɏŰɞɘŬ ɚɨůɖ ŮɑɜŬɘ ˊɘɞ ŮɜŮɟɔɞɓɧɟŬ 

Ŭˊɧ ɛɑŬ ŭɘɎŰŬɝɖ ůɡɛˊɑŮůɖɠ, əŬɘ ɔɘŬ ŬɡŰɧ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ɗŬ ˊɟɞŰɘɛɖɗŮɑ [8]. Ƀɘ 

ůɡɜɗɐəŮɠ əŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ůŰɞ Aspen Plus ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůŰɞ 4ɞ əŮűɎɚŬɘɞ. ȳůɞɜ ŬűɞɟɎ 

Űɖɜ ɛŮŰŬűɞɟɎ Űɞɡ CO2, ɡˊɎɟɢɞɡɜ ŭɨɞ ŮɜŬɚɚŬəŰɘəɏɠ: ɖ ɛŮŰŬűɞɟɎ Űɞɡ ůŮ ŭŮɝŬɛŮɜɏɠ ɛɏůɖɠ 

ˊɑŮůɖɠ ůŮ ŭŮɝŬɛŮɜɧˊɚɞɘŬ ɐ ɛɏůɤ Ŭɔɤɔɩɜ. Ƀɘ ŰŮɢɜɘəɞɑ əŬɘ ɞɘəɞɜɞɛɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ əŬɗɞɟɑɕɞɡɜ 

ˊɞɘŬ ɛɏɗɞŭɞɠ ɛŮŰŬűɞɟɎɠ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ. ȼ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ɛŮɗɧŭɞɡ ɛŮŰŬűɞɟɎɠ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɞɘ ɞˊɞɑɞɘ ůɡɢɜɎ ɞŭɖɔɞɨɜ ůŮ ŬɜŰɘəɟɞɡɧɛŮɜŮɠ 

əŬŰŮɡɗɨɜůŮɘɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ŬˊŬɘŰŮɑŰŬɘ ŰŮɢɜɞɞɘəɞɜɞɛɘəɐ ŬɜɎɚɡůɖ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ 

ɓɏɚŰɘůŰɖɠ ŮɜŬɚɚŬəŰɘəɐɠ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. Ƀ ɧɔəɞɠ Űɞɡ ɛŮŰŬűŮɟɧɛŮɜɞɡ CO  ŮˊɖɟŮɎɕŮɘ 

ůɖɛŬɜŰɘəɎ Űɖ ɛɏɗɞŭɞ ɛŮŰŬűɞɟɎɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ. ɀɘəɟɞɑ ɧɔəɞɘ Ůɡɜɞɞɨɜ Űɖ 

ɛŮŰŬűɞɟɎ ɛŮ ˊɚɞɑŬ, Ůɜɩ ɛŮɔŬɚɨŰŮɟŮɠ ˊɞůɧŰɖŰŮɠ CO  ́ɟɞŰɘɛɩɜŰŬɘ ɔɘŬ ɛŮŰŬűɞɟɎ ɛɏůɤ 

Ŭɔɤɔɩɜ. ȼ ŬˊɧůŰŬůɖ ɛŮŰŬűɞɟɎɠ Ůˊɑůɖɠ, ́ŬɑɕŮɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ Ůˊɘɚɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ. 

ɈˊɎɟɢŮɘ ɖ ɚŮɔɧɛŮɜɖ çbreak-even distanceè, ́ɏɟŬ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɖ ɛŮŰŬűɞɟɎ ɛŮ ˊɚɞɑŬ ɔɑɜŮŰŬɘ 

ˊɘɞ ůɡɛűɏɟɞɡůŬ Ŭˊɧ Űɞɡɠ Ŭɔɤɔɞɨɠ, Ŭɜ əŬɘ ŬɡŰɧ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ɧɔəɞ Űɞɡ CO . ũɘŬ ɛŮɔɎɚɞɡɠ 

ɧɔəɞɡɠ CO  (20 Mt/year), ɖ ɛŮŰŬűɞɟɎ ɛŮ ˊɚɞɑŬ ŮɑɜŬɘ ˊɘɞ ůɡɛűɏɟɞɡůŬ ůŮ ŬˊɞůŰɎůŮɘɠ Ɏɜɤ Űɤɜ 

1180 km, Ůɜɩ ɔɘŬ ɛɘəɟɧŰŮɟɞɡɠ ɧɔəɞɡɠ (1-2 Mt/year), ɖ ŬˊɧůŰŬůɖ ŮɑɜŬɘ ɛɧɚɘɠ 275 km. ȼ 

ɛŮŰŬűɞɟɎ ɛŮ ˊɚɞɑŬ ˊɟɞůűɏɟŮɘ ŮɡŮɚɘɝɑŬ ůŰɘɠ ŮˊŮɜŭɨůŮɘɠ ůŮ ɏɟɔŬ CCS. ɀŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ, ŮɑɜŬɘ 

ŮɡəɞɚɧŰŮɟɖ ɖ ŬɚɚŬɔɐ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ŬˊɞɗɐəŮɡůɖɠ ɧŰŬɜ ɔŮɛɑůɞɡɜ. Ⱥˊɑůɖɠ, ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɖ 

ɖ ˊɟɞůɤɟɘɜɐ ɐ ɞɟɘůŰɘəɐ ŭɘŬəɞˊɐ Űɖɠ ɛŮŰŬűɞɟɎɠ Űɞɡ CO2 Ŭɜ ɖ Űɘɛɐ Űɞɡ CO  ˊɏůŮɘ ůŮ ŮˊɑˊŮŭŬ 

ˊɞɡ ŭŮɜ ɡˊɞůŰɖɟɑɕɞɡɜ ɞɘəɞɜɞɛɘəɎ Űɖɜ ɡɚɞˊɞɑɖůɖ Ůɜɧɠ ɏɟɔɞɡ CCS. ȷɡŰɧ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ 

ůɖɛŬɜŰɘəɧ əŬɗɩɠ ɞɘ Ŭɔɤɔɞɑ ɛŮŰŬűɞɟɎɠ ŬˊŬɘŰɞɨɜ ůɖɛŬɜŰɘəɏɠ ŮˊŮɜŭɨůŮɘɠ əŬɘ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ 

ɡɣɖɚɎ ˊɎɔɘŬ əɧůŰɖ, Ůɜɩ əŬɘ ɖ ŬůɡɜŮɢɐɠ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ŭŮɜ ŮɜŭŮɑəɜɡŰŬɘ. Ⱥˊɞɛɏɜɤɠ, ɖ 

ɛŮŰŬűɞɟɎ ɛŮ ˊɚɞɑŬ ŬˊɞŰŮɚŮɑ Űɖ ɚɞɔɘəɐ Ůˊɘɚɞɔɐ ˊɟɞɠ Űɞ ˊŬɟɧɜ əŬɘ əŬŰɎ Űɖ űɎůɖ əɚɘɛɎəɤůɖɠ 

Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ CCS, Ůɜɩ ɖ ɛŮŰŬűɞɟɎ ɛɏůɤ Ŭɔɤɔɩɜ ɛˊɞɟŮɑ ɜŬ əŬŰŬůŰŮɑ ˊɘɞ Ůɡɜɞɥəɐ ůŰɞ 

ɛɏɚɚɞɜ [9]. 

ɀŮŰɎ Űɖɜ ŭɏůɛŮɡůɖ əŬɘ Űɖɜ ɛŮŰŬűɞɟɎ Űɞɡ CO2 ůŰɞ ŰŮɚɘəɧ ŬˊɞŭɏəŰɖ, Űɞ Ŭɏɟɘɞ ɛˊɞɟŮɑ ŮɑŰŮ ɜŬ 

ŬˊɞɗɖəŮɡŰŮɑ ɛɧɜɘɛŬ ůŮ əɎˊɞɘɞ ɡˊɧɔŮɘɞ ŰŬɛɘŮɡŰɐɟŬ ŬˊɞɗɐəŮɡůɖɠ, ˊɞɡ ůɡɜɐɗɤɠ ŮɑɜŬɘ əɎˊɞɘɞ 

ˊŬɚŬɘɧ əɞɑŰŬůɛŬ ˊŮŰɟŮɚŬɑɞɡ ɐ űɡůɘəɞɨ ŬŮɟɑɞɡ, ŮɑŰŮ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ˊŮɟŬɘŰɏɟɤ ˊɟɞɠ ˊŬɟŬɔɤɔɐ 
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ˊɟɞɥɧɜŰɤɜ ˊɟɞůŰɘɗɏɛŮɜɖɠ ŬɝɑŬɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛɑŬ əɡəɚɘəɐ ɞɘəɞɜɞɛɑŬ ɎɜɗɟŬəŬ ůŰŬ ˊɚŬɑůɘŬ 

Űɞɡ CCUS. ȺɜŭŮɘəŰɘəɎ, ɛŮɟɘəɏɠ ŮűŬɟɛɞɔɏɠ Űɞɡ CO2 ŮɑɜŬɘ ůŰɞɜ ŰɞɛɏŬ Űɤɜ əŬɡůɑɛɤɜ, ɔɘŬ Űɖɜ 

ˊŬɟŬɔɤɔɐ əŬɡůɑɛɤɜ ɢŬɛɖɚɧŰŮɟɞɡ ŬˊɞŰɡˊɩɛŬŰɞɠ ɎɜɗɟŬəŬ (ɛŮɗŬɜɧɚɖ, əɖɟɞɕɑɜɖ) ŬɚɚɎ əŬɘ 

ůŰɞɜ əɚɎŭɞ Űɖɠ ŭɘɨɚɘůɖɠ, ɧˊɞɡ ŮɜɘůɢɨŮɘ Űɖɜ ŬɜɎəŰɖůɖ ́ ŮŰɟŮɚŬɑɞɡ əŬɘ űɡůɘəɞɨ ŬŮɟɑɞɡ. ȰɢŮɘ 

ŮɡɟŮɑŬ ɢɟɐůɖ ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ Űɟɞűɑɛɤɜ, ůŰŬ ŬɜŬɣɡəŰɘəɎ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ əŬűɏ ɢɤɟɑɠ 

əŬűŮȶɜɖ, ɛˊɞɟŮɑ ŬəɧɛŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɣɡəŰɘəɧ, ɤɠ ŭɘŬɚɨŰɖɠ, ɤɠ ɛɏůɞ ˊɡɟɧůɓŮůɖɠ, Ůɜɩ 

ɛ́ ɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ əŬɘ ɔɘŬ Űɖ ůɨɜɗŮůɖ ɢɖɛɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ɧˊɤɠ ŬɜɗɟŬəɑŰŮɠ, ˊɞɚɡɛŮɟɐ, 

ɞɡɟɑŬ ə.Ŭ. [10], [11]. ȳůɞɜ ŬűɞɟɎ Űɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, ŮəŮɑɜɖ ŮɑɜŬɘ ˊɞɡ űŬɑɜŮŰŬɘ ˊɤɠ ɗŬ 

əɡɟɘŬɟɢɐůŮɘ ůŰɞ ɎɛŮůɞ ɛɏɚɚɞɜ, əŬɗɩɠ ɛˊɞɟŮɑ Űɞ CO2 ɜŬ ɏɢŮɘ ˊɚɖɗɩɟŬ ɓɘɞɛɖɢŬɜɘəɩɜ 

ŮűŬɟɛɞɔɩɜ, ŬɚɚɎ Űɞ ɘůɞɕɨɔɘɞ ˊɟɞůűɞɟɎɠ-ɕɐŰɖůɖɠ ŭŮɜ ŮˊŬɟəŮɑ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůŰɧɢɤɜ ˊɞɡ ɏɢɞɡɜ ŰŮɗŮɑ.  

ȰɜŬ Ŭˊɧ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ɏɟɔŬ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ŬɡŰɐ Űɖɜ ůŰɘɔɛɐ ůŰɖɜ Ⱥɡɟɩˊɖ, ŮˊɎɜɤ ůŰɖɜ 

ŬˊɞɗɐəŮɡůɖ Űɞɡ ŭŮůɛŮɡɧɛŮɜɞɡ CO2, ŮɑɜŬɘ Űɞ Prinos CCS project, ́ɞɡ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŰɞ 

ŮɝŬɜŰɚɖɛɏɜɞ əɞɑŰŬůɛŬ Űɞɡ Ʉɟɑɜɞɡ ŬɜɞɘɢŰɎ Űɖɠ ŪɎůɞɡ. ɇɞ ɏɟɔɞ ɗŬ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ŬˊɞɗɐəŮɡůɖɠ 1 Mt/year ůŰɖɜ ˊɟɩŰɖ űɎůɖ Űɞɡ, əŬɘ 2,5-3 Mt/year ůŰɖɜ ŭŮɨŰŮɟɖ űɎůɖ, Ůɜɩ ɖ 

ůɡɜɞɚɘəɐ Ůˊɏɜŭɡůɖ ɗŬ ŬɜɏɟɢŮŰŬɘ ůŮ ˊɎɜɤ Ŭˊɧ 1ŭɘɠ Ůɡɟɩ, əŬŰŬŰɎůůɞɜŰɎɠ Űɞ ɤɠ ɏɜŬ Ŭˊɧ ŰŬ 

ɛŮɔŬɚɨŰŮɟŬ ůŰɖɜ Ⱥɡɟɩˊɖ əŬɘ ɏɜŬ Ŭˊɧ ŰŬ ˊɟɩŰŬ ůŰɖɜ ɀŮůɧɔŮɘɞ. ɇɞ ɏɟɔɞ ŬɡŰɧ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŰŬ project çIFESTOSè əŬɘ çOLYMPUSè, ŰŬ ɞˊɞɑŬ ɗŬ 

ŬˊɞŰŮɚɞɨɜ ŭɨɞ Ŭˊɧ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ɏɟɔŬ CCS ůŰɖɜ Ⱥɡɟɩˊɖ, ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŰůɘɛɏɜŰɞɡ ɛŮ 

ɞɡŭɏŰŮɟɞ ŬˊɞŰɨˊɤɛŬ ɎɜɗɟŬəŬ [12]. ɄɏɟŬɜ Űɖɠ ˊŮɟɑˊŰɤůɖɠ Űɞɡ Ʉɟɑɜɞɡ, ɝŮɢɤɟɑɕŮɘ ɖ 

Ůˊɘɢɞɟɐɔɖůɖ ɔɘŬ ɏɟɔŬ ŬɝɑŬɠ 55 ŮəŬŰ. Ůɡɟɩ ˊɞɡ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ əŬŰŬůəŮɡŬůŰɘəɏɠ ŮɟɔŬůɑŮɠ Űɖɠ 

ŮɔəŬŰɎůŰŬůɖɠ ŬˊɞɗɐəŮɡůɖɠ CO2 L10 ůŰɖ ȸɧɟŮɘŬ ŪɎɚŬůůŬ ůŰɖɜ ɞɚɚŬɜŭɘəɐ ɡűŬɚɞəɟɖˊɑŭŬ, 

əŬɗɩɠ əŬɘ ɖ Ůˊɘɢɞɟɐɔɖůɖ ůɢŮŭɧɜ 12 ŮəŬŰ. Ůɡɟɩ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ CO2 Norne ůŰɖ ȹŬɜɑŬ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŰŬ ɏɟɔŬ CO2 ́ɞɡ ɢɟɖɛŬŰɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ Űɞ ɛɖɢŬɜɘůɛɧ CEF ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ůɡɛɓɎɚɞɡɜ ůŰɞɜ ůŰɧɢɞ Űɤɜ 50 ŮəŬŰɞɛɛɡɟɑɤɜ Űɧɜɤɜ ŮŰɐůɘŬɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ ɏɔɢɡůɖɠ CO2 ɔɘŬ 

Űɞ 2030 [6], [13], [14]. 

ȳˊɤɠ ŮɑɜŬɘ ŮɛűŬɜɏɠ, ɖ ɜŬɡŰɘɚɑŬ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ŬɚɡůɑŭŬ ŬɝɑŬɠ Űɞɡ CO2, 

əŬɗɩɠ ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ əɨɟɘɞɡɠ Űɟɧˊɞɡɠ ɛŮŰŬűɞɟɎɠ Űɞɡ, ŬɚɚɎ əŬɘ Űɤɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ 

ɗŬ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŬɡŰɧ. ũɘŬ ŮűŬɟɛɞɔɏɠ CCUS, ɗŬ ŬˊŬɘŰɖɗɞɨɜ ɛŮɔŬɚɨŰŮɟŮɠ ɢɤɟɖŰɘəɧŰɖŰŮɠ ůŮ 

ůɨɔəɟɘůɖ ɛŮ Űɖ ɢɤɟɖŰɘəɧŰɖŰŬ Űɤɜ ɡűɘůŰɎɛŮɜɤɜ ˊɚɞɑɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ 

ɛŮŰŬűɞɟɎ CO2 [6]. Ⱥűɧůɞɜ ŬɜŬɚɨɗɖəŮ ɖ ɗɏůɖ Űɞɡ CCS ůŰɖɜ ɜŬɡŰɘɚɑŬ əŬɘ ˊŮɟɘŮɔɟɎűɖəŮ ɖ 

ŬɚɡůɑŭŬ ŬɝɑŬɠ Űɞɡ, ɛˊɞɟŮɑ ɜŬ ŬɜŬɚɡɗŮɑ ˊŮɟɘůůɧŰŮɟɞ ɖ ɑŭɘŬ ɖ ŰŮɢɜɞɚɞɔɑŬ əŬɘ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ 

ɞɘ əŬŰɖɔɞɟɑŮɠ əŬɘ ɞɘ Űɟɧˊɞɘ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ŮɑɜŬɘ ŭɡɜŬŰɐ ŭɏůɛŮɡůɖ Űɞɡ CO2. 

 

1.3 ȾŬŰɖɔɞɟɑŮɠ ŭɏůɛŮɡůɖɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ 

ȼ ŭɏůɛŮɡůɖ əŬɘ ŬˊɞɗɐəŮɡůɖ ɎɜɗɟŬəŬ ɐ Carbon Capture and Storage-Sequestration (CCS), 

ŬɜŬűɏɟŮŰŬɘ ůŮ ɛɘŬ ůŮɘɟɎ ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ ŭŮůɛŮɨɞɡɜ Űɞ CO  ůŮ əɎˊɞɘɞ ůŰɎŭɘɞ, Ŭˊɧ ŭɘŮɟɔŬůɑŮɠ 

ɧˊɤɠ ɖ əŬɨůɖ (əɡɟɑɤɠ ɔɘŬ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ) ɐ ɖ ŬŮɟɘɞˊɞɑɖůɖ. Ʉɞɚɚɏɠ 

ɓɘɞɛɖɢŬɜɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ɧˊɤɠ ɖ ˊŬɟŬɔɤɔɐ ŰůɘɛɏɜŰɞɡ, ɖ ɢŬɚɡɓɞɡɟɔɑŬ əŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ 

űɡůɘəɞɨ ŬŮɟɑɞɡ, ˊŬɟɎɔɞɡɜ ŮɔɔŮɜɩɠ CO  əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŮɝɞˊɚɘůŰɞɨɜ ɛŮ ŰŮɢɜɞɚɞɔɑŮɠ 

ŭɏůɛŮɡůɖɠ CO . ũɘŬ ŬɡŰɏɠ Űɘɠ ɓɘɞɛɖɢŬɜɑŮɠ, Űɞ CCS ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ ŮɚɎɢɘůŰŮɠ 

ŮɜŬˊɞɛŮɑɜŬůŮɠ ɛŮɗɧŭɞɡɠ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ CO , əŬɗɩɠ ɖ ɓɏɚŰɘůŰɖ ŭɘŬɗɏůɘɛɖ 

ŰŮɢɜɞɚɞɔɑŬ, ˊ.ɢ. ůŮ ɧɟɞɡɠ ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ, ɏɢŮɘ ɐŭɖ ŮűŬɟɛɞůŰŮɑ. ɇɞ ŭŮůɛŮɡɛɏɜɞ CO  

ůŰɖ ůɡɜɏɢŮɘŬ ůɡɛˊɘɏɕŮŰŬɘ ůŮ 100 bar (ɐ əŬɘ ˊŮɟɘůůɧŰŮɟɞ) ˊɟɘɜ ɛŮŰŬűŮɟɗŮɑ ůŮ ɢɩɟɞ 
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ŬˊɞɗɐəŮɡůɖɠ, ɧˊɞɡ ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɔɢɡůɖ ůŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ŭɘŬɗɏůɘɛɞɡɠ ůŰŬɗŮɟɞɨɠ 

ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ, ŬˊɞŰɟɏˊɞɜŰŬɠ Űɖɜ Ůəˊɞɛˊɐ Űɞɡ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. ȳɚŬ ŰŬ 

Ůˊɘɛɏɟɞɡɠ ůŰɎŭɘŬ Űɖɠ ŬɚɡůɑŭŬɠ CCS, Ŭˊɧ Űɖ ŭɏůɛŮɡůɖ ɏɤɠ əŬɘ Űɖɜ ŬˊɞɗɐəŮɡůɖ, ɏɢɞɡɜ 

ŬˊɞŭŮɘɢɗŮɑ ůŮ ɓɘɞɛɖɢŬɜɘəɐ ɐ ůɢŮŭɧɜ ɓɘɞɛɖɢŬɜɘəɐ əɚɑɛŬəŬ. ɋůŰɧůɞ, ɖ ɞɚɞəɚɐɟɤůɐ Űɞɡɠ ůŮ 

ɛɘŬ ŮɜɘŬɑŬ ŭɘŬŭɘəŬůɑŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɖɛŬɜŰɘəɐ (ŬɚɚɎ ŰŮɚɘəɎ Ůˊɘɚɨůɘɛɖ) ɛɖɢŬɜɘəɐ ˊɟɧəɚɖůɖ. 

ɈˊɎɟɢŮɘ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ŭɘŬűɞɟŮŰɘəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ CCS, əɎˊɞɘŮɠ Ůə Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ ˊɘɞ 

əɞɜŰɎ ůŰɖɜ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ Ŭˊɧ ɎɚɚŮɠ [15]. ȷɟɢɘəɎ ɧɛɤɠ, ɖ ŭɏůɛŮɡůɖ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ 

ɎɜɗɟŬəŬ ɢɤɟɑɕŮŰŬɘ ůŮ ŰɟŮɑɠ əŬŰɖɔɞɟɑŮɠ [16]: 

ȹɏůɛŮɡůɖ ˊɟɘɜ Űɖɜ əŬɨůɖ (Pre-combustion Capture): ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ, Űɞ CO  

ŭŮůɛŮɨŮŰŬɘ ˊɟɘɜ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ əŬɨůɖɠ ɛɏůɤ ŭɘŮɟɔŬůɘɩɜ ŬɜŬɛɧɟűɤůɖɠ əŬɘ ŬŮɟɘɞˊɞɑɖůɖɠ, 

ˊŬɟɎɔɞɜŰŬɠ Űɞ ɚŮɔɧɛŮɜɞ Ŭɏɟɘɞ ůɨɜɗŮůɖɠ (syngas), Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ H  əŬɘ CO 

əŬɘ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŮɑŰŮ ɤɠ ɢɖɛɘəɧ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬɛɛɤɜɑŬɠ əŬɘ ɛŮɗŬɜɧɚɖɠ ŮɑŰŮ 

ɤɠ əŬɨůɘɛɞ ɔɘŬ Űɖɜ ɓɘɞɛɖɢŬɜɘəɐ ŮɔəŬŰɎůŰŬůɖ. ȼ ŬˊɞŭɞŰɘəɧŰɖŰŬ əŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ əŬɡůɑɛɞɡ, 

ɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ syngas ůŮ ɡŭɟɞɔɧɜɞ. Ⱥˊɞɛɏɜɤɠ, ŮəŰɧɠ Ŭˊɧ Űɖ ŭɏůɛŮɡůɖ 

Űɞɡ CO , ůŰɧɢɞɠ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ Ůɜɧɠ ɟŮɨɛŬŰɞɠ ŬŮɟɑɞɡ ɛŮ ɡɣɖɚɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɡŭɟɞɔɧɜɞ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŭɘŮɟɔŬůɑŮɠ IGCC 

(Ƀɚɞəɚɖɟɤɛɏɜɞɠ ɆɡɜŭɡŬůɛɏɜɞɠ Ⱦɨəɚɞɠ ȷŮɟɘɞˊɞɑɖůɖɠ). ɋůŰɧůɞ, ɚɧɔɤ Űɞɡ ɡɣɖɚɞɨ əɧůŰɞɡɠ, 

ŬɡŰɐ ɖ ŰŮɢɜɞɚɞɔɑŬ ŭŮɜ ɏɢŮɘ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ[16]. 

ȾŬɨůɖ ɛŮ əŬɗŬɟɧ ɞɝɡɔɧɜɞ (Oxy-fuel combustion): ɆŮ ŬɡŰɐ Űɖ ŭɘŬŭɘəŬůɑŬ, ɖ əŬɨůɖ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɏɜŬ ɟŮɨɛŬ ɛŮ ɛŮɔɎɚɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɞɝɡɔɧɜɞ (ůɡɜɐɗɤɠ ɏɜŬ ɛɑɔɛŬ 

əŬɗŬɟɞɨ ɞɝɡɔɧɜɞɡ əŬɘ əŬɡůŬŮɟɑɤɜ ůŮ ŬɜŬəɡəɚɞűɞɟɑŬ) ɐ ŬəɧɛŬ əŬɘ əŬɗŬɟɧ ɞɝɡɔɧɜɞ, ŬɜŰɑ ɔɘŬ 

ŬŰɛɞůűŬɘɟɘəɧ ŬɏɟŬ. ɇɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ŮɑɜŬɘ ɏɜŬ ɟŮɨɛŬ əŬɡůŬŮɟɑɤɜ ɛŮ ɡɣɖɚɐ ůɡɔəɏɜŰɟɤůɖ ůŮ 

CO , Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŭŮůɛŮɡŰŮɑ əŬɘ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ɎɛŮůŬ. ɇɞ əɨɟɘɞ ˊɟɧɓɚɖɛŬ ŬɡŰɐɠ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎɔəɖ ɔɘŬ ůɡɜŮɢɐ ˊŬɟɞɢɐ əŬɗŬɟɞɨ ɞɝɡɔɧɜɞɡ, ɔŮɔɞɜɧɠ ˊɞɡ ɞŭɖɔŮɑ ůŮ 

ɡɣɖɚɧ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ[16]. 

ȹɏůɛŮɡůɖ ɛŮŰɎ Űɖɜ əŬɨůɖ (Post-combustion Capture): ȼ ŰɟɑŰɖ ɛɏɗɞŭɞɠ əŬɘ ŮəŮɑɜɖ ˊɞɡ 

ŬˊŬɜŰɎŰŬɘ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɧŰŬɜ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ carbon capture, ŮɑɜŬɘ ɖ 

post-combustion capture. ɆŮ ŬɡŰɐ Űɖɜ ɛɏɗɞŭɞ Űɞ CO  ŭŮůɛŮɨŮŰŬɘ Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ ˊɞɡ 

ˊŬɟɎɔɞɜŰŬɘ əŬŰɎ Űɖɜ əŬɨůɖ Űɞɡ əŬɡůɑɛɞɡ. ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, Űɞ CO  ɓɟɑůəŮŰŬɘ ůŮ 

ŬɟŬɘɤɛɏɜɖ ɛɞɟűɐ ůŰŬ əŬɡůŬɏɟɘŬ, əŬɗɘůŰɩɜŰŬɠ ŬˊŬɟŬɑŰɖŰɖ Űɖ ɢɟɐůɖ Ůɘŭɘəɩɜ ŭɘŮɟɔŬůɘɩɜ ɔɘŬ 

Űɖɜ ŬˊɞɛɎəɟɡɜůɐ Űɞɡ[16].  

Ⱥˊɞɛɏɜɤɠ, ŬɡŰɐ Űɖɜ ůŰɘɔɛɐ ɖ post-combustion carbon capture ŮɑɜŬɘ ɖ ˊɘɞ ŮɚəɡůŰɘəɐ əŬɘ 

ŭɘŬŭŮŭɞɛɏɜɖ əŬŰɖɔɞɟɑŬ, əŬɗɩɠ ŭŮɜ ŬɜŰɘɛŮŰɤˊɑɕŮɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ Űɤɜ Ɏɚɚɤɜ ŭɨɞ. ɈˊɎɟɢɞɡɜ 

ŭɘɎűɞɟŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ŭɘŬɢɤɟɘůɛɞɨ, ɧˊɤɠ ɖ ˊɟɞůɟɧűɖůɖ, ɖ űɡůɘəɐ Ŭˊɞɟɟɧűɖůɖ, ɖ əɟɡɞɔŮɜɘəɐ 

ɛɏɗɞŭɞɠ ŭɘŬɢɤɟɘůɛɞɨ, ɞɘ ɛŮɛɓɟɎɜŮɠ Ŭˊɞɟɟɧűɖůɖɠ, Űɞ chemical looping, ŬəɧɛŬ əŬɘ 

ůɡɜŭɡŬůŰɘəɏɠ ɛɏɗɞŭɞɘ (hybrid). Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɞɑ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ůŰɞ ˊŬɟŬəɎŰɤ 

ŭɘɎɔɟŬɛɛŬ əŬɘ ŬɜŬɚɨɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ůŰɖɜ ůɡɜɏɢŮɘŬ. 
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ȹɘɎɔɟŬɛɛŬ 1: ɀɏɗɞŭɞɘ əŬɘ ŰŮɢɜɞɚɞɔɑŮɠ post-combustion carbon capture 

ɉɖɛɘəɐ ȷˊɞɟɟɧűɖůɖ: Ƀ ɡɔɟɧɠ ŭɘŬɚɨŰɖɠ ɚŮɘŰɞɡɟɔŮɑ ɤɠ űɞɟɏŬɠ ˊɞɡ ŬˊɞɟɟɞűɎ Űɞ CO  əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ŬɜŬɔŮɜɜɎŰŮ ɩůŰŮ ɜŬ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘɖɗŮɑ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ əŬɗɘŮɟɤɛɏɜɖ əŬɘ ɩɟɘɛɖ 

ŰŮɢɜɞɚɞɔɑŬ, ɐŭɖ ůŮ ɢɟɐůɖ ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ˊɘɚɞŰɘəɎ ɜŬɡŰɘɚɘŬəɎ 

ɏɟɔŬ [17], [18]. 

ūɡůɘəɐ ȷˊɞɟɟɧűɖůɖ: ȸŬůɑɕŮŰŬɘ ůŰɞɜ ɜɧɛɞ Űɞɡ Henry ɔɘŬ Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɞɡ CO  ůŮ ɡɔɟɞɨɠ 

ŭɘŬɚɨŰŮɠ. ɆŰɖ űɡůɘəɐ Ŭˊɞɟɟɧűɖůɖ, Űɞ CO  ŬˊɞɟɟɞűɎŰŬɘ ůŮ ɢŬɛɖɚɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɡɣɖɚɐ 

ˊɑŮůɖ, Ůɜɩ ɖ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ŭɘŬɚɨŰɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŮɑŰŮ ɛŮ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮɑŰŮ ɛŮ 

ɛŮɑɤůɖ Űɖɠ ˊɑŮůɖɠ ɐ əŬɘ ɛŮ ŰŬ ŭɨɞ. ɋůŰɧůɞ, ŮˊŮɘŭɐ ɖ Ŭˊɞɟɟɧűɖůɖ Űɞɡ CO  ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ůŮ ɡɣɖɚɏɠ ɛŮɟɘəɏɠ ˊɘɏůŮɘɠ, ŬˊŬɘŰŮɑŰŬɘ ůɖɛŬɜŰɘəɐ ˊɞůɧŰɖŰŬ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɖ ůɡɛˊɑŮůɖ Űɤɜ 

əŬɡůŬŮɟɑɤɜ. ɆɡɜŮˊɩɠ, ɖ űɡůɘəɐ Ŭˊɞɟɟɧűɖůɖ ŮɑɜŬɘ əŬŰɎɚɚɖɚɖ ɔɘŬ ɟŮɨɛŬŰŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ 

ɐŭɖ ůŮ ɡɣɖɚɏɠ ́ɘɏůŮɘɠ, ɧˊɤɠ ůŰɖ ŭɏůɛŮɡůɖ CO  ůŰɞ ůŰɎŭɘɞ ˊɟɘɜ Űɖɜ əŬɨůɖ, Űɤɜ ŮɟɔɞůŰŬůɑɤɜ 

ɞɚɞəɚɖɟɤɛɏɜɞɡ ůɡɜŭɡŬůɛɏɜɞɡ əɨəɚɞɡ ŬŮɟɘɞˊɞɑɖůɖɠ (IGCC). ȼ űɡůɘəɐ Ŭˊɞɟɟɧűɖůɖ ŭŮɜ 

ŮɑɜŬɘ ɞɘəɞɜɞɛɘəɎ ɓɘɩůɘɛɖ ɔɘŬ əŬɡůŬɏɟɘŬ ɛŮ ɛŮɟɘəɏɠ ˊɘɏůŮɘɠ CO  ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ 15% vol (ŰŬ 

əŬɡůŬɏɟɘŬ Űɤɜ ˊɚɞɑɤɜ ́Ůɟɘɏɢɞɡɜ ˊŮɟɑˊɞɡ 4-8% CO ) [19], [20]. 

ȹɘŬɢɤɟɘůɛɧɠ ɛŮ ɀŮɛɓɟɎɜŮɠ: Ƀɘ ɛŮɛɓɟɎɜŮɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬ űɡůɘəɧ ůɨůŰɖɛŬ űɘɚŰɟŬɟɑůɛŬŰɞɠ 

ˊɞɡ ŬˊɞɟɟɞűɎ ŭɘɎűɞɟŮɠ ˊɟɞůɛŮɑɝŮɘɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ CO , ůɡɜɐɗɤɠ ŬˊŬɘŰɩɜŰŬɠ 

Ůˊɘɓɞɚɐ ůɖɛŬɜŰɘəɩɜ ́ɘɏůŮɤɜ. ɄŬɟɧɚŬ ŬɡŰɎ, əŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ 

ɛŮɛɓɟŬɜɩɜ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŬŭɡɜŬɛɑŮɠ, ɧˊɤɠ ɧŰɘ ŮɑɜŬɘ ŬɜŮˊŬɟəŮɑɠ ɔɘŬ ŭɘŬɢŮɑɟɘůɖ ɛŮɔɎɚɤɜ 

ɧɔəɤɜ əŬɡůŬŮɟɑɤɜ, ɢŬɛɖɚɐ ŮəɚŮəŰɘəɧŰɖŰŬ əŬɘ ůŰŬɗŮɟɧŰɖŰŬ [20]. 

Calcium looping: ȺɑɜŬɘ ɢɖɛɘəɐ ŭɘŮɟɔŬůɑŬ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ CO  

ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ɜŬŰɟɑɞɡ ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ ŬɜɗɟŬəɘəɞɨ ɜŬŰɟɑɞɡ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ɡˊɞɓɎɚɚŮŰŬɘ ůŮ ŮˊŮɝŮɟɔŬůɑŬ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůŰŮɟŮɞɨ ŬɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ əŬɘ 

Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ɡŭɟɞɝŮɘŭɑɞɡ Űɞɡ ɜŬŰɟɑɞɡ. ɇɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ŮɑɜŬɘ ɏɜŬ ůŰŮɟŮɧ ɡɚɘəɧ, Űɞ 

ɞˊɞɑɞ ŮɑɜŬɘ ŮɡəɞɚɧŰŮɟɞ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ əŬɘ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ Ŭɏɟɘɞ ɐ ɡɔɟɧ CO . 

ȳɛɤɠ, ɞɘ ůɡɜɗɐəŮɠ ůŰɘɠ ɞˊɞɑŮɠ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ŬɜŰɑŭɟŬůɖ (ɇ > 650C) ŭŮɜ əɎɜɞɡɜ Űɖɜ ɛɏɗɞŭɞ 

ŬɡŰɐ ŮɨəɞɚŬ ŮűŬɟɛɧůɘɛɖ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ɜŬɡŰɘɚɑŬɠ [6]. 

Ʉɟɞůɟɧűɖůɖ: ɇŬ ́ɟɞůɟɞűɖŰɘəɧ ɡɚɘəɎ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɢɤɟɑůɞɡɜ Űɞ CO  Ŭˊɧ ɏɜŬ ɟŮɨɛŬ ŬŮɟɑɞɡ 

ɛɏůɤ Űɖɠ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ. ɆŰɖ ůɡɜɏɢŮɘŬ Űɞ ŭŮůɛŮɡɛɏɜɞ CO2 ŮəɟɞűɎŰŬɘ  

ŮɑŰŮ ɛŮ ŮűŬɟɛɞɔɐ ɗŮɟɛɧŰɖŰŬɠ ŮɑŰŮ ɛŮ ɛŮɑɤůɖ Űɖɠ ˊɑŮůɖɠ. ȼ ˊɟɞůɟɧűɖůɖ ɛŮ ɛŮŰŬɓɞɚɐ Űɖɠ 

ˊɑŮůɖɠ ɐ pressure swing absorption (PSA) ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɢɟɧɜɞ ŬɜŬɔɏɜɜɖůɖɠ əŬɘ ɛˊɞɟŮɑ ɜŬ 

ŮűŬɟɛɞůŰŮɑ ůŮ ɛɘəɟɧŰŮɟɞ ɢɩɟɞ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ˊɟɞůɟɧűɖůɖ ɛŮ ɛŮŰŬɓɞɚɐ ɗŮɟɛɞəɟŬůɑŬɠ, 

ɐ temperature swing absorption (TSA). Ƀɘ ˊɟɞůɛŮɑɝŮɘɠ ůŰŬ əŬɡůŬɏɟɘŬ ŮˊɖɟŮɎɕɞɡɜ ŬɟɜɖŰɘəɎ 

Űɖɜ PSA, əŬɗɩɠ ŰŬ ˊɟɞůɟɞűɖɛɏɜŬ ŬɏɟɘŬ H S, SOx əŬɘ NOx ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ 
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Ŭˊɧ Űɞɡɠ ˊɧɟɞɡɠ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ́ ɑŮůɖ. ɋůŰɧůɞ, ɖ TSA ɏɢŮɘ 

ɡɣɖɚɧ ŮɜŮɟɔŮɘŬəɧ əɧůŰɞɠ, əŬɗɩɠ ɖ ŬɜŬɔɏɜɜɖůɖ ɔɑɜŮŰŬɘ ůɡɜɐɗɤɠ ůŮ ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ [21], 

[22]. 

Ⱦɟɡɞɔɞɜɘəɧɠ ȹɘŬɢɤɟɘůɛɧɠ: Ƀ əɟɡɞɔɞɜɘəɧɠ ŭɘŬɢɤɟɘůɛɧɠ Űɞɡ CO  ŮɑɜŬɘ ɛɘŬ ŭɘŮɟɔŬůɑŬ 

əŬɗŬɟɘůɛɞɨ əŬɘ ůɡɛˊɨəɜɤůɖɠ Űɞɡ CO  Ŭˊɧ ŭɘɎűɞɟŬ ɟŮɨɛŬŰŬ ŬŮɟɑɤɜ. ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ 

ŮəɛŮŰŬɚɚŮɨŮŰŬɘ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ ɕɏůɖɠ Űɤɜ ŬŮɟɑɤɜ Űɞɡ ɛŮɑɔɛŬŰɞɠ, ɣɨɢɞɜŰŬɠ Űɞ Ŭɏɟɘɞ ůŮ 

ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȼ əɟɡɞɔɞɜɘəɐ ɛɏɗɞŭɞɠ ŭɘŬɢɤɟɘůɛɞɨ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ 

ŮɚəɡůŰɘəɐ ɚɨůɖ ůŮ ˊɚɞɑŬ ˊɞɡ ɛŮŰŬűɏɟɞɡɜ ɡɔɟɞˊɞɘɖɛɏɜŬ ŬɏɟɘŬ, ˊ.ɢ. LNG, ŰŬ ɞˊɞɑŬ ŭɘŬɗɏŰɞɡɜ 

ɣɡɢɟɏɠ ˊŬɟɞɢɏɠ ůŰɘɠ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ. ȷəɧɛŬ, ɚɧɔɤ Űɞɡ ŭɘŬɢɤɟɘůɛɞɨ 

əŬɘ Űɖɠ ɡɔɟɞˊɞɑɖůɖɠ ůŮ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, ŭŮɜ ɡˊɎɟɢŮɘ ŬɜɎɔəɖ ɔɘŬ ůɡɛˊɑŮůɖ ůŮ ɡɣɖɚɏɠ 

ˊɘɏůŮɘɠ [6], [19]. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ ɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ɛŮɗɧŭɤɜ CCS ́ ɞɡ ŬɜŬűɏɟɗɖəŬɜ 

ˊɟɞɖɔɞɡɛɏɜɤɠ, ɧˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ əɎɗŮ ɛɑŬɠ: 

ɄɑɜŬəŬɠ 1: Ɇɨɔəɟɘůɖ ɛŮɗɧŭɤɜ CCS 

Method ɄɚŮɞɜŮəŰɐɛŬŰŬ ɀŮɘɞɜŮəŰɐɛŬŰŬ 

Chemical 

Absorption 

[17], [19], 

[23]  

¶ ȵɟɘɛɖ ŰŮɢɜɞɚɞɔɑŬ 

¶ Ɉɣɖɚɐ Ŭˊɧŭɞůɖ ŭɘŬɢɤɟɘůɛɞɨ (>90%) 

¶ Ƀ ŭɘŬɚɨŰɖɠ ŬɜŬɔŮɜɜɘɏŰŬɘ əŬɘ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

¶ ȺɑɜŬɘ ŮɨɢɟɖůŰɖ əŬɘ ŮɨəɞɚŬ ˊɟɞůŬɟɛɧůɘɛɖ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ 

ŭɘŮɟɔŬůɑŮɠ əŬɘ ŮűŬɟɛɞɔɏɠ 

¶ Ɉɣɖɚɐ ŬˊŬɘŰɐůŮɘɠ ůŮ ŮɜɏɟɔŮɘŬ ɔɘŬ Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ŭɘŬɚɨŰɖ 

¶ ɄŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ 

Űɞɡ ŭɘŬɚɨŰɖ (əɡɟɑɤɠ ɔɘŬ Űɘɠ ŬɛɑɜŮɠ) 

Membrane 

Separation 

[24], [25]  

¶ ɆɡɛˊŬɔɐɠ ůɢŮŭɘŬůɛɧɠ əŬɘ ɢŬɛɖɚɏɠ ŬˊŬɘŰɐůŮɘɠ ůŮ ɢɩɟɞ 

¶ ɇŬɢɨŰŮɟɞɠ əŬɘ ůɡɜŮɢɐɠ ŭɘŬɢɤɟɘůɛɧɠ 

¶ ɀŮɘɤɛɏɜŮɠ ɗŮɟɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ 

¶ ɉŬɛɖɚɐ ŮˊɘəɘɜŭɡɜɧŰɖŰŬ  

¶ ȼ Ŭˊɧŭɞůɖ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɘɠ ˊɟɞůɛɑɝŮɘɠ Űɞɜ əŬɡůŬŮɟɑɤɜ ɧˊɤɠ 

ŰŬ NOx əŬɘ SOx 

¶ Ɉɣɖɚɐ ŬˊŬɘŰɞɨɛŮɜɖ ˊɑŮůɖ Ůɘůɧŭɞɡ 

¶ ȿŮɘŰɞɡɟɔɘəɎ ˊɟɞɓɚɐɛŬŰŬ ɧˊɤɠ ɢŬɛɖɚɏɠ ɟɞɏɠ əŬɘ ŮˊɘəŬɗɑůŮɘɠ 

¶ ȷˊŬɘŰŮɑ ɛŮɛɓɟɎɜŮɠ ɡɣɖɚɐɠ ŮəɚŮəŰɘəɧŰɖŰŬɠ əŬɘ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ɔɘŬ 

ɜŬ ŮɑɜŬɘ ɞɘəɞɜɞɛɘəɎ ŬˊɞŭɞŰɘəɐ ɖ ɚŮɘŰɞɡɟɔɑŬ  

Calcium 

Looping 

[26], [27]  

¶ ɆɡɛˊŬɔɐɠ ůɢŮŭɘŬůɛɧɠ əŬɘ ɢŬɛɖɚɏɠ ŬˊŬɘŰɐůŮɘɠ ůŮ ɢɩɟɞ 

¶ ɉŬɛɖɚɏɠ ŬˊŬɘŰɐůŮɘɠ ůŮ ɣɨɝɖ 

¶ ɇɞ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ŭŮɜ ŬˊɞŰŮɚŮɑ 

Ůˊɘəɑɜŭɡɜɖ ɏɜɤůɖ  

¶ ɈɣɖɚɎ əɧůŰɖ Ůˊɏɜŭɡůɖɠ 

¶ ɇɞ NaOH ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ɘůɢɡɟɧ ŭɘŬɓɟɤŰɘəɧ 

¶ ɉŬɛɖɚɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ 

¶ ȼ ŬɜŰɑŭɟŬůɖ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ˊɞɚɨ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ 

¶ ȼ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ŬəɧɛŬ ɡˊɧ ŬɜɎˊŰɡɝɖ əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ ŮɛˊŮɘɟɑŬ ůŮ 

ɛŮɔɎɚɖ ɓɘɞɛɖɢŬɜɘəɐ əɚɑɛŬəŬ 

Adsorption 

[19], [21]  

¶ ȼ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŬɜŰɘůŰɟŮˊŰɐ əŬɘ Űɞ ˊɟɞůɟɞűɖŰɘəɧ ɡɚɘəɧ 

ɛˊɞɟŮɑ ɜŬ ŬɜŬəɡəɚɤɗŮɑ 

¶ ɀˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɡɣɖɚɐ Ŭˊɧŭɞůɖ ˊɟɞůɟɧűɖůɖɠ (85%) 

¶ ȷˊŬɘŰŮɑ ɚɘɔɧŰŮɟɖ ɗŮɟɛɧŰɖŰŬ əŬɘ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ 

ɔɘŬ ŬɜŬɔɏɜɜɖůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ Ŭˊɞɟɟɧűɖůɖ 

¶ ɀˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɚŮɘŰɞɡɟɔɑŮɠ ɛŮŰŬɓɞɚɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ, əŮɜɞɨ ɐ ˊɑŮůɖɠ (temperature, vacuum or 

pressure swing operations)  

¶ ȹŮɜ ɏɢŮɘ əŬɚɐ Ŭˊɧŭɞůɖ ɔɘŬ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ CO2 

¶ ȹŮɜ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ əɎˊɞɘɞ ŬˊɞŭɞŰɘəɧ ˊɟɞůɟɞűɖŰɘəɧ ɡɚɘəɧ ŬəɧɛŬ 

əŬɘ ŬˊŬɘŰɞɨɜŰŬɘ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰŮɠ ůŮ ŬɡŰɧ Űɞɜ əɚɎŭɞ 

¶ ɇɞ əɧůŰɞɠ Űɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ ɡɚɘəɩɜ ŮɑɜŬɘ ɡɣɖɚɧ  

Cryogenics 

[19]  

¶ ɀˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ ɟŮɨɛŬ CO2 ˊɞɚɨ ɡɣɖɚɐɠ əŬɗŬɟɧŰɖŰŬɠ 

¶ Ⱥɡɟɏɞɠ ŭɘŬŭŮŭɞɛɏɜɖ əŬɘ ŬˊɞŭŮŭŮɘɔɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ 

¶ Ɉɣɖɚɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɖɜ ɣɨɝɖ ůŮ ˊɞɚɨ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ 

¶ ȷəɟɘɓɐ ɛɏɗɞŭɞɠ əŬɘ ɞɘəɞɜɞɛɘəɎ ŬˊɞŭɞŰɘəɐ ɛɧɜɞ ůŮ ŮɝŮɘŭɘəŮɡɛɏɜŮɠ 

ŮűŬɟɛɞɔɏɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɡɣɖɚɐɠ əŬɗŬɟɧŰɖŰŬɠ CO 

  

 

ɀŮŰŬɝɨ ŬɡŰɩɜ, ɖ ɢɖɛɘəɐ Ŭˊɞɟɟɧűɖůɖ ŮɑɜŬɘ ŬɜŬɛűɑɓɞɚŬ ɖ ˊɘɞ ŮɚəɡůŰɘəɐ ɛɏɗɞŭɞɠ. ɇɞ əɨɟɘɞ 

ˊɚŮɞɜɏəŰɖɛŬ ŬɡŰɐɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŮɑɜŬɘ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ŮɜůɤɛŬŰɤɗŮɑ ŮɨəɞɚŬ ůŮ ɡűɘůŰɎɛŮɜŮɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ŭɨɞ Ůˊɘɚɞɔɏɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɚɧɔɤ 

Űɤɜ ŬˊŬɘŰɐůŮɤɜ ůɢŮŭɘŬůɛɞɨ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ CCS ůŮ ɏɜŬ ˊɚɞɑɞ. 
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1.4 ȸɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬůəɧˊɖůɖ ůɡůŰɖɛɎŰɤɜ ŭɏůɛŮɡůɖɠ CO2 

əŬɘ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɤɜ ɚɨůŮɤɜ. 

Ƀ əɚɎŭɞɠ Űɞɡ OCCS ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɜɏɞɠ əŬɘ ŬɜŮɟɢɧɛŮɜɞɠ, ŬɚɚɎ ɏɢɞɡɜ ɐŭɖ ɝŮəɘɜɐůŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊɟɩŰŮɠ ŬɜŬɚɡŰɘəɏɠ ɛŮɚɏŰŮɠ əŬɘ ŮűŬɟɛɞɔɏɠ ŰɏŰɞɘɤɜ ůɡůŰɖɛɎŰɤɜ ůŮ 

ˊɟŬɔɛŬŰɘəɎ ˊɚɞɑŬ. ȼ Stena Bulk əŬɘ ɖ OCGI (Oil & Gas Climate Initiative) ůɡɜɏŰŬɝŬɜ ɛɑŬ 

ɛŮɚɏŰɖ ́ ɞɡ ŬɝɘɞɚɞɔɞɨůŮ Űɖɜ ŮűŬɟɛɞɔɐ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ CCS ůŮ ɏɜŬ ŭŮɝŬɛŮɜɧˊɚɞɘɞ Ŭɟɔɞɨ 

ˊŮŰɟŮɚŬɑɞɡ Űɨˊɞɡ Suezmax, ɧˊɞɡ ŮˊɘŰŮɨɢɗɖəŬɜ ˊɞůɞůŰɎ ŭɏůɛŮɡůɖɠ 90% [28]. ȼ ɛŮɚɏŰɖ 

ŬɜɏűŮɟŮ ɧŰɘ ŰŬ ˊɚɞɑŬ ˊɞɡ əɘɜɞɨɜŰŬɘ ɛŮ LNG ́ŬɟɞɡůɑŬůŬɜ ɚɘɔɧŰŮɟŮɠ ŰŮɢɜɘəɏɠ ŭɡůəɞɚɑŮɠ, əŬɗɩɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ əɘɜɖŰɐɟŬ ˊɞɡ ˊŬɟɏɢŮɘ ŮˊŬɟəɐ ɗŮɟɛɧŰɖŰŬ ůŰŬ əŬɡůŬɏɟɘŬ, əŬɨůɘɛɞ ɢɤɟɑɠ 

ˊɟɞůɛɑɝŮɘɠ əŬɘ ŭɘŬɗɏŰɞɡɜ ɡˊɞŭɞɛɏɠ Ůˊɑ Űɞɡ ˊɚɞɑɞɡ ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮɑɜŬɘ ɤűɏɚɘɛŮɠ ɔɘŬ 

Űɖɜ ɡɔɟɞˊɞɑɖůɖ əŬɘ ŬˊɞɗɐəŮɡůɖ Űɞɡ ŭŮůɛŮɡɛɏɜɞɡ CO2. ɄŬɟô ɧɚŬ ŬɡŰɎ, əŬɗɩɠ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ Űɞɡ ˊŬɔəɧůɛɘɞɡ ůŰɧɚɞɡ, ŮˊɘɚɏɢɗɖəŮ ɖ ɛŮɚɏŰɖ ˊŮɟɑˊŰɤůɖɠ ɛŮ HFO. ɆŰɖ 

ɛŮɚɏŰɖ MMMCZCS Űɞ ůɨůŰɖɛŬ ŭɏůɛŮɡůɖɠ CO2 ŮɝŮŰɎůŰɖəŮ ɢɤɟɑɠ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ůɡůŰɐɛŬŰŬ ɡɔɟɞˊɞɑɖůɖɠ ɐ ŬˊɞɗɐəŮɡůɖɠ. ȼ ɛŮɚɏŰɖ ŬɝɘɞɚɧɔɖůŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ůɡɜŭɡŬůɛɞɨɠ 

Űɨˊɞɡ ˊɚɞɑɞɡ, ɛŮɔɏɗɞɡɠ əŬɘ əŬɡůɑɛɞɡ. ɇɞ ɛɏɔɘůŰɞ ŮˊɘŰŮɨɝɘɛɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ ɗŮɤɟɐɗɖəŮ 

ɧŰɘ ŮɑɜŬɘ 82%. ɋůŰɧůɞ, ŮˊɘůɖɛɎɜɗɖəŮ ɧŰɘ ɖ ˊɟŬɔɛŬŰɘəɐ Ůɝɞɘəɞɜɧɛɖůɖ CO  ɛŮɘɩɜŮŰŬɘ ɧŰŬɜ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ Ŭɨɝɖůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ (ɏɤɠ əŬɘ 45%) ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ 

Űɞ ɑŭɘɞ Űɞ ůɨůŰɖɛŬ ŰɖɠůɛŮɡůɖɠ CO . ȷəɧɛŬ, ɖ ɛŮɚɏŰɖ BV/Wah Kwong, ŬɝɘɞɚɧɔɖůŮ Űɖɜ 

ŮɜůɤɛɎŰɤůɖ Űɖɠ ůɡůŰɐɛŬŰɞɠ ŭɏůɛŮɡůɖɠ, ɡɔɟɞˊɞɑɖůɖɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ CO  ůŮ ŭɨɞ Ůɜ 

ɚŮɘŰɞɡɟɔɑŬ bulk carriers, Ŭˊɧ Űɞɜ ůŰɧɚɞ Űɖɠ Wah Kwong. ȷɡŰɎ ŮɑɜŬɘ ŰŬ Tianjin Venture (53.000 

DWT) əŬɘ CSSC Wan Mei (176.000 DWT). ũɘŬ Űɖ ɛŮɚɏŰɖ ŬɡŰɐ, ɖ QIYAO Environmental 

Technology ŬɜɏˊŰɡɝŮ ˊɟɞůŬɟɛɞůɛɏɜŮɠ ɛɞɜɎŭŮɠ CCS, ɞɘ ɞˊɞɑŮɠ ɡˊɞɓɚɐɗɖəŬɜ ůŰɞ Bureau 

Veritas ɔɘŬ ɏɔəɟɘůɖ əŬɘ Űɞ Bureau Veritas ŬɝɘɞɚɧɔɖůŮ Űɖ ůɡɛɛɧɟűɤůɖ Űɤɜ ɛɞɜɎŭɤɜ ɛŮ Űɖɠ 

ɘůɢɨɞɜŰŮɠ əŬɜɞɜɘůɛɞɨɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ QIYAO Environmental Technology, Űɞ ˊɞůɞůŰɧ 

ŭɏůɛŮɡůɖɠ CO  Űɞɡ ůɡůŰɐɛŬŰɞɠ CCS ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ Űɞ 85%, Ůɜɩ Űɞ ůɨůŰɖɛŬ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůŬɟɛɞůŰŮɑ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ˊɚɞɑɞɡ. ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ Űɖɠ ɛŮɚɏŰɖɠ, 

ŬɝɘɞɚɞɔɐɗɖəŬɜ ˊɞůɞůŰɎ ŭɏůɛŮɡůɖɠ Űɖɠ ŰɎɝɖɠ Űɞɡ 30% [6]. ɇɖɠ ɛŮɚɏŰŮɠ ŬɡŰɏɠ ŬɜŬɚɨɗɖəŮ əŬɘ 

ɖ ŮɔəŬŰɎůŰŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ CCS əŬɘ ɞɘ ŮˊɘˊŰɩůŮɘɠ Űɞɡ ůŰɖɜ ɘəŬɜɧŰɖŰŬ ɛŮŰŬűɞɟɎɠ 

űɞɟŰɑɞɡ. ȼ ɛɎɕŬ Űɖɠ ůɡůŰɐɛŬŰɞɠ OCCS əɡɛŬɘɜɧŰŬɜ Ŭˊɧ 289-364 ton ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ŮűŬɟɛɞɔɐ, ɞŭɖɔɩɜŰŬɠ ŬɜŬˊɧűŮɡəŰŬ ůŮ ŬˊɩɚŮɘŮɠ Ŭˊɧ Űɞ űɞɟŰɑɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűŮɟɗŮɑ. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ əŬɘ Űɖɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ əŬŰɧɣŮɘɠ ůɢŮŭɘŬůɛɏɜɤɜ ůɡůŰɖɛɎŰɤɜ 

OCCS.  

 

ɆɢɐɛŬ 2: ȷɜŬůɢŮŭɘŬůɛɧɠ Űɞɡ ˊɚɞɑɞɡ ɛŮ Űɞɜ Ůɝɞˊɚɘůɛɧ ŭɏůɛŮɡůɖɠ ŰɞˊɞɗŮŰɖɛɏɜɞ ůŰɖɜ əŬˊɜɞŭɧɢɞ, əŬɗɩɠ əŬɘ Űɖɠ 

ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ CO [17], [23] 
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ɆɢɐɛŬ 3: ɀɏɟɞɠ Űɖɠ ɔŮɜɘəɐɠ ŭɘɎŰŬɝɖɠ. Ⱦɨɟɘɞ əŬŰɎůŰɟɤɛŬ. ɆŰɖɜ əɞɟɡűɐ ɓɟɑůəŮŰŬɘ ɞ ˊɟɧŰɡˊɞɠ ůɢŮŭɘŬůɛɧɠ, Ůɜɩ Ŭˊɧ 

əɎŰɤ ɞ ˊɟɞŰŮɘɜɧɛŮɜɞɠ ůɢŮŭɘŬůɛɧɠ [17], [23] 

ȺəŰɧɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɛŮɚŮŰɩɜ, ˊɞɚɚɏɠ ŮŰŬɘɟŮɑŮɠ ɏɢɞɡɜ ɝŮəɘɜɐůŮɘ ɜŬ ˊŬɟɏɢɞɡɜ ɚɨůŮɘɠ CCS ɐ 

əŬɘ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ Ɏɚɚɤɜ GHG ɧˊɤɠ ŰŬ SOx əŬɘ Nox, ŬɝɘɞˊɞɘɩɜŰŬɠ ŭɘɎűɞɟŮɠ 

ŰŮɢɜɞɚɞɔɑŮɠ carbon capture. ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ɛŮɟɘəɞɑ ˊɎɟɞɢɞɘ ŮɜŭŮɘəŰɘəɎ. 

 

ȺɘəɧɜŬ 1: ɄɎɟɞɢɞɘ ɚɨůŮɤɜ CCS ůŰɖɜ ɜŬɡŰɘɚɑŬ 

 

1.5 Ɇəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ˊŮɟɘɔɟŬűɐ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ 

ɆŮ ŬɡŰɐ Űɖɜ ɛŮɚɏŰɖ ɗŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ůŮ ɚɞɔɘůɛɘəɧ Aspen Plus V14, ŰɟŮɑɠ ɛɞɜɎŭŮɠ CCS ́ɞɡ 

ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŰɖɜ ɜŬɡŰɘɚɑŬ. Ƀɘ ŰɟŮɑɠ ŬɡŰɏɠ ɛɞɜɎŭŮɠ ɗŬ ɏɢɞɡɜ ˊŬɟɧɛɞɘɞ 

ůɢŮŭɘŬůɛɧ əŬɘ ɞɘ ŮˊɘɚŮɔɛɏɜɞɘ ŭɘŬɚɨŰŮɠ -ɀȺȷ, MDEA-PZ, K2CO3- ɗŬ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ, 30%wt., ɏŰůɘ ɩůŰŮ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ŬˊɞŭɞŰɘəɧŰɖŰɎ Űɞɡɠ. ȼ ŮɔəŬŰɎůŰŬůɖ 

ɧɛɤɠ, ɛɑŬɠ ŰɏŰɞɘŬɠ ɛɞɜɎŭŬɠ ůŮ ɏɜŬ ɐŭɖ ɡˊɎɟɢɞɜ ˊɚɞɑɞ, ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ˊɚɖɗɩɟŬ 

ˊɟɞəɚɐůŮɤɜ, ɧˊɤɠ ɖ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟɞɢɐɠ ŮɜɏɟɔŮɘŬɠ ɛɏůɤ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ 

ůɡůŰɐɛŬŰɞɠ Űɞɡ ˊɚɞɑɞɡ. ũɘŬ ŬɡŰɧ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮəɎůŰɞŰŮ 

ɛɞɜɎŭŬɠ CCS ɛŮ Űɞ ˊɟɞɠ ɛŮɚɏŰɖ ˊɚɞɑɞ, ˊɞɡ ŮɜŰɎůůŮŰŬɘ ůŰɞ ɏɟɔɞ çMinimal Environmental 

Footprint LNG Propelled ROPAX Designè [29], [30], [31], ɛŮ Űɖɜ ɀɏɗɞŭɞ Űɞɡ Ⱦɧɛɓɞɡ 

ȷɜɎůɢŮůɖɠ (Pinch Analysis) əŬɘ Űɖɜ ɀɏɗɞŭɞ ȷɜɎɚɡůɖɠ Ɇɡɜɞɚɘəɐɠ ɀɞɜɎŭŬɠ (Total Site Heat 

Integration). ȷəɧɛŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ əŬɘ əɞůŰɞɚɧɔɖůɖ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ 

ɛɞɜɎŭɤɜ ˊɟɞɠ ŮɔəŬŰɎůŰŬůɖ ůŰɞ ɡˊɧ ŮɝɏŰŬůɖ ˊɚɞɑɞ.  

Ⱥˊɞɛɏɜɤɠ ɞɘ əɨɟɘɞɘ ůŰɧɢɞɘ ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

¶ ɆɢŮŭɘŬůɛɧɠ ŭɘŮɟɔŬůɘɩɜ ŭɏůɛŮɡůɖɠ CO2 ɛŮ ŰɟŮɑɠ ŭɘŬűɞɟŮŰɘəɞɨɠ ŭɘŬɚɨŰŮɠ (ɀȺȷ, 

MDEA-PZ, K2CO3) ůŰɞ ɚɞɔɘůɛɘəɧ Aspen Plus V14, ɛŮ ɔɜɩɛɞɜŬ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ 

ˊɞɡ ɡˊɎɟɢɞɡɜ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ɛɞɜɎŭŮɠ ɗŬ ůɢŮŭɘŬůŰɞɨɜ ɔɘŬ ŮɔəŬŰɎůŰŬůɖ ůŮ ˊɚɞɑɞ. 

¶ ɆɢŮŭɘŬůɛɧɠ ŭɘŮɟɔŬůɑŬɠ ůɡɛˊɑŮůɖɠ Űɞɡ ŭŮůɛŮɡɛɏɜɞɡ CO2 ɛŮ ůəɞˊɧ Űɖɜ ŬˊɞɗɐəŮɡůɐ 

Űɞɡ ůŮ ůɡɛˊɘŮůɛɏɜɖ/ɡɔɟɞˊɞɘɖɛɏɜɖ ɛɞɟűɐ ůŰɞ ˊɚɞɑɞ. 

¶ ȿŮˊŰɞɛŮɟɐɠ ˊŮɟɘɔɟŬűɐ Űɤɜ űŬɘɜɞɛɏɜɤɜ ɛŮŰŬűɞɟɎɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰŬ 

ůɡůŰɐɛŬŰŬ, ɛŮ Űɖɜ ɢɟɐůɖ ɛɞɜŰɏɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞɜ ɟɡɗɛɧ (rate-
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based) əŬɘ ɧɢɘ ůŰɖɜ ɘůɞɟɟɞˊɑŬ (equilibrium), ɩůŰŮ ɜŬ ˊŬɟɏɢɞɜŰŬɘ ɟŮŬɚɘůŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ůɡɔəɟɑůɘɛŬ ɛŮ Űɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ. 

¶ ɄɟɞəŬŰŬɟəŰɘəɐ ˊɟɞůˊɎɗŮɘŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ əŬɘ ůɢŮŭɘŬůŰɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ, ɛɏůɤ ŬɜŬɚɨůŮɤɜ ŮɡŬɘůɗɖůɑŬɠ. 

¶ ȹɘŬůŰŬůɘɞɚɧɔɖůɖ əŬɘ əɞůŰɞɚɧɔɖůɖ: ȷɟɢɘəɎ ŭɘŬůŰŬůɘɞɚɞɔŮɑŰŬɘ ɞ ɓŬůɘəɧɠ Ůɝɞˊɚɘůɛɧɠ 

ɛɏůɤ APEA (Aspen Process Energy Analyzer) əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ 

ɓŬůɘəɧ əɧůŰɞɠ Ůɝɞˊɚɘůɛɞɨ f.o.b (free on board) ɛɏůɤ Űɖɠ ɛŮɗɧŭɞɡ Guthrie. 

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ ˊɎɔɘŬɠ Ůˊɏɜŭɡůɖɠ əŮűŬɚŬɑɞɡ, Űɞɡ ůɡɜɞɚɘəɞɨ ˊɎɔɘɞɡ əɧůŰɞɡɠ 

əŮűŬɚŬɑɞɡ əŬɘ Űɞɡ ůɡɜɞɚɘəɞɨ əɧůŰɞɡɠ ˊŬɟŬɔɤɔɐɠ, Űɤɜ ɛɞɜɎŭɤɜ CCS, ɛŮ ɓɎůɖ Űɖɜ 

ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ůɨɔəɟɘůɐ Űɞɡɠ ɛŮ ɓɘɓɚɘɞɔɟŬűɘəɏɠ ɛŮɚɏŰŮɠ. 

¶ ɆɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɛɞɜɎŭɤɜ ɛŮ ɓɎůɖ Űɖɜ ˊɟŬɔɛŬŰɘəɐ Ŭˊɞűɡɔɐ Ůəˊɞɛˊɩɜ 

CO2 ůŰɖɜ ŬŰɛɧůűŬɘɟŬ (CO2 avoidance). 

 

2. ɉɖɛɘəɐ Ŭˊɞɟɟɧűɖůɖ 
ȾŬŰɎ Űɖɜ ŭɏůɛŮɡůɖ CO2 ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ɢɖɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ,  ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɡɔɟɞɑ 

ŭɘŬɚɨŰŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞɟɟɞűɐůɞɡɜ əŬɘ ɜŬ ŬˊɞŭŮůɛŮɨůɞɡɜ ůŰɖɜ ůɡɜɏɢŮɘŬ, ɢɖɛɘəɎ Űɞ CO  

ɛɏůɤ ɛɘŬɠ ŬɜŰɘůŰɟŮˊŰɐɠ ɢɖɛɘəɐɠ ŬɜŰɑŭɟŬůɖɠ. Ƀɘ ŭɘŬɚɨŰŮɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ŬɛɑɜŮɠ ŮɑɜŬɘ ɞɘ 

ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞɘ ɔɘŬ ŬɡŰɧɜ Űɞɜ ůəɞˊɧ, ɚɧɔɤ Űɖɠ əŬɚɐɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡɠ ɜŬ Ŭˊɞɟɟɞűɞɨɜ CO  

əŬɘ Űɖɠ ŮəŰŮŰŬɛɏɜɖɠ ŮɛˊŮɘɟɑŬɠ ůŰɖ ɢɟɐůɖ Űɞɡɠ ůŮ ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ ůŰɖɜ ɝɖɟɎ. ȼ 

ŭɘŬŭɘəŬůɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ŰɟɞűɞŭɞůɑŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ɛɏůŬ ůŮ ɛɘŬ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, 

ɧˊɞɡ ɞ ŭɘŬɚɨŰɖɠ ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɟŮɨɛŬ ŬŮɟɑɞɡ əŬɘ ŬˊɞɛŬəɟɨɜŮɘ Űɞ CO . Ƀ ŭɘŬɚɨŰɖɠ 

ˊɞɡ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɖ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ ŮɑɜŬɘ ḉ ɚɞɨůɘɞɠè ůŮ CO  (rich solvent) əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ŮɘůɎɔŮŰŬɘ ůŮ ɛɘŬ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ (stripper column), ɧˊɞɡ ɗŮɟɛŬɑɜŮŰŬɘ ɔɘŬ ɜŬ 

ŬˊŮɚŮɡɗŮɟɩůŮɘ Űɞ Ŭˊɞɟɟɞűɖɛɏɜɞ CO , ˊŬɟɎɔɞɜŰŬɠ ɏɜŬ əŬɗŬɟɧ ɟŮɨɛŬ CO  ˊɞɡ ɛˊɞɟŮɑ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ɜŬ ůɡɛˊɘŮůŰŮɑ əŬɘ ɜŬ ɡɔɟɞˊɞɘɖɗŮɑ ɩůŰŮ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ. Ƀ ŭɘŬɚɨŰɖɠ ˊɞɡ ɏɢŮɘ 

ŬˊɞɔɡɛɜɤɗŮɑ Ŭˊɧ Űɞ CO  (lean solvent) ŬɜŬəɡəɚɞűɞɟŮɑ ˊɑůɤ ůŰɞ ůɨůŰɖɛŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ůɡɜŮɢɑůŮɘ Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɞɡ CO  ůŮ ɛɘŬ əɡəɚɘəɐ ŭɘŬŭɘəŬůɑŬ. Ƀ ŬɜŬəŰɖɛɏɜɞɠ ŭɘŬɚɨŰɖɠ 

ˊɟɏˊŮɘ ˊɟɩŰŬ ɜŬ ɣɡɢɗŮɑ ˊɟɘɜ ŮˊŬɜŮɘůŬɢɗŮɑ ůŰɖ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ 

ŮɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ ůŮ ŬɜŰɘɟɟɞɐ ɛŮŰŬɝɨ Űɤɜ ɟŮɡɛɎŰɤɜ rich əŬɘ lean ́ ɞɡ ŬɜŬűɏɟɗɖəŬɜ 

ˊɟɞɖɔɞɡɛɏɜɤɠ, ůŮ ɏɜŬɜ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ (lean/rich heat exchanger).  ȷɜɎɚɞɔŬ ɛŮ Űɞɜ 

Űɨˊɞ Űɞɡ ŭɘŬɚɨŰɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ Űɖɜ ŮəɎůŰɞŰŮ ŮűŬɟɛɞɔɐ, ɞɘ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ 

(ɗŮɟɛɞəɟŬůɑŬ, ˊɑŮůɖ ə.ɚˊ.) ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟɞɡɜ. Ⱥˊɞɛɏɜɤɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ɖ 

Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ŭɘŬɚɨŰɖ ɐ ɛɑɔɛŬŰɞɠ ŭɘŬɚɡŰɩɜ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬˊɞŭɞŰɘəɐ. 

2.1 ȾɟɘŰɐɟɘŬ Ůˊɘɚɞɔɐɠ ŭɘŬɚɡŰɩɜ 

ɇŬ əɟɘŰɐɟɘŬ Ůˊɘɚɞɔɐɠ Ůɜɧɠ ŭɘŬɚɨŰɖ ˊɟɏˊŮɘ ɜŬ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ŮɜŮɟɔŮɘŬəɐ Űɞɡ Ŭˊɧŭɞůɖ, Űɖɜ 

Ŭˊɧŭɞůɖ ŭɏůɛŮɡůɖɠ, Űɞ əɧůŰɞɠ, Űɖɜ ůŰŬɗŮɟɧŰɖŰɎ Űɞɡ əŬɘ ɎɚɚŬ. Ƀɘ əɨɟɘŮɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ 

ŬɝɘɞɚɞɔɐɗɖəŬɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 
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ɄɑɜŬəŬɠ 2:  Ⱥˊɘůəɧˊɖůɖ Űɤɜ ŭŮɘəŰɩɜ Ŭˊɧŭɞůɖɠ (KPI) ˊɞɡ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ ŭɘŬɚɨŰɖ ůŮ ůɡůŰɐɛŬŰŬ 

OCCS [32] 

ȹŮɑəŰɖɠ ȷˊɧŭɞůɖɠ (KPI) ɇɨˊɞɠ ŭŮɑəŰɖ ȺˊɑŭɟŬůɖ 

TRL (Technology 

Readiness Level) 
ȷˊɞŰŮɚŮůɛɎŰɤɜ ȰɜŬ ɡɣɖɚɧ TRL ˊɟɞůɗɏŰŮɘ ŮɛˊɘůŰɞůɨɜɖ ɔɘŬ ŮˊɘŰɡɢɐ ŮűŬɟɛɞɔɐ 

ȺɡəɞɚɑŬ ɚŮɘŰɞɡɟɔɑŬɠ ȷˊɞŰŮɚŮůɛɎŰɤɜ 
Ʉɘɞ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ŭɘŬŭɘəŬůɑŬ ɛŮ ɚɘɔɧŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ ůŮ Ŭɜɗɟɩˊɘɜɖ 

ŮɟɔŬůɑŬ  

Ʌɡɗɛɧɠ Ŭˊɞɟɟɧűɖůɖɠ ȷˊɞŭɞŰɘəɧŰɖŰŬɠ 
Ƀ ɡɣɖɚɧɠ ɟɡɗɛɧɠ Ŭˊɞɟɟɧűɖůɖɠ ɞŭɖɔŮɑ ůŰɞɜ ůɢŮŭɘŬůɛɧ ɛɘəɟɧŰŮɟɤɜ 

ˊɨɟɔɤɜ Ŭˊɞɟɟɧűɖůɖɠ 

ŪŮɟɛɘəɧ űɞɟŰɑɞ ȷˊɞŭɞŰɘəɧŰɖŰŬɠ 

ȺɎɜ ɞɘ ɗŮɟɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɡɣɖɚɏɠ, ́ ŮɟɘɞɟɑɕŮŰŬɘ ɖ 

ŮˊɑŰŮɡɝɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɟɡɗɛɞɨ ŭɏůɛŮɡůɖɠ, ŮɎɜ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɝŬɢɗŮɑ ɐ 

ɜŬ ˊŬɟŬɢɗŮɑ ŬɟəŮŰɐ Ůˊɘˊɚɏɞɜ ɗŮɟɛɧŰɖŰŬ ůŰɞ ˊɚɞɑɞ 

ɀɏɔɘůŰɖ ˊɑŮůɖ 

Ŭˊɞɟɟɧűɖůɖɠ 
ȷˊɞŭɞŰɘəɧŰɖŰŬɠ 

ȳůɞ ɡɣɖɚɧŰŮɟɖ ŮɑɜŬɘ ɖ ˊɑŮůɖ Ŭˊɞɟɟɧűɖůɖɠ, Űɧůɞ ɢŬɛɖɚɧŰŮɟɞ ŮɑɜŬɘ Űɞ 

əɧůŰɞɠ ůɡɛˊɑŮůɖɠ əŬɘ ɖ ŬˊŬɑŰɖůɖ ɔɘŬ ɣɨɝɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ CO 

ɀɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ 

Ŭˊɞɟɟɧűɖůɖɠ 
ȷˊɞŭɞŰɘəɧŰɖŰŬɠ 

ɆɡɜŭɏŮŰŬɘ ɛŮ Űɖ ɗŮɟɛɘəɐ Ŭˊɞŭɧɛɖůɖ. Ɉɣɖɚɐ ɗŮɟɛɘəɐ Ŭˊɞŭɧɛɖůɖ ɞŭɖɔŮɑ ůŮ 

ŬˊɩɚŮɘŮɠ ŭɘŬɚɨŰɖ əŬɘ ˊɘɗŬɜɏɠ Ůəˊɞɛˊɏɠ ˊŰɖŰɘəɩɜ ŮɜɩůŮɤɜ, ůɡɜɐɗɤɠ 

Űɞɝɘəɩɜ 

ɃɝŮɘŭɤŰɘəɐ Ŭˊɞŭɧɛɖůɖ ȷˊɞŭɞŰɘəɧŰɖŰŬɠ 
Ɉɣɖɚɐ ɞɝŮɘŭɤŰɘəɐ Ŭˊɞŭɧɛɖůɖ ɞŭɖɔŮɑ ůŮ ŬˊɩɚŮɘŮɠ ŭɘŬɚɨŰɖ əŬɘ ˊɘɗŬɜɏɠ 

Ůəˊɞɛˊɏɠ ˊŰɖŰɘəɩɜ ŮɜɩůŮɤɜ, ůɡɜɐɗɤɠ Űɞɝɘəɩɜ 

ɄŰɖŰɘəɧŰɖŰŬ çűŰɤɢɞɨè 

ŭɘŬɚɨŰɖ (lean solvent) 
ȷˊɞŭɞŰɘəɧŰɖŰŬɠ 

Ɉɣɖɚɐ ˊŰɖŰɘəɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ ɞŭɖɔŮɑ ůŮ ŬɡɝɖɛɏɜŮɠ ŬˊɩɚŮɘŮɠ ŭɘŬɚɨŰɖ əŬɘ 

ŭɘŬůˊɞɟɎ Űɞɡ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɛɏůɤ Űɞɡ ɟŮɨɛŬŰɞɠ əɞɟɡűɐɠ Űɖɠ ůŰɐɚɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ 

ȸɘɞŭɘŬůˊŬůɘɛɧŰɖŰŬ 
ɈɔŮɑŬ, ȷůűɎɚŮɘŬ, 

ɄŮɟɘɓɎɚɚɞɜ (HSE) 

Ƀɘ ŭɘŬɚɨŰŮɠ ɛŮ ɢŬɛɖɚɐ ɓɘɞŭɘŬůˊŬůɘɛɧŰɖŰŬ ŭŮɜ ˊɟɞŰɘɛɩɜŰŬɘ əŬɗɩɠ ɗŬ 

ˊŬɟŬɛŮɑɜɞɡɜ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɧˊɞɡ ŮəɚɨɗɖəŬɜ 

ɃɘəɞŰɞɝɘəɧŰɖŰŬ 
ɈɔŮɑŬ, ȷůűɎɚŮɘŬ, 

ɄŮɟɘɓɎɚɚɞɜ (HSE) 

Ƀɘ ŭɘŬɚɨŰŮɠ ɛŮ ɡɣɖɚɐ ɞɘəɞŰɞɝɘəɧŰɖŰŬ ŭŮɜ ˊɟɞŰɘɛɩɜŰŬɘ ůŮ ɗŬɚɎůůɘɞ 

ˊŮɟɘɓɎɚɚɞɜ 

ɇɞɝɘəɧŰɖŰŬ ůŰɞɜ Ɏɜɗɟɤˊɞ 
ɈɔŮɑŬ, ȷůűɎɚŮɘŬ, 

ɄŮɟɘɓɎɚɚɞɜ (HSE) 

Ƀɘ ŭɘŬɚɨŰŮɠ ɛŮ Űɞɝɘəɏɠ ŮɜɩůŮɘɠ ŭŮɜ ˊɟɞŰɘɛɩɜŰŬɘ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ɔɘŬ ɚɧɔɞɡɠ 

ŬůűŬɚŮɑŬɠ 

 

2.2 ɇɨˊɞɘ ŭɘŬɚɡŰɩɜ ůŮ ŭɘŮɟɔŬůɑŮɠ ɢɖɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ 

ȷűɞɨ ŬɜŬɚɨɗɖəŬɜ ŰŬ əɟɘŰɐɟɘŬ Ůˊɘɚɞɔɐɠ Űɤɜ ŭɘŬɚɡŰɩɜ, ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ɞɘ 

ůɡɜɐɗŮɘɠ ŭɘŬɚɨŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ůɡůŰɐɛŬŰŬ CCS ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ɢɖɛɘəɐɠ 

Ŭˊɞɟɟɧűɖůɖɠ. ȼ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ŭɘŬɚɡŰɩɜ ˊɞɡ ɗŬ ŬɜŬɚɡɗŮɑ, ŮɑɜŬɘ ɞɘ ŬɛɑɜŮɠ. ɀɑŬ Ŭɛɑɜɖ ŮɑɜŬɘ 

ɛɘŬ ɞɟɔŬɜɘəɐ ɏɜɤůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ˊŬɟɎɔɤɔɞ Űɖɠ ŬɛɛɤɜɑŬɠ (NH ). ɈˊɎɟɢŮɘ 

ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ Ŭɛɘɜɩɜ əŬŰɎɚɚɖɚɤɜ ɔɘŬ ŭɏůɛŮɡůɖ CO , ɞɘ ɞˊɞɑŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŰɟŮɘɠ 

əŬŰɖɔɞɟɑŮɠ ɛŮ ɓɎůɖ Űɞɜ ɓŬɗɛɧ ɡˊɞəŬŰɎůŰŬůɖɠ (Ŭɟɘɗɛɧ ŬŰɧɛɤɜ ɡŭɟɞɔɧɜɞɡ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ) 

ůŰɞ ɎŰɞɛɞ ŬɕɩŰɞɡ Űɞɡɠ. ȷɡŰɏɠ ŮɑɜŬɘ ɞɘ ˊɟɤŰɞŰŬɔŮɑɠ, ŭŮɡŰŮɟɞŰŬɔŮɑɠ əŬɘ ŰɟɘŰɞŰŬɔŮɑɠ ŬɛɑɜŮɠ, ɞɘ 

ɞˊɞɑŮɠ ŭɘŬɗɏŰɞɡɜ ŬɜŰɑůŰɞɘɢŬ ŭɨɞ, ɏɜŬ əŬɘ əŬɜɏɜŬ ɎŰɞɛɞ ɡŭɟɞɔɧɜɞɡ ůɡɜŭŮŭŮɛɏɜɞ ůŰɖɜ 

ŬɛɘɜɞɛɎŭŬ.  ȼ ɔŮɜɘəɐ ŭɞɛɐ ɛɘŬɠ Ŭɛɑɜɖɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬůŰŬɗŮɑ ɤɠ RīNH , ɧˊɞɡ R ŮɑɜŬɘ ɛɑŬ 

ŬɜɗɟŬəɘəɐ ŬɚɡůɑŭŬ. ɇŬ ˊɟɤŰɞŰŬɔɐ (RīNH2) əŬɘ ŭŮɡŰŮɟɞŰŬɔɐ (R1R2NH) ŭɘŬɚɨɛŬŰŬ Ŭɛɘɜɩɜ 

ŮɑɜŬɘ ŬůɗŮɜɐɠ ɓɎůŮɘɠ əŬɘ ŬɜŰɘŭɟɞɨɜ ɛŮ Űɞ CO2 əŬɘ ůɢɖɛŬŰɑɕɞɡɜ əŬɟɓŬɛɑŭɘŬ (carbamates). ȷɡŰɐ 
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ɖ ŬɜŰɑŭɟŬůɖ ŮɑɜŬɘ ŬɜŬůŰɟɏɣɘɛɖ ɛɏůɤ Űɖɠ ˊŬɟɞɢɐɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ ŬˊɞŰŮɚŮɑ Űɖɜ əɨɟɘŬ Ŭɟɢɐ 

ˊɞɡ ŬɝɘɞˊɞɘŮɑŰŬɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ ŭɏůɛŮɡůɖɠ CO . Ƀɘ ŰɟɘŰɞŰŬɔŮɑɠ ŬɛɑɜŮɠ (R1R2R3N) 

ůɢɖɛŬŰɑɕɞɡɜ ŭɘŰŰŬɜɗɟŬəɘəɎ ɎɚŬŰŬ [6].  

ȼ ŬɜŰɑŭɟŬůɖ Űɤɜ Ŭɛɘɜɞɨɢɤɜ ŭɘŬɚɡŰɩɜ ɛŮ Űɞ CO  ˊŬɟɞɡůɑŬ ɜŮɟɞɨ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬəɎŰɤ 

[20]: 

CO2 + 2RNH2 ź RNHCOO
ī+ RNH+  (2.1) 

CO2 + R1R2R3N + H2O ź R1R2R3NH
++ HCOī3  (2.2) 

ȼ ŬɜŰɑŭɟŬůɖ 2.1 ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɤɜ ˊɟɤŰɞŰŬɔɩɜ əŬɘ ŭŮɡŰŮɟɞŰŬɔɩɜ Ŭɛɘɜɩɜ ɛŮ Űɞ 

CO2. ȷˊɧ Űɖɜ ůŰɞɘɢŮɘɞɛŮŰɟɑŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɑɜŬɘ ŮɛűŬɜɏɠ ˊɤɠ ŭɨɞ moles Ŭɛɑɜɖɠ ŬˊŬɘŰɞɨɜŰŬɘ 

ɔɘŬ Űɖɜ ŬɜŰɑŭɟŬůɖ ɛŮ ɏɜŬ mole CO2. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ ɖ çűɧɟŰɤůɖè Űɞɡ ŭɘŬɚɨŰɖ ůŮ CO2 ŭŮɜ 

ɛˊɞɟŮɑ ɜŬ ɝŮˊŮɟɜɎŮɘ ŰŬ 0,5 mole CO2 ŬɜɎ mole Ŭɛɑɜɖɠ [20]. ɋɠ űɧɟŰɤůɖ ɐ loading, ɞɟɑɕŮŰŬɘ 

ɖ ˊɞůɧŰɖŰŬ Űɤɜ mole Űɞɡ CO2 ́ ɞɡ ŭŮůɛŮɨɞɜŰŬɘ, ˊɟɞɠ ŰŬ mole Űɞɡ ŭɘŬɚɨŰɖ. ɆŰɖɜ ŬɜŰɑŭɟŬůɖ 

2.2 ŮɑɜŬɘ ŮɛűŬɜɏɠ ˊɤɠ ɏɜŬ mole ŰɟɘŰɞŰŬɔɞɨɠ Ŭɛɑɜɖɠ ɛˊɞɟŮɑ ɜŬ ŭŮůɛŮɨůŮɘ ɛɏɢɟɘ əŬɘ ɏɜŬ mole 

CO2. ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ əŬɘ ɞ ŮɜŭŮɘəŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ Űɤɜ Ŭɛɘɜɩɜ ɛŮ Űɞ 

CO2.  

 

ȺɘəɧɜŬ 2: ɀɖɢŬɜɘůɛɧɠ ŬɜŰɑŭɟŬůɖɠ Űɞɡ CO2 ɛŮ (a) ́ɟɤŰɞŰŬɔɐ ɐ ŭŮɡŰŮɟɞŰŬɔɐ Ŭɛɑɜɖ ŬˊɞɡůɑŬ ɜŮɟɞɨ (b) ŰɟɘŰɞŰŬɔɐɠ 

ŬɛɑɜŮɠ ˊŬɟɞɡůɑŬ ɜŮɟɞɨ 

Ƀɘ ́ɟɤŰɞŰŬɔŮɑɠ əŬɘ ŭŮɡŰŮɟɞŰŬɔŮɑɠ ŬɛɑɜŮɠ ɏɢɞɡɜ ŰŬɢɨŰŮɟŮɠ əɘɜɖŰɘəɏɠ ŬɜŰɑŭɟŬůɖɠ ŬɚɚɎ əŬɘ 

ɡɣɖɚɏɠ ɗŮɟɛɧŰɖŰŮɠ ŬɜŰɑŭɟŬůɖɠ əŬɘ Ůˊɞɛɏɜɤɠ ŬˊŬɘŰɞɨɜ ɛŮɔɎɚŮɠ ŮɜɏɟɔŮɘŮɠ ŬɜŬɔɏɜɜɖůɖɠ, Ůɜɩ 

ɞɘ ŰɟɘŰɞŰŬɔŮɑɠ ŬɛɑɜŮɠ ɏɢɞɡɜ ɡɣɖɚɧŰŮɟɖ ɘəŬɜɧŰɖŰŬ Ŭˊɞɟɟɧűɖůɖɠ CO2, ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɧŰɖŰŮɠ 

Ŭˊɞɟɟɧűɖůɖɠ, ɢŬɛɖɚɏɠ ŮɜɏɟɔŮɘŮɠ ŬɜŬɔɏɜɜɖůɖɠ ŬɚɚɎ Ŭɟɔɏɠ əɘɜɖŰɘəɏɠ ŬɜŰɑŭɟŬůɖɠ[20]. 

ȼ ˊɘɞ əɞɘɜɐ ˊɟɤŰɞŰŬɔɐɠ Ŭɛɑɜɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŭɘŮɟɔŬůɑŮɠ CCS ŮɑɜŬɘ ɖ 

ɛɞɜɞŬɘɗŬɜɞɚŬɛɑɜɖ (MEA), ɖ ɞˊɞɑŬ əŬɘ ɗŮɤɟŮɑŰŬɘ çŭɘŬɚɨŰɖɠ ŬɜŬűɞɟɎɠè (benchmark solvent) 

ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ, əŬɗɩɠ ɐŰŬɜ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ ŬɛɑɜŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ 

ŰɏŰɞɘŮɠ ŮűŬɟɛɞɔɏɠ əŬɘ ɏɢŮɘ ɛɏɢɟɘ ůɐɛŮɟŬ ŮɡɟŮɑŬ ɢɟɐůɖ ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ ɚɧɔɤ Űɖɠ ɘəŬɜɧŰɖŰɎɠ 

Űɖɠ ɜŬ ŭŮůɛŮɨůŮɘ Űɞ CO2 Ŭˊɧ ɟŮɨɛŬŰŬ ɛŮ ɢŬɛɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ŬɡŰɧ (ɢŬɛɖɚɐ ɛŮɟɘəɐ 

ˊɑŮůɖ CO2) [33]. ȼ MEA ɏɢŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ˊɟɤŰɞŰŬɔɩɜ Ŭɛɘɜɩɜ, ŬɚɚɎ ɖ ɢɟɐůɖ Űɖɠ 

ůɡɜɞŭŮɨŮŰŬɘ əŬɘ Ŭˊɧ ˊɟɞɓɚɐɛŬŰŬ ɧˊɤɠ ɖ ŭɘɎɓɟɤůɖ, ɖ ŬˊɩɚŮɘŬ ŬŰɛɩɜ Űɖɠ ɚɧɔɤ Űɖɠ 

ˊŰɖŰɘəɧŰɖŰɎɠ Űɖɠ əŬɘ ɖ ŬˊɞůɨɜɗŮůɐ Űɖɠ  [20], [33], [34]. ȼ ŬˊɞůɨɜɗŮůɖ Űɞɡ ŭɘŬɚɨŰɖ MEA, 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛɏůŬ Ŭˊɧ ŭɨɞ ɛɖɢŬɜɘůɛɞɨɠ. Ƀ ˊɟɩŰɞɠ ɛɖɢŬɜɘůɛɧɠ ŮɑɜŬɘ ŬɡŰɧɠ Űɖɠ ɞɝŮɘŭɤŰɘəɐɠ 

ŬˊɞůɨɜɗŮůɖɠ, ɖ ɞˊɞɑŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɧŰŬɜ ɡˊɎɟɢŮɘ ˊŬɟɞɡůɑŬ ɞɝɡɔɧɜɞɡ ůŰŬ əŬɡůŬɏɟɘŬ, Ůɜɩ 

ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɖ ɨˊŬɟɝɖ CO2 ɐ ůɡɜɗɖəɩɜ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɞɘ 

ŬɜŰɘŭɟɎůŮɘɠ. ɇŬ ˊɟɞɥɧɜŰŬ Űɖɠ ɞɝŮɘŭɤŰɘəɐɠ ŬˊɞůɨɜɗŮůɖɠ Űɖɠ ɀȺȷ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŬɚŭŮɒŭŮɠ, 

ŬɛɛɤɜɑŬ, ɜɘŰɟɞŬɛɑɜŮɠ əŬɘ ɎɚɚŮɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ ɛŮ ɡɣɖɚɐ ŰɞɝɘəɧŰɖŰŬ əŬɘ ŬɟɜɖŰɘəɏɠ 

ŮˊɘˊŰɩůŮɘɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ȷəɧɛŬ, ɞŭɖɔŮɑ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ ɗŮɟɛɞůŰŬɗŮɟɩɜ ŬɚɎŰɤɜ ŰŬ ɞˊɞɑŬ 

ŮɜŬˊɞŰɑɗŮɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛɖɢŬɜɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ əŬɘ ɛŬɕɑ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ 

ŮɜɩůŮɘɠ ˊŬɟɞɨůŮɠ, ůɡɜŰŮɚɞɨɜ ůŰɖɜ ŭɘɎɓɟɤůɐ Űɞɡ. Ɇɡɜɐɗɤɠ, ɔɘŬ Űɖɜ ŬˊɞŰɟɞˊɐ Űɤɜ 
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űŬɘɜɞɛɏɜɤɜ ŬɡŰɩɜ, ˊɟɞůŰɑɗŮɜŰŬɘ ŮɜɩůŮɘɠ ůŰɞ ŭɘɎɚɡɛŬ Űɞɡ ŭɘŬɚɨŰɖ ˊɞɡ ŬˊɞŰɟɏˊɞɡɜ ŬɡŰɏɠ Űɘɠ 

ŬɜŰɘŭɟɎůŮɘɠ. Ƀ ŭŮɨŰŮɟɞɠ ɛɖɢŬɜɘůɛɧɠ, ŮɑɜŬɘ ŮəŮɑɜɞɠ Űɞɡ ˊɞɚɡɛŮɟɘůɛɞɨ Űɞɡ əŬɟɓŬɛɘŭɑɞɡ, ɞ 

ɞˊɞɑɞɠ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ ˊɟɩŰɞ, ŬˊŬɘŰŮɑ ɔɘŬ ɜŬ ůɡɛɓŮɑ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ˊŬɟɞɡůɑŬ 

CO2. ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɑŬ ůŮɘɟɎ ŬɜŰɘŭɟɎůŮɤɜ ɧˊɞɡ Űɞ ŰŮɚŮɡŰŬɑɞ ɓɐɛŬ ůŰɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ 

ŮɑɜŬɘ ɖ ůɡɛˊɨəɜɤůɖ Űɖɠ ɡˊɞəŬŰŮůŰɖɛɏɜɖɠ ŬɛɘɜɞŬɘɗɡɚŮɜŭɘŬɛɑɜɖɠ ůŮ ɡˊɞəŬŰŮůŰɖɛɏɜɖ 

ˊɘˊŮɟŬɕɑɜɖ. ȷɡŰɧ Űɞ ˊɟɧɓɚɖɛŬ ŭŮɜ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ŰɟɘŰɞŰŬɔŮɑɠ ŬɛɑɜŮɠ Ůűɧůɞɜ ŭŮɜ 

ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜ əŬɟɓŬɛɑŭɘŬ[34] . 

H ɛŮɗɡɚ-ŭɘŬɘɗŬɜɞɚŬɛɑɜɖ (MDEA) ŮɑɜŬɘ ɛɑŬ ŰɟɘŰɞŰŬɔɐɠ Ŭɛɑɜɖ ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŭɏůɛŮɡůɖ Űɞɡ CO2 əɡɟɑɤɠ ůŮ ɧɝɘɜŬ ŬɏɟɘŬ ŰŬ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮəŰɧɠ Ŭˊɧ CO2 əŬɘ H2S əŬɘ 

ɏɢŮɘ ŮɡɟŮɑŬ ɢɟɐůɖ ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ Űɞɡ űɡůɘəɞɨ ŬŮɟɑɞɡ. ɉŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ 

ɡɣɖɚɧ loading ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ, ɢŬɛɖɚɞɨɠ ɟɡɗɛɞɨɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ, ɢŬɛɖɚɏɠ ŮɜɗŬɚˊɑŮɠ 

ŬɜŰɑŭɟŬůɖɠ əŬɘ ɢŬɛɖɚɏɠ ŬˊɩɚŮɘŮɠ ɚɧɔɤ ŭɖɛɘɞɡɟɔɑŬɠ ˊŰɖŰɘəɩɜ ŬŰɛɩɜ Űɖɠ. ɇɞ ɛŮɘɞɜɏəŰɖɛɎ Űɖɠ 

ŮɑɜŬɘ ɞɘ Ŭɟɔɞɑ ɟɡɗɛɞɑ ŬɜŰɑŭɟŬůɖɠ ɛŮ Űɞ CO2 əŬɘ ɔɘŬ ŬɡŰɧ ůɡɜɖɗɑɕŮŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ 

əɎˊɞɘŬ Ɏɚɚɖ Ŭɛɑɜɖ ɐ əŬɘ ɏɜɤůɖ ɛŮ ŰŬɢɨŰŮɟɖ əɘɜɖŰɘəɐ, ɖ ɞˊɞɑŬ ˊɟɞɤɗŮɑ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ŬɡŰɏɠ 

(promoter) [35].  

ɇɏɚɞɠ, ɖ ŰɟɑŰɖ Ŭɛɑɜɖ ˊɞɡ ɗŬ ŮɝŮŰŬůŰŮɑ ŮɑɜŬɘ ɖ ˊɘˊŮɟŬɕɑɜɖ (PZ). ȷˊɞŰŮɚŮɑ ɛɑŬ ŭŮɡŰŮɟɞŰŬɔɐɠ 

əɡəɚɘəɐ ŭɘŬɛɑɜɖ ́ ɞɡ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ əŬɟɓŬɛɑŭɘŬ. ɆɡɜŭɡɎɕŮɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ 

ŰɟɘŰɞŰŬɔɩɜ Ŭɛɘɜɩɜ ɛŮ ɔɟɐɔɞɟŮɠ əɘɜɖŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ əŬɘ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ 

ˊɘɏůŮɘɠ ɚŮɘŰɞɡɟɔɑŬɠ, ŬɚɚɎ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ Űɞɝɘəɐ əŬɘ ůɢŮŭɧɜ əŬɗɧɚɞɡ ɓɘɞŭɘŬůˊɩɛŮɜɖ[32], [36]. 

ȷəɧɛŬ, ɏɢŮɘ Űɖɜ ŰɎůɖ ɜŬ ŭɖɛɘɞɡɟɔŮɑ ůŰŮɟŮɎ ɘɕɐɛŬŰŬ (solid precipitates) əŬɘ ɔɘŬ ŬɡŰɧ ŭŮɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɢɜɎ ɛɧɜɖ Űɖɠ ůŬɜ ŭɘŬɚɨŰɖɠ ŬɚɚɎ ůŮ ɛɑɔɛŬŰŬ [6]. 

ɀɑŬ Ɏɚɚɖ əŬŰɖɔɞɟɑŬ ŭɘŬɚɡŰɩɜ ˊɞɡ ɗŬ ŮɝŮŰŬůŰŮɑ ŮɑɜŬɘ ŰŬ ŬɚəŬɚɘəɎ ŭɘŬɚɨɛŬŰŬ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ŰŬ ŭɘŬɚɨɛŬŰŬ ŬɜɗɟŬəɘəɩɜ ŬɚɎŰɤɜ.  ɇŬ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ ŬɜɗɟŬəɘəɩɜ ŬɚɎŰɤɜ 

ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŭɘŬɚɨŰŮɠ ɔɘŬ ŭɘŮɟɔŬůɑŮɠ CCS ɏɢɞɡɜ ŰŬ Ůɝɐɠ ˊɚŮɞɜŮəŰɐɛŬŰŬ: (i) 

ɢŬɛɖɚɧ əɧůŰɞɠ ŭɘŬɚɨŰɖ, (ii) ɡɣɖɚɐ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ CO  ůŰɞ ŭɘɎɚɡɛŬ, (iii) ɢŬɛɖɚɐ ŰɞɝɘəɧŰɖŰŬ 

Űɞɡ ŭɘŬɚɨɛŬŰɞɠ, (iv) ɢŬɛɖɚɐ ŰɎůɖ ɔɘŬ Ŭˊɞɘəɞŭɧɛɖůɖ əŬɘ ŭɘɎɓɟɤůɖ, əŬɘ (v) ŬˊɞŭɞŰɘəɐ əŬɘ 

ɞɘəɞɜɞɛɘəɐ ŬɜŬɔɏɜɜɖůɖ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ɆŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŬ ŭɘŬɚɨɛŬŰŬ 

ŬɜɗɟŬəɘəɩɜ ŬɚɎŰɤɜ, Űɞ ŭɘɎɚɡɛŬ ŬɜɗɟŬəɘəɞɨ əŬɚɑɞɡ (K CO ) ɏɢŮɘ ɡɣɖɚɧŰŮɟɖ ɘəŬɜɧŰɖŰŬ 

ŭɏůɛŮɡůɖɠ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɡɟɨŰŮɟŬ. ȼ ŬɜŰɑŭɟŬůɖ Ŭˊɞɟɟɧűɖůɖɠ ɛŮŰŬɝɨ Űɞɡ CO  əŬɘ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ K CO  ŮɑɜŬɘ ŮɝɩɗŮɟɛɖ əŬɘ Űɞ ŬɜɗɟŬəɘəɧ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŭɘŰŰŬɜɗɟŬəɘəɧ, ɧˊɤɠ 

ŭɑɜŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ɢɖɛɘəɐ ŬɜŰɑŭɟŬůɖ: 

CO2 + H2O + K2CO3 ź 2KHCO3   (2.3) 

ɋůŰɧůɞ, ɖ ɢɟɐůɖ Űɤɜ ŭɘŬɚɡɛɎŰɤɜ K CO  ɔɘŬ Űɖɜ Ŭˊɞɟɟɧűɖůɖ CO  ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ Űɞ 

ɛŮɘɞɜɏəŰɖɛŬ ɧŰɘ ɞ ɟɡɗɛɧɠ Ŭˊɞɟɟɧűɖůɖɠ ŮɑɜŬɘ Ŭɟɔɧɠ. ũɘŬ ɜŬ ɓŮɚŰɘɤɗŮɑ ɞ ɟɡɗɛɧɠ ŬɜŰɑŭɟŬůɖɠ 

əŬɘ ɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ, ŬɟəŮŰɞɑ ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ ŭɘŮɟŮɡɜɐůŮɘ Űɖ ɢɟɐůɖ əɎˊɞɘɤɜ 

ŮˊɘŰŬɢɡɜŰɩɜ ɐ promoters ůŰɞ ŭɘɎɚɡɛŬ. Ƀɘ promoters ɛˊɞɟɞɨɜ ɜŬ Ŭɡɝɐůɞɡɜ Űɞɜ ɟɡɗɛɧ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ CO , ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ 

ŰŬ ŬɟɢɘəɎ ˊɎɔɘŬ əɧůŰɖ [20]. 

ȼ ŰŮɚŮɡŰŬɑŬ əŬŰɖɔɞɟɑŬ ŭɘŬɚɡŰɩɜ ˊɞɡ ɗŬ ŬɜŬɚɡɗŮɑ ɛŮŰɎ Űɘɠ ŬɛɑɜŮɠ əŬɘ ŰŬ ŬɜɗɟŬəɘəɎ ɎɚŬŰŬ, 

ŮɑɜŬɘ ŰŬ ŬɛɛɤɜɘŬəɎ ŭɘŬɚɨɛŬŰŬ. Ƀɘ ŭɘŬɚɨŰŮɠ ɛŮ ɓɎůɖ Űɖɜ ŬɛɛɤɜɑŬ ɏɢɞɡɜ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ 

ɢŬɛɖɚɐɠ ŬˊɞůɨɜɗŮůɖɠ əŬɘ ŭɘɎɓɟɤůɖɠ, Ůɜɩ ŬɜŬɔŮɜɜɞɨɜŰŬɘ ŮɨəɞɚŬ əŬɘ ɏɢɞɡɜ ɡɣɖɚɐ 

ŭɡɜŬŰɧŰɖŰŬ Ŭˊɞɟɟɧűɖůɖɠ CO2. ɄŬɟɎɚɚɖɚŬ, ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŭŮůɛŮɨůɞɡɜ ˊɟɞůɛɑɝŮɘɠ 

Űɤɜ əŬɡůŬŮɟɑɤɜ ɧˊɤɠ NOx əŬɘ SOx. ȺɘŭɘəɎ ŰŬ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ ŬɛɛɤɜɑŬɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ ůŮ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɩɜɞɜŰŬɘ ŰŬ əɧůŰɖ 
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ɔɘŬ Űɖɜ ůɡɛˊɑŮůɖ əŬɘ ɡɔɟɞˊɞɑɖůɖ Űɞɡ CO2. Ƀɘ ŮɝɘůɩůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ŮɑɜŬɘ ɞɘ 

ˊŬɟŬəɎŰɤ: 

CO  + NH  ź NHCOONH   (2.4) 

NHCOONH + HO ź NHHCO + NH    (2.5) 

NHHCO + NH  ź (NH )CO    (2.6) 

NHCOONH + CO  + HO ź 2NHHCO   (2.7) 

CO  + NH  + HO Ÿ NHHCO   (2.8) 

ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɧŰɘ ɚɧɔɤ Űɖɠ ˊŰɖŰɘəɧŰɖŰŬɠ Űɖɠ ŬɛɛɤɜɑŬɠ, ɛŮɔɎɚɞ ɛɏɟɞɠ 

Űɖɠ ŮɝŬŰɛɑɕŮŰŬɘ əŬɘ ůɡɛˊŬɟŬůɨɟŮŰŬɘ ɛŮ Űɞ çűŰɤɢɧè ůŮ CO2 ɟŮɨɛŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ˊɟɞɠ Űɖɜ 

ŬŰɛɧůűŬɘɟŬ. ũɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ŬɡŰɧ, əŬɗɩɠ ɖ ŬɛɛɤɜɑŬ ŮɑɜŬɘ əŬɘ ɘŭɘŬɑŰŮɟŬ Űɞɝɘəɐ, ˊɟɏˊŮɘ ɜŬ 

ŮɔəŬŰŬůŰŬɗŮɑ ɛɑŬ Ůˊɘˊɚɏɞɜ ůŰɐɚɖ ɏəˊɚɡůɖɠ (water wash column) ɧˊɞɡ Űɞ ɟŮɨɛŬ Űɤɜ 

əŬɡůŬŮɟɑɤɜ ɗŬ ɏɟɢŮŰŬɘ ůŮ ŬˊŮɡɗŮɑŬɠ ŮˊŬűɐ ɛŮ ɜŮɟɧ Űɞ ɞˊɞɑɞ əŬɘ ɗŬ ŭŮůɛŮɨŮɘ Űɞɡɠ ŬŰɛɞɨɠ Űɖɠ 

ŬɛɛɤɜɑŬɠ. ȷəɧɛŬ, ɖ ɣɨɝɖ Űɤɜ əŬɡůŬŮɟɑɤɜ əŬɘ Űɞɡ ŭɘŬɚɨŰɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ. ȳɚŬ ŬɡŰɎ 

ůɡɜŰŮɚɞɨɜ ůŰɖɜ ɢɟɐůɖ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ Űɞ ɞˊɞɑɞ ɛŮŰɏˊŮɘŰŬ ŰŬ ˊɟɏˊŮɘ ɜŬ 

ŮˊŮɝŮɟɔŬůŰŮɑ, əŬɘ ůŮ ŬˊŬɘŰɐůŮɘɠ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ŭɘŬɚɨŰɖ ůŰɞ ɟŮɨɛŬ ŬɜŬˊɚɐɟɤůɖɠ. ȳɚŬ 

ŬɡŰɎ ŬɡɝɎɜɞɡɜ Űɞ əɧůŰɞɠ əŬɘ əŬɗɘůŰɞɨɜ ŬɡŰɐ Űɖɜ Ůˊɘɚɞɔɐ ɛɖ ŮűŬɟɛɧůɘɛɖ ůŰɞɜ əɚɎŭɞ Űɖɠ 

ɜŬɡŰɘɚɑŬɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ˊŬɟŬŰɑɗŮŰŬɘ ɖ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŭɘŬɚɡŰɩɜ ˊɞɡ 

ŬɜŬɚɨɗɖəŬɜ ˊŬɟŬˊɎɜɤ.  

ɄɑɜŬəŬɠ 3: ɆɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ˊɘɗŬɜɩɜ ŭɘŬɚɡŰɩɜ ůŮ ůɡůŰɐɛŬŰŬ CCS [20], [37], [38], [39]  

ȹɘŬɚɨŰɖɠ 
ɀɖɢŬɜɘůɛɧɠ ŬɜŰɑŭɟŬůɖɠ Ŭˊɞɟɟɧűɖůɖɠ 

CO2 
ɄɚŮɞɜŮəŰɐɛŬŰŬ ɀŮɘɞɜŮəŰɐɛŬŰŬ 

ɄɟɞŰɎůŮɘɠ ɓŮɚŰɑɤůɖɠ Űɞɡ 

ŭɘŬɚɨŰɖ 

Carbonate 

solution 
CO2+H2O+K2CO3ź2KHCO3 

¶ ɉŬɛɖɚɐ ŰɞɝɘəɧŰɖŰŬ, 

ŭɘŬɓɟɤŰɘəɧŰɖŰŬ, 

Ŭˊɞɘəɞŭɧɛɖůɖ əŬɘ 

ŮɜɏɟɔŮɘŬ ŬɜŬɔɏɜɜɖůɖɠ 

ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ 

ŭɘŬɚɨɛŬŰŬ Ŭɛɘɜɩɜ   

¶ ɉŬɛɖɚɧ əɧůŰɞɠ 

ŭɘŬɚɨŰɖ   

¶ Ɉɣɖɚɐ ŭɘŬɚɡŰɧŰɖŰŬ   

¶ ȷɟɔɞɑ ɟɡɗɛɞɑ 

ŬɜŰɑŭɟŬůɖɠ 

¶ ɉŬɛɖɚɧŰŮɟɞɘ 

ɟɡɗɛɞɑ 

Ŭˊɞɟɟɧűɖůɖɠ 

ůɡɔəɟɘŰɘəɎ ɛŮ 

Űɘɠ ŬɛɑɜŮɠ 

¶ ɉɟɐůɖ promoters (ɎɚŬŰŬ, 

ɏɜɕɡɛŬ, ŬɛɑɜŮɠ, ˊɞɚɡɛŮɟɐ, 

ɞɝɏŬ) 

¶ ɉɟɐůɖ ŬɜŬůŰɞɚɏɤɜ 

ŭɘɎɓɟɤůɖɠ (ŭɘɢɟɤɛɘəɧ əɎɚɘɞ, 

ŬɘɗɡɚŮɜɞŭɘŬɛɘɜɞŰŮŰɟŬɞɝɘəɧ 

ɞɝɨ (EDTA), ɛŮŰŬɓŬɜŬŭɘəɧ 

ɜɎŰɟɘɞ, ŬɜɗɟŬəɘəɧ ɢŬɚəɧ) 

Ammonia 

solution 
CO2+NH3+H2OźNH4HCO3 

¶ ȺˊɑŰŮɡɝɖ ɡɣɖɚɩɜ Űɘɛɩɜ 

CO2 loading 

¶ ũɟɐɔɞɟɞɘ ɟɡɗɛɞɑ 

Ŭˊɞɟɟɧűɖůɖɠ  

¶ ɉŬɛɖɚɐ 

ŭɘŬɓɟɤŰɘəɧŰɖŰŬ, 

Ŭˊɞɘəɞŭɧɛɖůɖ əŬɘ 

ŮɜɏɟɔŮɘŬ ŬɜŬɔɏɜɜɖůɖɠ 

¶ ȹɡɜŬŰɧŰɖŰŬ ŭɏůɛŮɡůɖɠ 

əŬɘ Ɏɚɚɤɜ ɟɨˊɤɜ (NOx 

& SOx) 

¶ ȷˊɩɚŮɘŬ ŬŰɛɩɜ 

ŬɛɛɤɜɑŬɠ əŬɘ 

Ŭɛɘɜɘəɩɜ 

ŮɜɩůŮɤɜ əŬɘ 

űɧɓɞɘ ɔɘŬ 

ŭŮɡŰŮɟɞɔŮɜɐ 

ɛɧɚɡɜůɖ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

¶ Ȱəˊɚɡůɖ ɛŮ ɜŮɟɧ əŬɘ ɧɝɘɜŬ 

ŭɘŬɚɨɛŬŰŬ 

¶ ɉɟɐůɖ promoter ůŰɞ ŭɘɎɚɡɛŬ 

¶ ɆɡɜŭɡŬůɛɧɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɛŮ ɛŮɛɓɟɎɜŮɠ (hybrid 

systems) 

¶ ɄŬɟŬɛŮŰɟɘəɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ 

Amine 

Solution 

Primary and secondary 

CO2+2RNH2źRNHCOO- + RNH3+ 

Tertiary 

CO2+R1R2R3N+H2OźR1R2R3Nȼ++HCO3- 

¶ ũɟɐɔɞɟɞɘ ɟɡɗɛɞɑ 

ŬɜŰɑŭɟŬůɖɠ 

¶ ɀŮɔɎɚɖ ŬˊɞɟɟɞűɖŰɘəɐ 

ɘəŬɜɧŰɖŰŬ 

¶ ɀŮɔɎɚɖ ŮɛˊŮɘɟɑŬ ůŰɖɜ 

ɢɟɐůɖ əŬɘ ŮűŬɟɛɞɔɐ 

Űɞɡɠ 

¶ Ɉɣɖɚɏɠ 

ŮɜŮɟɔŮɘŬəɏɠ 

ŬˊŬɘŰɐůŮɘɠ 

ŬɜŬɔɏɜɜɖůɖɠ 

¶ Ɉɣɖɚɞɑ ɟɡɗɛɞɑ  

ŭɘɎɓɟɤůɖɠ, 

Ŭˊɞɘəɞŭɧɛɖůɖɠ 

əŬɘ ɞɝŮɑŭɤůɖɠ 

¶ ɉɟɐůɖ ɛɘɔɛɎŰɤɜ Ŭɛɘɜɩɜ 

¶ ɉɟɐůɖ ɛɖ ɡŭŬŰɘəɩɜ ŭɘŬɚɡŰɩɜ 

¶ ɉɟɐůɖ promoters 

¶ ɉɟɐůɖ ŬɜŬůŰɞɚɏɤɜ 

ŭɘɎɓɟɤůɖɠ əŬɘ 

Ŭˊɞɘəɞŭɧɛɖůɖɠ 
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ɆŰɖɜ ůɡɜɏɢŮɘŬ, ŬəɞɚɞɡɗŮɑ ɛɑŬ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ Ŭɛɘɜɩɜ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ. Ƀɘ ɀȺȷ, MDEA 

əŬɘ PZ ŮɑɜŬɘ ɞɘ ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŬɛɑɜŮɠ ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡɠ ɔɘŬ 

Ŭˊɞɟɟɧűɖůɖ CO2, ɔɟɐɔɞɟɤɜ ɟɡɗɛɩɜ ŬɜŰɑŭɟŬůɖɠ əŬɘ əŬɚɐɠ ŮəɚŮəŰɘəɧŰɖŰŬɠ ɤɠ ˊɟɞɠ Űɞ CO2 

[20].  

ɄɑɜŬəŬɠ 4: Ɇɨɔəɟɘůɖ ɛŮŰŬɝɨ ŭɘŬɚɡɛɎŰɤɜ Ŭɛɘɜɩɜ 

ȹɘŬɚɨŰɖɠ ɄɚŮɞɜŮəŰɐɛŬŰŬ ɀŮɘɞɜŮəŰɐɛŬŰŬ 

MEA 
¶ ũɟɐɔɞɟɞɘ ɟɡɗɛɞɑ Ŭˊɞɟɟɧűɖůɖɠ 

¶ Ɉɣɖɚɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ ŬɜŬɔɏɜɜɖůɖɠ 

¶ Ɉɣɖɚɞɑ ɟɡɗɛɞɑ  ŭɘɎɓɟɤůɖɠ, Ŭˊɞɘəɞŭɧɛɖůɖɠ əŬɘ ɞɝŮɑŭɤůɖɠ 

MDEA 
¶ ɀŮɔɎɚɖ ŬˊɞɟɟɞűɖŰɘəɐ ɘəŬɜɧŰɖŰŬ 

¶ ɉŬɛɖɚɐ ŮɜŮɟɔŮɘŬəɐ ŬˊŬɑŰɖůɖ 

ŬɜŬɔɏɜɜɖůɖɠ  

¶ ɉŬɛɖɚɞɑ ɟɡɗɛɞɑ Ŭˊɞɟɟɧűɖůɖɠ 

PZ 
¶ ũɟɐɔɞɟɞɘ ɟɡɗɛɞɑ ŬɜŰɑŭɟŬůɖɠ 

¶ ȾŬɚɐ ɗŮɟɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ 

¶ ȽŭŬɜɘəɧɠ ůŬɜ promoter 

¶ Ɉɣɖɚɐ ŰɞɝɘəɧŰɖŰŬ əŬɘ əɧůŰɞɠ 

MDEA/PZ 

¶ ȾŬɚɐ ɗŮɟɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ 

¶ ɉŬɛɖɚɞɑ ɟɡɗɛɞɑ ɞɝŮɘŭɤŰɘəɐɠ 

Ŭˊɞŭɧɛɖůɖɠ 

¶ ɉŬɛɖɚɐ ɗŮɟɛɧŰɖŰŬ Ŭˊɞɟɟɧűɖůɖɠ  

¶ ȷˊŬɑŰɖůɖ ɔɘŬ əŬɡůŬɏɟɘŬ ɛŮ ɢŬɛɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ NOx ɔɘŬ 

ɜŬ ɛɖɜ ɡˊŮɟɓŬɑɜɞɜŰŬɘ ɞɘ Ůəˊɞɛˊɏɠ ůŮ ɜɘŰɟɞŬɛɑɜŮɠ 

 

ȰɜŬɠ ɘŭŬɜɘəɧɠ ŭɘŬɚɨŰɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɡɣɖɚɧ ɟɡɗɛɧ ŬɜŰɑŭɟŬůɖɠ ɛŮ Űɞ CO , ɢŬɛɖɚɧ əɧůŰɞɠ 

ŬɜŬɔɏɜɜɖůɖɠ, ɡɣɖɚɐ ɗŮɟɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, ɡɣɖɚɐ ɘəŬɜɧŰɖŰŬ Ŭˊɞɟɟɧűɖůɖɠ, ɢŬɛɖɚɧ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɧ ŬɜŰɑəŰɡˊɞ, ɢŬɛɖɚɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ əŬɘ ɢŬɛɖɚɧ əɧůŰɞɠ ŭɘŬɚɨŰɖ. ȷɡŰɧ 

ůɖɛŬɑɜŮɘ ɧŰɘ ɏɜŬ ŭɘɎɚɡɛŬ ɛŮɛɞɜɤɛɏɜɖɠ Ŭɛɑɜɖɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɞ ůŰɖɜ Ŭˊɧŭɞůɖ 

Ŭˊɞɟɟɧűɖůɖɠ əŬɘ ůŰɖɜ ŬɜŬˊŰɡɝɘŬəɐ Űɞɡ ˊɟɞɞˊŰɘəɐ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ŭɘɎűɞɟŬ ɛŮɑɔɛŬŰŬ (əɡɟɑɤɠ ɛɑɔɛŬŰŬ ˊɟɤŰɞŰŬɔɩɜ əŬɘ ŰɟɘŰɞŰŬɔɩɜ Ŭɛɘɜɩɜ) ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ 

əŬɚɨŰŮɟɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȼ Ŭɨɝɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɤɜ ŬɛɘɜɞɛɎŭɤɜ ůŰɞɜ ŭɘŬɚɨŰɖ ɛˊɞɟŮɑ: 

(i) ɜŬ ŬɡɝɐůŮɘ Űɖ űɧɟŰɘůɖ əŬɘ Űɞɜ ɟɡɗɛɧ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ CO  ɚɧɔɤ Űɖɠ Ŭɨɝɖůɖɠ Űɤɜ 

ŭɟŬůŰɘəɩɜ ɗɏůŮɤɜ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ əŬɟɓŬɛɘəɞɨ əŬɘ ŭɘəŬɟɓŬɛɘəɞɨ, əŬɘ 

(ii) ɜŬ ŮɜɘůɢɨůŮɘ Űɖɜ Ŭˊɧŭɞůɖ ŬɜŬɔɏɜɜɖůɖɠ Űɞɡ ŬˊɞɟɟɞűɖŰɘəɞɨ ɛŮɘɩɜɞɜŰŬɠ Űɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ 

əŬɘ ŬɡɝɎɜɞɜŰŬɠ Űɞɜ ɟɡɗɛɧ Ŭˊɞɔɨɛɜɤůɖɠ [20]. ũɘŬ ŬɡŰɧ ŮˊɘɚɏɢɗɖəŮ əŬɘ Űɞ ɛɑɔɛŬ MDEA/PZ 

ɔɘŬ ɏɜŬ Ŭˊɧ ŰŬ ůɡůŰɐɛŬŰŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. ȷəɧɛŬ, ŮˊɘɚɏɔŮŰŬɘ Űɞ ŭɘɎɚɡɛŬ Ŭɛɑɜɖɠ ɀȺȷ 

əŬɗɩɠ ŬˊɞŰŮɚŮɑ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ ɔɘŬ Űɖɜ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ŭɘŬɚɨŰŮɠ. ɇɏɚɞɠ, 

ŮˊɘɚɏɔŮŰŬɘ Űɞ ŭɘɎɚɡɛŬ K2CO3 ɚɧɔɤ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Ŭˊɧ 

ŰŬ ŭɘŬɚɨɛŬŰŬ Ŭɛɘɜɩɜ.  
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3. ŪŮɟɛɞŭɡɜŬɛɘəɎ ɛɞɜŰɏɚŬ əŬɘ ɛɞɜŰɏɚŬ ɛŮ ɓɎůɖ 

Űɞɜ ɟɡɗɛɧ ɛŮŰŬűɞɟɎɠ, ɔɘŬ ŭɘŮɟɔŬůɑŮɠ ŭɏůɛŮɡůɖɠ 

CO2 

3.1 Ⱥˊɘɚɞɔɐ ɗŮɟɛɞŭɡɜŬɛɘəɞɨ ɛɞɜŰɏɚɞɡ 

ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɗŬ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ ŰɟɑŬ ɓŬůɘəɎ ɗŮɟɛɞŭɡɜŬɛɘəɎ ɛɞɜŰɏɚŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ˊɞɡ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůŰɖɜ ůɡɜɏɢŮɘŬ. ȷəɧɛŬ, ɗŬ 

ŬɜŬɚɡɗŮɑ ɖ ɢɟɐůɖ ɛɞɜŰɏɚɞɡ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞɜ ɟɡɗɛɧ ɛŮŰŬűɞɟɎɠ, ŰŬ ɞˊɞɑŬ ˊɟɞŰɘɛɩɜŰŬɘ ŬɜŰɑ 

Űɤɜ ɛɞɜŰɏɚɤɜ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ŭɘŮɟɔŬůɑŮɠ Ŭˊɞɟɟɧűɖůɖɠ. 

ȼ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ɗŮɟɛɞŭɡɜŬɛɘəɞɨ ɛɞɜŰɏɚɞɡ, ŬˊɞŰŮɚŮɑ əɞɛɓɘəɧ ůɖɛŮɑɞ ɔɘŬ Űɖɜ 

ˊŮɟɘɔɟŬűɐ əŬɘ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ Ŭˊɞɟɟɧűɖůɖɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ůŮ 

ŭɘŬɚɨŰɖ, əŬɗɩɠ ɛɧɜɞ ɏŰůɘ ɗŬ ŭɘŬɓŮɓŬɘɤɗŮɑ ɖ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ůŰɖɚɩɜ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ 

Ŭˊɞɔɨɛɜɤůɖɠ əŬɘ ɛɧɜɞ ɏŰůɘ ɗŬ ɚŬɛɓɎɜɞɜŰŬɘ ɟŮŬɚɘůŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ɇɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ 

ɛɞɜŰɏɚɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɔɟɎűŮɘ ɛŮ ŬəɟɑɓŮɘŬ Űɖɜ ɘůɞɟɟɞˊɑŬ űɎůŮɤɜ ɛŮŰŬɝɨ ŬŰɛɞɨ-ɡɔɟɞɨ ŬɚɚɎ 

əŬɘ Űɖɜ ɘůɞɟɟɞˊɑŬ űɎůŮɤɜ ůŰɖɜ ɡɔɟɐ űɎůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ[40].  

ɇŬ ˊɟɞɠ ŮɝɏŰŬůɖ ůɡůŰɐɛŬŰŬ ɏɢɞɡɜ ɤɠ əɨɟɘŬ ůɡůŰŬŰɘəɎ Űɞ ɜŮɟɧ (H2O), Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ 

ɎɜɗɟŬəŬ (CO2) əŬɘ ɛŮŰɎ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ˊŬɟŬəɎŰɤ ŭɘŬɚɨŰŮɠ ˊɞɡ ŬɜŬɚɨɞɜŰŬɘ ůŮ əɎɗŮ ɛɑŬ Ŭˊɧ 

Űɘɠ ŰɟŮɑɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɗŬ ŮɝŮŰŬůŰɞɨɜ: ɀɞɜɞŬɘɗŬɜɞɚŬɛɑɜɖ(MEA), ɛŮɗɡɚ-ŭɘŬɘɗŬɜɞɚɞɜŬɛɑɜɖ 

(MDEA) əŬɘ ˊɘˊŮɟŬɕɑɜɖ (PZ) əŬɘ Űɏɚɞɠ, Űɞ ŬɜɗɟŬəɘəɧ əɎɚɘɞ (K2CO3). ɇŬ ɛɑɔɛŬŰŬ Űɤɜ ɛɞɟɑɤɜ 

ŬɡŰɩɜ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ůɖɛŬɜŰɘəɏɠ ŬˊɞəɚɑůŮɘɠ Ŭˊɧ Űɖɜ ɘŭŬɜɘəɧŰɖŰŬ ůŰɖɜ ɡɔɟɐ űɎůɖ, 

əŬɗɩɠ ŮəŰɧɠ Ŭˊɧ Űɘɠ ŭɘŬɛɞɟɘŬəɏɠ ŭɡɜɎɛŮɘɠ, ɡˊɎɟɢɞɡɜ əŬɘ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 

ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ, ɚɧɔɤ Űɖɠ ˊɞɚɘəɧŰɖŰŬɠ Űɤɜ ɛɞɟɑɤɜ. ȺəŰɧɠ ŬɡŰɞɨ, ŰŬ 

ŭɘŬɚɨɛŬŰŬ ŬɡŰɎ ŮɑɜŬɘ ɖɚŮəŰɟɞɚɡŰɘəɎ ɚɧɔɤ Űɤɜ ɘɧɜŰɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ŰŬ ɛɧɟɘɎ Űɞɡɠ, 

ůɡɜŮɘůűɏɟɞɜŰŬɠ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟɞ ůŰɖɜ Ŭˊɧəɚɘůɐ Űɞɡɠ Ŭˊɧ Űɖɜ ɘŭŬɜɘəɧŰɖŰŬ. 

ȳɚŮɠ ɞɘ ŭɘŮɟɔŬůɑŮɠ, ɗŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŮ ɢŬɛɖɚɏɠ ˊɘɏůŮɘɠ ůŰɖɜ ɡɔɟɐ űɎůɖ, ɖ ɞˊɞɑŬ ɗŬ ŮɑɜŬɘ 

əŬɘ ŮəŮɑɜɖ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ ɘŭŬɜɘəɧŰɖŰŬ. Ⱥˊɞɛɏɜɤɠ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ 

Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ɛɖ ɘŭŬɜɘəɐɠ ɡɔɟɐɠ űɎůɖɠ, ɗŬ ŮɑɜŬɘ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ɔ-ű ɐ ɛɞɜŰɏɚɤɜ 

ůɡɜŰŮɚŮůŰɐ ŮɜŮɟɔɧŰɖŰŬɠ (ɔ). ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ Űɞ Aspen 

Plus ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ ɗŮɟɛɞŭɡɜŬɛɘəɞɨ ɛɞɜŰɏɚɞɡ, ŬɚɚɎ əŬɘ ŭŮŭɞɛɏɜŬ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, 

ŮˊɘɚɏɔŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ Electrolyte NRTL[41]. 

 

ȺɘəɧɜŬ 3: ȷɚɔɧɟɘɗɛɞɠ Ůˊɘɚɞɔɐɠ ɗŮɟɛɞŭɡɜŬɛɘəɞɨ ɛɞɜŰɏɚɞɡ 
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3.1.1 ɀɞɜŰɏɚɞ ůɡɜŰŮɚŮůŰɐ ŮɜŮɟɔɧŰɖŰŬɠ Electrolyte NRTL 

ɇɞ ɛɞɜŰɏɚɞ Electrolyte NRTL ́ ɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎűŮɘ ɛŮ ŬəɟɑɓŮɘŬ 

ɖɚŮəŰɟɞɚɡŰɘəɎ ůɡůŰɐɛŬŰŬ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ əɧɟɞɜ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

ůɡůŰɖɛɎŰɤɜ CCS ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ɢɖɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ. ɆŰɞ Aspen Plus ɡˊɎɟɢɞɡɜ ŭɨɞ 

ɛɞɜŰɏɚŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ɖɚŮəŰɟɞɚɡŰɘəɎ ůɡůŰɐɛŬŰŬ. ȼ ELECNRTL əŬɘ 

ɖ ENRTL-RK.  

ũɘŬ ŭɘŬɚɨɛŬŰŬ ɖɚŮəŰɟɞɚɡŰɩɜ, ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɛɞɜŰɏɚɤɜ ŭŮɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ. 

ɄŬɟɧɚŬ ŬɡŰɎ, ŰŬ ŭɨɞ ɛɞɜŰɏɚŬ ŭŮɜ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ŰŬ ŭɘˊɞɚɘəɎ ɘɧɜŰŬ (Ůɑŭɖ ɛŮ ɗŮŰɘəɎ əŬɘ 

ŬɟɜɖŰɘəɎ űɞɟŰɑŬ ŬɚɚɎ ɛŮ ɛɖŭŮɜɘəɧ əŬɗŬɟɧ űɞɟŰɑɞ) ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŬɡŰɎ ŰŬ 

Ůɑŭɖ ŭŮɜ ŮɑɜŬɘ ˊŰɖŰɘəɎ, ɖ ELECNRTL ŰŬ ŬɜŰɘɛŮŰɤˊɑɕŮɘ ɤɠ əŬŰɘɧɜŰŬ, Ůɜɩ ɖ ENRTL-RK ŰŬ 

ŬɜŰɘɛŮŰɤˊɑɕŮɘ ɤɠ ɛɞɟɘŬəɞɨɠ ŭɘŬɚɨŰŮɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮɜɗŬɚˊɑŬɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ əŬɘ Űɖɠ 

ŮɚŮɨɗŮɟɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs. ɇŬ ŭɨɞ ɛɞɜŰɏɚŬ ŬˊɞŰŮɚɞɨɜ ŮəŭɧůŮɘɠ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

ɖɚŮəŰɟɞɚɡŰɩɜ Űɞɡ ɑŭɘɞɡ ɓŬůɘəɞɨ ɛɞɜŰɏɚɞɡ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɑŭɘŬ ŬůɨɛɛŮŰɟɖ əŬŰɎůŰŬůɖ 

ŬɜŬűɞɟɎɠ ɔɘŬ ŰŬ ɘɧɜŰŬ. ŪŮɤɟɖŰɘəɎ, əŬɘ ŰŬ ŭɨɞ ɛɞɜŰɏɚŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ɑŭɘŬ əŬŰŬůŰŬŰɘəɐ 

Ůɝɑůɤůɖ RK (Redlich-Kwong) ɔɘŬ Űɖ űɎůɖ ŬŰɛɞɨ. ɋůŰɧůɞ, ůŰŬ ˊɟɧŰɡˊŬ Űɞɡ Aspen ɔɘŬ Űɖ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŭɏůɛŮɡůɖɠ CO  ɛŮ ŭɘɎɚɡɛŬ MDEA-PZ, ɖ ENRTL-RK ɢɟɖůɘɛɞˊɞɘŮɑ Űɖɜ 

PC-SAFT ɤɠ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ. ɣ [42]. Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ ůŰɖɜ 

ɓɘɓɚɘɞɔɟŬűɑŬ, ɢɟɖůɘɛɞˊɞɑɖůŬɜ Űɞ ɛɞɜŰɏɚɞ ELECNRTL, ŭɘɧŰɘ ˊɟɞůűɏɟŮɘ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ 

ůŰɖɜ ŮˊɘɓŮɓŬɑɤůɖ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ [43]. Ⱥˊɞɛɏɜɤɠ əŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ 

ŮˊɘɚɏɔŮŰŬɘ ŬɡŰɧ Űɞ ɛɞɜŰɏɚɞ. 

ɇɞ ɛɞɜŰɏɚɞ ELECNRTL ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟɎɣŮɘ ůɡůŰɐɛŬŰŬ ɡŭŬŰɘəɩɜ ŭɘŬɚɡŰɩɜ ŬɚɚɎ əŬɘ 

ɛɑɔɛŬŰŬ ŭɘŬɚɡŰɩɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, Ůɜɩ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ŬŰɛɩŭɖɠ 

űɎůɖ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ SRK (Soave-Redlich-Kwong), əɎŰɘ Űɞ ɞˊɞɑɞ 

ůŰɞ ˊɟɧɔɟŬɛɛŬ Aspen Plus ɛˊɞɟŮɑ ɜŬ ŰɟɞˊɞˊɞɘɖɗŮɑ[34]. ȼ ˊŮɟɘɔɟŬűɐ Űɖɠ ŭɘŬɚɡŰɧŰɖŰŬɠ Űɤɜ 

ɡˊŮɟəɟɑůɘɛɤɜ ŬŮɟɑɤɜ, ůɡɜɑůŰŬŰŬɘ ɜŬ ɛɞɜŰŮɚɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ɜɧɛɞɡ Űɞɡ Henry. 

ɀɎɚɘůŰŬ, ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŰŬ CO2, O2, N2, ɞɟɑɕɞɜŰŬɘ ɤɠ Henry components ůŰɞ Aspen 

Plus, ŭɖɚŬŭɐ ɔɘŬ ŬɡŰɎ ŰŬ ŬɏɟɘŬ ŮűŬɟɛɧɕŮŰŬɘ ɞ ɜɧɛɞɠ Űɞɡ Henry[41].  

ɇɞ ɛɞɜŰɏɚɞ ELECNRTL ŮɑɜŬɘ ɏɜŬ ɖɛɘŮɛˊŮɘɟɘəɧ ɛɞɜŰɏɚɞ Űɞˊɘəɐɠ ůɨůŰŬůɖɠ, ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ 

ˊŮɟɑůůŮɘŬɠ ŮɚŮɨɗŮɟɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs Ůɜɧɠ ɖɚŮəŰɟɞɚɡŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ[40],əŬɘ ɡˊɞɗɏŰŮɘ ˊɤɠ 

ŬɡŰɐ ŮɑɜŬɘ Űɞ ɎɗɟɞɘůɛŬ ŭɨɞ ůɡɜŮɘůűɞɟɩɜ[34]: 

¶ ȹɡɜɎɛŮɘɠ ɛɘəɟɞɨ Ůɨɟɞɡɠ (short-range forces),ŭɖɚŬŭɐ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ 

ɘɧɜŰɞɠ-ɛɞɟɑɞɡ, ɛɞɟɑɞɡ-ɛɞɟɑɞɡ, ɘɧɜŰɞɠ-ɘɧɜŰɞɠ. 

¶ ȹɡɜɎɛŮɘɠ ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ (long-range forces), ŭɖɚŬŭɐ Űɘɠ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɘɧɜŰɞɠ-ɘɧɜŰɞɠ.  

Ⱥɜɩ ŬəɧɛŬ, Űɞ ɛɞɜŰɏɚɞ ɓŬůɑɕŮŰŬɘ ůŮ ŭɨɞ ůɖɛŬɜŰɘəɏɠ ˊŬɟŬŭɞɢɏɠ: 

¶ ɄŬɟŬŭɞɢɐ Ɏˊɤůɖɠ ɧɛɞɘɤɜ ɘɧɜŰɤɜ (like-ion repulsion assumption): ȿɧɔɤ Űɤɜ ɘůɢɡɟɩɜ 

ŬˊɞůŰɘəɩɜ ŭɡɜɎɛŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɘɧɜŰɤɜ ɑŭɘɞɡ űɞɟŰɑɞɡ, ɔɑɜŮŰŬɘ ɖ ɡˊɧɗŮůɖ ˊɤɠ ɖ 

Űɞˊɘəɐ ůɨůŰŬůɖ Űɤɜ əŬŰɘɧɜŰɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŬɜɎɛŮůŬ ůŮ əŬŰɘɧɜŰŬ əŬɘ ɖ Űɞˊɘəɐ 

ůɨůŰŬůɖ ŬɜɘɧɜŰɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŬɜɎɛŮůŬ ůŮ ŬɜɘɧɜŰŬ, ŮɑɜŬɘ ɛɖŭŮɜɘəɐ.  

¶ ɄŬɟŬŭɞɢɐ Űɞˊɘəɐɠ ɖɚŮəŰɟɞɞɡŭŮŰŮɟɧŰɖŰŬɠ (local electroneutrality assumption): 

ũɑɜŮŰŬɘ ɖ ˊŬɟŬŭɞɢɐ ˊɤɠ ɖ əŬŰŬɜɞɛɐ əŬŰɘɧɜŰɤɜ əŬɘ ŬɜɘɧɜŰɤɜ ɔɨɟɤ Ŭˊɧ ɏɜŬ əŮɜŰɟɘəɧ 

ɛɧɟɘɞ ŭɘŬɚɨŰɖ ŮɑɜŬɘ ŰɏŰɞɘŬ ɩůŰŮ Űɞ ůɡɜɞɚɘəɧ Űɞˊɘəɧ űɞɟŰɑɞ Űɤɜ ɘɧɜŰɤɜ ɜŬ ŮɑɜŬɘ 

ɛɖŭŮɜɘəɧ. 



26 

 

ȰŰůɘ, ɖ ɏəűɟŬůɖ ɔɘŬ Űɖɜ ˊŮɟɑůůŮɘŬ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs, ɧˊɤɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ 

ɛɞɜŰɏɚɞ Electrolyte NRTL, ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ɤɠ: 

Ὣ ᶻ Ὣ ȟz Ὣ ȟz σȢρ 

ȳˊɞɡ: 

¶ Ὣ ᶻ: ɖ ɔɟŬɛɛɞɛɞɟɘŬəɐ ˊŮɟɑůůŮɘŬ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs 

¶ Ὣ ȟz : ɖ ɔɟŬɛɛɞɛɞɟɘŬəɐ ˊŮɟɑůůŮɘŬ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs ɚɧɔɤ 

ůɡɜŮɘůűɞɟɎɠ ŭɡɜɎɛŮɤɜ ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ 

¶ Ὣ ȟz : ɖ ɛɞɚŬɟɘəɐ ˊŮɟɑůůŮɘŬ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs ɚɧɔɤ ŭɡɜɎɛŮɤɜ 

ɛɘəɟɞɨ Ůɨɟɞɡɠ 

Ƀɘ ůɡɜŮɘůűɞɟɏɠ Ŭˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɤɠ ůɡɜŭɡŬůɛɧɠ Űɖɠ 

ůɡɜŮɘůűɞɟɎɠ Pitzer-Debye-H¿ckel əŬɘ Űɖɠ ɏəűɟŬůɖɠ Born, Ůɜɩ ɖ ůɡɜŮɘůűɞɟɎ Űɤɜ Űɞˊɘəɩɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ˊɟɞəɨˊŰŮɘ ůɨɛűɤɜŬ ɛŮ Űɞ ɛɞɜŰɏɚɞ NRTL. ɆŰɞ ɛɞɜŰɏɚɞ Electrolyte NRTL, 

ɖ Ůɝɑůɤůɖ Pitzer-Debye-H¿ckel ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ůɡɜŮɘůűɞɟɎɠ Űɤɜ 

ŭɡɜɎɛŮɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ ůŰɖ ɔɟŬɛɛɞɛɞɟɘŬəɐ ˊŮɟɑůůŮɘŬ Űɖɠ ŮɚŮɨɗŮɟɖɠ 

ŮɜɏɟɔŮɘŬɠ Gibbs.  

ȼ ůɡɜŮɘůűɞɟɎ Űɤɜ ŭɡɜɎɛŮɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ 

Ůɝɑůɤůɖ: 

Ὣ ᶻ  ὙὝ  ὢ
ρπππ

ὓ
ᶻ
τz ΅ Όz

”
  ÌÎρ ”z Ό σȢς   

ȳˊɞɡ: 

¶ ὢ: Űɞ əɚɎůɛŬ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ k ůŮ mol ůŰɖɜ ɡɔɟɐ űɎůɖ 

¶ ὓ: Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ ŭɘŬɚɨŰɖ ůŮ kg/kmol 

¶ ΅: ɖ ˊŬɟɎɛŮŰɟɞɠ Debye-H¿ckel 

¶ Ό: ɖ ɘɞɜŰɘəɐ ɘůɢɨɠ ɓɎůŮɘ Űɞɡ ὢ  

¶ ɟ : ɖ ˊŬɟɎɛŮŰɟɞɠ ˊɚɖůɘɏůŰŮɟɖɠ ˊɟɞůɏɔɔɘůɖɠ. 

ȼ ˊŬɟɎɛŮŰɟɞɠ Debye-H¿ckel ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

ὃ
ρ

σ

ςʌὔὨ

ρπππ

Ⱦ Ὡ

ὈὯὝ

Ȣ

σȢσ 

ȳˊɞɡ: 

¶ ὔ: ɞ Ŭɟɘɗɛɧɠ Avogadro 

¶ d: ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ 

¶ e: Űɞ űɞɟŰɑɞ Ůɜɧɠ ɖɚŮəŰɟɞɜɑɞɡ 

¶ Ὀ: ɖ ŭɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ Űɞɡ ɜŮɟɞɨ 

¶ Ὧ: ɖ ůŰŬɗŮɟɎ Űɞɡ Boltzmann 
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¶ T: ɖ ɗŮɟɛɞəɟŬůɑŬ ůŮ Ⱦ. 

ȷəɧɛŬ, ɖ ɘɞɜŰɘəɐ ɘůɢɨɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

Ὅ πȢυ ὼᾀ σȢτ 

ȳˊɞɡ: 

¶ ᾀ: Űɞ űɞɟŰɑɞ Űɞɡ ɘɧɜŰɞɠ k. 

ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɗŬ ŬɜŬɚɡɗɞɨɜ, ɖ əŬŰɎůŰŬůɖ ŬɜŬűɞɟɎɠ ɔɘŬ ŰŬ ɘɞɜŰɘəɎ Ůɑŭɖ ŮɑɜŬɘ ŮəŮɑɜɖ 

Űɖɠ ɎˊŮɘɟɖɠ ŬɟŬɑɤůɖɠ ůŮ ɛŮɑɔɛŬ ŭɘŬɚɡŰɩɜ. ɇɞ ɛɞɜŰɏɚɞ Electrolyte NRTL ɞɟɑɕŮɘ Űɖɜ 

əŬŰɎůŰŬůɖ ŬɜŬűɞɟɎɠ ɔɘŬ ŰŬ ɘɞɜŰɘəɎ Ůɑŭɖ ɤɠ ŮəŮɑɜɖ Űɖɠ ɎˊŮɘɟɖɠ ŬɟŬɑɤůɖɠ ůŮ ɜŮɟɧ. Ⱥˊɞɛɏɜɤɠ 

ɢɟŮɘɎɕŮŰŬɘ əɎˊɞɘŬ ɏəűɟŬůɖ ŭɘɧɟɗɤůɖɠ ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ŮűŬɟɛɞůŰŮɑ Űɞ ɛɞɜŰɏɚɞ.  

ȷɡŰɐ ŮɑɜŬɘ ɖ ɏəűɟŬůɖ Űɞɡ Born, ɧˊɞɡ ɛŬɕɑ ɛŮ Űɞɜ ɧɟɞ Debye-H¿ckel ŭɑɜɞɡɜ Űɖɜ 

ɔɟŬɛɛɞɛɞɟɘŬəɐ ˊŮɟɑůůŮɘŬ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs ɚɧɔɤ ůɡɜŮɘůűɞɟɎɠ ŭɡɜɎɛŮɤɜ 

ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ: 

Ὣ ȟz Ὣ ᶻ Ὣ ȟz σȢυ 

ȼ ɏəűɟŬůɖ Born ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

Ὣ ȟz ὙὝ
Ὡ

ςὯὝ

ρ

Ὀ

ρ

Ὀ
ὼᾀ

ρ

ὶ
ρπ σȢφ 

ȳˊɞɡ: 

Ὀ: ȼ ŭɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ Űɞɡ ɛɑɔɛŬŰɞɠ ŭɘŬɚɡŰɩɜ 

ὶ: ȼ ŬəŰɑɜŬ Born Űɞɡ Ůɑŭɞɡɠ k 

ȳůɞɜ ŬűɞɟɎ Űɞɜ ɧɟɞ Űɖɠ Űɞˊɘəɐɠ ůɡɜŮɘůűɞɟɎɠ, ŬɡŰɧɠ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ NRTL. ȼ 

ɛɞɚŬɟɘəɐ ˊŮɟɑůůŮɘŬ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs ɚɧɔɤ ŭɡɜɎɛŮɤɜ ɛɘəɟɞɨ Ůɨɟɞɡɠ, ŭɑɜŮŰŬɘ 

Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ Ůɝɑůɤůɖ: 

Ὣmolar
ex ὢ ᶻ

ВὢὋ †

В ὢὋ
 ὢ

ὢ ВὋ ȟ †ȟ
В ὢ ᶻВ ὢὋ ȟ

Ễ Ễ

ὢ
ὢ ВὋ ȟ †ȟ

В ὢ ᶻВ ὢὋ ȟ
σȢχ 

ɀŬɕɑ ɛŮ Űɘɠ ŮɝɘůɩůŮɘɠ: 

Ὃ
В ὢὋ ȟ

В ὢ
σȢψ 

Ὃ
ВὢὋ ȟ

В ὢ
σȢω 

ὥȟ
В ὢὥȟ
В ὢ

σȢρπ 

ὥȟ
В ὢὥȟ
В ὢ

σȢρρ 
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ɆŰɘɠ ˊŬɟŬˊɎɜɤ ůɢɏůŮɘɠ, ɞɘ ŭŮɑəŰŮɠ c,a,m ŬɜŬűɏɟɞɜŰŬɘ ůŮ əŬŰɘɧɜŰŬ (cations), ŬɜɘɧɜŰŬ (anions) 

əŬɘ ɛɧɟɘŬ (molecules) ŬɜŰɑůŰɞɘɢŬ. 

ὢ ὼὅȟʝ“‛‡ ὅ ὤ ɔɘŬ ɘɧɜŰŬ, əŬɘ ὅ ρ ɔɘŬ ɛɧɟɘŬ   σȢρς 

Ὃ ȟ ÅØÐὥȟ ʐȟ σȢρσ 

ὋὮὥȟὧᴂ‌ ÅØÐὥὮὥȟὧᴂ‌ʐὮὥȟὧᴂ‌ σȢρτ 

Ὃὧὥȟά ÅØÐὥὧὥȟάʐὧὥȟά σȢρυ 

Ὃ ÅØÐὥ ʐ σȢρφ 

ʐ ȟ ʐȟ ʐ ȟ ʐȟ σȢρχ 

ȳˊɞɡ: 

Ŭ: ɄŬɟɎɛŮŰɟɞɠ ɛɖ ŰɡɢŬɑŬɠ əŬŰŬɜɞɛɐɠ 

Ű: ŭɡŬŭɘəɐ ˊŬɟɎɛŮŰɟɞɠ ŮɜŮɟɔŮɘŬəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ 

Ƀɘ ɛɧɜŮɠ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ ˊŬɟɎɛŮŰɟɞɘ ůŰɞ ɛɞɜŰɏɚɞ Electrolyte NRTL ŮɑɜŬɘ ɞɘ ŭɡŬŭɘəɏɠ 

ˊŬɟɎɛŮŰɟɞɘ ŮɜŮɟɔŮɘŬəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ, ɞɘ ɞˊɞɑŮɠ ŭŮɜ ɛŮŰɟɞɨɜŰŬɘ ˊŮɘɟŬɛŬŰɘəɎ, ŬɚɚɎ 

ŮɛˊŮɘɟɘəɎ ɛɏůɤ ɔɟŬɛɛɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ Ŭˊɧ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ. ȷəɧɛŬ, ŬɡŰɏɠ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ ɗŮɟɛɞəɟŬůɘŬəɎ ŮɝŬɟŰɩɛŮɜŮɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ Ŭəɧɚɞɡɗɖ Ůɝɑůɤůɖ: 

† ὥ
ὦ

Ὕ
σȢρψ 

 

3.1.2 ȾŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ SRK (Soave-Redlich-Kwong) 

ȼ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ SRK ŬˊɞŰŮɚŮɑ ɛɑŬ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ əɡɓɘəɐɠ əŬŰŬůŰŬŰɘəɐɠ Ůɝɑůɤůɖɠ 

(ȾȾȺ) Redlich-Kwong, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɘɞ ɘəŬɜɐ ůŰɞ ɜŬ ˊŮɟɘɔɟɎɣŮɘ Űɖɠ ɘůɞɟɟɞˊɑŬ ŬŰɛɞɨ ɡɔɟɞɨ 

(VLE) ůŮ ŮɚŬűɟɩɠ ˊɞɚɘəɎ ɛɑɔɛŬŰŬ ŬŮɟɑɤɜ əŬɘ ůŮ ɞɟɘůɛɏɜŬ ˊɞɚɘəɎ ŬɏɟɘŬ. ɇɏŰɞɘŬ ɛˊɞɟŮɑ ɜŬ 

ŮɑɜŬɘ ŮɚŬűɟɞɑ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ əŬɘ ŮɚŬűɟɎ ŬɏɟɘŬ, ɧˊɤɠ Űɞ ɡŭɟɧɗŮɘɞ (ȼ2S), Űɞ ɡŭɟɞɔɧɜɞ, Űɞ 

ɎɕɤŰɞ əŬɘ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ Űɞ ůɖɛŮɑɞ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ɛŮɚɏŰɖɠ [41].  

ȼ ȾȾȺ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

ὖ
ὙὝ

ὠ  ὦ

ὥ

ὠ ὠ ὦ
σȢρω 

ȳˊɞɡ: 

 
: Ƀ ŬˊɤůŰɘəɧɠ ɧɟɞɠ, Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ vdW 

: Ƀ ŮɚəŰɘəɧɠ ɧɟɞɠ 

ὠ: Ƀ ɛɞɚŬɟɘəɧɠ ɧɔəɞɠ 

Ŭ, b: ŪŮŰɘəɏɠ ůŰŬɗŮɟɏɠ ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ əɡɓɘəɐ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ əŬɘ Űɖɜ əɟɑůɘɛɖ 

ɗŮɟɛɞəɟŬůɑŬ (Ὕὧ) əŬɘ ˊɑŮůɖ (ὖὧ ). 
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ɇɞ Ŭ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɏɚɝɖ ɛŮŰŬɝɨ Űɤɜ ɛɞɟɑɤɜ, Ůɜɩ Űɞ b ŮɑɜŬɘ ůŰŬɗŮɟɎ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ůŰɞɜ 

ɧɔəɞ Űɤɜ ɛɞɟɑɤɜ[40]. ɇɞ Ŭ ůŰɖɜ SRK ŮɑɜŬɘ ɗŮɟɛɞəɟŬůɘŬəɎ ŮɝŬɟŰɩɛŮɜɞ, ɞŭɖɔɩɜŰŬɠ ůŮ 

əŬɚɨŰŮɟɖ ˊɟɧɓɚŮɣɖ Űɖɠ ŰɎůɖɠ ŬŰɛɩɜ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ŮɝɘůɩůŮɘɠ[34], [40], [41]: 

ὥ ὥ ὥ σȢςπ 

ȳˊɞɡ ɞ ɧɟɞɠ ŬɜɎɛɘɝɖɠ ὥ (quadratic mixing term)ŮəűɟɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

ὥ ὼὼ ὥὥ ρ Ὧ σȢςρ 

ȾŬɘ ɞ ŬůɨɛɛŮŰɟɞɠ (ˊɞɚɘəɧɠ) ɧɟɞɠ ὥ (asymmetric (polar) term) Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ůɢɏůɖ: 

ὥ ὼ ὼ ὥὥ
Ⱦ
ὰzȟ

Ⱦ

σȢςς 

ὦ ὼὦσȢςσ 

Ὧ Ὧ σȢςτ 

ὥ ɻ ὝẗπȢτςχτχ
ὙὝ

ὖ
σȢςυ 

ὦ πȢπψφφτ
ὙὝ

ὖ
σȢςφ 

ȳˊɞɡ: 

¶ Ὕ: ȺɑɜŬɘ ɖ əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ůɡůŰŬŰɘəɞɨ i. 

¶ ὖ: ȺɑɜŬɘ ɖ əɟɑůɘɛɖ ˊɑŮůɖ Űɞɡ ůɡůŰŬŰɘəɞɨ i. 

ɇɞ ‌ Ὕ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɘŬəɐ ŮɝɎɟŰɖůɖ Űɞɡ ŮɚəŰɘəɞɨ ɧɟɞɡ ˊɞɡ ˊɟɞŰɎɗɖəŮ Ŭˊɧ Űɞɜ Soave 

ɔɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ůɡůɢɏŰɘůɖɠ Űɖɠ ŰɎůɖɠ ŬŰɛɩɜ Űɤɜ əŬɗŬɟɩɜ ůɡůŰŬŰɘəɩɜ, əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɖɜ Ŭəɧɚɞɡɗɖ Ůɝɑůɤůɖ: 

ɻ Ὕ ρ ά ρ Ὕȟ
Ⱦ

σȢςχ 

ά πȢτψυπψρȢυυρχρʖ πȢρυφρσʖ σȢςψ 

ȳˊɞɡ ɇr,i ŮɑɜŬɘ ɖ Ŭɜɖɔɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ůɡůŰŬŰɘəɞɨ i əŬɘ ɤ ŮɑɜŬɘ ɞ ŬəəŮɜŰɟɘəɧɠ 

ˊŬɟɎɔɞɜŰŬɠ.  

Ὧ Ὧ Ὧ Ὕ
Ὧ

Ὕ
σȢςω 

Ὧ Ὧ σȢσπ 

ὰ ὰ ὰ Ὕ
ὰ

Ὕ
σȢσπ 
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Ƀɘ ŭɡŬŭɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Ὧ ɗŬ ˊɟɏˊŮɘ ɜŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ 

ŭŮŭɞɛɏɜɤɜ ɘůɞɟɟɞˊɑŬɠ, ɔɘŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

Ƀɘ əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ ŰŮɑɜɞɡɜ ɜŬ ɏɢɞɡɜ ůɖɛŬɜŰɘəɎ ůűɎɚɛŬŰŬ əɞɜŰɎ ůŰɞ əɟɑůɘɛɞ əŬɘ ůŰɞ 

Űɟɘˊɚɧ ůɖɛŮɑɞ, Ůˊɞɛɏɜɤɠ ŬɡŰɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ŰɖɟŮɑŰŬɘ ɡˊɧɣɘɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ Ůˊɘɚɞɔɐɠ 

Űɤɜ ůɡɜɗɖəɩɜ Űɞɡ ůɢŮŭɘŬůɛɞɨ. 

 

3.1.3 ȾŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ PC-SAFT (Perturbed-chain statistical 

associating fluid theory) 

ȼ ȾȺ PC-SAFT ŬˊɞŰŮɚŮɑ ɛɘŬ ɓŮɚŰɘɤɛɏɜɖ Ůəŭɞɢɐ Űɖɠ əŬŰŬůŰŬŰɘəɐɠ Ůɝɑůɤůɖɠ SAFT EOS. ɋɠ 

Ůə ŰɞɨŰɞɡ, ɖ ŮűŬɟɛɞůɘɛɧŰɖŰɎ Űɖɠ ́ ŮɟɘɚŬɛɓɎɜŮɘ ɟŮɡůŰɎ ůɡůŰɐɛŬŰŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ɛɘəɟɎ əŬɘ/ɐ ɛŮɔɎɚŬ ɛɧɟɘŬ, əŬɚɨˊŰɞɜŰŬɠ ɏɜŬ Ůɡɟɨ űɎůɛŬ ůɡɜɗɖəɩɜ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ˊɑŮůɖɠ. 

ȼ PC-SAFT ɡˊŮɟŰŮɟŮɑ Ɏɚɚɤɜ ȾȺ (ɧˊɤɠ ɞɘ Sanchez-Lacombe əŬɘ SAFT) ůŰɖɜ ˊŮɟɘɔɟŬűɐ Űɤɜ 

ɘŭɘɞŰɐŰɤɜ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɢɖɛɘəɩɜ ɞɡůɘɩɜ. ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɖ ŬəɟɑɓŮɘɎ Űɖɠ ŮɑɜŬɘ 

ůɡɔəɟɑůɘɛɖ əŬɘ ůɡɢɜɎ ŬɜɩŰŮɟɖ Ŭˊɧ ŬɡŰɐɜ Űɖɠ Peng-Robinson ɐ Ɏɚɚɤɜ ˊŬɟɧɛɞɘɤɜ əɡɓɘəɩɜ 

əŬŰŬůŰŬŰɘəɩɜ ŮɝɘůɩůŮɤɜ ɔɘŬ ɛɘəɟɎ ɛɧɟɘŬ [41]. ȷəɧɛɖ, ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ˊɟɞɓɚɏˊŮɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ 

ŬŰɛɞɨ, ŭɘŬŰɖɟɩɜŰŬɠ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɖɠ ŬəɧɛŬ əŬɘ ůŮ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ, ɧˊɞɡ ŬŭɡɜŬŰɞɨɜ ɎɚɚŮɠ 

KȾȺ, ŬɚɚɎ əŬɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ ŰɟɘŬŭɘəɩɜ əŬɘ ŰŮŰŬɟŰɞŰŬɔɩɜ ɛɘɔɛɎŰɤɜ [44].  

Ƀ ɧɟɞɠ ŭɘŬŰŬɟŬɢɐɠ (perturbation term) ůŰɖɜ Ůɝɑůɤůɖ SAFT ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɘɠ ŮɚəŰɘəɏɠ 

(ŭɘŬůˊɞɟɎɠ) ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɛɞɟɑɤɜ. ɆŰɖɜ PC-SAFT, ɞɘ Gross əŬɘ Sadowski 

ɢɟɖůɘɛɞˊɞɑɖůŬɜ Űɖ ɗŮɤɟɑŬ ŭɘŬŰŬɟŬɢɐɠ (perturbation theory) ŭŮɡŰɏɟɞɡ ɓŬɗɛɞɨ Barker-

Henderson ɔɘŬ ůűŬɘɟɘəɎ ɛɧɟɘŬ əŬɘ Űɖɜ ŮˊɏəŰŮɘɜŬɜ ůŰŬ ɛɞɟɘŬəɎ ůɡůŰɐɛŬŰŬ Ŭɚɡůɑŭɤɜ. ȼ 

ɓŬůɘəɐ ɘŭɏŬ ŮɑɜŬɘ ɧŰɘ ɖ ɗŮɤɟɑŬ ŭɘŬŰŬɟŬɢɐɠ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ŰɛɐɛŬŰŬ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŮ 

ŬɚɡůɑŭŮɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ əɚŬůɘəɐ SAFT, ɧˊɞɡ ŰŬ ŰɛɐɛŬŰŬ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɤɠ ŬůɨɜŭŮŰŬ 

ɛŮŰŬɝɨ Űɞɡɠ. ȹɖɚŬŭɐ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɞɘ ŮɚəŰɘəɏɠ (ŭɘŬůˊɞɟɎɠ) ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ 

Űɤɜ ůɡɜŭŮŭŮɛɏɜɤɜ ŰɛɖɛɎŰɤɜ, ŬɜŰɑ ɔɘŬ ŮəŮɑɜŮɠ ɛŮŰŬɝɨ Űɤɜ ŬůɨɜŭŮŰɤɜ. ȷɡŰɐ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ 

ɛˊɞɟŮɑ ɜŬ ŮˊŮɝɖɔɖɗŮɑ əŬɚɨŰŮɟŬ ůɢɖɛŬŰɘəɎ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ[41]: 

 

ȺɘəɧɜŬ 4: ɆɡɔəɟɘŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŭɘŬɛɞɟɘŬəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ, ůŰɘɠ ȾȺ SAFT & 

PC-SAFT 

ȷɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ˊŬɟɏɢŮɘ ɛɘŬ ˊɘɞ ɟŮŬɚɘůŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ɛɞɟɘŬəɩɜ 

Ŭɚɡůɑŭɤɜ, ɧˊɤɠ ɞɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ, ŰŬ ɞɚɘɔɞɛŮɟɐ əŬɘ ŰŬ ˊɞɚɡɛŮɟɐ, ůŮ ŭɘŬɚɨɛŬŰŬ. 

ȼ ɛɞɟɘŬəɎ ɓŬůɘůɛɏɜɖ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ (EOS) ɧɢɘ ɛɧɜɞ ˊŬɟɏɢŮɘ ɛɘŬ ɢɟɐůɘɛɖ 

ɗŮɟɛɞŭɡɜŬɛɘəɐ ɓɎůɖ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɢɖɛɘəɩɜ ŭɡɜŬɛɘəɩɜ ɐ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŰɎůŮɤɜ 

ŭɘŬűɡɔɐɠ, ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ůŰɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ɘůɞɟɟɞˊɑŬɠ űɎůŮɤɜ, ŬɚɚɎ ŮˊɘŰɟɏˊŮɘ Ůˊɑůɖɠ Űɞ 

ŭɘŬɢɤɟɘůɛɧ əŬɘ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɤɜ ŮˊɘŭɟɎůŮɤɜ Űɖɠ ɛɞɟɘŬəɐɠ ŭɞɛɐɠ əŬɘ Űɤɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ, ůŰɘɠ ɛŬəɟɞůəɞˊɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ůŰɖ ůɡɛˊŮɟɘűɞɟɎ űɎůŮɤɜ[44]. 
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ɆŰɖɜ SAFT, ɖ ůɡɜŮɘůűɞɟɎ Űɖɠ ŭɘŬŰŬɟŬɢɐɠ (ŮɚəŰɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ) ŮəűɟɎɕŮŰŬɘ ɤɠ ɛɘŬ ůŮɘɟɎ 

ŬɜɎˊŰɡɝɖɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ ŬɜŰɑůŰɟɞűɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɧˊɞɡ əɎɗŮ ůɡɜŰŮɚŮůŰɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɖɜ ˊɡəɜɧŰɖŰŬ əŬɘ Űɖ ůɨůŰŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɆŰɖɜ PC-SAFT, ɞ ŮɚəŰɘəɧɠ ɧɟɞɠ Űɖɠ Ůɝɑůɤůɖɠ 

ŮəűɟɎɕŮŰŬɘ ɤɠ Űɞ ɎɗɟɞɘůɛŬ ŭɨɞ ɧɟɤɜ (ɧɟɞɘ ŭɘŬŰŬɟŬɢɐɠ ˊɟɩŰɖɠ əŬɘ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ): 

ὃὴὩὶὸ

ὙὝ

ὃρ
ὙὝ

ὃς
ὙὝ
  σȢσρ 

ɧˊɞɡ A ŮɑɜŬɘ ɖ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ Helmholtz. 

ȼ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ Helmholtz ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰɖ ůŰŬŰɘůŰɘəɐ ɗŮɟɛɞŭɡɜŬɛɘəɐ ɔɘŬ 

Űɖɜ ɏəűɟŬůɖ əŬŰŬůŰŬŰɘəɩɜ ŮɝɘůɩůŮɤɜ, ŮˊŮɘŭɐ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, 

ɧˊɤɠ ɖ ˊɑŮůɖ, ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəɨɣɞɡɜ ɛɏůɤ əŬŰɎɚɚɖɚɖɠ ˊŬɟŬɔɩɔɘůɖɠ Űɖɠ A. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ 

ὃρȟὃς ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ˊɡəɜɧŰɖŰŬ, Űɖ ůɨůŰŬůɖ, əŬɗɩɠ əŬɘ Űɞ ɛɞɟɘŬəɧ ɛɏɔŮɗɞɠ. ȳɚŮɠ ɞɘ 
ŬˊŬɟŬɑŰɖŰŮɠ ůŰŬɗŮɟɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ŬɡŰɞɨɠ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ Ŭˊɧ 

Űɞɡɠ Gross əŬɘ Sadowski (2000) ɛɏůɤ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɗŮɟɛɞűɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ əŬɗŬɟɩɜ 

n-ŬɚəŬɜɑɤɜ. 

ɄɏɜŰŮ ɓŬůɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ PC-SAFT: 

¶ ȷɟɘɗɛɧɠ ŰɛɖɛɎŰɤɜ (segment number), m 

¶ ȺɜɏɟɔŮɘŬ ŰɛɐɛŬŰɞɠ (segment energy), Ů/kB (K) 

¶ ɀɏɔŮɗɞɠ ŰɛɐɛŬŰɞɠ (segment size), ů () 

¶ ȺɜɏɟɔŮɘŬ ůɡůɢɏŰɘůɖɠ (association energy). ŮAB/kB (Ⱦ) 

¶ ȷˊɞŰŮɚŮůɛŬŰɘəɧɠ ɧɔəɞɠ ůɡůɢɏŰɘůɖɠ (effective association volume), kAB ( ) 

ȷɡŰɏɠ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ˊɟɞəɨˊŰɞɡɜ ɛɏůɤ ˊɟɞůŬɟɛɞɔɐɠ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ ŰɎůɖɠ 

ŬŰɛɩɜ əŬɘ Űɞɡ ɛɞɟɘŬəɞɨ ɧɔəɞɡ ɡɔɟɐɠ űɎůɖɠ ɔɘŬ əŬɗŬɟɎ ůɡůŰŬŰɘəɎ. 

Ⱥˊɘˊɚɏɞɜ, ɏɜŬɠ ŭɡŬŭɘəɧɠ ́ŬɟɎɔɞɜŰŬɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟɞůŬɟɛɞɔɐ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ ɘůɞɟɟɞˊɑŬɠ űɎůŮɤɜ Űɤɜ ŭɡŬŭɘəɩɜ ůɡůŰɖɛɎŰɤɜ. ȷɜ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ əɎˊɞɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ, ŬɡŰɧɠ ɞ ˊŬɟɎɔɞɜŰŬɠ ɗŮɤɟŮɑŰŬɘ ɛɖŭŮɜɘəɧɠ. ɇɞ ŬɜŬɚɡŰɘəɧ ɛɞɜŰɏɚɞ əŬɘ ɞɘ 

ŮɝɘůɩůŮɘɠ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ PC-SAFT ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɛɖɜ ˊŬɟɞɡůɘŬůŰɞɨɜ ɔɘŬ ɚɧɔɞɡɠ ůɡɜŰɞɛɑŬɠ 

ɢɩɟɞɡ, ŬɚɚɎ ɛˊɞɟɞɨɜ ɜŬ ɓɟŮɗɞɨɜ ůŰŬ ɎɟɗɟŬ Űɤɜ J. Gross əŬɘ G. Sadowski, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

Ůɡɟɏɤɠ ŭɘŬɗɏůɘɛŬ. 

 

3.1.4 Ɂɧɛɞɠ Űɞɡ Henry 

ɋɠ ŭɘŬɚɡŰɧŰɖŰŬ Ůɜɧɠ ŬŮɟɑɞɡ ůŮ ɏɜŬ ɡɔɟɧ, ɞɟɑɕŮŰŬɘ ɖ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ Űɤɜ ɛɞɟɑɤɜ Űɞɡ CO  

ůŰɖ űɎůɖ ŬŰɛɩɜ əŬɘ ůŰŬ ɡɔɟɎ ŭɘŬɚɨɛŬŰŬ, əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɞɜ ɜɧɛɞ Űɞɡ Henry, ɧˊɤɠ ůŰɖɜ 

ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ [45]: 

ὖẗώ ẗה Ὄ ẗὼ ẗɾz σȢσς 

ȳˊɞɡ: 

P: ȺɑɜŬɘ ɖ ˊɑŮůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ,  

ώ : ȺɑɜŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ Űɞɡ CO  ůŰɖ űɎůɖ ŬŰɛɩɜ,  
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‰ : ȺɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ Űɞɡ CO  ůŰɖɜ ŬŰɛɩŭɖ űɎůɖ, ɖ ɞˊɞɑŬ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ SRK 

Ὄ : ȺɑɜŬɘ ɖ ůŰŬɗŮɟɎ Űɞɡ ɜɧɛɞɡ Űɞɡ Henry ɔɘŬ Űɞ CO  ůŮ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ,  

ὼ : ȺɑɜŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ Űɞɡ CO  ůŰɖ ɡɔɟɐ űɎůɖ, əŬɘ  

ɾz : ȺɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ CO  ůŮ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ. 

ȼ ůŰŬɗŮɟɎ Űɞɡ Henry Űɞɡ ɛɑɔɛŬŰɞɠ (Ὄ) ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɛɏůŬ Ŭˊɧ Űɘɠ ŭɡŬŭɘəɏɠ ůŰŬɗŮɟɏɠ 

Űɞɡ Henry ɔɘŬ əŬɗŬɟɞɨɠ ŭɘŬɚɨŰŮɠ [45]: 

ÌÎ
Ὄ

‎
ύ ÌÎ

Ὄ

‎ȟ
σȢσσ 

ȳˊɞɡ: 

Ὄ : ȺɑɜŬɘ ɖ ůŰŬɗŮɟɎ Űɞɡ Henry ɔɘŬ ŭɡŬŭɘəɎ ůɨůŰɖɛŬ (ˊ.ɢ. CO-HO, CO-MEA).  

‎: ȺɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɜŮɟɔɧŰɖŰŬɠ ɎˊŮɘɟɖɠ ŬɟŬɑɤůɖɠ Űɖɠ ŭɘŬɚɡɛɏɜɖɠ ɞɡůɑŬɠ i ůŮ ɛɑɔɛŬ 

ŭɘŬɚɡŰɩɜ, 

‎ȟ: ȺɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɜŮɟɔɧŰɖŰŬɠ ɎˊŮɘɟɖɠ ŬɟŬɑɤůɖɠ Űɖɠ ŭɘŬɚɡɛɏɜɖɠ ɞɡůɑŬɠ i ůŮ əŬɗŬɟɧ 

ŭɘŬɚɨŰɖ ȷ, 

ύȡ Ƀ ůɡɜŰŮɚŮůŰɐɠ ɓɎɟɞɡɠ, ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŮɝɑůɤůɖШ[45] : 

ύ
ὼ ὠ Ⱦ

В ὼ ὠ
Ⱦ
σȢστ 

ȳˊɞɡ: 

ὼ: ȺɑɜŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ Űɞɡ ŭɘŬɚɨŰɖ A ɛŮ ɓɎůɖ Űɖɜ ůɡɔəɏɜŰɟɤůɖ ŮɚŮɨɗŮɟɖ Ŭˊɧ Űɖɜ 

ŭɘŬɚɡɛɏɜɖ ɞɡůɑŬ, 

ὠ : ȺɑɜŬɘ ɞ ɛŮɟɘəɧɠ ɛɞɟɘŬəɧɠ ɧɔəɞɠ Űɖɠ ŭɘŬɚɡɛɏɜɖɠ ɞɡůɑŬɠ i ůŮ ɎˊŮɘɟɖ ŬɟŬɑɤůɖ ůŮ əŬɗŬɟɧ 

ŭɘŬɚɨŰɖ A. 

Ƀɘ ůŰŬɗŮɟɏɠ Űɞɡ ɜɧɛɞɡ Űɞɡ Henry ɔɘŬ Űɞ CO  ɛŮ ɜŮɟɧ əŬɘ ɛŮ Űɞɜ ŮəɎůŰɞŰŮ ŭɘŬɚɨŰɖ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŮɠ, əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɤɠ ŬəɧɚɞɡɗŬ [45]: 

ÌÎὌ ὅ
ὅ

Ὕ
ὅÌÎὝ ὅὝσȢσυ 

ȳˊɞɡ: 

Ὄ : ȺɑɜŬɘ ɖ ŭɡŬŭɘəɐ ůŰŬɗŮɟɎ Űɞɡ Henry ɛŮŰŬɝɨ Űɞɡ əŬɗŬɟɞɨ ůɡůŰŬŰɘəɞɨ i əŬɘ j, 

T: ȺɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɘ 

ὅȟὅȟὅȟὅȟ ŮɑɜŬɘ ɞɘ ůɡůɢŮŰɑůŮɘɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůŰŬɗŮɟɩɜ Űɞɡ Henry.  
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3.2 ɀɞɜŰŮɚɞˊɞɑɖůɖ ɛŮ ɓɎůɖ Űɞɜ ɟɡɗɛɧ ɛŮŰŬűɞɟɎɠ (Rate-

Based Modeling) 

ɈˊɎɟɢɞɡɜ ŭɨɞ Űɟɧˊɞɘ ɔɘŬ ɜŬ ˊɟɞůŮɔɔɘůŰŮɑ ɏɜŬ ˊɟɧɓɚɖɛŬ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɖɠ ɛŮŰŬűɞɟɎɠ 

ɛɎɕŬɠ əŬɘ Űɖɠ ɛŮŰŬűɞɟɎɠ ůɡůŰŬŰɘəɩɜ ɛŮŰŬɝɨ Űɤɜ űɎůŮɤɜ, ˊŬɟɞɡůɑŬ ɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ. ȼ 

ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ŮəŮɑɜɖ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ɛŮ ɓɎůɖ Űɖɜ ɘůɞɟɟɞˊɑŬ (equilibrium 

model) əŬɘ ɖ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ŮəŮɑɜɖ ɛŮ ɓɎůɖ Űɞɜ ɟɡɗɛɧ ɛŮŰŬűɞɟɎɠ.  

ɆŮ ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ əŬɘ ůŰɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ˊɞɡ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ, ɏɢŮɘ ŮˊɘɚŮɢɗŮɑ ɖ ŭŮɨŰŮɟɖ 

ˊɟɞůɏɔɔɘůɖ (rate-based), ɖ ɞˊɞɑŬ ŮɑɜŬɘ əŬɘ ůɢŮŭɧɜ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ Ŭəɟɘɓɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

Űɤɜ ŭɘŮɟɔŬůɘɩɜ ŭɏůɛŮɡůɖɠ CO2, ɚɧɔɤ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰɎɠ Űɞɡɠ əŬɘ Űɤɜ ˊɞɚɚɩɜ űŬɘɜɞɛɏɜɤɜ 

ɛŮŰŬűɞɟɎɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ŰŬɡŰɧɢɟɞɜŬ[16].  

Ƀ əɚŬůůɘəɧɠ Űɟɧˊɞɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ůŰɖɚɩɜ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ůəɟɧűɖůɖɠ ŮɑɜŬɘ ŮəŮɑɜɞɠ ɛŮ 

ɓɎůɖ ɛɞɜŰɏɚɤɜ ɘůɞɟɟɞˊɑŬɠ, ɧˊɞɡ ɗŮɤɟŮɑŰŬɘ ˊɤɠ ɖ ůŰɐɚɖ ŮɑɜŬɘ ɢɤɟɘůɛɏɜɖ ůŮ ɏɜŬɜ Ŭɟɘɗɛɧ 

ɓŬɗɛɑŭɤɜ, əŬɘ ɖ ɡɔɟɐ əŬɘ ɖ ŬŰɛɩŭɖɠ űɎůɖ űŮɨɔɞɡɜ Ŭˊɧ əɎɗŮ ůŰɎŭɘɞ, ɧɜŰŬɠ ůŮ ɘůɞɟɟɞˊɑŬɠ 

ɛŮŰŬɝɨ Űɞɡɠ. ȳˊɤɠ ŮɑɜŬɘ ŮɨəɞɚŬ ŬɜŰɘɚɖˊŰɧ, ŬɡŰɐ ɖ ɗŮɩɟɖůɖ ŮɑɜŬɘ ˊɞɚɨ ŬˊɚɞɡůŰŮɡɛɏɜɖ əŬɘ 

ɔŮɜɘəŮɡɛɏɜɖ, ɔɘŬ ˊɟŬɔɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɀˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɢɟɐůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Murphy, 

ˊɞɡ ŮəűɟɎɕɞɡɜ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɖɠ əɎɗŮ ɓŬɗɛɑŭŬɠ ɐ ˊŬɟŬɔɧɜŰɤɜ ɧˊɤɠ Űɞ ɘůɞŭɨɜŬɛɞ ɨɣɞɠ 

ɛŮ ɓɎůɖ ɛɑŬ ɗŮɤɟɖŰɘəɐ ɓŬɗɛɑŭŬ (HETP), ŬɚɚɎ ɞɘ ŭɘŮɟɔŬůɑŮɠ ŭɘŬɢɤɟɘůɛɞɨ ˊŬɟɞɡůɑŬ 

ŬɜŰɘŭɟɎůŮɤɜ , Ŭˊɞəɚɑɜɞɡɜ Űɧůɞ ˊɞɚɨ Ŭˊɧ Űɖɜ ɘŭŬɜɘəɧŰɖŰŬ əŬɘ Űɖɜ ɘůɞɟɟɞˊɑŬ, ɧˊɞɡ əŬɗɑůŰŬŰŬɘ 

ŬɜŬɔəŬɑŬ ɖ ɢɟɐůɖ rate-based ɛɞɜŰɏɚɤɜ[16], [34], [41]. 

ũŮɜɘəɎ, ɞɘ ŮɝɘůɩůŮɘɠ ˊɞɡ ɚɨɜɞɜŰŬɘ Ŭˊɧ Űɞ Aspen Plus ɧŰŬɜ ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɞɡ rate-based 

ɛɞɜŰɏɚɞɡ, ŮɑɜŬɘ[34]: 

¶ ȽůɞɕɨɔɘŬ ɛɎɕŬɠ əŬɘ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɘɠ ŬŰɛɩŭŮɘɠ əŬɘ ɡɔɟɏɠ űɎůŮɘɠ 

¶ ɀɞɜŰɏɚŬ ɟɡɗɛɞɨ ɛŮŰŬűɞɟɎɠ ɛɎɕŬɠ əŬɘ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɟɡɗɛɩɜ 

ɛŮŰŬűɞɟɎɠ ɛŮŰŬɝɨ Űɤɜ űɎůŮɤɜ 

¶ ȺɝɘůɩůŮɘɠ ɘůɞɟɟɞˊɑŬɠ ŬŰɛɞɨ-ɡɔɟɞɨ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ 

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɛŮŰŬűɞɟɎɠ ɛɎɕŬɠ əŬɘ ɗŮɟɛɧŰɖŰŬɠ əŬɗɩɠ əŬɘ Űɤɜ 

ŭɘŮˊɘűŬɜŮɘɩɜ 

¶ Ⱥɜɑůɢɡůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ɛŮŰŬűɞɟɎɠ ɛɎɕŬɠ əŬɘ ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ ɢɖɛɘəɩɜ 

ŬɜŰɘŭɟɎůŮɤɜ 

ɇŬ rate-based ɛɞɜŰɏɚŬ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɗŮɤɟɑŬ Űɤɜ ŭɨɞ űɘɚɛ (two-film theory) Űɤɜ Lewis & 

Whitman, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ɛŮŰŬűɞɟɎɠ ɛɎɕŬɠ Űɤɜ ůɡůŰŬŰɘəɩɜ 

ɛŮŰŬɝɨ ɡɔɟɐɠ əŬɘ ŬŰɛɩŭɞɡɠ űɎůɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɗŮɤɟɑŬ, ɡˊɎɟɢŮɘ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ŬŮɟɑɞɡ, 

Űɞ ŬŰɛɩŭŮɠ űɘɚɛ, ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɡɔɟɞɨ, Űɞ ɡɔɟɧ űɘɚɛ əŬɘ ŬɜɎɛŮůŬ Űɤɜ ŭɨɞ ɡˊɎɟɢŮɘ ɖ 

ŭɘŮˊɘűɎɜŮɘŬ ŬŰɛɞɨ-ɡɔɟɞɨ ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ůŮ ɘůɞɟɟɞˊɑŬ. ȺəŰɧɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ 

ŭɘŮˊɘűɎɜŮɘŬɠ, ɡˊɎɟɢŮɘ ɞ əɡɟɑɤɠ ɧɔəɞɠ Űɞɡ ɡɔɟɧ əŬɘ Űɞɡ Ŭɏɟɘɞ ɐ ɛŬəɟɞůəɞˊɘəɧ (bulk) ɡɔɟɧ əŬɘ 

Ŭɏɟɘɞ. Ⱥˊɞɛɏɜɤɠ ɢɤɟɑɕɞɜŰŬɘ ɏŰůɘ ɞɘ ŭɨɞ űɎůŮɘɠ ůŮ ŭɨɞ ɕɩɜŮɠ: Űɖɜ ɕɩɜɖ bulk əŬɘ Űɖɜ ɕɩɜɖ űɘɚɛ. 

ȷəɧɛɖ, ɔɑɜŮŰŬɘ ɖ ɡˊɧɗŮůɖ ˊɤɠ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɛɧɜɞ ůŰɞ ɡɔɟɧ űɘɚɛ [16], [45].  
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ȺɘəɧɜŬ 5: ȷˊŮɘəɧɜɘůɖ Űɖɠ ɗŮɤɟɑŬɠ Űɤɜ ŭɨɞ űɘɚɛ ɔɘŬ ɏɜŬ rate-based ɛɞɜŰɏɚɞ[16] 

Ⱥˊɞɛɏɜɤɠ, ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ˊɤɠ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ űŬɘɜɧɛŮɜŬ ůŰɘɠ ŭɨɞ ɕɩɜŮɠ, bulk 

əŬɘ űɘɚɛ. ȷɡŰɧ ɔɑɜŮŰŬɘ ŭɡɜŬŰɧ ɛɏůɤ Űɞɡ ɞɟɘůɛɞɨ Űɞɡ ɛɞɜŰɏɚɞɡ ɟɞɐɠ əŬɘ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ 

ůŰɞ űɘɚɛ (film reactions). 

 

3.2.1 ɀɞɜŰɏɚŬ ɟɞɐɠ 

ɆŰɞ Aspen ŮˊɘŰɟɏˊŮŰŬɘ ɞ əŬɗɞɟɘůɛɧɠ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɟɞɐɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡ əɨɟɘɞɡ ɧɔəɞɡ Űɤɜ ɟŮɡůŰɩɜ (bulk properties), ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ 

Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ɟɞɩɜ ɛɎɕŬɠ əŬɘ ŮɜɏɟɔŮɘŬɠ, əŬɗɩɠ əŬɘ Űɤɜ ɟɡɗɛɩɜ ŬɜŰɑŭɟŬůɖɠ. ȳɚŬ ŬɡŰɎ ŰŬ 

ɛɞɜŰɏɚŬ ɓŬůɑɕɞɜŰŬɘ ůŮ ɏɜŬ əɞɘɜɧ ɛɞɜŰɏɚɞ ɓŬɗɛɑŭŬɠ (stage model), ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛŬəɟɞůəɞˊɘəɏɠ ɘŭɘɧŰɖŰŮɠ (bulk properties). Ƀ ŭŮɑəŰɖɠ (?) ůŰɘɠ ɛŮŰŬɓɚɖŰɏɠ Űɤɜ ɛŬəɟɞůəɞˊɘəɩɜ  

ˊŮɟɘɞɢɩɜ ɡɔɟɞɨ əŬɘ ŬŰɛɞɨ, ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ, ɡˊɞŭŮɘəɜɨŮɘ ˊɤɠ ɞɘ Űɘɛɏɠ ɛˊɞɟŮɑ ɜŬ 

ŭɘŬűɏɟɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɞɜŰɏɚɞ ɟɞɐɠ. ȷɜɎɚɞɔŬ ɛŮ Űɞ ɛɞɜŰɏɚɞ ɟɞɐɠ, ɞɘ ɛŮŰŬɓɚɖŰɏɠ ŬɡŰɏɠ 

ɛˊɞɟɞɨɜ ɜŬ ɚŬɛɓɎɜɞɡɜ [41]: 

¶ ɇɘɛɏɠ ɑŭɘŮɠ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ Ůɝɧŭɞɡ (? = j) 

¶ ɇɖɜ ɛɏůɖ Űɘɛɐ ɛŮŰŬɝɨ Űɤɜ ůɡɜɗɖəɩɜ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ (? = avg) 

 

ȺɘəɧɜŬ 6: ȷˊŮɘəɧɜɘůɖ ɓŬɗɛɑŭŬɠ ɛŮ Űɖɜ ˊɟɞůɏɔɔɘůɖ rate-based, ůŰɞ Aspen Plus[41] 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ŭɘŬɗɏůɘɛŬ ɛɞɜŰɏɚŬ ɟɞɐɠ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ 

ɚɞɔɘůɛɘəɧ Aspen Plus [41]. 
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1. ɆŰɞ ɛɞɜŰɏɚɞ ɟɞɐɠ Mixed Flow (ɛɘəŰɐ ɟɞɐ), ŰŬ bulk properties ɔɘŬ əɎɗŮ űɎůɖ ɗŮɤɟɞɨɜŰŬɘ 

ɑůŬ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ Ůɝɧŭɞɡ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ űɎůɖɠ Ŭˊɧ Űɖ ɓŬɗɛɑŭŬ (? = j). 

 
ȺɘəɧɜŬ 7: ȷˊŮɘəɧɜɘůɖ ɛɞɜŰɏɚɞɡ Mixed Flow 

2. ɆŰɞ ɛɞɜŰɏɚɞ ɟɞɐɠ Countercurrent Flow (ŬɜŰɘɟɟɞɐ), ŰŬ bulk properties ɔɘŬ əɎɗŮ űɎůɖ ŮɑɜŬɘ 

ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ůɡɜɗɖəɩɜ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ (? = avg). ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ŭɑɜŮɘ 

ŬəɟɘɓɏůŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ůŰɐɚŮɠ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ (packing), ŬɚɚɎ ŮɑɜŬɘ 

ɡˊɞɚɞɔɘůŰɘəɎ ŬˊŬɘŰɖŰɘəɐ. ȷəɧɛŬ, ɧŰŬɜ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ ŰɛɖɛɎŰɤɜ Űɞɡ ˊɚɖɟɤŰɘəɞɨ 

ɡɚɘəɞɨ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚŮɠ, Űɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ɡˊŮɟŮəŰɘɛɐůŮɘ Űɞɡɠ ɟɡɗɛɞɨɠ 

ɛŮŰŬűɞɟɎɠ ɛɎɕŬɠ, ɞŭɖɔɩɜŰŬɠ ůŮ ˊɟɞɓɚɐɛŬŰŬ ůɨɔəɚɘůɖɠ. 

 
ȺɘəɧɜŬ 8: : ȷˊŮɘəɧɜɘůɖ ɛɞɜŰɏɚɞɡ Countercurrent Flow 

3. ɆŰɞ ɛɞɜŰɏɚɞ ɟɞɐɠ VPlug, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ůɡɜɗɐəŮɠ Ůɝɧŭɞɡ ɔɘŬ Űɞ ɡɔɟɧ əŬɘ ɞ ɛɏůɞɠ 

ɧɟɞɠ Űɤɜ ůɡɜɗɖəɩɜ Ůɘůɧŭɞɡ-Ůɝɧŭɞɡ ɔɘŬ Űɞɜ ŬŰɛɧ. ɆŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɓɏɓŬɘŬ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ˊɑŮůɖ Ůɝɧŭɞɡ. ȷɡŰɧ Űɞ ɛɞɜŰɏɚɞ ůɡɜɘůŰɎŰŬɘ Űɧůɞ ɔɘŬ ŬˊɞůŰŬəŰɘəɏɠ 

ůŰɐɚŮɠ ɛŮ ŭɑůəɞɡɠ ɧůɞ əŬɘ ɔɘŬ ůŰɐɚŮɠ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ, ɤůŰɧůɞ, ůŮ ɞɟɘůɛɏɜŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ, ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ŰŬ ɑŭɘŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞ ɛɞɜŰɏɚɞ 

Countercurrent Flow. Ⱥˊɞɛɏɜɤɠ ůŮ ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ˊɟɞɓɚɐɛŬŰŬ 

ůɨɔəɚɘůɖɠ, ˊɟɏˊŮɘ ɜŬ ŮˊɘɚŮɔŮɑ Űɞ ɛɞɜŰɏɚɞ Mixed Flow. 

 

ȺɘəɧɜŬ 9: ȷˊŮɘəɧɜɘůɖ ɛɞɜŰɏɚɞɡ VPlug 

4. ɆŰɞ ɛɞɜŰɏɚɞ ɟɞɐɠ VPlugP, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ůɡɜɗɐəŮɠ Ůɝɧŭɞɡ ɔɘŬ Űɞ ɡɔɟɧ əŬɘ ɞɘ ɛɏůŮɠ 

Űɘɛɏɠ Űɤɜ ůɡɜɗɖəɩɜ ɔɘŬ Űɞɜ ŬŰɛɧ, ŬɚɚɎ ŬɜŰɑ ɔɘŬ ˊɑŮůɖ Ůɝɧŭɞɡ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏůɖ 

ˊɑŮůɖ. ȳˊɤɠ əŬɘ ůŰɞ VPlug, ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ŰŬ ɑŭɘŬ ˊɟɞɓɚɐɛŬŰŬ ůɨɔəɚɘůɖɠ ɧˊɤɠ 

ůŰɞ Countercurrent Flow əŬɘ ɏŰůɘ Ůə ɜɏɞɡ, ůŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ˊɟɏˊŮɘ ɜŬ ŮˊɘɚŮɔŮɑ Űɞ 

ɛɞɜŰɏɚɞ Mixed Flow. 
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ȺɘəɧɜŬ 10: ȷˊŮɘəɧɜɘůɖ ɛɞɜŰɏɚɞɡ VplugP 

5. ɆŰɞ ɛɞɜŰɏɚɞ ɟɞɐɠ LPlug, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ůɡɜɗɐəŮɠ Ůɝɧŭɞɡ ɔɘŬ Űɞɜ ŬŰɛɧ əŬɘ ɞɘ ɛɏůŮɠ 

Űɘɛɏɠ Űɤɜ ůɡɜɗɖəɩɜ ɔɘŬ Űɞ ɡɔɟɧ, Ůɜɩ ɖ ˊɑŮůɖ Ůɝɧŭɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ. 

ɀˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ŰŬ ɑŭɘŬ ˊɟɞɓɚɐɛŬŰŬ ɧˊɤɠ ůŰɞ Countercurrent Flow, ɞˊɧŰŮ 

Űɞ ɛɞɜŰɏɚɞ Mixed Flow ŮɑɜŬɘ ɖ əŬɚɨŰŮɟɖ Ůˊɘɚɞɔɐ ůŮ ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ. 

 

ȺɘəɧɜŬ 11: ȷˊŮɘəɧɜɘůɖ ɛɞɜŰɏɚɞɡ LPlug 

Ƀɘ ɟɞɏɠ ɡɔɟɞɨ əŬɘ ŬŰɛɞɨ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŬɡŰɎ ŰŬ ɛɞɜŰɏɚŬ ɟɞɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ ɛŮŰŬűɞɟɎɠ ɛɎɕŬɠ əŬɘ ɗŮɟɛɧŰɖŰŬɠ əŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɘŭɘɞŰɐŰɤɜ ˊɞɡ 

ŬˊŬɘŰɞɨɜŰŬɘ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ŬɡŰɩɜ. ɋůŰɧůɞ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɧɔəɞɡ Űɞɡ 

əŬŰŬəɟŬŰɞɨɛŮɜɞɡ ɡɔɟɞɨ (liquid holdup), ˊŰɩůɖɠ ˊɑŮůɖɠ (pressure drop) əŬɘ ˊɚɖɛɛɨɟɘůɖɠ 

(flooding), Űɞ ɛɞɜŰɏɚɞ Mixed Flow ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɎɜŰŬ. ȹɖɚŬŭɐ, ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɞɘ 

ɟɞɏɠ ɡɔɟɞɨ əŬɘ ŬŰɛɞɨ ˊɞɡ ŮɝɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ɓŬɗɛɑŭŬ [16]. 

 

3.2.2 ȷɜŰɘŭɟɎůŮɘɠ ɛŮɛɓɟɎɜɖɠ (Film Reactions) 

ɀɏůɤ Űɞɡ ɛɞɜŰɏɚɞɡ Űɤɜ ŭɨɞ űɘɚɛ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ Űɤɜ ɛɞɜŰɏɚɤɜ 

ɛŮŰŬűɞɟɎɠ ɛɎɕŬɠ əŬɘ ɗŮɟɛɧŰɖŰŬɠ. ȳˊɤɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ůŰɖɜ ŮɘəɧɜŬ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ 

Űɖɜ ɗŮɤɟɑŬ Űɤɜ ŭɨɞ űɘɚɛ, ɚɧɔɤ Űɖɠ ŬˊɞɡůɑŬɠ ŬɜŰɘŭɟɎůŮɤɜ ůŰɖ űɎůɖ Űɞɡ ŬŮɟɑɞɡ, Űɞ ˊɟɞűɑɚ 

ŮɑɜŬɘ ɔɟŬɛɛɘəɧ. ɀŮŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɞɡ CO  ůŰɞ ɡɔɟɧ, ŬɡŰɧ ŬɜŰɘŭɟɎ ˊɞɚɨ ɔɟɐɔɞɟŬ ɛŮ Űɞɜ 

ŭɘŬɚɨŰɖ əŬɘ ɔɘŬ ŬɡŰɧ ŭɘəŬɘɞɚɞɔŮɑŰŬɘ Űɞ ɏɜŰɞɜŬ ɛɖ ɔɟŬɛɛɘəɧ ˊɟɞűɑɚ ůŰɞ ɡɔɟɧ űɘɚɛ. ũɘŬ ɜŬ 

ˊŮɟɘɔɟɎűɞɡɜ ŬɡŰɏɠ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɛˊŮɟɘűɞɟɏɠ Űɤɜ ŭɨɞ űɘɚɛ, ŮɑɜŬɘ ŭɘŬɗɏůɘɛŮɠ ŭɘɎűɞɟŮɠ 

Ůˊɘɚɞɔɏɠ ůŰɞ Aspen Plus, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ɞɘ Ůɘŭɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ Űɞɡ űɘɚɛ Űɖɠ 

əɎɗŮ űɎůɖɠ [34], [41]: 

¶ Ignore film: ŪŮɤɟŮɑŰŬɘ ˊɤɠ ŭŮɜ ɡˊɎɟɢŮɘ ŬɜŰɑůŰŬůɖ ɚɧɔɤ űɘɚɛ əŬɘ ɎɟŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑ 

ɡˊɞɚɞɔɘůɛɞɨɠ ɘůɞɟɟɞˊɑŬɠ űɎůŮɤɜ. 

¶ Consider film: ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɛɧɜɞ ɖ ŭɘɎɢɡůɖ Űɤɜ 

ůɡůŰŬŰɘəɩɜ, əŬɘ ɧɢɘ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ. 

¶ Film reactions: ŪŮɤɟŮɑŰŬɘ ˊɤɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬɘ ŬɜŰɘŭɟɎůŮɘɠ ůŰɞ űɘɚɛ əŬɘ ɞ ɟɡɗɛɧɠ 

Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ ɛɑŬɠ ˊŬɟŬɛɏŰɟɞɡ, Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɜɗɖəɩɜ 

ŬɜŰɑŭɟŬůɖɠ ɐ reaction condition factor. 



37 

 

¶ Discretize film: ȷɡŰɐ ŮɑɜŬɘ ɖ ˊɘɞ ŬɝɘɧˊɘůŰɖ əŬɘ əŬŰŬɚɚɖɚɧŰŮɟɖ Ůˊɘɚɞɔɐ ɧŰŬɜ ɡˊɎɟɢɞɡɜ 

ɔɟɐɔɞɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ ůŰɞ űɘɚɛ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, Űɞ Aspen ŮˊɘŰɟɏˊŮɘ Űɖ 

ŭɘŬəɟɘŰɞˊɞɑɖůɖ Űɞɡ űɘɚɛ ůŮ ŭɘŬəɟɘŰɎ ŰɛɐɛŬŰŬ əŬɘ ɡˊɞɚɞɔɑɕŮɘ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ 

ɢɖɛɘəɩɜ Ůɘŭɩɜ ůŮ əɎɗŮ ɏɜŬ Ŭˊɧ ŬɡŰɎ ŰŬ ŭɘŬəɟɘŰɎ ůɖɛŮɑŬ, ɏŰůɘ ɩůŰŮ ɜŬ ˊɟɞəɨɣŮɘ ɏɜŬ 

Ŭəɟɘɓɏɠ ˊɟɞűɑɚ ůɡɔəɏɜŰɟɤůɖɠ ůŰɞ űɘɚɛ. ȺˊɘŰɟɏˊŮɘ Ůˊɑůɖɠ ůŰɞɜ ɢɟɐůŰɖ ɜŬ ɞɟɑůŮɘ Űɞɜ 

Ŭɟɘɗɛɧ Űɤɜ ůɖɛŮɑɤɜ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ (discretization points) əŬɗɩɠ əŬɘ Űɞɜ ɚɧɔɞ 

ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ (discretization ratio). Ⱥˊɘˊɚɏɞɜ, ˊŬɟɏɢŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ əŬɗɞɟɘůɛɞɨ 

ůɖɛŮɑɤɜ ůŰɞ űɘɚɛ ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ ŭɘŬəɟɘŰɞˊɞɘɖɛɏɜɤɜ 

ůɖɛŮɑɤɜ. ȷɡŰɧ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɞ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ ůɖɛŮɑɤɜ əɞɜŰɎ ůŰɖ 

ŭɘŮˊɘűɎɜŮɘŬ.  

ȰɢɞɜŰŬɠ ŬɜŬɚɨůŮɘ Űɘɠ ˊɘɗŬɜɏɠ Ůˊɘɚɞɔɏɠ, ɔɘŬ Űɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ŮˊɘɚɏɢɗɖəŬɜ ŰŬ Ůɝɐɠ: 

¶ ȼ Ůˊɘɚɞɔɐ Consider Film ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ űɎůɖ Űɞɡ ŬŮɟɑɞɡ, əŬɗɩɠ ŭŮɜ 

ɡˊɎɟɢɞɡɜ ŬɜŰɘŭɟɎůŮɘɠ. 

¶ ȼ Ůˊɘɚɞɔɐ Discretize film ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɡɔɟɞɨ űɘɚɛ, ɧˊɞɡ ɚɧɔɤ Űɖɠ ˊŬɟɞɡůɑŬɠ 

ŰŬɢɏɤɜ ŬɜŰɘŭɟɎůŮɤɜ, Űɞ űɘɚɛ ˊɟɏˊŮɘ ɜŬ ŭɘŬəɟɘŰɞˊɞɘɖɗŮɑ əŬɘ ɜŬ ɞɟɘůŰɞɨɜ ŭɘɎűɞɟŮɠ 

ˊŬɟɎɛŮŰɟɞɘ, ɩůŰŮ ɜŬ ˊŮɟɘɔɟŬűŮɑ ůɤůŰɎ ɖ ŬˊɧŰɞɛɖ ɛŮŰŬɓɞɚɐ Űɤɜ ˊɟɞűɑɚ. 

ȳŰŬɜ ɖ Ůˊɘɚɞɔɐ Discretize film ŮɑɜŬɘ ŮɜŮɟɔɞˊɞɘɖɛɏɜɖ, ɖ ɛŮɛɓɟɎɜɖ ŭɘŬəɟɘŰɞˊɞɘŮɑŰŬɘ ůŮ 

ɞɟɘůɛɏɜɞ Ŭɟɘɗɛɧ ůɖɛŮɑɤɜ. ũɘŬ Űɖ ůɤůŰɐ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ůɖɛŮɑɤɜ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ, ɞ 

əŬɗɞɟɘůɛɧɠ ůɡɔəŮəɟɘɛɏɜɤɜ ˊŬɟŬɛɏŰɟɤɜ ŮɑɜŬɘ əɟɑůɘɛɞɠ. ȷˊɧ űɡůɘəɐɠ Ɏˊɞɣɖɠ, ŮˊŮɘŭɐ ɞɘ 

ŬɜŰɘŭɟɎůŮɘɠ ůŰɖ ɛŮɛɓɟɎɜɖ Űɞɡ ɡɔɟɞɨ ŮɑɜŬɘ ɔɟɐɔɞɟŮɠ, ŰŬ ˊɟɞűɑɚ ůɡɔəɏɜŰɟɤůɖɠ əŬɘ 

ɗŮɟɛɞəɟŬůɑŬɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɏɜŰɞɜŮɠ ɛŮŰŬɓɞɚɏɠ əɞɜŰɎ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ. Ⱥˊɞɛɏɜɤɠ, ŮɑɜŬɘ 

ˊɟɞŰɘɛɧŰŮɟɞ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘəɟɧɠ Ŭɟɘɗɛɧɠ ůɖɛŮɑɤɜ, ŰɞˊɞɗŮŰɩɜŰŬɠ ŰŬ əɞɜŰɎ ůŰɖ 

ŭɘŮˊɘűɎɜŮɘŬ, ŬɜŰɑ ɔɘŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɤɜ ůɖɛŮɑɤɜ [16]. ũɘŬ Űɞɜ ůəɞˊɧ 

ŬɡŰɧ, ŮɜŮɟɔɞˊɞɘɐɗɖəŮ ɖ ɔŮɤɛŮŰɟɘəɐ ŭɘŬəɟɘŰɞˊɞɑɖůɖ (geometric discretization) ůŰɞɜ ˊɑɜŬəŬ 

Rate-Based Setup. 

ũɘŬ Űɖ ůɤůŰɐ ŮűŬɟɛɞɔɐ Űɖɠ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ, ŬˊŬɘŰŮɑŰŬɘ ɞ əŬɗɞɟɘůɛɧɠ Űɟɘɩɜ ˊŬɟŬɛɏŰɟɤɜ: 

1. ɄŬɟɎɔɞɜŰŬɠ ůɡɜɗɖəɩɜ ŬɜŰɑŭɟŬůɖɠ (Reaction Condition Factor - RCF) 

Ƀ ˊŬɟɎɔɞɜŰŬɠ ŬɡŰɧɠ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ ɛŮŰŬɝɨ 0 əŬɘ 1 əŬɘ əŬɗɞɟɑɕŮɘ Űɖ ůɢŮŰɘəɐ ɓŬɟɨŰɖŰŬ Űɤɜ 

ůɡůŰɎůŮɤɜ əŬɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ əŬɘ ůŰɞɜ əɨɟɘɞ ɧɔəɞ Űɤɜ ɟŮɡůŰɩɜ, ůŰɖ 

ŭɘŬɛɧɟűɤůɖ Űɞɡ ɟɡɗɛɞɨ ŬɜŰɑŭɟŬůɖɠ ɛɏůŬ ůŰɞ űɘɚɛ. ȳŰŬɜ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ůŰɞ űɘɚɛ ŮɑɜŬɘ 

ˊɞɚɨ ɔɟɐɔɞɟŮɠ (ˊ.ɢ. Ŭˊɞɟɟɧűɖůɖ CO  ůŮ ŭɘŬɚɨŰɖ), ɞɘ ůɡɜɗɐəŮɠ ůŰɞɜ əɨɟɘɞ ɧɔəɞ Űɤɜ 

ɟŮɡůŰɩɜ (bulk) ˊɟɏˊŮɘ ɜŬ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ɓŬɟɨŰɖŰŬ. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ, ˊɟɏˊŮɘ 

ɜŬ ŮˊɘɚŮɔŮɑ ɡɣɖɚɐ Űɘɛɐ Űɞɡ RCF. 

2. ȷɟɘɗɛɧɠ ůɖɛŮɑɤɜ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ ůŰɖ ɛŮɛɓɟɎɜɖ 

3. ȿɧɔɞɠ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ (Film Discretization Ratio - FDR) 

ȷɡŰɐ ɖ ˊŬɟɎɛŮŰɟɞɠ əŬɗɞɟɑɕŮɘ Űɞ ˊɚɎŰɞɠ Űɤɜ ŭɘŬəɟɘŰɞˊɞɘɖɛɏɜɤɜ ŰɛɖɛɎŰɤɜ ůŰɞ űɑɚɛ Űɞɡ 

ɡɔɟɞɨ. ũɘŬ Űɘɛɏɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 1, ŰŬ ŰɛɐɛŬŰŬ ɔɑɜɞɜŰŬɘ ɛɘəɟɧŰŮɟŬ əŬɗɩɠ ˊɚɖůɘɎɕɞɡɜ Űɖ 

ŭɘŮˊɘűɎɜŮɘŬ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ŰŬ ůɖɛŮɑŬ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ əɞɜŰɎ ůŰɖ 

ŭɘŮˊɘűɎɜŮɘŬ. ɋůŰɧůɞ, ˊɟɏˊŮɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ůɖɛŮɑɤɜ əŬɘ 

Űɞɡ FDR, əŬɗɩɠ ˊɞɚɨ ɡɣɖɚɏɠ Űɘɛɏɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ŬɟɘɗɛɖŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ, ɚɧɔɤ 

Űɤɜ ˊɞɚɨ ɛɘəɟɩɜ ɓɖɛɎŰɤɜ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ əɞɜŰɎ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ. 
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4. ɆɢŮŭɘŬůɛɧɠ ŭɘŮɟɔŬůɘɩɜ CCS ůŰɞ Aspen Plus 
ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ ŬɜŬɚɡŰɘəɎ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɨɜɗŮůɖɠ ɛɑŬɠ ˊɟɞůɞɛɞɑɤůɖɠ 

Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ CCS ůŮ ˊŮɟɘɓɎɚɚɞɜ Aspen Plus, ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ŭɘŬɚɡŰɩɜ ˊɞɡ ɏɢɞɡɜ 

ŮˊɘɚŮɔŮɑ. ɇɞ ŮəɎůŰɞŰŮ ůɨůŰɖɛŬ ůɢŮŭɘɎɕŮŰŬɘ ɛŮ ůəɞˊɧ Űɖɜ ŮɜůɤɛɎŰɤůɐ Űɞɡ ůŮ ˊɚɞɑɞɡ Űɨˊɞɡ 

ROPAX, Űɞ ɞˊɞɑɞ əɘɜŮɑŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ əŬɡůɑɛɞɡ LNG əŬɘ ɛŮ ůəɞˊɧ ɜŬ ŮˊɘŰɡɔɢɎɜŮɘ ˊɞůɞůŰɧ 

ŭɏůɛŮɡůɖɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ˊɞɡ ŮɘůɏɟɢɞɜŰŬɘ ůŮ ŬɡŰɧ, ɛŮɔŬɚɨŰŮɟɞ Űɞɡ 90%, ɧˊɞɡ ŬɡŰɧ ŮɑɜŬɘ 

ŭɡɜŬŰɧɜ. 

4.1 ɄŮɟɘɔɟŬűɐ Űɖɠ ɛŮɚɏŰɖɠ ˊŮɟɑˊŰɤůɖɠ ɔɘŬ Űɞ ˊɚɞɑɞ LNG 

ROPAX 

ɇɞ ɡˊɧ ɛŮɚɏŰɖ ˊɚɞɑɞ Űɨˊɞɡ ROPAX ŬˊɞŰŮɚŮɑ ɏɜŬ ŮˊɘɓŬŰɖɔɧ - ɞɢɖɛŬŰŬɔɤɔɧ ˊɚɞɑɞ ɛɐəɞɡɠ 150 

ɛɏŰɟɤɜ, Űɞ ɞˊɞɑɞ əɘɜŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɛɖɢŬɜɏɠ Wªrtsilª 31, 16 əŬɘ 8 əɡɚɑɜŭɟɤɜ, ɛŮ ůɢŮŭɘŬůɛɧ əŬɘ 

ɚŮɘŰɞɡɟɔɑŬ əɡɚɑɜŭɟɞɡ ůŰŬ D=310mm, H=430mm, compression ratio å12, air to fuel ratio 

(AFR) = 59, ˊɑŮůɖ Ůɘůɧŭɞɡ 4-5 bar əŬɘ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ 40C. ȼ ˊŬɟŬɔɧɛŮɜɖ ɘůɢɨɠ Űɞɡɠ 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 4.2 ɏɤɠ əŬɘ 10.4 MW ůŰɘɠ 720 əŬɘ 750 rpm. Ƀ əɘɜɖŰɐɟŬɠ ˊɟɞůűɏɟŮŰŬɘ ɔɘŬ 

ɢɟɐůɖ ɜŰɑɕŮɚ, ŭɘˊɚɞɨ əŬɡůɑɛɞɡ (NG-diesel) əŬɘ ɛŮ əŬɗŬɟɧ Ŭɏɟɘɞ ůɡɛɛɞɟűɞɨɛŮɜɖ ɛŮ Űɘɠ 

ˊɟɞŭɘŬɔɟŬűɏɠ IMO Tier 3 əŬŰɎ Űɖ ɢɟɐůɖ ɛŮ Ŭɏɟɘɞ əŬɘ ɛŮ Űɖ ɢɟɐůɖ SCR ůŮ ɚŮɘŰɞɡɟɔɑŬ ɜŰɑɕŮɚ. 

ɆŮ ɚŮɘŰɞɡɟɔɑŬ ɛŮ NG (Ŭɟɘɗɛɧɠ ɛŮɗŬɜɑɞɡ 70) ŬˊɞŭɑŭŮɘ ɏɤɠ 550 kW ŬɜɎ əɨɚɘɜŭɟɞ əŬɘ BSEC 

7234 kJ/kWh ůŮ ISO ůɡɜɗɐəŮɠ. ȺəŰɧɠ Ŭˊɧ Űɞɡɠ ɓŬůɘəɞɨɠ əɘɜɖŰɐɟŮɠ, Űɞ ˊɚɞɑɞ ŭɘŬɗɏŰŮɘ əŬɘ 

ɖɚŮəŰɟɞəɘɜɖŰɐɟŮɠ əŬɘ ɗŮɟɛŬɜŰɐɟŮɠ ɗŮɟɛɘəɞɨ ŮɚŬɑɞɡ ɔɘŬ Űɖɜ əɎɚɡɣɖ Ɏɚɚɤɜ ŬɜŬɔəɩɜ əŬɘ 

ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ. ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ůɡɜɞɚɘəɏɠ ŮɜŮɟɔŮɘŬəɏɠ 

ŬɜɎɔəŮɠ Űɞɡ ˊɚɞɑɞɡ əŬŰɎ Űɖɜ ˊɚŮɨůɖ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰŬ ˊŬɟŬŭɞŰɏŬ Űɞɡ ɏɟɔɞɡ: 

çMinimal Environmental Footprint LNG Propelled ROPAX Designè [29], [30], [31]. 

ɄɑɜŬəŬɠ 5: ȺɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ LNG ROPAX[30] 

ɇɨˊɞɠ ŮɜɏɟɔŮɘŬɠ ɉɟɐůɖ ūɞɟŰɑɞ (kW) 

ȼɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ 

Ʉɟɧɤůɖ 6375 

ɂŮɜɞŭɞɢŮɑɞ 1150 

Engine Room Vent 705 

LNG Chillers 900 

ŪŮɟɛɧŰɖŰŬ 
ɂŮɜɞŭɞɢŮɑɞ 267 

ȷŰɛɧɠ 2024 

Ɇɡɜɞɚɘəɐ ŬˊŬɑŰɖůɖ 11421 

 

Ƀɘ əɘɜɖŰɐɟŮɠ Űɞɡ ˊɚɞɑɞɡ ˊɟɞůɞɛɞɘɩɜɞɜŰŬɘ ůŮ ŮˊɑˊŮŭɞ Ůɜɧɠ əɡɚɑɜŭɟɞɡ ůŮ ˊŮɟɘɓɎɚɚɞɜ Aspen 

Plus V12, əŬɘ ɏˊŮɘŰŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜŬɔɤɔɐ Űɖɠ əŬŰŬɜɎɚɤůɖɠ, Űɖɠ ɘůɢɨɞɠ əŬɘ Űɤɜ 

Ůəˊɞɛˊɩɜ əŬɡůŬŮɟɑɤɜ, ůŰɞɡɠ 24 əɡɚɑɜŭɟɞɡɠ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ Űɞɡ ˊɚɞɑɞɡ. ɇɞ 

ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ ůŰɞ Aspen Plus V12 ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ. 
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ȺɘəɧɜŬ 12: Ʉɟɞůɞɛɞɑɤůɖ ɚŮɘŰɞɡɟɔɑŬɠ əɘɜɖŰɐɟŬ LNG[30] 

ɣ. ɆŮ ɏɜŬ Ŭˊɧ ŰŬ ˊŬɟŬŭɞŰɏŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ŭɘɎŰŬɝɖɠ 

əŬɘ ɛɑŬɠ ɛŮ ɛɘəɟɧŰŮɟɖ Űɘɛɐ AFR. ɇɞ ůɨůŰɖɛŬ ɛŮ ɛɘəɟɧŰŮɟɞ AFR ɛˊɞɟŮɑ ɜŬ ɏŭɘɜŮ əŬɡůŬɏɟɘŬ 

ɛŮɔŬɚɨŰŮɟɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ CO2 ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ɡˊɐɟɢŮ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ 

ɛŮɗŬɜɑɞɡ ůŮ ŬɡŰɎ. ɀɎɚɘůŰŬ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɛŮɗŬɜɑɞɡ ɐŰŬɜ ŰɏŰɞɘŬ, ɧˊɞɡ ŬəɧɛŬ əŬɘ ɛŮŰɎ 

Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ɛŮ ůɨůŰɖɛŬ CCS, ɞɘ ɘůɞŭɨɜŬɛŮɠ Ůəˊɞɛˊɏɠ CO2, eq ɛŮ 

ɛɘəɟɧŰŮɟɞ AFR ɐŰŬɜ ɡɣɖɚɧŰŮɟŮɠ.  

Ⱥˊɞɛɏɜɤɠ, ůŰŬ ˊɚɞɑŬ ŰŬ ɞˊɞɑŬ ɗŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ əŬɨůɘɛɞ LNG, ɡˊɎɟɢŮɘ ŬɡŰɐ ɖ Ůɝɐɠ 

ŭɡůəɞɚɑŬ: ˊɤɠ ɗŬ ůɢŮŭɘŬůŰŮɑ ɏɜŬ ŬˊɞŭɞŰɘəɧ ůɨůŰɖɛŬ ŭɘŬɢɤɟɘůɛɞɨ Űɞɡ CO2 Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ, 

Ůɜɩ Űɞ CO2 ɓɟɑůəŮŰŬɘ ůŮ ɢŬɛɖɚɐ ůɡɔəɏɜŰɟɤůɖ.  

ɆŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ɏɢŮɘ ɔɑɜŮɘ ɛɑŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ůɢŮŭɘŬůŰɞɨɜ ŰɟŮɑɠ ˊɟɞŰɎůŮɘɠ ůɡůŰɖɛɎŰɤɜ 

CCS ŰŬ ɞˊɞɑŬ ɗŬ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ɡɣɖɚɐ Ŭˊɧŭɞůɖ ŭɘŬɢɤɟɘůɛɞɨ əŬɘ ɛŮ Űɘɠ ŮɚɎɢɘůŰŮɠ ŭɡɜŬŰɏɠ 

ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ, əŬɗɘůŰɩɜŰŬɠ ŰŬ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɞɘəɞɜɞɛɘəɎ ɓɘɩůɘɛŬ, ůɡɔəɟɘŰɘəɎ ɛŮ 

Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ Űɘɠ ˊɘɚɞŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ŰɏŰɞɘɤɜ ůɡůŰɖɛɎŰɤɜ. 

 

4.2 Ʉɟɞůɞɛɞɑɤůɖ ŭɘɎŰŬɝɖɠ ůɡɛˊɑŮůɖɠ ůŰɞ Aspen Plus 

ȼ ɛŮŰŬűɞɟɎ CO  ɛŮ ˊɚɞɑŬ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɞ əŮűɎɚŬɘɞ 1, ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɚəɡůŰɘəɐ 

ŰŮɢɜɞɚɞɔɑŬ ɔɘŬ Űɖɜ ˊɟɩɘɛɖ ŮűŬɟɛɞɔɐ Űɖɠ ŭɏůɛŮɡůɖɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ ɎɜɗɟŬəŬ (CCS). 

ɄŬɟɏɢŮɘ ŬɟəŮŰɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɧˊɤɠ ɞɘəɞɜɞɛɘəɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ ɔɘŬ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ əŬɘ 

ɛɘəɟɞɨɠ ɧɔəɞɡɠ, ɢŬɛɖɚɐ Ŭɟɢɘəɐ Ůˊɏɜŭɡůɖ əŮűŬɚŬɑɞɡ, ŮɡŮɚɘɝɑŬ əŬɘ ŭɡɜŬŰɧŰɖŰŮɠ 

ůɡɜŮəɛŮŰɎɚɚŮɡůɖɠ ɡˊɞŭɞɛɩɜ. ȾŬɗɩɠ ɞɘ çŬɚɡůɑŭŮɠè CCS ́ɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɛŮŰŬűɞɟɎ ɛŮ 

ˊɚɞɑŬ ˊɚɖůɘɎɕɞɡɜ ůŰɖɜ ɡɚɞˊɞɑɖůɖ, ŰɑɗŮŰŬɘ Űɞ ŮɟɩŰɖɛŬ Űɤɜ ɓɏɚŰɘůŰɤɜ ůɡɜɗɖəɩɜ ɛŮŰŬűɞɟɎɠ 

(ˊɑŮůɖ, ɗŮɟɛɞəɟŬůɑŬ əŬɘ ůɨůŰŬůɖ). ɀɏɢɟɘ ůɐɛŮɟŬ, əŬɛɑŬ ŭɖɛɞůɘŮɡɛɏɜɖ ɛŮɚɏŰɖ ŭŮɜ ɏɢŮɘ 

əŬŰŬɚɐɝŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ůŰɘɠ ɓɏɚŰɘůŰŮɠ ůɡɜɗɐəŮɠ ɛŮŰŬűɞɟɎɠ ɔɘŬ Űɞ CCS [46].  Ƀɘ ˊɘɞ 

ůɡɜɖɗɘůɛɏɜŮɠ ůɡɜɗɐəŮɠ ɛŮŰŬűɞɟɎɠ CO  ůŮ ˊɚɞɑŬ ŮɑɜŬɘ 7 bar əŬɘ -50 C (əɞɜŰɎ ůŰɞ Űɟɘˊɚɧ 

ůɖɛŮɑɞ Űɞɡ əŬɗŬɟɞɨ CO ), 11 bar əŬɘ -36 C əŬɘ 22bar əŬɘ -16C. ɋůŰɧůɞ, ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ 

ŬɜŬűɞɟɏɠ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ Ůˊɘɚɏɔɞɡɜ ŮɚŬűɟɩɠ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ, ˊŬɟŬɛɏɜɞɜŰŬɠ ůŰɖ űɎůɖ 

Űɞɡ ɡɔɟɞɨ CO  əŬɘ əɞɜŰɎ ůŰɞ Űɟɘˊɚɧ ůɖɛŮɑɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ űɎůŮɤɜ Űɞɡ CO2. 

Ƀɘ ŭɘŬűɞɟɏɠ ůŰɘɠ ɓɏɚŰɘůŰŮɠ ůɡɜɗɐəŮɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɞűŮɑɚɞɜŰŬɘ ůŰɖ 

ŭɘŬűɞɟŮŰɘəɐ ůɨůŰŬůɖ Űɞɡ ˊɚɞɨůɘɞɡ ůŮ CO  ŬŮɟɑɞɡ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɡɔɟɞˊɞɘɖɗŮɑ. ȷəɧɛɖ əŬɘ 

ɞɘ ˊŬɟŬɛɘəɟɏɠ ˊɟɞůɛŮɑɝŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ŮˊɖɟŮɎůɞɡɜ ůɖɛŬɜŰɘəɎ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, 

ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ [46]. Ⱥˊɞɛɏɜɤɠ, əɎɗŮ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ɛɞɜŬŭɘəɐ əŬɘ ˊɟɏˊŮɘ 

ɜŬ ŬɝɘɞɚɞɔŮɑŰŬɘ ɝŮɢɤɟɘůŰɎ ɔɘŬ Űɞ əɎɗŮ ɛɑɔɛŬ. 

ɇɟɞűɞŭɞůɑŬ əŬɡůɑɛɞɡ 

24 əɨɚɘɜŭɟɞɘ  

ȿŮɘŰɞɡɟɔɑŬ əɡɚɑɜŭɟɞɡ 
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ȹɘɎɔɟŬɛɛŬ 2: ȹɘɎɔɟŬɛɛŬ űɎůŮɤɜ CO2 

ȷəɧɛŬ, ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɘɜ Űɞ ŮɜŭŮɢɧɛŮɜɞ ŭɖɛɘɞɡɟɔɑŬɠ ɡŭɟɘŰɩɜ. Ƀɘ 

Ůɔəɚɤɓɘůɛɏɜɞɘ ɡŭɟɑŰŮɠ (clathrate hydrates) ɐ ɡŭɟɑŰŮɠ ŬŮɟɑɤɜ (gas hydrates) ŮɑɜŬɘ əɟɡůŰŬɚɚɘəɏɠ 

ŮɜɩůŮɘɠ ɧˊɞɡ ŰŬ ɛɧɟɘŬ ɜŮɟɞɨ ůɡɜŭɏɞɜŰŬɘ ɛɏůɤ ŭŮůɛɩɜ ɡŭɟɞɔɧɜɞɡ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ əɞɘɚɧŰɖŰŮɠ 

ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘəɚŮɑůɞɡɜ "ŮˊɘůəɏˊŰŮɠ" ɛɧɟɘŬ, ůɡɜɐɗɤɠ ŮɚŬűɟɘɎ ŬɏɟɘŬ (CH , N , CO ) əŬɘ 

ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ (ˊɟɞˊɎɜɘɞ, ɘůɞɓɞɡŰɎɜɘɞ ə.ɚˊ.). ɀˊɞɟɞɨɜ ɜŬ ɡˊɎɟɢɞɡɜ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 

Űɧůɞ əɎŰɤ ɧůɞ əŬɘ ˊɎɜɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ ˊɐɝɖɠ Űɞɡ ɜŮɟɞɨ, əŬɘ ɛˊɞɟɞɨɜ ɜŬ ůɢɖɛŬŰɘůŰɞɨɜ ɡˊɧ 

Űɘɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŮ Ŭɔɤɔɞɨɠ űɡůɘəɞɨ ŬŮɟɑɞɡ əŬɘ ˊŮŰɟŮɚŬɑɞɡ, ˊɟɞəŬɚɩɜŰŬɠ 

Ůɛˊɚɞəɏɠ ůŰɞ ŰŮɚɘəɧ ůŰɎŭɘɞ Űɖɠ ˊŬɟŬɔɤɔɐɠ Ŭˊɧ ŰŬ əɞɘŰɎůɛŬŰŬ ɐ ŬˊɟɞůŭɧəɖŰŮɠ ŭɘŬəɞˊɏɠ 

ɚŮɘŰɞɡɟɔɑŬɠ. ɄŬɟɧɛɞɘŬ ˊɟɞɓɚɐɛŬŰŬ ŮɛűŬɜɑɕɞɜŰŬɘ əŬɘ ůŰɞɡɠ Ŭɔɤɔɞɨɠ ɛŮŰŬűɞɟɎɠ CO . ũɘŬ ɜŬ 

ŮɝŬůűŬɚɘůŰŮɑ ˊɤɠ ŭŮɜ ɗŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɡŭɟɑŰŮɠ əŬŰɎ Űɖɜ ůɡɛˊɑŮůɖ Űɞɡ CO2 ́ ɟɏˊŮɘ ɜŬ 

ŮɘůŬɢɗŮɑ Űɞ ɟŮɨɛŬ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ CO2 ůŰɞ ɚɞɔɘůɛɘəɧ Aspen Hysys, ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ 

phase envelope (ŭɘɎɔɟŬɛɛŬ űɎůŮɤɜ) əŬɘ ɜŬ ŮˊɘɚŮɢɗŮɑ əŬɘ ɖ Ůˊɘɚɞɔɐ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

ɡŭɟɘŰɩɜ. ɄŬɟɧɚŬ ŬɡŰɎ, ɢɟŮɘɎɕŮŰŬɘ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟɖ ŬɜɎɚɡůɖ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɕɐŰɖɛŬ, 

ɖ ɞˊɞɑŬ ɧɛɤɠ ŭŮɜ ŮɜŰɎůůŮŰŬɘ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ əŬɘ Ůˊɞɛɏɜɤɠ ɗŮɤɟŮɑŰŬɘ 

ˊɤɠ ŭŮɜ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɡŭɟɑŰŮɠ əŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ.  

ȺˊɘɚɏɔŮŰŬɘ ɖ ůɡɛˊɑŮůɖ Űɞɡ CO2 ůŮ ůɡɜɗɐəŮɠ 22bar ́ɑŮůɖɠ əŬɘ -16C ɗŮɟɛɞəɟŬůɑŬɠ, ɧˊɤɠ ɏɢŮɘ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əŬɘ ůŮ ůɢŮŰɘəɐ ɓɘɓɚɘɞɔɟŬűɘəɐ ɛŮɚɏŰɖ[23]. ɄɟɩŰɞɜ, ɔɘŬŰɑ ɖ ɣɨɝɖ ůŮ ˊɞɚɨ 

ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɜŮɟɔɞɓɧɟŬ ɧˊɞŰŮ ɧˊɞɡ ŮɑɜŬɘ ŭɡɜŬŰɧ ŬˊɞűŮɨɔŮŰŬɘ. 

ȹŮɨŰŮɟɞɜ, ɔɘŬŰɑ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ůɡɛˊɘŮůɛɏɜɞɡ CO2 ŭŮɜ ŭɘŬűɏɟŮɘ ŬɟəŮŰɎ ůŰŬ ŰɟɑŬ ůŮɜɎɟɘŬ 

ůɡɜɗɖəɩɜ ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ Űɞɡ ɢɩɟɞɡ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮŰŬɘ ůŰɞ ˊɚɞɑɞ[47]. 

ɇɟɑŰɞɜ, ŮˊŮɘŭɐ ɖ ůɡɛˊɑŮůɖ ůŰɖɜ ɡɣɖɚɧŰŮɟɖ ŭɡɜŬŰɐ ˊɑŮůɖ, ɓɟɑůəŮŰŬɘ ˊɘɞ ɛŬəɟɘɎ Ŭˊɧ Űɞ Űɟɘˊɚɧ 

ůɖɛŮɑɞ Űɞɡ CO2 əŬɘ ɎɟŬ əŬɘ Űɞɡ ɛɑɔɛŬŰɞɠ, ɞŭɖɔɩɜŰŬɠ ůŮ ˊɘɞ Ŭəɟɘɓɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɗɩɠ ɞɘ 

ȾȾȺ ŭŮɜ ɗŬ Ŭˊɞəɚɑɜɞɡɜ ɧůɞ Űɘɠ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ. ȼ ŮˊɘɗɡɛɖŰɐ ˊɡəɜɧŰɖŰŬ Űɞɡ ůɡɛˊɘŮůɛɏɜɞɡ 

CO2 ́ ɟɏˊŮɘ ɜŬ ŮɑɜŬɘ əɞɜŰɎ ůŮ ŮəŮɑɜɖ Űɞɡ əŬɗŬɟɞɨ ɡɔɟɞɨ CO2. ȿɧɔɤ Űɤɜ ˊɟɞůɛɑɝŮɤɜ ˊɞɡ 

ˊŬɟŬɛɏɜɞɡɜ ůŰɞ ɟŮɨɛŬ, ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɚɑɔɞ ɡɣɖɚɧŰŮɟɖ. ȼ ˊɡəɜɧŰɖŰŬ ˊɞɡ ŮˊɘŰŮɨɢɗɖəŮ 

ůŰɞ ůɢŮŭɘŬůɛɏɜɞ ůɨůŰɖɛŬ ŮɑɜŬɘ əɞɜŰɎ ůŰŬ 1000kg/m3 ɔɘŬ Űɞ ůɡɛˊɘŮůɛɏɜɞ ɟŮɨɛŬ CO2 ́ ɞɡ 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ɡɔɟɐ űɎůɖ. 

ȼ ŭɘɎŰŬɝɖ ́ ɟɞůɞɛɞɘɎůŰɖəŮ ŬɟɢɘəɎ ůŰɞ Aspen Plus V12 əŬɘ ɨůŰŮɟŬ ůŰɞ Aspen Plus V14, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɗŮɟɛɞŭɡɜŬɛɘəɐ ɛɏɗɞŭɞ Peng-Robinson, Ůűɧůɞɜ ɖ ɛɘəɟɐ ˊɞůɧŰɖŰŬ Űɞɡ 

ɜŮɟɞɨ ůŰɞ ɟŮɨɛŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ CO2 Űɞ ŮˊɘŰɟɏˊŮɘ. Ƀɘ ůɡɛˊɘŮůŰɏɠ ɟɡɗɛɑɕɞɜŰŬɘ ɏŰůɘ ɩůŰŮ ɖ 

ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ Űɞɡ ɟŮɨɛŬŰɞɠ ŭɘɞɝŮɘŭɑɞɡ ɜŬ ɛɖɜ ɝŮˊŮɟɜɎŮɘ Űɞɡɠ 180ÁC, əŬɗɩɠ ɛŮŰɎ Ŭˊɧ 

ŮəŮɑɜɖ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůɞɓŬɟɎ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. ɆŰɖ 

ůɡɜɏɢŮɘŬ ɖ ɣɨɝɖ ɔɑɜŮŰŬɘ ůŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ ɛɏɢɟɘ Űɞɡɠ 25ÁC, ůŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ ɛɏɢɟɘ Űɞɡɠ 30 

əŬɘ ůŰɞ 3ɞ ůŰɎŭɘɞ ɛɏɢɟɘ Űɞɡɠ 25 ɝŬɜɎ. ȼ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ůɡɛˊɑŮůɖ 

ůɡɜɡˊɞɚɞɔɑɕŮŰŬɘ ůŰɘɠ ŬɜɎɔəŮɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ˊɚɞɑɞɡ əŬɘ ŬɡŰɐ ɔɘŬ Űɖɜ ɣɨɝɖ űɡůɘəɎ 
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ůŰɘɠ ŬɜɎɔəŮɠ ɣɨɝɖɠ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ɗŮɟɛɞəɟŬůɑŬ [47]. ȼ ˊŬɟŬəɎŰɤ ŭɘɎŰŬɝɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

əŬɘ ɔɘŬ ŰŬ ŰɟɑŬ ůɡůŰɐɛŬŰŬ carbon capture ɢɤɟɑɠ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ. Ƀɘ ůɡɜɗɐəŮɠ 

Űɤɜ ɟŮɡɛɎŰɤɜ űŬɑɜɞɜŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ, Ůɜɩ ɖ ˊɞůɧŰɖŰŬ Űɞɡ ůɡɛˊɘŮůɛɏɜɞɡ CO2 ŮɑɜŬɘ 

Ŭəɟɘɓɩɠ ɑůɖ ɛŮ ŮəŮɑɜɖ Űɞɡ CO2 ́ ɟɞɠ ůɡɛˊɑŮůɖ. Ⱥˊɞɛɏɜɤɠ ŭŮɜ ɡˊɎɟɢɞɡɜ ŬˊɩɚŮɘŮɠ əŬŰɎ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ. ɇɞ ɟŮɨɛŬ S5 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɜŮɟɧ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɞɜ 

ŭɘŬɚɨŰɖ ɀȺȷ, ɘůɞɨŰŬɘ ɛŮ 13,1 kg/h , Ůɜɩ əŬɘ ůŰɘɠ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ Űɘɛɐ Űɞɡ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ. 

ɇɞ ɟŮɨɛŬ ŬɡŰɧ ɗŬ ɡˊɞůŰŮɑ ŮˊŮɝŮɟɔŬůɑŬ ɛɏůɤ Űɞɡ ballast water system Űɞɡ ˊɚɞɑɞɡ. ȷəɧɛŬ, ɖ 

ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ŬɜŬəɨəɚɤůɖɠ Űɞɡ ɟŮɨɛŬŰɞɠ ŬŰɛɩɜ ůŰɞ FLASH2, ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊɖ ɛŮ ŮəŮɑɜɖ ˊɞɡ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ ŰŬ ɟŮɨɛŬŰŬ ŬɜŬəɨəɚɤůɖɠ ůŰɖɜ 

ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŭɏůɛŮɡůɖɠ Űɞɡ CO2. 

 

ȺɘəɧɜŬ 13: ȹɘɎŰŬɝɖ ůɡɛˊɑŮůɖɠ CO2 (ɔɘŬ ˊŮɟɑˊŰɤůɖ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ) 

 

4.3 Ʉɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

ɆŰɖ ́ŬɟɞɨůŬ ŮɜɧŰɖŰŬ ɗŬ ˊŮɟɘɔɟŬűŮɑ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŭɏůɛŮɡůɖɠ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ 

Űɞɡ ɎɜɗɟŬəŬ, ɛŮ ŭɘŬɚɨŰɖ 30%wt. MEA, ɖ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɩɗɖəŮ ŬɟɢɘəɎ ůŮ ɚɞɔɘůɛɘəɧ Aspen 

Plus V12 əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ůŮ Aspen Plus V14. 

4.3.1 ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ůŰɞ Aspen Plus əŬɘ ůɢŮŭɘŬůŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ 

ɇɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ ůŰɞ Aspen Plus ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ. 

 

ȺɘəɧɜŬ 14: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ŭɘŮɟɔŬůɑŬɠ ŭɏůɛŮɡůɖɠ CO2 ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

Ʉɟɘɜ ɧɛɤɠ Ŭˊɧ Űɖɜ Ůɑůɞŭɧ Űɞɡɠ ůŰɞ ůɢŮŭɘŬůɛɏɜɞ ůɨůŰɖɛŬ, ŰŬ əŬɡůŬɏɟɘŬ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɡˊɞůŰɞɨɜ əɎˊɞɘŬ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ ɩůŰŮ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ˊɟɞůɛɑɝŮɘɠ ˊɞɡ ŭŮɜ ɏɢɞɡɜ 

ɡˊɞɚɞɔɘůŰŮɑ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɧˊɤɠ ɞɝŮɘŭɑɤɜ Űɞɡ ɗŮɑɞɡ (SOx), Űɞɡ ŬɕɩŰɞɡ 

(ɁɃx), əŬɘ ŮɜŭŮɢɞɛɏɜɤɠ, ɓŬɟɏŬ ɛɏŰŬɚɚŬ, ŰŬ ɞˊɞɑŬ ɧɛɤɠ ŭŮɜ ŮɑɜŬɘ ˊŬɟɧɜŰŬ ůŮ əŬɡůŬɏɟɘŬ ˊɞɡ 
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ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ əŬɨůɘɛɞ LNG. Ƀɘ ˊɟɞůɛɑɝŮɘɠ ŬɡŰɏɠ ˊɟɏˊŮɘ ɜŬ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ˊɟɘɜ Ŭˊɧ Űɖɜ 

əɨɟɘŬ ŮˊŮɝŮɟɔŬůɑŬ ůŰɞ ůɨůŰɖɛŬ CCS ŭɘɧŰɘ ŬɜŰɘŭɟɞɨɜ ɛŮ ŰŬ ɛɧɟɘŬ Űɞɡ ŭɘŬɚɨŰɖ əŬɘ 

ŭɖɛɘɞɡɟɔɞɨɜ ɗŮɟɛɞŬɜɗŮəŰɘəɎ ɎɚŬŰŬ əŬɘ Űɞɝɘəɞɨɠ ŬŰɛɞɨɠ (ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ Ŭɛɘɜɩɜ). ȷɡŰɧ 

ůɡɛɓŬɑɜŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɛŮ Űɞɡɠ ŬɚəŬɚɘəɞɨɠ ŭɘŬɚɨŰŮɠ, ˊɞɡ ɏɢɞɡɜ ŮˊɘɚŮɢɗŮɑ əŬɘ ůŮ ŬɡŰɐ Űɖɜ 

ɛŮɚɏŰɖ. ȼ ŭɖɛɘɞɡɟɔɑŬ ŬɡŰɩɜ Űɤɜ ŬɚɎŰɤɜ ɛŮɘɩɜŮɘ Űɖɜ ŭɘŬɗɏůɘɛɖ ˊɞůɧŰɖŰŬ Űɤɜ ɛɞɟɑɤɜ Űɞɡ 

ŭɘŬɚɨŰɖ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŭŮůɛŮɨůɞɡɜ Űɞ CO2, Ůˊɞɛɏɜɤɠ ɛŮɘɩɜɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. 

ȺəŰɧɠ ŬɡŰɞɨ, ŬɡɝɎɜŮŰŬɘ əŬɘ ɖ ŬɜɎɔəɖ ɔɘŬ ŬɜŬˊɚɐɟɤůɖ Űɞɡ ŭɘŬɚɨŰɖ Ůűɧůɞɜ ɗŬ əŬŰŬɜŬɚɩɜŮŰŬɘ 

ɛŮ ɛŮɔŬɚɨŰŮɟɞ ɟɡɗɛɧ, ŬɡɝɎɜɞɜŰŬɠ Űɞ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ, əŬɘ ɗŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɖ ŬɜɎɔəɖ ɔɘŬ 

ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŬɜŮˊɘɗɨɛɖŰɤɜ ŬɡŰɩɜ ˊŬɟŬˊɟɞɥɧɜŰɤɜ, ˊɟɞůɗɏŰɞɜŰŬɠ ɏɜŬ Ůˊɘˊɚɏɞɜ əɧůŰɞɠ ɔɘŬ 

Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŬˊɞɓɚɐŰɤɜ. ɄŬɟɎɚɚɖɚŬ, ŭɖɛɘɞɡɟɔɞɨɜ ˊɟɞɓɚɐɛŬŰŬ ůŮ ůɤɚɖɜɩůŮɘɠ, 

ɗŮɟɛŬɜŰɐɟŮɠ əŬɘ ůŰɞɘɢŮɑŬ Űɞɡ ɛɖɢŬɜɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ, əŬɗɩɠ ŮɜŬˊɞŰɑɗŮɜŰŬɘ ůŮ ŬɡŰɎ 

ɛŮɘɩɜɞɜŰŬɠ Űɖɜ Ŭˊɧŭɞůɐ Űɞɡɠ, Ůɜɩ ůɡɛɓɎɚɞɡɜ əŬɘ ůŰɖɜ ŭɘɎɓɟɤůɐ Űɞɡɠ [34]. Ɇɡɜɐɗɖ ɛɏůŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ůŰɐɚŮɠ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ ɧɝɘɜɤɜ əŬɡůŬŮɟɑɤɜ (scrubbers), ŮɑɜŬɘ 

ɓŬůɘəɎ ŭɘŬɚɨɛŬŰŬ ɛŮ ɓɎůɖ Űɞ NaOH ɐ ŭɘŬɚɨɛŬŰŬ ŬɚɎŰɤɜ ɧˊɤɠ Űɞ CaCO3 ŬəɧɛŬ əŬɘ Űɞ K2CO3 

Űɞ ɞˊɞɑɞ ɏɢŮɘ ŮˊɘɚŮɔŮɑ ɤɠ ŭɘŬɚɨŰɖɠ ɔɘŬ ɛɑŬ Ŭˊɧ Űɘɠ ŰɟŮɑɠ ˊɟɞůɞɛɞɘɩůŮɘɠ. ȸɏɓŬɘŬ, ŬəɧɛŬ əŬɘ ůŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɗɩɠ ɖ ɨˊŬɟɝɖ 

SOx əŬɘ NOx ɛŮɘɩɜŮɘ Űɖɜ ɛŮɟɘəɐ ˊɑŮůɖ Űɞɡ ŬŮɟɑɞɡ CO2, ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ɛŮɑɤůɖ Űɞɡ ˊɞůɞůŰɞɨ 

ŭɏůɛŮɡůɖɠ [48]. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ůɡɜŭɡŬůŰɘəɎ əŬɘ ɛŮ Űɖɜ ɛŮɑɤůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ɛɞɟɑɤɜ Űɞɡ 

ŭɘŬɚɨŰɖ ɔɘŬ ŬɜŰɑŭɟŬůɖ ɛŮ Űɞ CO2 ́ ɞɡ ˊŮɟɘŮɔɟɎűɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ.  

ɇŬ ŬɜɩŰŬŰŬ ɧɟɘŬ ɔɘŬ Űɞɡɠ ŭɘŬɚɨŰŮɠ ɛŮ ɓɎůɖ ŬɛɑɜŮɠ ɔɘŬ ŰɏŰɞɘŮɠ ˊɟɞůɛɑɝŮɘɠ ůɡɜɑůŰŬŰŬɘ ɜŬ ŮɑɜŬɘ 

20ppm ɔɘŬ ŰŬ ůɡɜɞɚɘəɎ NOx əŬɘ 10ppm ɔɘŬ ŰŬ ůɡɜɞɚɘəɎ SOx [34].  

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ɗŮɤɟŮɑŰŬɘ ˊɤɠ əŬɘ ůŰɘɠ ŰɟŮɑɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɗŬ ŬɜŬɚɡɗɞɨɜ, ŰŬ 

əŬɡůŬɏɟɘŬ ˊɟɞŰɞɨ Űɖɜ Ůɑůɞŭɧ Űɞɡɠ ůŰɖɜ ɛɞɜɎŭŬ CCS, ŭɘɏɟɢɞɜŰŬɘ Ŭˊɧ scrubber, ɧˊɞɡ 

ŭŮůɛŮɨɞɜŰŬɘ əŬɘ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ɞɘ ŬɜŮˊɘɗɨɛɖŰŮɠ ˊɟɞůɛɑɝŮɘɠ. Ƀ scrubber ŭŮɜ ůɢŮŭɘɎɕŮŰŬɘ ůŰɞ 

ˊɟɧɔɟŬɛɛŬ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ Űɞ əɧůŰɞɠ Űɞɡ ŭŮɜ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ. 

ȷűɧŰɞɡ ŰŬ əŬɡůŬɏɟɘŬ ɡˊɞůŰɞɨɜ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ, ůŰɖɜ ůɡɜɏɢŮɘŬ Ŭəɞɚɞɡɗɞɨɜ 

ɛɑŬ ˊŬɟɧɛɞɘŬ ŭɘŬŭɘəŬůɑŬ Ŭˊɧ ŮəŮɑɜɖ ˊɞɡ ˊŮɟɘŮɔɟɎűɖəŮ ůŰɞ əŮűɎɚŬɘɞ 2.  

ɃŭɖɔɞɨɜŰŬɘ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, ɧˊɞɡ ŮɘůɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ, ɩůŰŮ əŬŰɎ Űɖɜ 

Ɏɜɞŭɧ Űɞɡɠ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, ɜŬ ɏɟɗɞɡɜ ůŮ ŮˊŬűɐ ɛŮ Űɞɜ ɡɔɟɧ ŭɘŬɚɨŰɖ ɀȺȷ, ɞ ɞˊɞɑɞɠ 

əŬŰɏɟɢŮŰŬɘ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ Űɖɠ ůŰɐɚɖɠ, əŬɘ ŮɟɢɧɛŮɜɞɠ ůŮ ɎɛŮůɖ ŮˊŬűɐ ɛŮ ŰŬ 

əŬɡůŬɏɟɘŬ, ŬɜŰɘŭɟɎ əŬɘ ŭŮůɛŮɨŮɘ Űɞ CO2. ɇŬ əŬɡůŬɏɟɘŬ ŮɘůɏɟɢɞɜŰŬɘ ůŰɖ ůŰɐɚɖ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ɛŮŰŬɝɨ 40-60C əŬɘ ˊɑŮůɖ ɛŮŰŬɝɨ 1-2bar, ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɘɠ ůɡɜɐɗŮɘɠ ůɡɜɗɐəŮɠ 

ɔɘŬ ŭɏůɛŮɡůɖ CO2 ɛɏůɤ ŭɘŬɚɨŰɖ ɀȺȷ [49], [50], [51]. Ƀɘ ŬəɟɘɓŮɑɠ ůɡɜɗɐəŮɠ ɔɘŬ ɧɚŬ ŰŬ 

ɟŮɨɛŬŰŬ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůŰɖɜ ůɡɜɏɢŮɘŬ, əŬɘ ɗŬ ŰŮəɛɖɟɘɤɗɞɨɜ ůŰɖɜ ŮɜɧŰɖŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ 

ŮɡŬɘůɗɖůɑŬɠ.  

ȰˊŮɘŰŬ, Űɞ ɟŮɨɛŬ əɞɟɡűɐɠ, ˊŰɤɢɧ ůŮ CO2 (lean), ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ůŰɐɚɖ əŬɘ 

ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. Ⱥŭɩ ɛˊɞɟŮɑ ɜŬ ŮɜŰŬɢɗŮɑ əŬɘ ɏɜŬ ˊɟɞŬɘɟŮŰɘəɧ ɓɐɛŬ 

ɏəˊɚɡůɖɠ (water-wash) Űɞɡ ŬŮɟɑɞɡ ɟŮɨɛŬŰɞɠ ŬɡŰɞɨ ɛŮ ɜŮɟɧ, ɔɘŬ Űɖɜ ŭɏůɛŮɡůɖ ŬŰɛɩɜ ŭɘŬɚɨŰɖ 

əŬɘ Ɏɚɚɤɜ ůɡůŰŬŰɘəɩɜ. ȷɡŰɧ Űɞ ɓɐɛŬ, ŬɜɎɚɞɔŬ ɛŮ Űɞ əŬɜɞɜɘůŰɘəɧ ˊɚŬɑůɘɞ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɔɘŬ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɤɜ Űɞɝɘəɩɜ ɟɨˊɤɜ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɞɡ ŭɘŬɚɨŰɖ ɛŮ Űɘɠ 

ˊɟɞůɛɑɝŮɘɠ əŬɘ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɐ Űɞɡ, ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ Ŭɛɘɜɩɜ. ɆŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ŭŮɜ ŬɜŬɚɨɗɖəŮ Űɞ ˊɞůɞůŰɧ Űɤɜ Ůəˊɞɛˊɩɜ ůŮ ŮɜɩůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ 

Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ Ŭɛɘɜɩɜ, ɧˊɤɠ ŬɛɛɤɜɑŬ, ɜɘŰɟɞŬɛɑɜŮɠ ə.Ŭ. əŬɗɩɠ ŬɡŰɎ ŰŬ ɢɖɛɘəɎ Ůɑŭɖ 

ŭɘɏˊɞɜŰŬɘ Ŭˊɧ Űɖɜ ŭɘəɐ Űɞɡɠ ɢɖɛŮɑŬ əŬɘ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ, Ůˊɞɛɏɜɤɠ ɗŬ ɡˊɐɟɢŮ ŬəɧɛŬ ɏɜŬ 

ŮˊɑˊŮŭɞ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ ůŰɞ ˊɟɧɓɚɖɛŬ Űɖɠ ůɨɔəɚɘůɖɠ. ȷəɧɛŬ, ŬɡŰɧ ŭŮɜ ɘůɢɨŮɘ ɔɘŬ Űɖɜ 
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ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ K2CO3 ɧˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ Ůəˊɞɛˊɩɜ ŰɏŰɞɘɤɜ ɢɖɛɘəɩɜ Ůɘŭɩɜ. 

Ⱥˊɞɛɏɜɤɠ, əŬɘ ɛŮ ůəɞˊɧ Űɖɜ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŭɘŬɚɡŰɩɜ ůŮ ˊŬɟɧɛɞɘŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ, ɔɘŬ 

Űɖɜ ɞɟɗɧŰŮɟɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɞɡɠ, ŮˊɘɚɏɢɗɖəŮ ɜŬ ɛɖɜ ŮɜŰŬɢɗŮɑ ŬɡŰɧ Űɞ ɛɏɟɞɠ Ůɝɞˊɚɘůɛɞɨ 

ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ.  

ɇɞ ɟŮɨɛŬ Űɞɡ ˊɡɗɛɏɜŬ, ˊɚɞɨůɘɞ ůŮ CO2 (rich), ŭɘɏɟɢŮŰŬɘ Ŭˊɧ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ əŬɘ 

ŬɜŰŬɚɚɎůůŮɘ ɗŮɟɛɧŰɖŰŬ ɛŮ Űɞ ɟŮɨɛŬ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ. ȰŰůɘ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɗɏɟɛŬɜůɖ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ, Űɞ ɞˊɞɑɞ ɗŬ ŮɘůɏɚɗŮɘ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ əŬɘ ŬɜŰɑůŰɞɘɢŬ ɖ ŬˊŬɟŬɑŰɖŰɖ 

ɣɨɝɖ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ ˊɞɡ ɗŬ ŮˊɘůŰɟɏɣŮɘ ůŰɖɜ ůŰɐɚɖ 

Ŭˊɞɟɟɧűɖůɖɠ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɖɛŬɜŰɘəɐ Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ. ɇɞ 

ɗŮɟɛɧ ˊɚɏɞɜ, ˊɚɞɨůɘɞ ůŮ CO2 ɟŮɨɛŬ, ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ Ŭˊɧ Űɖɜ əɞɟɡűɐ, 

ɏŰůɘ ɩůŰŮ ɧŰŬɜ əŬŰɏɟɢŮŰŬɘ ŬɡŰɐɠ, ɜŬ ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞɡɠ ŬŰɛɞɨɠ ɛɏůŬ ůŰɞ ˊɚɖɟɤŰɘəɧ 

ɡɚɘəɧ, ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ɧˊɤɠ əŬɘ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ. ȸɏɓŬɘŬ, ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ŬɜŰɑůŰɟɞűɖ ŭɘŬŭɘəŬůɑŬ, ŬɡŰɐ Űɖɠ ŬˊɞŭɏůɛŮɡůɖɠ Űɞɡ CO2, əŬɗɩɠ, ɛŮ Űɖɜ 

ŮˊɑŭɟŬůɖ ɗŮɟɛɧŰɖŰŬɠ, ŬɜŰɘůŰɟɏűɞɜŰŬɘ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ. Ƀɘ Űɡˊɘəɏɠ ůɡɜɗɐəŮɠ 

ůŰɘɠ ɞˊɞɑŮɠ ɚŮɘŰɞɡɟɔŮɑ ɞ ŬˊɞɔɡɛɜɤŰɐɠ ŮɑɜŬɘ 90-125C əŬɘ ůŮ ˊɘɏůŮɘɠ ɛɏɢɟɘ 2bar ɔɘŬ ŭɘŬɚɨŰɖ 

MEA, əŬɗɩɠ ɖ Ůəɟɧűɖůɖ Űɞɡ CO2 ŮɡɜɞŮɑŰŬɘ ůŮ ɢŬɛɖɚɧŰŮɟŮɠ ˊɘɏůŮɘɠ[49], [50], [51], [52]. ȷˊɧ 

Űɖɜ Ɏɚɚɖ, ɡɣɖɚɧŰŮɟɖ ˊɑŮůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŬˊɞɔɡɛɜɤŰɐ, ɞŭɖɔŮɑ ůŮ ɛɘəɟɧŰŮɟŬ əɧůŰɖ 

ůɡɛˊɑŮůɖɠ ůŰɖɜ ůɡɜɏɢŮɘŬ. ȷəɧɛŬ, ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ŭŮɜ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɡˊŮɟɓŬɑɜŮɘ Űɞɡɠ 125C ɔɘŬ ŭɘŬɚɨŰɖ ɀȺȷ, əŬɗɩɠ ɛŮŰɎ Ŭˊɧ ŮəŮɑɜɖ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ, Ůɜɩ 

ŮɡɜɞɞɨɜŰŬɘ ŰŬ űŬɘɜɧɛŮɜŬ ɛŮŰŬűɞɟɎɠ Űɞɡ CO2 ůŰɖɜ ŬŰɛɩŭɖ űɎůɖ, ɝŮəɘɜɎ ɖ Ŭˊɞɘəɞŭɧɛɖůɖ Űɞɡ 

ŭɘŬɚɨŰɖ ɀȺȷ[34]. 

ɇɞ ɟŮɨɛŬ əɞɟɡűɐɠ Űɞɡ ŬˊɞɔɡɛɜɤŰɐ ŮɑɜŬɘ Űɞ Ŭɏɟɘɞ ɟŮɨɛŬ ˊɚɞɨůɘɞ ůŮ CO2, Űɞ ɞˊɞɑɞ ɧɛɤɠ 

ˊŮɟɘɏɢŮɘ ůɖɛŬɜŰɘəɐ ˊɞůɧŰɖŰŬ ŬŰɛɩɜ əŬɘ ɔɘŬ ŬɡŰɧ ɣɨɢŮŰŬɘ ůŮ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ əŬɘ 

ɞŭɖɔŮɑŰŬɘ ůŮ ŭɞɢŮɑɞ ŭɘŬɢɤɟɘůɛɞɨ Űɨˊɞɡ flash, ɩůŰŮ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ Űɞ ɜŮɟɧ ˊɞɡ ɏɢŮɘ 

ɡɔɟɞˊɞɘɖɗŮɑ, əŬɘ ɜŬ ˊŬɟŬɚɖűɗŮɑ Űɞ Ŭɏɟɘɞ ˊɟɞɥɧɜ CO2 Űɞ ɞˊɞɑɞ ɗŬ ɞŭɖɔɖɗŮɑ ˊɟɞɠ Űɖɜ ŭɘɎŰŬɝɖ 

ůɡɛˊɑŮůɖɠ.  ɇɞ ɟŮɨɛŬ Űɞɡ ˊɡɗɛɏɜŬ, ˊŰɤɢɧ ˊɚɏɞɜ ůŮ CO2 (lean), ŬəɞɚɞɡɗŮɑ Űɖɜ ˊɞɟŮɑŬ Űɞɡ ˊɑůɤ 

ůŰɖɜ ůŰɐɚɖ ɧˊɤɠ ˊŮɟɘŮɔɟɎűɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, Ŭűɞɨ űɡůɘəɎ ŬɜŬˊɚɖɟɤɗŮɑ ɖ ɢŬɛɏɜɖ ˊɞůɧŰɖŰŬ 

ŭɘŬɚɨŰɖ əŬɘ ɜŮɟɞɨ, Ŭɜ ɢɟŮɘɎɕŮŰŬɘ. ȺɜŭɏɢŮŰŬɘ Űɞ ɟŮɨɛŬ ŬɡŰɧ ɜŬ ˊɟɏˊŮɘ ɜŬ ɣɡɢɗŮɑ ˊŮɟŬɘŰɏɟɤ. ɇɞ 

ɟŮɨɛŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ flash, ɛˊɞɟŮɑ ɜŬ ŮˊɘůŰɟŬűŮɑ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ 

ɩůŰŮ ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ ɜŮɟɧ ŭɘŮɟɔŬůɑŬɠ.  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ əŬɘ ůŰɘɠ ŭɨɞ ůŰɐɚŮɠ ŮˊɘɚɏɔŮŰŬɘ ɖ ɢɟɐůɖ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ɏɜŬɜŰɘ 

ŭɘɎŰɟɖŰɤɜ ŭɑůəɤɜ, əŬɗɩɠ ɛɑŬ ůŰɐɚɖ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ ɏɢŮɘ ɢŬɛɖɚɧ əɧůŰɞɠ əŮűŬɚŬɑɞɡ, 

ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ůɡɜŰɐɟɖůɖɠ, ŭɘŬɢŮɘɟɑɕŮŰŬɘ ŭɘŬɓɟɤŰɘəɎ ɡɚɘəɎ, ɧˊɤɠ ɞɘ Ůɜ ɚɧɔɤ ŭɘŬɚɨŰŮɠ, 

ŬˊŬɘŰŮɑ ɚɘɔɧŰŮɟŬ ůŰɎŭɘŬ ůŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŮɠ ůŰɐɚŮɠ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ɢŬɛɖɚɐ ˊŰɩůɖ ˊɑŮůɖɠ. 

ȷəɧɛŬ, ˊɟɞůűɏɟŮɘ ɛŮɔŬɚɨŰŮɟɖ ŮˊɘűɎɜŮɘŬ ŮˊŬűɐɠ ɛŮŰŬɝɨ Űɖɠ ŬɏɟɘŬɠ əŬɘ Űɖɠ ɡɔɟɐɠ űɎůɖɠ 

ŮɜŰŮɑɜɞɜŰŬɠ Űɖɜ ɛŮŰŬűɞɟɎ ɛɎɕŬɠ əŬɘ ɗŮɟɛɧŰɖŰŬɠ. ȳŰŬɜ ŮˊɘɚɏɔŮŰŬɘ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ ůŮ  ɛɑŬ 

ůŰɐɚɖ ŭɘŬɢɤɟɘůɛɞɨ, ŭŮɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ űɎůŮɤɜ ɧˊɤɠ ůɡɛɓŬɑɜŮɘ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɑůəɤɜ, əŬɘ Ůˊɞɛɏɜɤɠ ɖ ŬɜɎɔəɖ ɔɘŬ rated-based ɛɞɜŰŮɚɞˊɞɑɖůɖ, ɧˊɤɠ 

ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŮɑɜŬɘ ŬəɧɛŬ ɛŮɔŬɚɨŰŮɟɖ. Ⱥˊɞɛɏɜɤɠ ŮɑɜŬɘ əŬŰŬɚɚɖɚɧŰŮɟɖ Ůˊɘɚɞɔɐ 

ɔɘŬ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɗŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ [16], [53]. 
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4.3.2 ɆɢŮŭɘŬůɛɧɠ ŭɘŮɟɔŬůɑŬɠ CCS ɛŮ ŭɘŬɚɨŰɖ 30%wt. MEA ůŰɞ Aspen 

Plus 

Ʉɟɘɜ ɝŮəɘɜɐůŮɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɜ 

ɛŮɟɘəɏɠ ˊŬɟŬŭɞɢɏɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɔɘŬ ŬɡŰɐ əŬɘ Űɘɠ ŮˊɧɛŮɜŮɠ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɘɠ: 

¶ ɇɞ ůɨůŰɖɛŬ ŮɝŮŰɎɕŮŰŬɘ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ɛɧɜɘɛɖɠ əŬŰɎůŰŬůɖɠ, ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ 

ɡˊɧɣɖ ɞɘ ɢɟɧɜɞɘ Ůəəɑɜɖůɖɠ əŬɘ ŰŮɟɛŬŰɘůɛɞɨ əŬɗɩɠ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůŮ ŬɡŰɎ ŰŬ 

ŭɘŬůŰɐɛŬŰŬ. 

¶ ȳˊɤɠ ŬɜŬɚɨɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŰŬ əŬɡůŬɏɟɘŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ 

ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ɟɨˊɤɜ. Ⱥˊɞɛɏɜɤɠ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ SO2, 

ȼ2S, CO, NO, NO2 ɗŮɤɟɞɨɜŰŬɘ ɛɖŭŮɜɘəɏɠ. 

¶ ȼ ŭɘŮɟɔŬůɑŬ Ŭˊɞɟɟɧűɖůɖɠ ɗŮɤɟŮɑŰŬɘ ŬŭɘŬɓŬŰɘəɐ. 

¶ ũɑɜŮŰŬɘ ɢɟɐůɖ Űɞɡ ɜɧɛɞɡ Űɞɡ Henry ɔɘŬ ŰŬ ŬɏɟɘŬ ůɡůŰŬŰɘəɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ (ȼ2S, 

CO2, O2, N2) 

ȷəɧɛŬ, Űɞ ɛɞɜŰɏɚɞ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ: 

¶ ɄɟŬɔɛŬŰɘəɎ ɢɖɛɘəɎ Ůɑŭɖ (true components), ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɘɧɜŰɤɜ   

¶ ȾɘɜɖŰɘəɐ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮ ɓɎůɖ Űɖ ůɡɔəɏɜŰɟɤůɖ   

¶ ɀɞɜŰɏɚŬ ɛŮŰŬűɞɟɎɠ ɘŭɘɞŰɐŰɤɜ ɖɚŮəŰɟɞɚɡŰɩɜ   

¶ ɀɞɜŰɏɚŬ ɓŬůɘůɛɏɜŬ ůŰɞ ɟɡɗɛɧ (rate-based) ɔɘŬ Űɖ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Űɖ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ˊɟɞůɞɛɞɑɤůɖ ɓŬůɑůŰɖəŮ ůŮ ŭɘŬɗɏůɘɛɞ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ Aspen Plus [54], 

Ůˊɞɛɏɜɤɠ ŰŬ ɢɖɛɘəɎ Ůɑŭɖ, Űɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ əŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŬɚɚɎ əŬɘ ɞɘ ɢɖɛɘəɏɠ 

ŬɜŰɘŭɟɎůŮɘɠ, ɓŬůɑɕɞɜŰŬɘ ůŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ, ɛŮ ɛŮɟɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ. ɇɞ 

ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɞ ɛɖŭɏɜ əŬɗɩɠ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ Űɟɞˊɞˊɞɑɖůɖ Űɤɜ 

ˊŬɟɞɢɩɜ ůŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ŮəɎůŰɞŰŮ ˊɟɞɓɚɐɛŬŰɞɠ, ɚɧɔɤ ˊɟɞɓɚɖɛɎŰɤɜ ůɨɔəɚɘůɖɠ. Ƀɘ 

ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞəɚɑɜɞɡɜ Ŭˊɧ ŮəŮɑɜŮɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ 

ůŰɞ template Űɞɡ Aspen Plus, əŬɗɩɠ ɧɚŮɠ ɞɘ ɗŮɟɛɞəɟŬůɘŬəɎ ŮɝŬɟŰɩɛŮɜŮɠ ˊŬɟɎɛŮŰɟɞɘ, ŬɚɚɎ 

əŬɘ ŬɡŰɏɠ ˊɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ ůŮ ŭɟŬůŰɘəɐ ɞɡůɑŬ, ɗŬ ˊɟɏˊŮɘ 

ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ Ůə ɜɏɞɡ ɛɏůɤ ˊŬɚɘɜŭɟɧɛɖůɖɠ. ɀɑŬ Ɏɚɚɖ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ŬˊɞəɚɑɜŮɘ ůɖɛŬɜŰɘəɎ ŮɑɜŬɘ ɖ Űɘɛɐ Űɞɡ CO2 loading, ůŰŬ ɟŮɨɛŬŰŬ Űɞɡ ŭɘŬɚɨŰɖ. Ⱥˊɞɛɏɜɤɠ ɞɘ 

ůɡɜɗɐəŮɠ ůŰɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ˊɞɡ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŮˊɘɚɏɔɞɜŰŬɘ ɏɢɞɜŰŬɠ əŬɘ ŬɡŰɧɜ Űɞɜ 

ˊŮɟɘɞɟɘůɛɧ ɡˊɧɣɘɜ. ɇŬ ˊŬɟŬˊɎɜɤ ɘůɢɨɞɡɜ əŬɘ ɔɘŬ Űɘɠ ŰɟŮɑɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ.  

 

4.3.2.1 ɉɖɛɘəɎ Ůɑŭɖ əŬɘ Ŭɟɢɐ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ 

ȷɟɢɘəɎ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ɜɏɞ ŬɟɢŮɑɞ ůŰɞ Aspen Plus, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɓɎůɖ Űɞ template 

Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ əŬɘ ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ ɢɖɛɘəɩɜ Ůɘŭɩɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɞɜ ˊŬɟŬəɎŰɤ: 
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ȺɘəɧɜŬ 15: ɄɑɜŬəŬɠ ɢɖɛɘəɩɜ Ůɘŭɩɜ ůŰɞ Aspen Plus ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

ȷəɧɛɖ, ůŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ɔɑɜŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ property set MLLOAD, Űɞ ɞˊɞɑɞ ŮəűɟɎɕŮɘ 

Űɖɜ çűɧɟŰɤůɖè (loading) Űɞɡ ŭɘŬɚɨŰɖ ůŮ mol CO2. ȹɖɚŬŭɐ, Űɞɜ ɚɧɔɞ Űɤɜ ůɡɜɞɚɘəɩɜ mol CO2 

ˊɟɞɠ ŰŬ ůɡɜɞɚɘəɎ moles ŭɘŬɚɨŰɖ ɀȺȷ, ŮɎɜ ɡˊɞŰŮɗŮɑ ˊɤɠ ŭŮɜ ɚŬɛɓɎɜŮɘ ɢɩɟɞ əŬɛɑŬ ŬɜŰɑŭɟŬůɖ. 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ˊŬɟɎɛŮŰɟɞɠ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ ůɤůŰɐ ɟɨɗɛɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ŬɚɚɎ əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡ. 

ɄɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ əŬŰɎ Űɖɜ ɢɟɐůɖ Űɤɜ template Űɞɡ Aspen Plus, ŭŮɜ ˊɟɏˊŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮɔɎɚɖ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, əŬɘ 

əɡɟɑɤɠ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŭɘŬɚɨŰɖ əŬɘ Űɞɡ loading. ȷɡŰɧ ŭɘɧŰɘ ɧɚŮɠ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɏɢɞɡɜ 

ɡˊɞɚɞɔɘůŰŮɑ ɔɘŬ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ Ůɨɟɞɠ əŬɘ ɎɟŬ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ˊɏɟŬ Ŭˊɧ ŬɡŰɧ.  

 

4.3.2.2 ŪŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ 

ɇɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ Űɞ ɑŭɘɞ ɛŮ Űɞ template, ɔɘŬ ɚɧɔɞɡɠ 

ůɡɛűɤɜɑŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɞɡ Ůˊɘˊɚɏɞɜ ɓɐɛŬŰɞɠ Űɖɠ 

ŮˊɘɓŮɓŬɑɤůɖɠ Űɖɠ ɞɟɗɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ (model validation). ũɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ 

ɡɔɟɐɠ űɎůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɞɜŰɏɚɞ ELECNRTL əŬɘ ɔɘŬ Űɖɜ ŬŰɛɩŭɖ űɎůɖ ɖ ȾȾȺ SRK, 

ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ.  

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ NRTL ɛŮŰŬɝɨ ɛɞɟɑɤɜ ɀȺȷ əŬɘ H O ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ 

ˊŬɚɘɜŭɟɧɛɖůɖ ɛŮ ŭŮŭɞɛɏɜŬ ɘůɞɟɟɞˊɑŬɠ űɎůŮɤɜ ŬŰɛɞɨ-ɡɔɟɞɨ (VLE) ɔɘŬ Űɞ ŭɡŬŭɘəɧ ůɨůŰɖɛŬ, 

ŭŮŭɞɛɏɜŬ ˊŮɟɑůůŮɘŬɠ ŮɜɗŬɚˊɑŬɠ, əŬɘ ŭŮŭɞɛɏɜŬ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬɠ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŮɜɏɟɔŮɘŬɠ 

ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮŰŬɝɨ ɕŮɨɔɞɡɠ ɛɞɟɑɞɡ-ɘɧɜŰɞɠ ɐ ɕŮɨɔɞɡɠ ɘɧɜŰɞɠ-ɛɞɟɑɞɡ, H O əŬɘ (MEAH , 

HCO ), GMENCC, əŬɗɩɠ əŬɘ ŮəŮɑɜŮɠ ɛŮŰŬɝɨ H O əŬɘ (MEAH , MEACOO ), GMENCC əŬɘ 

GMENCD, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛɏůɤ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɛŮ ŭŮŭɞɛɏɜŬ VLE, ŭŮŭɞɛɏɜŬ ɗŮɟɛɧŰɖŰŬɠ 

Ŭˊɞɟɟɧűɖůɖɠ, əŬɘ ŭŮŭɞɛɏɜŬ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬɠ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŮɜɏɟɔŮɘŬɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ 

ɛŮŰŬɝɨ CO  əŬɘ (MEAH , MEACOO ), ɛŮŰŬɝɨ CO  əŬɘ (MEAH , HCO ), əŬɗɩɠ əŬɘ ɛŮŰŬɝɨ 

CO  əŬɘ (MEAH , CO Į ), GMENCC, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛɏůɤ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɛŮ ŭŮŭɞɛɏɜŬ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ CO  [54]. Ƀɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɡŰɩɜ ŭɑɜɞɜŰŬɘ ůŰɞɡɠ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ: 
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ɄɑɜŬəŬɠ 6:ȹɡŬŭɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɛɞɟɘŬəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ ELECNRTL 

Component i Component j Aij Aji Bij Bji Cij 

MEA H2O -1.046602 1.438498 -337.5456 99.02104 0.2 

CO H2O 10.064 10.064 -3268.135 -3268.135 0.2 

MEA CO 0 0 0 0 0.2 

H2S H2O -3.674 -3.674 1155.9 1155.9 0.2 

H2S MEA 0 0 0 0 0.2 

 

ɄɑɜŬəŬɠ 7: ɄŬɟɎɛŮŰɟɞɘ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛɞɟɑɞɡ-ɘɧɜŰɞɠ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ ELECNRTL 

Molecule i or 

Electrolyte i 

Molecule j or 

Electrolyte j 

Molecule k or 

Electrolyte k 
GMELCD GMELCC 

H2O MEA+ HCO3- 965.24 5,3541 

MEA+ HCO3- H2O -11.067 -4,0705 

H2O MEA+ MEACOO- 10.813 9,8877 

MEA+ MEACOO- H2O 0 -4,9511 

 

ȷəɞɚɞɡɗŮɑ ɞ ˊɑɜŬəŬɠ ɛŮ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ὅȟὅȟὅȟὅ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůŰŬɗŮɟɩɜ 

Henry:  

ɄɑɜŬəŬɠ 8: ɆɡɜŰŮɚŮůŰɏɠ Ci ɔɘŬ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůŰŬɗŮɟɩɜ Henry 

Component 

i 

Component 

j 

Temperature 

Units 

Property  

Units 
Aij Bij Cij Dij TLOWER TUPPER 

CO H2O K N/sqm 170.713 -8477.711 -21.957 5.78E-03 273 500 

H2S H2O K N/sqm 358.138 -13236.800 -55.055 5.96E-02 273 423 

O2 H2O K N/sqm 155.921 -7775.060 -18.397 -9.44E-03 274 348 

N2 H2O K N/sqm 176.507 -8432.770 -21.558 -8.44E-03 273 346 

 

4.3.2.3 ɉɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ 

ȰɢɞɜŰŬɠ ɞɟɑůŮɘ Űɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ əŬɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ, ɛˊɞɟŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ ɜŬ 

ɞɟɘůŰŮɑ ɖ ɢɖɛŮɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ɞɘ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ.  

Ƀɘ əɨɟɘŮɠ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŮ ɏɜŬ ůɨůŰɖɛŬ MEA-CO2-H2O, 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŮ ŬɡŰɐɜ Űɖɜ ŮɜɧŰɖŰŬ. ȼ Ŭˊɞɟɟɧűɖůɖ/Ŭˊɞɔɨɛɜɤůɖ ŬˊŬɘŰŮɑ ɏɜŬ Ŭəɟɘɓɏɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ [55] ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɡůŰɎůŮɤɜ ɘůɞɟɟɞˊɑŬɠ ůŰɞ ůɨůŰɖɛŬ, 

əŬɗɩɠ əŬŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɞɡ CO2 ůŮ ɏɜŬ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ ůɡɛɓŬɑɜɞɡɜ ŰŬɢɨŰŬŰŮɠ 

ɖɚŮəŰɟɞɚɡŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. ũɑɜŮŰŬɘ ɖ ɡˊɧɗŮůɖ ˊɤɠ ŬɡŰɏɠ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ űŰɎɜɞɡɜ ɔɟɐɔɞɟŬ ůŮ 

ɘůɞɟɟɞˊɑŬ, əŬɘ Ůˊɞɛɏɜɤɠ ɛˊɞɟɞɨɜ ɜŬ ŮɘůŬɢɗɞɨɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɤɠ ŬɜŰɘŭɟɎůŮɘɠ ɘůɞɟɟɞˊɑŬɠ. 

Ƀɘ ŬəɧɚɞɡɗŮɠ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ (1-7) ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɧŰŬɜ Űɞ CO2 ŬˊɞɟɟɞűɎŰŬɘ ůŮ ɏɜŬ 

ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ [56].  

¶ ȷɜŰɑŭɟŬůɖ ɡŭɟɧɚɡůɖɠ 

(1) MEACOO  + H O ź MEA + HCO 

¶ ȹɘɎůŰŬůɖ Űɞɡ ŭɘŬɚɡɛɏɜɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ (Dissociation of dissolved carbon 

dioxide) 
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(2) CO  + 2H O ź H O  + HCO 

¶ ȹɘɎůŰŬůɖ Űɞɡ ŬɜɘɧɜŰɞɠ ŬɜɗɟŬəɘəɞɨ ɞɝɏɞɠ 

(3) HCO  + H O ź H O  + CO Į 

¶ ȹɘɎůŰŬůɖ Űɖɠ ˊɟɤŰɞɜɘɤɛɏɜɖɠ MEA 

(4) MEAH  + H O ź MEA + H O 

¶ ȷɡŰɧɥɞɜŰɘůɛɧɠ Űɞɡ ɜŮɟɞɨ 

(5) 2H O ź H O  + OH 

ȺəŰɧɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ əɨɟɘŮɠ ŬɜŰɘŭɟɎůŮɘɠ, ɞɘ ŬəɧɚɞɡɗŮɠ ŭɨɞ ŬɜŰɘŭɟɎůŮɘɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɧŰŬɜ 

ɡˊɎɟɢŮɘ ɏɜɤůɖ ɗŮɑɞɡ ůŰɞ ůɨůŰɖɛŬ əŬɡůŬŮɟɑɤɜ. 

¶ ɈŭɟɧɗŮɘɞ 

(6) H O + H S ź HS  + H O 

¶ Ƚɧɜ ůɞɡɚűɘŭɑɞɡ 

(7) H O + HS  ź SĮ  + H O 

ɇŬ ɛɞɟɘŬəɎ əɚɎůɛŬŰŬ əɎɗŮ ɛŮɛɞɜɤɛɏɜɞɡ ůɡůŰŬŰɘəɞɨ ůŰɖ ɡɔɟɐ əŬɘ ŬɏɟɘŬ űɎůɖ ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ɛɏůɤ Űɖɠ Ůˊɑɚɡůɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ ŮɝɘůɩůŮɤɜ.  

ȼ ůŰŬɗŮɟɎ ɘůɞɟɟɞˊɑŬɠ (Keq) ɡˊɞɚɞɔɑɕŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ŭəɧɚɞɡɗɖ əɘɜɖŰɘəɐ Ůɝɑůɤůɖ: 

ὰὲὑ ὃ
ὄ

Ὕ
ὅὰὲὝὈὝ  τȢρ 

ȳˊɞɡ ɇ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ůŮ Ⱦ əŬɘ A,B,C,D ɞɘ ɗŮɟɛɞəɟŬůɘŬəɎ ŮɝŬɟŰɩɛŮɜŮɠ ˊŬɟɎɛŮŰɟɞɘ 

ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůŰŬɗŮɟɩɜ ɘůɞɟɟɞˊɑŬɠ, ɞɘ ɞˊɞɑŮɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

[56]. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ Űɞ Aspen Plus ɡˊɞɚɞɔɑɕŮɘ Űɘɠ ɑŭɘŮɠ Űɘɛɏɠ ɔɘŬ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ Gibbs ɔɘŬ Űɞ Keq [54]. 

ɄɑɜŬəŬɠ 9:ŪŮɟɛɞəɟŬůɘŬəɎ ŮɝŬɟŰɩɛŮɜŮɠ ˊŬɟɎɛŮŰɟɞɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůŰŬɗŮɟɩɜ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ Űɘɠ 

ŬɜŰɘŭɟɎůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ MEA-CO2-H2O[56] 

Parameter Reaction 1 Reaction 2 Reaction 3 Reaction 4 Reaction 5 Reaction 6 Reaction 7 

═▒ -0.52 231.46 216.05 -3.038 132.89 214.58 -9.74 

║▒ -2545.53 -12092.1 -12431.7 -7008.3 -13445.9 -12995.4 -8585.47 

╒▒ 0 -36.78 -35.48 0 -22.47 -33.55 0 

╓▒ 0 0 0 -0.00313 0 0 0 

 

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ əŬŰŬɔɟɎűɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ ŬˊɞŰŮɚɞɨɜ ŬɜŰɘŭɟɎůŮɘɠ ɘůɞɟɟɞˊɑŬɠ əŬɘ 

ŮɘůɎɔɞɜŰŬɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ ůŰɞ ˊŮŭɑɞ Chemistry, ůŰŬ Properties, əŬɗɩɠ ɞɟɑɕɞɡɜ Űɖɜ ɢɖɛŮɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ȷɡŰɧ Űɞ ˊŬəɏŰɞ ŬɜŰɘŭɟɎůŮɤɜ ɞɜɞɛɎɕŮŰŬɘ KEMEA. ȺəŰɧɠ Ŭˊɧ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ 

ɘůɞɟɟɞˊɑŬɠ, ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬɘ əɘɜɖŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ůŰɘɠ ůŰɐɚŮɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ 

Ŭˊɞɔɨɛɜɤůɖɠ, ɞɘ ɞˊɞɑŮɠ ŭŮɜ ůɡɛɓŬɑɜɞɡɜ ŬəŬɟɘŬɑŬ əŬɘ ɎɟŬ ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰŮɑ ɞ ɟɡɗɛɧɠ Űɞɡɠ. Ƀɘ 

ŬɜŰɘŭɟɎůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɗŬ ŮɘůŬɢɗɞɨɜ ůŰɖɜ ůɡɜɏɢŮɘŬ ůŰɞ ˊŮŭɑɞ Reactions Űɞɡ Simulation, ŮɑɜŬɘ 

ɞɘ Ůɝɐɠ : 
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(8) CO2 + OH ↄ  Ÿ HCO3
- 

(9) MEA + CO2 + H2O Ÿ MEACOO - + H3O+ 

(10) HCO3
- Ÿ CO2 + OH ↄ 

(11) MEACOO - + H3O+ Ÿ MEA + CO2 + H2O 

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ɘůɞɟɟɞˊɑŬɠ 1 əŬɘ 2, ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ Ŭˊɧ Űɘɠ əɘɜɖŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ 8,9 əŬɘ Ŭˊɧ 

Űɘɠ ŬɜŰɑůŰɟɞűɏɠ Űɞɡɠ, 10,11 

ɇɞ Aspen ɡˊɞɚɞɔɑɕŮɘ Űɞɡɠ ɟɡɗɛɞɨɠ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əɘɜɖŰɘəɐ Űɨˊɞɡ Power 

Law, ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ[54]: 

ὶ ὯὝÅØÐ
Ὁ

ὙὝ
ὅ  τȢς 

ȳˊɞɡ:  

r = Ʌɡɗɛɧɠ ŬɜŰɑŭɟŬůɖɠ  

k = ɄɟɞŮəɗŮŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ  

T = ȷˊɧɚɡŰɖ ɗŮɟɛɞəɟŬůɑŬ (Ⱦ) 

n = ȺəɗɏŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ  

E = ȺɜɏɟɔŮɘŬ ŮɜŮɟɔɞˊɞɑɖůɖɠ (cal/mol)  

R = ɄŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ Űɤɜ ŬŮɟɑɤɜ  

N = ȷɟɘɗɛɧɠ ůɡůŰŬŰɘəɩɜ ůŰɖɜ ŬɜŰɑŭɟŬůɖ  

Ci = ɆɡɔəɏɜŰɟɤůɖ Űɞɡ ůɡůŰŬŰɘəɞɨ i  

ai = ɆŰɞɘɢŮɘɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ Űɞɡ ůɡůŰŬŰɘəɞɨ i ůŰɖɜ Ůɝɑůɤůɖ ŬɜŰɑŭɟŬůɖɠ 

Ƀɘ Űɘɛɏɠ Űɤɜ əɘɜɖŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ 8-11 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ 

ˊɑɜŬəŬ: 

ɄɑɜŬəŬɠ 10: ɄŬɟɎɛŮŰɟɞɘ k, E ́ɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɞ Aspen Plus 

Parameter Reaction 8 Reaction 9 Reaction 10 Reaction 11 

▓▒ 4,32e+13 9,77e+10 2,38e+17 2,7963e+20 

▪▒ 0 0 0 0 

╔▒(cal/mol) 13249 9855,8 29451 17229,79 

 

Ⱥˊɞɛɏɜɤɠ ɞɘ ŰŮɚɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ůŰɞ ˊŮŭɑɞ Reactions, ɔɘŬ ŮűŬɟɛɞɔɐ ůŰɘɠ 

ůŰɐɚŮɠ, ɛŮ ɞɜɞɛŬůɑŬ MEA-REA, ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 
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ȺɘəɧɜŬ 16: ȷɜŰɘŭɟɎůŮɘɠ MEA-REA 

 

4.3.2.4 Ƀɟɘůɛɧɠ ɟŮɡɛɎŰɤɜ əŬɘ ůɢŮŭɘŬůŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ ůŰɐɚɖ 

Ŭˊɞɟɟɧűɖůɖɠ 

ȷɟɢɘəɎ ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ŰŬ ɟŮɨɛŬŰŬ Ůɘůɧŭɞɡ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ. ɇɞ ˊɟɩŰɞ ɟŮɨɛŬ 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ, ŮɑɜŬɘ ŮəŮɑɜɞ Űɤɜ əŬɡůŬŮɟɑɤɜ (FLUEGAS), ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɞˊɞɑɞɡ 

ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ɛŮɚɏŰɖ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ɏɟɔɞɡ: çMinimal Environmental Footprint LNG 

Propelled ROPAX Designè [30]. ɇɞ ɟŮɨɛŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ 

ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ, əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ɣɡɢɗŮɑ ůŰɞɜ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ Economizer, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ɔɘŬ Űɞɜ əɘɜɖŰɐɟŬ Űɞɡ ˊɚɞɑɞɡ. Ⱥˊɞɛɏɜɤɠ ŮˊɘɚɏɔŮŰŬɘ ŰŬ 

əŬɡůŬɏɟɘŬ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ 54C, ́ɞɡ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɞɡ ůɡɜɐɗɞɡɠ Ůɨɟɞɡɠ 

ɗŮɟɛɞəɟŬůɘɩɜ ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ [49], [50], [51], ˊɑŮůɖ 2,05bar əŬɘ ˊŬɟɞɢɐ 89ton/h 

ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ. ȼ ůɨůŰŬůɖ Űɞɡ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ:  

ɄɑɜŬəŬɠ 11: ɆɨůŰŬůɖ ɟŮɨɛŬŰɞɠ əŬɡůŬŮɟɑɤɜ 

Component Mass Fraction 

H2O 0.037 

CO2 0.046 

O2 0.152 

N2 0.765 

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɞɟɑɕŮŰŬɘ Űɞ ɟŮɨɛŬ Űɞɡ ɡɔɟɞɨ ŭɘŬɚɨŰɖ 30%wt. ɀȺȷ (SOLVFEED). ɇɞ ɟŮɨɛŬ 

ŬɡŰɧ ˊŮɟɘɏɢŮɘ 30%wt. ɀȺȷ ůŮ ɜŮɟɧ, ŬɚɚɎ ˊŮɟɘɏɢŮɘ əŬɘ ɛɑŬ ɛɘəɟɐ ˊɞůɧŰɖŰŬ CO2, əŬɗɩɠ əŬŰɎ 

Űɖɜ ŬɜŬəɨəɚɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ůŰɖɜ ůɡɜɏɢŮɘŬ, ɗŬ űŬɜŮɑ ˊɤɠ ŭŮɜ ŬˊɞŭŮůɛŮɨŮŰŬɘ ɧɚɞ Űɞ CO2 

ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ. ɀɑŬ əŬɚɐ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ, ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɞ ɞɟɘůɛɧɠ ɛɑŬɠ 

ˊɞůɧŰɖŰŬɠ CO2 ŰɏŰɞɘŬɠ ɩůŰŮ Űɞ əɚɎůɛŬ ɛɎɕŬɠ Űɞɡ CO2 ůŰɞɜ ŭɘŬɚɨŰɖ ɜŬ ŮɑɜŬɘ ɚɑɔɞ ɛɘəɟɧŰŮɟɞ 

Ŭˊɧ ŬɡŰɧ ůŰŬ əŬɡůŬɏɟɘŬ [52]. ȷɡŰɐ ɖ ˊɞůɧŰɖŰŬ ɗŬ ɟɡɗɛɘůŰŮɑ ɚŬɛɓɎɜɞɜŰŬɠ ŬəɧɛŬ ɡˊɧɣɘɜ Űɖɜ 

Űɘɛɐ Űɞɡ CO2 loading. ȺˊɘɚɏɔŮŰŬɘ Ůˊɞɛɏɜɤɠ ɖ Űɘɛɐ 0,20813 ɔɘŬ Űɞ CO2 loading Űɞɡ ɟŮɨɛŬŰɞɠ 

ŭɘŬɚɨŰɖ. ɇɞ ɟŮɨɛŬ ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ ůŰɐɚɖ ůŮ ɗŮɟɛɞəɟŬůɑŬ 45C əŬɘ ˊɑŮůɖ 2atm. 

ɇɞ ɛɞɜŰɏɚɞ RadFrac ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ 

(absorber), ɞɟɑɕɞɜŰŬɠ Űɞɡɠ Űɨˊɞɡɠ Űɞɡ ůɡɛˊɡəɜɤŰɐ əŬɘ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ɤɠ çNoneè əŬɘ Űɞɜ 

Űɟɧˊɞ Ůˊɑɚɡůɖɠ ɤɠ ɓŬůɘůɛɏɜɞ ůŰɞɜ ɟɡɗɛɧ (rate-based), ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ 

ˊɟɞɖɔɞɡɛɏɜɤɠ, əŬɘ ɞɟɑɕɞɜŰŬɘ 20 ɓŬɗɛɑŭŮɠ ůŮ ɛɑŬ ůŰɐɚɖ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ. ȳŰŬɜ 
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ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ rate-based ɛɞɜŰɏɚɞ əŬɘ ɞ Űɨˊɞɠ ůŰɐɚɖɠ ŮɑɜŬɘ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ, ɞ Ŭɟɘɗɛɧɠ 

Űɤɜ ɓŬɗɛɑŭɤɜ ŮɑɜŬɘ çŮɘəɞɜɘəɧɠè əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ. ɃŰɘŭɐˊɞŰŮ 

əɎŰɤ Ŭˊɧ 10 ɓŬɗɛɑŭŮɠ ŮɑɜŬɘ ˊɟɞůŮɔɔɘůŰɘəɧ əŬɘ ɞŰɘŭɐˊɞŰŮ ˊɎɜɤ Ŭˊɧ 20 ŭŮɜ ɓŮɚŰɘɩɜŮɘ 

ůɖɛŬɜŰɘəɎ Űɖɜ ŬəɟɑɓŮɘŬ, ŬɚɚɎ ˊɟɞůɗɏŰŮɘ Ůˊɘˊɚɏɞɜ ɡˊɞɚɞɔɘůŰɘəɧ űɧɟŰɞ əŬɘ ɢɟɧɜɞ ůŰɖ 

ŭɘŬŭɘəŬůɑŬ. ȷəɧɛŬ, ɖ ůŰɐɚɖ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ůŰŬ 2bar ́ɑŮůɖɠ. ȷɡŰɧ ŭɘɧŰɘ Űɞ ɟŮɨɛŬ 

Űɤɜ əŬɡůŬŮɟɑɤɜ ŮɑɜŬɘ ɐŭɖ ůŮ ŬɡŰɐ Űɖɜ ˊɑŮůɖ, əŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɑŮůɖɠ ɡˊɎɟɢŮɘ 

ɛŮɔŬɚɨŰŮɟɖ ŭɡɜŬŰɧŰɖŰŬ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ CO2 ůŰɞɜ ɡɔɟɧ ŭɘŬɚɨŰɖ, ŬɡɝɎɜɞɜŰŬɠ Űɖɜ Ŭˊɧŭɞůɖ 

Űɖɠ ŭɘŮɟɔŬůɑŬɠ. 

ȺəŰɧɠ Ŭˊɧ Űɞ ɟŮɨɛŬ Űɞɡ ŭɘŬɚɨŰɖ ˊɞɡ ˊɟɞůŰɏɗɖəŮ ůŰɖɜ 2ɖ  ɓŬɗɛɑŭŬ, ˊɟɞůŰɏɗɖəŮ Ůˊɑůɖɠ ɏɜŬ 

Ůˊɘˊɚɏɞɜ ɟŮɨɛŬ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ, (WATERIN), Űɞ ɞˊɞɑɞ ˊɟɞůŰɏɗɖəŮ ɤɠ ŰɛɐɛŬ ɏəˊɚɡůɖɠ ɛŮ 

ɜŮɟɧ (water-wash section) ůŰɖ ɓŬɗɛɑŭŬ 1, ɧˊɤɠ ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Aspen Technology Inc. 

ȷɡŰɧ Űɞ ɟŮɨɛŬ ɓɞɖɗɎ ůŰɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ɘůɞɟɟɞˊɑŬɠ ɛɎɕŬɠ əŬɘ ůŰɖ ůɨɔəɚɘůɖ Űɖɠ ůŰɐɚɖɠ [16], 

[32], [52], [54]. Ƀɘ ůɡɜɗɐəŮɠ Űɞɡ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ ɗŮɟɛɞəɟŬůɑŬ 20C əŬɘ ˊɑŮůɖ 2bar, Ůɜɩ ɖ 

ŬɜŬɔəŬɑŬ ˊɞůɧŰɖŰŬ ɡˊɞɚɞɔɑůŰɖəŮ ɑůɖ ɛŮ 3947,09kg/h. O ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŬɜŬɔəŬɑŬɠ 

ˊɞůɧŰɖŰŬɠ ɔɘŬ Űɖɜ ŭɘŮɟɔŬůɑŬ ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ, əŬŰɎ Űɖɜ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ. 

ɇɞ ŰɛɐɛŬ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ɛɞɜŰŮɚɞˊɞɘɖɗŮɑ əŬɘ ɤɠ ɝŮɢɤɟɘůŰɐ ůŰɐɚɖ, ŬɚɚɎ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ 

ˊɟŬəŰɘəɞɨɠ ɚɧɔɞɡɠ ɜŬ ˊɟɞůɞɛɞɘɤɗŮɑ ɤɠ ŰɛɐɛŬ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ. ȷəɧɛŬ, əŬŰɎ Űɖɜ 

ŮɘůŬɔɤɔɐ Űɤɜ ɟŮɡɛɎŰɤɜ ůŰɖɜ ůŰɐɚɖ, ɛˊɞɟŮɑ ɜŬ ŮˊɘɚŮɔŮɑ ŮɎɜ ɏɜŬ ɟŮɨɛŬ ɗŬ ŮɘůɏɟɢŮŰŬɘ ůŰɞ 

ŮˊɑˊŮŭɞ Űɖɠ ɓŬɗɛɑŭŬɠ ɐ ŮˊɎɜɤ Ŭˊɧ ŬɡŰɐ. ũɘŬ ŰŬ ɡɔɟɎ ɟŮɨɛŬŰŬ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ˊɟɞůŰɑɗŮɜŰŬɘ ˊɎɜɤ 

Ŭˊɧ Űɖ ɓŬɗɛɑŭŬ ɔɘŬ ɜŬ Ůɜɘůɢɨůɞɡɜ Űɖ ɛŮŰŬűɞɟɎ ɛɎɕŬɠ ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ŮɝɖɔɐɗɖəŮ 

ˊɟɞɖɔɞɡɛɏɜɤɠ, Ůɜɩ Űɞ ɟŮɨɛŬ əŬɡůŬŮɟɑɤɜ ˊɟɞůŰɑɗŮŰŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ, ůŰɖɜ 20ɖ 

ɓŬɗɛɑŭŬ, əŬɘ ɧɢɘ ˊɎɜɤ Ŭˊɧ ŬɡŰɐɜ, ŭɘɧŰɘ ŭɘŬűɞɟŮŰɘəɎ ɗŬ Űɖɜ çˊŬɟŬəɎɛɣŮɘè ŮɜŰŮɚɩɠ [52]. 

ȷəɧɛŬ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ůŰɖɜ ůŰɐɚɖ ŭɘɎűɞɟŮɠ ɎɚɚŮɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ 

Űɖɜ Ůˊɑɚɡůɖ Ůɜɧɠ rate-based ɛɞɜŰɏɚɞɡ əŬɘ Űɖɜ ɞɛŬɚɐ ůɨɔəɚɘůɖ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. Ƀɘ 

ůɡɜŰŮɚŮůŰɏɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Murphree (Murphree efficiencies), ɞɟɑůŰɖəŬɜ ůŰɞ 0.4 ůŮ 

ɞɚɧəɚɖɟɖ Űɖ ůŰɐɚɖ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɛŮɚɏŰŮɠ [52] əŬɘ [16], əŬɘ ŮˊɘɚɏɢɗɖəŮ Űɞ ˊŬəɏŰɞ əɘɜɖŰɘəɩɜ 

ŬɜŰɘŭɟɎůŮɤɜ MEA-REA ɔɘŬ ɜŬ ˊŮɟɘɔɟŬűɞɨɜ ɞɘ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɖ ůŰɐɚɖ, 

ɧˊɤɠ ɞɟɑůŰɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ȿɧɔɤ Űɤɜ ɔɜɤůŰɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ůɨɔəɚɘůɖɠ ůŮ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ŭɘŮɟɔŬůɑŮɠ, ŬɡɝɐɗɖəŮ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ůŰɞ ˊŮŭɑɞ Űɞɡ Convergence, əŬɘ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ çAdvanced Convergence Parametersè, ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŮɡɟŮŰɘəɏɠ 

ɛŮɗɧŭɞɡɠ (heuristics) ɔɘŬ ɜŬ Űɟɞˊɞˊɞɘɐůɞɡɜ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Ůˊɑɚɡůɖɠ Űɖɠ ůŰɐɚɖɠ. ȷəɧɛŬ, ůŰɖɜ 

Ŭɟɢɐ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ, ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬˊɧůɓŮůɖɠ (damping) Űɖɠ 

ůŰɐɚɖɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ůɨɔəɚɘůɖɠ, ɩůŰŮ ɜŬ ˊɟɞəɨˊŰɞɡɜ 

ɚɘɔɧŰŮɟŬ errors. ūɡůɘəɎ, ɛŮŰɎ Űɖɜ ˊɟɩŰɖ ůɨɔəɚɘůɖ, ɗŬ ɐŰŬɜ ɗŮɛɘŰɧ ɜŬ ɛŮɘɤɗŮɑ ɞ ɓŬɗɛɧɠ Űɞɡ 

damping, ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ˊɟŬɔɛŬŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ůŰɐɚɖɠ. ȾɎŰɘ Ɏɚɚɞ ˊɞɡ 

ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮŰɎ Űɖɜ ˊɟɩŰɖ ůɨɔəɚɘůɖ Űɖɠ ůŰɐɚɖɠ, ŮɑɜŬɘ ɖ ŮɘůŬɔɤɔɐ Űɤɜ 

Ŭɟɢɘəɩɜ ŮəŰɘɛɐůŮɤɜ (estimates) ɔɘŬ Űɘɠ ɘŭɘɧŰɖŰŬɠ Űɖɠ ůŰɐɚɖɠ, ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ 

Ůˊɑɚɡůɖ. ȷɡŰɏɠ ɞɘ ŮəŰɘɛɐůŮɘɠ, ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ŮˊɧɛŮɜŮɠ ˊɟɞůˊɎɗŮɘŮɠ ůɨɔəɚɘůɖɠ, ŮɎɜ 

ŬɚɚɎɝɞɡɜ ɞɘ ůɡɜɗɐəŮɠ, ɤɠ Ŭɟɢɘəɏɠ Űɘɛɏɠ ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Ůˊɑɚɡůɖɠ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. Ƀ 

ůɡɜŰŮɚŮůŰɐɠ ůɡɜɗɖəɩɜ ŬɜŰɑŭɟŬůɖɠ (reaction condition factor) ɞɟɑůŰɖəŮ ůŰɞ 0.9 ɔɘŬ ɜŬ ŭɩůŮɘ 

ɛŮɔŬɚɨŰŮɟɖ ɓŬɟɨŰɖŰŬ ůŰɘɠ ɛŬəɟɞůəɞˊɘəɏɠ ůɡɜɗɐəŮɠ (bulk conditions) əŬŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

Űɤɜ ŰŬɢɡŰɐŰɤɜ ŬɜŰɑŭɟŬůɖɠ ůŰɞ űɘɚɛ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ɔɟɐɔɞɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ ůŰɞ ɡɔɟɧ 

űɘɚɛ. ȷɡŰɐ ɖ Űɘɛɐ ůɡɛűɤɜŮɑ ɛŮ ŰŬ ŮɡɟɐɛŬŰŬ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ [16], [57]. ɀŮŰɎ Ŭˊɧ 

ˊɞɚɚŬˊɚɏɠ ˊɟɞůɞɛɞɘɩůŮɘɠ, ŭɘŬˊɘůŰɩɗɖəŮ ůŮ ɓɘɓɚɘɞɔɟŬűɘəɏɠ ɛŮɚɏŰŮɠ ɧŰɘ 5 ɛɖ ɘůŬˊɏɢɞɜŰŬ 

ůɖɛŮɑŬ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ ůŰɞ ɡɔɟɧ űɘɚɛ ŮɑɜŬɘ ŮˊŬɟəɐ ɔɘŬ Űɖɜ Ŭəɟɘɓɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ˊɟɞűɑɚ 

ůɡɔəɏɜŰɟɤůɖɠ, ůɨɛűɤɜŬ ɛŮ Űɖ ůɨɔəɟɘůɖ ɛŮ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ [16], [58].  
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ȷəɧɛɖ, ɞ interfacial area factor ɞɟɑůŰɖəŮ ůŰɞ 1,2 ɔɘŬ ɜŬ ŭɘɞɟɗɩůŮɘ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

ŭɘŬɓɟɞɢɐɠ (wetted surface area), ɧˊɤɠ ˊɟɞŰŮɑɜŮŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ [16], [57]. ȼ ŮˊɘűɎɜŮɘŬ 

ŭɘŬɓɟɞɢɐɠ ŮɑɜŬɘ ɛɑŬ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ ɖ ŭɘŬɗɏůɘɛɖ ŮˊɘűɎɜŮɘŬ ˊɟɞɠ ŭɘŬɓɟɞɢɐ ˊɟɞɠ 

ɏɜŬ əɡɓɘəɧ ɛɏŰɟɞ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ɐ ˊɘɞ ŬˊɚɎ, ˊɞůɞŰɘəɞˊɞɘŮɑ Űɖɜ ŭɘŬɗɏůɘɛɖ ŮˊɘűɎɜŮɘŬ ɔɘŬ 

ŮɜŬɚɚŬɔɐ ɛŮŰŬɝɨ Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ [16]. ũɘŬ Űɖɜ ŬɏɟɘŬ űɎůɖ, ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ 

ŬɜŰɘŭɟɎůŮɘɠ, Ůɚɐűɗɖ ɡˊɧɣɖ ɛɧɜɞ ɖ ŬɜŰɑůŰŬůɖ ůŰɖ ŭɘɎɢɡůɖ Űɖɠ ɨɚɖɠ, ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ 

"Consider Film", Ůɜɩ ɔɘŬ Űɖɜ ɡɔɟɐ űɎůɖ ɖ Ůˊɘɚɞɔɐ ñDiscretize filmò ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ 

ˊɟɞɖɔɞɡɛɏɜɤɠ. Ƀ ɚɧɔɞɠ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ Űɞɡ űɘɚɛ (FDR) ɞɟɑůŰɖəŮ ůŮ 10, ŬˊɞŰŮɚɩɜŰŬɠ ɏɜŬ 

əŬɚɧ ůɡɛɓɘɓŬůɛɧ ɛŮŰŬɝɨ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ əɧůŰɞɡɠ 

[16]. ɇɏɚɞɠ, ɛŮ ɓɎůɖ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜɎɚɡůɖ ůŰŬ ɛɞɜŰɏɚŬ ɟɞɐɠ, ɡɘɞɗŮŰɐɗɖəŮ Űɞ ɛɞɜŰɏɚɞ 

ɛɘəŰɐɠ ɟɞɐɠ (Mixed Flow) ɔɘŬ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨůŮɘ Űɖ ůŰɐɚɖ ɤɠ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ŬɜŰɘŭɟŬůŰɐɟŮɠ 

ůɡɜŮɢɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ (CSTRs), əŬɗɩɠ ůɡɛɓɎɚŮɘ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ 

ůɨɔəɚɘůɖɠ, ůŮ ɛɑŬ ŭɘŮɟɔŬůɑŬ ɖ ɞˊɞɑŬ űɖɛɑɕŮŰŬɘ ɔɘŬ Űɖɜ ŭɡůəɞɚɑŬ ůɨɔəɚɘůɐɠ Űɖɠ ůŮ 

ˊŮɟɘɓɎɚɚɞɜŰŬ ɧˊɤɠ Űɞ Aspen Plus [16].  

ɀŮŰɎ Ŭˊɧ Űɞɜ ˊɚɐɟɖ ɞɟɘůɛɧ Űɤɜ ɟŮɡɛɎŰɤɜ, Űɤɜ ɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ, Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ 

Űɞ rate-based ɛɞɜŰɏɚɞ, əŬɘ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůɨɔəɚɘůɖɠ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰŮɑ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ 

Űɖɠ ůŰɐɚɖɠ əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ. ɇɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ŮɑɜŬɘ Űɞ 

MELLAPAKÈ250X Űɖɠ Sulzer. ȷɡŰɧɠ ɞ Űɨˊɞɠ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ 

ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ [23], [38], [59]. Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɖɠ ůŰɐɚɖɠ ŮɑɜŬɘ 12m 

ɨɣɞɠ əŬɘ 2,8m ŭɘɎɛŮŰɟɞɠ, Ůɜɩ ɖ ˊɟɞůɏɔɔɘůɖ ˊɚɖɛɛɨɟɘůɖɠ Űɖɠ ůŰɐɚɖɠ ɡˊɞɚɞɔɑůŰɖəŮ ůŰɞ 74%, 

ˊɞɡ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɞ 80% ˊɞɡ ŮɑɜŬɘ Űɞ ůɨɜɖɗŮɠ ůɢŮŭɘŬůŰɘəɧ ɧɟɘɞ. Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ ŮˊɘɚɏɢɗɖəŬɜ 

ɛŮ ůŰɧɢɞ Űɖɜ ŮˊɑŰŮɡɝɖ ɞɛŬɚɐɠ ɟɞɐɠ ɟŮɡůŰɩɜ ŮɜŰɧɠ Űɖɠ ůŰɐɚɖɠ, əŬɘ Űɞɜ ɓɏɚŰɘůŰɞ ŭɘŬɢɤɟɘůɛɧ. 

ȷɡŰɧ ŮˊɘŰŮɨɢɗɖəŮ ɛɏůɤ ŬɜŬɚɨůŮɤɜ ŮɡŬɘůɗɖůɑŬɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ 

Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɖɠ ůŰɐɚɖɠ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ Aspen Plus. ɄŬɟɧɛɞɘŮɠ Űɘɛɏɠ ŭɘŬůŰɎůŮɤɜ ůŰɖɚɩɜ 

ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ ůɡůŰɐɛŬŰŬ ˊŬɟɧɛɞɘŬɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ  [23], [59], [60]. 

ȼ ŮˊɘɓŮɓŬɑɤůɖ ˊɤɠ ɞɘ ŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɖɠ ůŰɐɚɖɠ, ˊɟɞəɨˊŰŮɘ ɛŮ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɡŭɟŬɡɚɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ (hydraulic plots) Űɖɠ, ŰŬ ɞˊɞɑŬ űŬɑɜɞɜŰŬɘ 

ˊŬɟŬəɎŰɤ: 

 

 

ȺɘəɧɜŬ 17: Hydraulic plots ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ 

ɇɞ ŬɜɩŰŮɟɞ ɧɟɘɞ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ əŬɛˊɨɚɖ ɛɏɔɘůŰɖɠ ŮˊɘŰɟŮˊɧɛŮɜɖɠ ˊŰɩůɖɠ ˊɑŮůɖɠ. ɆŰɞ 

ůɖɛŮɑɞ ŬɡŰɧ, ɖ ɟɞɐ Űɞɡ əŬŰŮɟɢɧɛŮɜɞɡ ɡɔɟɞɨ ŮɛˊɞŭɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɟɞɐ Űɞɡ ŬŮɟɑɞɡ ˊɟɞɠ ŰŬ 

ŮˊɎɜɤ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ůɡůůɩɟŮɡůɖ ɡɔɟɞɨ ůŰɞɜ ɧɔəɞ Űɖɠ ůŰɐɚɖɠ əŬɘ Űɖɜ Ŭɨɝɖůɖ 

Űɖɠ ˊŰɩůɖɠ ˊɑŮůɖɠ Űɞɡ ŬŮɟɑɞɡ, ɖ ɞˊɞɑŬ ŰŮɚɘəɎ ŮɛˊɞŭɑɕŮɘ Űɖ ɟɞɐ Űɞɡ ɡɔɟɞɨ ˊɟɞɠ ŰŬ əɎŰɤ. ȷɡŰɧ 

ŮɑɜŬɘ əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ˊɚɖɛɛɨɟɘůɖɠ. ȼ ˊɚɖɛɛɨɟɘůɖ ŮɑɜŬɘ ɎɛŮůŬ 

ŮɝŬɟŰɩɛŮɜɖ Űɖɠ űŬɘɜɞɛŮɜɘəɐɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ŭɨɞ ɟŮɡůŰɩɜ əŬŰɎ ɛɐəɞɠ Űɖɠ ůŰɐɚɖɠ, ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɖ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɖɠ. ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ɖ ŭɘɎɛŮŰɟɞɠ, Űɧůɞ ɛɘəɟɧŰŮɟɖ 
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ŮɑɜŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɤɜ ɟŮɡůŰɩɜ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɞɘ űŬɘɜɞɛŮɜɘəɏɠ ŰŬɢɨŰɖŰŮɠ ŮɑɜŬɘ ˊɞɚɨ 

ɡɣɖɚɏɠ, ˊɟɞəŬɚɞɨɜŰŬɘ ɏɜŰɞɜŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ůŰɖɜ ŭɘŮˊɘűɎɜŮɘŬ əŬɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗɞɨɜ 

ŰŬ ˊŬɟŬˊɎɜɤ űŬɘɜɧɛŮɜŬ, ɞŭɖɔɩɜŰŬɠ ůŮ ˊɚɖɛɛɨɟɘůɖ. ɇɞ əŬŰɩŰŮɟɞ ɧɟɘɞ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ 

əŬɛˊɨɚɖ ŮɚɎɢɘůŰɖɠ ˊŰɩůɖɠ ˊɑŮůɖɠ. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, Űɞ Ŭɏɟɘɞ ɟɏŮɘ ɤɠ ɛɑŬ űɎůɖ, ɢɤɟɑɠ ɜŬ 

ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɡɔɟɧ ŮɜŰɧɠ Űɖɠ ůŰɐɚɖɠ (weeping). ȼ ŮˊɘŰɟŮˊɧɛŮɜɖ ˊŮɟɘɞɢɐ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɖɠ ůŰɐɚɖɠ ɓɟɑůəŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŬɡŰɩɜ ɞɟɑɤɜ [41]. 

ɇɏɚɞɠ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ɞɘ ˊɟɞŭɘŬɔɟŬűɏɠ ůɢŮŭɘŬůɛɞɨ Űɖɠ ůŰɐɚɖɠ ɐ Ŭɚɚɘɩɠ, design 

specifications (Design Spec). ɇɞ design spec ɗŬ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɖɜ ɟɨɗɛɘůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ 

ŭɘŬɚɨŰɖ ˊɞɡ ɗŬ ˊŬɟɏɢŮŰŬɘ ŬɡŰɧɛŬŰŬ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɛɑŬɠ əŬɗɞɟɘůɛɏɜɖɠ 

Űɘɛɐɠ ŭɏůɛŮɡůɖɠ CO2 (mole/mass recovery) ɐ ɛɑŬɠ əŬɗɞɟɘůɛɏɜɖɠ Űɘɛɐɠ CO2 loading. ȾŬɘ ɛŮ 

Űɞɡɠ ŭɨɞ Űɟɧˊɞɡɠ, ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŭɡɜŬɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɧˊɞɡ ɖ 

ŬɚɚŬɔɐ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ɜŬ ɛɖɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŭɘŮɟɔŬůɑŬ Ŭˊɞɟɟɧűɖůɖɠ. To CO2 loading 

ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ůŮ ɛɑŬ Űɘɛɐ ɚɑɔɞ ˊɎɜɤ Ŭˊɧ 0,4, ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ 0,42 ɐ Űɞ 

mole/mass recovery Űɞɡ CO2 ɜŬ ɞɟɘůŰŮɑ ůŮ ɛɑŬ Űɘɛɐ ɛŮɔŬɚɨŰŮɟɖ ɐ ɑůɖ Űɞɡ 90%, ůŰɖɜ 

ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ 92,56%. 

 

4.3.2.5 Ƀɟɘůɛɧɠ ɟŮɡɛɎŰɤɜ əŬɘ ůɢŮŭɘŬůŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ 

Ⱥűɧůɞɜ ɞɚɞəɚɖɟɩɗɖəŮ ɖ ˊŮɟɘɔɟŬűɐ ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ (absorber) ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɖ 

ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ (stripper). ɇɞ ɛɧɜɞ ɟŮɨɛŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ɞɟɘůŰŮɑ ɔɘŬ Űɞɜ stripper ŮɑɜŬɘ Űɞ ɟŮɨɛŬ Ůɘůɧŭɞɡ ůŰɖɜ ůŰɐɚɖ, ŭɖɚŬŭɐ Űɞ ɟŮɨɛŬ çˊɚɞɨůɘɞè ůŮ 

CO2. ɇɞ ɟŮɨɛŬ ŬɡŰɧ ŮɑɜŬɘ Űɞ ɑŭɘɞ ɛŮ ŬɡŰɧ ˊɞɡ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ ŬɚɚɎ ɏɢŮɘ ɡˊɞůŰŮɑ Ůˊɘˊɚɏɞɜ ɗɏɟɛŬɜůɖ ůŰɞɜ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ, ɧˊɤɠ 

ˊŮɟɘŮɔɟɎűɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ȼ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɞɡ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ 107C əŬɘ ɖ ˊɑŮůɖ 

ɚɑɔɞ ˊɎɜɤ Ŭˊɧ ŰŬ 2bar. ɇɞ RadFrac module ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ 

Stripper, ɛŮ Űɞɜ Űɨˊɞ Űɞɡ ůɡɛˊɡəɜɤŰɐ ɜŬ ɞɟɑɕŮŰŬɘ ɤɠ Partial Vapor (ɛŮɟɘəɧɠ ůɡɛˊɡəɜɤŰɐɠ), 

əŬɗɩɠ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɟɞɥɧɜ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŬŰɛɩŭɖ űɎůɖ, Űɞɜ Űɨˊɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ɤɠ 

Kettle, əŬɘ Űɞɜ Űɨˊɞ ɡˊɞɚɞɔɘůɛɞɨ ɤɠ rate-based, əŬŰɎ ŰŬ ɔɜɤůŰɎ. ɄɟɞůɞɛɞɘɩɗɖəŬɜ 20 ůŰɎŭɘŬ, 

ɛŮ ůŰɐɚɖ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ŮɝɖɔɐɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɇɞ ɟŮɨɛŬ Űɞɡ 

ŭɘŬɚɨŰɖ ˊɟɞůŰɏɗɖəŮ ůŰɞ ůŰɎŭɘɞ 2, əŬɗɩɠ Űɞ ůŰɎŭɘɞ 1 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ůɡɛˊɡəɜɤŰɐ. 

Ⱥˊɑůɖɠ, ɛɏůŬ Ŭˊɧ ŭɞəɘɛɏɠ, ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ůŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ɖ ůŰɐɚɖ ɚŮɘŰɞɡɟɔɞɨůŮ ɞɛŬɚɎ 

əŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ ɐŰŬɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ. ɇɞ ůŰɎŭɘɞ 20 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ŬɜŬɓɟŬůŰɐɟŬ, 

ɞˊɧŰŮ ůŰŬ ůŰɎŭɘŬ 1 əŬɘ 20 ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛɧɜɞ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɘůɞɟɟɞˊɑŬɠ Ŭˊɧ Űɞ ˊŬəɏŰɞ 

KEMEA, Ůɜɩ ůŰŬ ůŰɎŭɘŬ 2-19 ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ůɨɜɞɚɞ ŬɜŰɘŭɟɎůŮɤɜ MEA-REA, Űɞ ɞˊɞɑɞ 

ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ Űɘɠ əɘɜɖŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. ȷɡŰɧ ŮɑɜŬɘ ɚɞɔɘəɧ, əŬɗɩɠ ůŮ ŬɡŰɎ ŰŬ ůŰɎŭɘŬ ɗŬ 

ɡˊɎɟɢŮɘ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ əŬɘ ɎɟŬ ɗŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ŬɡŰɏɠ [52]. ɇɞ ɟŮɨɛŬ Űɖɠ 

ɡɔɟɐɠ ŰɟɞűɞŭɞůɑŬɠ ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ 2ɞ ůŰɎŭɘɞ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ çAbove stageè, ɩůŰŮ ɜŬ 

ŭɘŮɡəɞɚɡɜɗŮɑ ɖ ɛŮŰŬűɞɟɎ ɛɎɕŬɠ ɛŮŰŬɝɨ Űɖɠ ŬɏɟɘŬɠ əŬɘ Űɖɠ ɡɔɟɐɠ űɎůɖɠ, ɧˊɤɠ ŬɜŬɚɨɗɖəŮ 

ˊɟɞɖɔɞɡɛɏɜɤɠ. ȷəɧɛŬ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ŭɨɞ ˊŬɟɎɛŮŰɟɞɘ ɚŮɘŰɞɡɟɔɑŬɠ ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ 

ɔɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ ůŰɐɚɖɠ. ȺˊɘɚɏɔŮŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɞɑ ɜŬ ŮɑɜŬɘ Űɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɞɡ 

ŬɜŬɓɟŬůŰɐɟŬ (reboiler duty) əŬɘ ɞ ɟɡɗɛɧɠ ŬˊɧůŰŬɝɖɠ ůŮ ɛɞɚŬɟɘəɐ ɓɎůɖ. Ƀɘ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɗŬ ɞɟɘůŰɞɨɜ ɛɏůɤ Űɤɜ design specs əŬɘ ɛɏůŬ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ.  

ȷəɧɛŬ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ůŰɖɜ ůŰɐɚɖ əŬɘ ɎɚɚŮɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ Űɖɜ 

Ůˊɑɚɡůɖ Ůɜɧɠ rate-based ɛɞɜŰɏɚɞɡ əŬɘ Űɖɜ ɞɛŬɚɐ ůɨɔəɚɘůɖ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ɧˊɤɠ əŬɘ 

ˊɟɞɖɔɞɡɛɏɜɤɠ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ɞɟɑɕɞɜŰŬɘ ɛŮ Ŭəɟɘɓɩɠ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɧˊɤɠ əŬɘШůŰɖɜ ůŰɐɚɖ 
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Ŭˊɞɟɟɧűɖůɖɠ əŬɘ ɏɢɞɡɜ Űɘɠ ɑŭɘŮɠ Űɘɛɏɠ. ɇŬ ɛɧɜŬ ˊɞɡ ŬɚɚɎɕɞɡɜ ŮɑɜŬɘ ɧŰɘ ŭŮɜ ɔɑɜŮŰŬɘ ɖ ɢɟɐůɖ 

heuristics ɔɘŬ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ůˊɑɚɡůɖɠ Űɖɠ ůŰɐɚɖɠ əŬɘ ɧŰɘ ɖ Űɘɛɐ Űɞɡ 

interfacial area factor ́ŬɟŬɛɏɜŮɘ ɑůɖ ɛŮ ɏɜŬ. ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ŮɑɜŬɘ ɞ ɞɟɘůɛɧɠ Űɞɡ ˊɚɖɟɤŰɘəɞɨ 

ɡɚɘəɞɨ Űɖɠ ůŰɐɚɖɠ, ɧˊɞɡ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊɘɚɏɔŮŰŬɘ Űɞ MELLAPAKÈ250X Űɖɠ 

Sulzer. Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɖɠ ůŰɐɚɖɠ ŮɑɜŬɘ 10m ɨɣɞɠ əŬɘ 1,3m ŭɘɎɛŮŰɟɞɠ, ɞɘ ɞˊɞɑŮɠ əɡɛŬɑɜɞɜŰŬɘ 

ůŰŬ ɑŭɘŬ ŮˊɑˊŮŭŬ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ [23], [59], [60]. ȼ ́ɟɞůɏɔɔɘůɖ ́ ɚɖɛɛɨɟɘůɖɠ ŮɑɜŬɘ 80%. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ hydraulic plots ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ: 

 

ȺɘəɧɜŬ 18: Hydraulic plots Űɞɡ Stripper 

ȷəɞɚɞɡɗɩɜŰŬɠ ɧůŬ ŬɜŬűɏɟɗɖəŬɜ ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ŮɘˊɤɗŮɑ ˊɤɠ 

ɖ ɡŭɟɞŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ůŰɐɚɖɠ ŮɑɜŬɘ ɖ ŮˊɘɗɡɛɖŰɐ.  

ɇɏɚɞɠ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ɞɘ ˊɟɞŭɘŬɔɟŬűɏɠ ůɢŮŭɘŬůɛɞɨ Űɖɠ ůŰɐɚɖɠ ɐ Ŭɚɚɘɩɠ, design spec. ɆŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŰŬ design specs ɗŬ ɛŮŰŬɓɎɚɚɞɡɜ Űɞ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ (reboiler) 

əŬɘ Űɞ ɟɡɗɛɧ ŬˊɧůŰŬɝɖɠ (distillate rate) ɛŮ ůəɞˊɧ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ˊɞůɞůŰɞɨ CO2 

capture, Ůɜɩ Űɞ ɟŮɨɛŬ ɏɢŮɘ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ əŬɗŬɟɧŰɖŰŬ. ȷɡŰɧ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ əŬɗɩɠ ɖ 

ɞˊɞɘŮůŭɐˊɞŰŮ ˊɟɞůɛɑɝŮɘɠ ůŰɞ ˊɟɞɥɧɜ CO2, ŮɘŭɘəɎ Ŭˊɧ ɜŮɟɧ, ɛŮŰŬɓɎɚɚɞɡɜ ůɖɛŬɜŰɘəɎ Űɞ phase 

envelope Űɞɡ ɛɑɔɛŬŰɞɠ Ŭˊɧ Űɞ əŬɗŬɟɧ CO2 əŬɘ ɎɟŬ Űɘɠ ůɡɜɗɐəŮɠ ɡɔɟɞˊɞɑɖůɖɠ Űɞɡ.  ɇɞ ˊɟɩŰɞ 

design spec ́ ɞɡ ŬűɞɟɎ Űɞ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ əŬɘ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɞ ˊɞůɞůŰɧ 

ŬɜɎəŰɖůɖɠ Űɞɡ CO2. ȷɜŰɑ ɜŬ ŮˊɘɚŮɔŮɑ əɎˊɞɘŬ Ŭˊɧ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŬɜɎəŰɖůɖ, 

ŮˊɘɚɏɔŮŰŬɘ ɖ ɞɟɘůɛɏɜɖ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ŬűɞɟɎ Űɞ CO2 loading. ɇɞ ŬˊɞŰɏɚŮůɛŬ 

ŮɑɜŬɘ Űɞ ɑŭɘɞ ŬɚɚɎ ɖ ɢɟɖůɘɛɧŰɖŰŬ Űɖɠ ŬɚɚŬɔɐɠ ŬɡŰɐɠ ŮɑɜŬɘ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɞ 

design spec əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ůɨɔəɚɘůɖɠ Űɖɠ ŬɜŬəɨəɚɤůɖɠ Űɞɡ ŭɘŬɚɨŰɖ, 

ˊɞɡ ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ. ɃɟɑɕŮŰŬɘ ŬɟɢɘəɎ ɖ Űɘɛɐ Űɞɡ CO2 loading Űɞɡ lean stream 

Űɞɡ ŭɘŬɚɨŰɖ. ɇɞ ŭŮɨŰŮɟɞ design spec ́ ɞɡ ŬűɞɟɎ Űɖɜ əŬɗŬɟɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ ɛɏůɤ Űɞɡ 

ɢŮɘɟɘůɛɞɨ Űɞɡ ɟɡɗɛɞɨ ŬˊɧůŰŬɝɖɠ, ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ŮˊɘɗɡɛɖŰɧ əɚɎůɛŬ ɛɎɕŬɠ Űɞɡ Ŭɏɟɘɞɡ 

ˊɟɞɥɧɜŰɞɠ ůŮ CO2, Űɞ ɞˊɞɑɞ ɗŬ ŭɘŬűɏɟŮɘ Ŭˊɧ ŭɘŮɟɔŬůɑŬ ůŮ ŭɘŮɟɔŬůɑŬ. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ˊŮɟɑˊŰɤůɖ, ŮˊŮɘŭɐ ɏɢŮɘ ɔɑɜŮɘ ɖ Ůˊɘɚɞɔɐ Űɞ ɛŮɔŬɚɨŰŮɟɞ űɞɟŰɑɞ Űɖɠ ɣɨɝɖɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ CO2 ɜŬ 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ŮɜŬɚɚɎəŰɖ ɛŮŰɎ Űɞɜ stripper, Űɞ ˊɟɞɥɧɜ Űɞɡ stripper ́ ŮɟɘɏɢŮɘ ɛŮɔɎɚɖ 

ˊɞůɧŰɖŰŬ ůŮ ŬŰɛɧ. Ⱥˊɞɛɏɜɤɠ Űɞ mass ratio ɞɟɑůŰɖəŮ ɑůɞ ɛŮ 60%, Ůɜɩ ɡˊɐɟɢŬɜ ɓɏɓŬɘŬ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɩůŰŮ ɜŬ ɔɑɜŮɘ əŬɚɨŰŮɟɖ ŮəŰɑɛɖůɖ.  

 

4.3.2.6 ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ 

ȼ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɟɘɜ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ŮɜŬɚɚɎəŰɖ ɛŮŰŬɝɨ Űɞɡ 

ɟŮɨɛŬŰɞɠ ˊɡɗɛɏɜŬ Űɞɡ absorber əŬɘ Űɞɡ stripper ɔɘŬ ŬɜɎəŰɖůɖ ŮɜɏɟɔŮɘŬɠ, əŬɗɩɠ ɏɜŬ HX block 

ůŰɞ Aspen Plus ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŬɡŰɐ Űɖɜ ŮűŬɟɛɞɔɐ, ŮˊɘɚɨŮŰŬɘ ɛŮ ŮˊŬɜŬɚɖˊŰɘəɐ 

ŭɘŬŭɘəŬůɑŬ əŬɗɩɠ əŬɜɏɜŬ Ŭˊɧ ŰŬ ɟŮɨɛŬŰŬ ŭŮɜ ŮɑɜŬɘ ˊɚɐɟɤɠ ɞɟɘůɛɏɜɞ. ȷɜŰɘɗɏŰɤɠ, ˊɟɏˊŮɘ ˊɟɩŰŬ 

ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůɨɔəɚɘůɖ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɩůŰŮ ŰŬ ɟŮɨɛŬŰŬ ɜŬ ɚɎɓɞɡɜ Ŭɟɢɘəɏɠ Űɘɛɏɠ 
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Ŭˊɧ Űɖɜ ŭɘŬŭɘəŬůɑŬ Ůˊɑɚɡůɖɠ, ɩůŰŮ ɜŬ ɛˊɞɟɏůŮɘ Űɞ HX block ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ŬɡŰɏɠ Űɘɠ 

Ŭɟɢɘəɏɠ Űɘɛɏɠ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ŮɜŬɚɚɎəŰɖ. Ⱥˊɞɛɏɜɤɠ, ɏɜŬ ŰɏŰɞɘɞ Block, əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ 

Űɖɠ ŬɜɎɚɡůɖɠ ŮɡŬɘůɗɖůɑŬɠ ɗŬ ŬˊɞəɚɑɜŮɘ əŬɘ ɗŬ ŭɖɛɘɞɡɟɔŮɑ ůűɎɚɛŬŰŬ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ. ũɘŬ 

ŬɡŰɧ ɧɚŮɠ ɞɘ ŬɜŬɚɨůŮɘɠ ŮɡŬɘůɗɖůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ˊɟɞůɞɛɞɑɤůɖ ɢɤɟɑɠ Űɞɜ ŮɜŬɚɚɎəŰɖ 

Űɨˊɞɡ HX block, ŬɚɚɎ ɛŮ Űɞ Ŭˊɚɧ Heater block, ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Űɖɜ ɛɏɗɞŭɞ shortcut, əŬɘ 

ˊɟɞůɞɛɞɘɎɕŮɘ əɚŬůůɘəɞɨɠ heaters əŬɘ coolers əŬɘ űɡůɘəɎ ɢɤɟɑɠ ɜŬ ɡˊɎɟɢŮɘ əɎˊɞɘɞ ɟŮɨɛŬ 

ŬɜŬəɨəɚɤůɖɠ.  

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŬɜŬɚɨůŮɘɠ ŮɡŬɘůɗɖůɑŬɠ ŬɜɎ əŬŰɖɔɞɟɑŬ ɛŮŰŬɓɚɖŰɩɜ.  

ȺˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

 

 

ȹɘɎɔɟŬɛɛŬ 3: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ FLUETEMP 

 

ȹɘɎɔɟŬɛɛŬ 4: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ WATERTEMP 

 

ȹɘɎɔɟŬɛɛŬ 5:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ SOLVTEMP 
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ȹɘɎɔɟŬɛɛŬ 6:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ HX2 TEMP 

ȷˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ŭɘŮɟɔŬůɑŬ CCS ɛŮ ŭɘŬɚɨŰɖ 

30%wt. MEA, ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ ŰŬ ŬəɧɚɞɡɗŬ ůɡɛˊŮɟɎůɛŬŰŬ. 

ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ FLUETEMP ŮɝɎɔŮŰŬɘ Űɞ ůɡɛˊɏɟŬůɛŬ ˊɤɠ Űɞ ɓɏɚŰɘůŰɞ 

Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ŮɑɜŬɘ ɛŮŰŬɝɨ 46 əŬɘ 60 ÁC, əŬɗɩɠ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɘɠ 

ŬˊɩɚŮɘŮɠ CO  əŬɘ ɛŮɔɘůŰɞˊɞɘŮɑ Űɖ ŭɏůɛŮɡůɖ CO , ŭɘŬŰɖɟɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɖ ɗŮɟɛɞəɟŬůɑŬ 

Űɖɠ ůŰɐɚɖɠ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ əŬɘ Űɘɠ ŬˊɩɚŮɘŮɠ ɀȺȷ ůŮ ŬˊɞŭŮəŰɎ ŮˊɑˊŮŭŬ. ȺˊɘɚɏɔŮŰŬɘ ɖ 

ɗŮɟɛɞəɟŬůɑŬ 54ÁC əŬɗɩɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ɛɏɔɘůŰɖ ŭɏůɛŮɡůɖ CO2. ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ WATERTEMP, űŬɑɜŮŰŬɘ ˊɤɠ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ɜŮɟɞɨ ůŰɖ ůŰɐɚɖ ɛŮ 

ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ ŮɑɜŬɘ ůɢŮŭɧɜ ŬɛŮɚɖŰɏŬ ůŰɖɜ ůɡɜɞɚɘəɐ ŭɘŮɟɔŬůɑŬ, Ůˊɞɛɏɜɤɠ ɛˊɞɟŮɑ ɜŬ 

ŮˊɘɚŮɔŮɑ ɖ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ ŮɑɜŬɘ ˊɘɞ ɓɞɚɘəɐ. ũɘŬ ŬɡŰɧ ŮˊɘɚɏɔŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɔɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɞɡ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ.  

ɇɞ Ůɨɟɞɠ 40-50 ÁC ŮɑɜŬɘ Űɞ ɓɏɚŰɘůŰɞ ɔɘŬ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŭɘŬɚɨŰɖ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 

ŭɘɎɔɟŬɛɛŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ SOLVTEMP, əŬɘ ɔɘŬ ŬɡŰɧ ŮˊɘɚɏɢɗɖəŮ ɖ ɗŮɟɛɞəɟŬůɑŬ 45ÁC, əŬɗɩɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ɛɏɔɘůŰɖ ŭɏůɛŮɡůɖ CO2. ȳůɞɜ ŬűɞɟɎ Űɖ ɗŮɟɛɞəɟŬůɑŬ ɣɨɝɖɠ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ 

CO , ůŰɞɜ HX2, Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ HX2 TEMP, ɖ ŬɜɎəŰɖůɖ ŮɡɜɞŮɑŰŬɘ ůŮ ɡɣɖɚɧŰŮɟŮɠ 

ɗŮɟɛɞəɟŬůɑŮɠ, ŬɚɚɎ ɖ əŬɗŬɟɧŰɖŰŬ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ ɛŮɘɩɜŮŰŬɘ. ȼ əŬɗŬɟɧŰɖŰŬ Űɞɡ CO  

ŮɑɜŬɘ ɞ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ, əŬɗɩɠ ɗŬ ŭɘŮɡəɞɚɨɜŮɘ Űɖ ɛŮŰɏˊŮɘŰŬ ůɡɛˊɑŮůɐ Űɞɡ. ɀɘŬ 

ŮɜŭɘɎɛŮůɖ ɚɨůɖ (Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɑŬɠ 15-25 ÁC) űŬɑɜŮŰŬɘ ɘŭŬɜɘəɐ, əŬɗɩɠ Űɞ ɜŮɟɧ ɣɨɝɖɠ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ɓɞɖɗɖŰɘəɐ ́ Ŭɟɞɢɐ, ŬˊɚɞˊɞɘɩɜŰŬɠ Űɖ ŭɘŮɟɔŬůɑŬ. ȺˊɘɚɏɢɗɖəŮ 

ɖ ɗŮɟɛɞəɟŬůɑŬ 18ÁC. 

 

ȺˊɑŭɟŬůɖ Űɖɠ ˊɑŮůɖɠ 

 

ȹɘɎɔɟŬɛɛŬ 7:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ FLS-PRES 

Ш 
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ȹɘɎɔɟŬɛɛŬ 8:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ ABS-PRES 

 

ȹɘɎɔɟŬɛɛŬ 9:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ STR-PRES 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ˊɑŮůɖɠ: 

ȷˊɧ ŰŬ ŭɘɎɔɟŬɛɛŬ FLS-PRES, ˊɞɡ ŬűɞɟɎ Űɖɜ ˊɑŮůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ flash ŭɘŬɢɤɟɘůɛɞɨ Űɞɡ 

ɜŮɟɞɨ Ŭˊɧ Űɞ Ŭɏɟɘɞ ɟŮɨɛŬ CO2, ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɞɘ ɡɣɖɚɧŰŮɟŮɠ ˊɘɏůŮɘɠ ŮəŰɧɜɤůɖɠ 

ɓŮɚŰɘɩɜɞɡɜ Űɖ ůɡɜɞɚɘəɐ əŬɗŬɟɧŰɖŰŬ, ŬɚɚɎ ŮˊɖɟŮɎɕɞɡɜ ŬɟɜɖŰɘəɎ Űɖɜ ŭɏůɛŮɡůɖ CO2, Ŭɜ əŬɘ 

ɞɘ ŭɨɞ Űɘɛɏɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ŮɚŬűɟɩɠ. Ⱥˊɞɛɏɜɤɠ, ɖ ŮəŰɧɜɤůɖ ůŰɞ Űɏɚɞɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ɛˊɞɟŮɑ 

ɜŬ ɚŮɘŰɞɡɟɔŮɑ ůŰɖɜ ɑŭɘŬ ˊɑŮůɖ ɛŮ Űɞɜ ŬˊɞɔɡɛɜɤŰɐ, ɔɘŬ ŬˊɚɞɨůŰŮɡůɖ əŬɘ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ 

əŮűŬɚŬɑɞɡ ŬɚɚɎ əŬɘ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ əɧůŰɞɡɠ.   

ȼ Ŭˊɧŭɞůɖ Űɞɡ absorber ɓŮɚŰɘɩɜŮŰŬɘ ůŮ ɡɣɖɚɧŰŮɟŮɠ ˊɘɏůŮɘɠ, ŬɚɚɎ Űɞ ɑŭɘɞ ůɡɛɓŬɑɜŮɘ əŬɘ ɛŮ Űɞ 

ɚŮɘŰɞɡɟɔɘəɧ əŬɘ ˊɎɔɘɞ əɧůŰɞɠ. ɆŮ ˊɑŮůɖ ˊŮɟɑˊɞɡ 2 bar Ŭɟɢɑɕɞɡɜ ɜŬ ɔɑɜɞɜŰŬɘ ŬɘůɗɖŰɎ ŰŬ ɞűɏɚɖ 

Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ůŮ ɡɣɖɚɧŰŮɟŮɠ ˊɘɏůŮɘɠ Ŭˊɧ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ. ȼ Ŭɨɝɖůɖ ůŰŬ 3 bar ŭŮɜ ŮˊɘűɏɟŮɘ 

ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ ůŰɖɜ ŬɜɎəŰɖůɖ Űɞɡ CO , Ůɜɩ ŬɡɝɎɜŮɘ ŬɘůɗɖŰɎ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ 

absorber. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ůŰɖɚɩɜ ůŰɖɜ ɑŭɘŬ ˊɑŮůɖ (~2 bar) ˊɟɞŰŮɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɖ 

ɓɘɓɚɘɞɔɟŬűɑŬ [61].  ũɘŬ ˊɑŮůɖ Űɞɡ absorber 1 bar, ɖ ŬɜɎəŰɖůɖ Űɞɡ CO  ŮɑɜŬɘ 78%, ˊŬɟɧɛɞɘŬ ɛŮ 

ŮəŮɑɜɖ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ Ŭˊɧ Űɖɜ Aspen ůŰɞ template Űɖɠ [54].   

ȼ Ŭˊɧŭɞůɖ Űɞɡ stripper ɓŮɚŰɘɩɜŮŰŬɘ ůɖɛŬɜŰɘəɎ ůŮ ˊɘɏůŮɘɠ Ɏɜɤ Űɞɡ 1 bar ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ 

ŭɘɎɔɟŬɛɛŬ STR-PRES. Ƀ ˊŮɟɘɞɟɘůŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ Ůŭɩ ŮɑɜŬɘ ɖ Ŭˊɞɘəɞŭɧɛɖůɖ Űɖɠ ɀȺȷ ůŮ 

ɗŮɟɛɞəɟŬůɑŮɠ əɞɜŰɎ ůŰɞɡɠ 125 ÁC. Ⱥˊɞɛɏɜɤɠ, ŮˊɘɚɏɢɗɖəŮ ˊɑŮůɖ 1,9 bar, Űɘɛɐ ˊɞɡ ůɡɛűɤɜŮɑ 

ɛŮ ɎɚɚŮɠ ɛŮɚɏŰŮɠ ˊɞɡ ŮɝɏŰŬůŬɜ Űɖ ɓŮɚŰɑɤůɖ əŬɘ Űɖ ɓɏɚŰɘůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ 

ŭɏůɛŮɡůɖɠ CO  ɛŮ ɀȺȷ əŬɘ əŬŰɏɚɖɝŬɜ ůŮ ˊɑŮůɖ əɞɜŰɎ ůŰŬ 2 bar [38], [61]. Ⱥˊɘˊɚɏɞɜ, ɞɘ 

Madeddu et al. Űɞɜɑɕɞɡɜ Űɖɜ ŬɜɎɔəɖ ɞ stripper ɜŬ ɚŮɘŰɞɡɟɔŮɑ ůŮ ˊɑŮůɖ ɡɣɖɚɧŰŮɟɖ Ŭˊɧ Űɖɜ 

ŬŰɛɞůűŬɘɟɘəɐ, ɩůŰŮ ɜŬ ŮɡɜɞŮɑŰŬɘ ɖ ŬˊɞŭɏůɛŮɡůɖ Űɞɡ CO  Ŭˊɧ Űɞ ȼ Ƀ, ɚɧɔɤ Űɖɠ űɨůɖɠ Űɤɜ 

ɛɞɟɑɤɜ. ɆŰɖ ɛŮɚɏŰɖ Űɞɡɠ, Ůˊɘɚɏɔɞɡɜ ˊɑŮůɖ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ ɑůɖ ɛŮ 1,8 bar, 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɛŮɔŬɚɨŰŮɟɖ ŮəɚŮəŰɘəɧŰɖŰŬ ůŮ CO2 ŬɜŰɑ ɔɘŬ ɜŮɟɧ [16]. ȷəɧɛŬ ɏɜŬ ɧűŮɚɞɠ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɖɜ ɑŭɘŬ ˊɑŮůɖ, ŮɑɜŬɘ ɧŰɘ ɛŮɘɩɜɞɜŰŬɘ ŰŬ ˊɎɔɘŬ əŬɘ ɚŮɘŰɞɡɟɔɘəɎ 

əɧůŰɖ ɔɘŬ ˊɟɞɛɐɗŮɘŬ ŬɜŰɚɘɩɜ, ůɡɛˊɘŮůŰɩɜ, ɓŬɚɓɑŭɤɜ ŮəŰɧɜɤůɖɠ ə.Ŭ. 



57 

 

ȺˊɑŭɟŬůɖ Űɤɜ ˊŬɟɞɢɩɜ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ 

 

 

ȹɘɎɔɟŬɛɛŬ 10:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ FLUEFLOW ɛŮ ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞ Design Spec 

 

ȹɘɎɔɟŬɛɛŬ 11:ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ əŬɡůŬŮɟɑɤɜ ůŰɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ (Reboiler Duty) ɛŮ 

ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞ Design Spec 

 

ȹɘɎɔɟŬɛɛŬ 12:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ FLUEFLOW ɛŮ ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ Design Spec 

 

ȹɘɎɔɟŬɛɛŬ 13:ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ əŬɡůŬŮɟɑɤɜ ůŰɞ SRD ɛŮ ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ Design Spec 

ɆŰɞ ˊɟɩŰɞ əɞɛɛɎŰɘ Űɖɠ ŬɜɎɚɡůɖɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ Űɤɜ əŬɡůŬŮɟɑɤɜ 

ůŰɞ ůɨůŰɖɛŬ. ȼ ŬɜɎɚɡůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ŭɨɞ Űɟɧˊɞɡɠ. ɀŮ Űɞ design spec Űɞɡ absorber, 
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ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞ, ŭɖɚŬŭɐ ɢɤɟɑɠ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ˊɞůɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ ˊɞɡ ŰɟɞűɞŭɞŰŮɑŰŬɘ 

ůŰɞ ůɨůŰɖɛŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŬɟɞɢɐ Űɤɜ əŬɡůŬŮɟɑɤɜ, əŬɘ ɛŮ Űɞ design spec ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ. 

ũɘŬ Űɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ůɡɛˊŮɟŬɑɜŮŰŬɘ ˊɤɠ ɞɘ ɢŬɛɖɚɧŰŮɟŮɠ ˊŬɟɞɢɏɠ əŬɡůŬŮɟɑɤɜ ɛˊɞɟɞɨɜ 

ɜŬ ŮˊŮɝŮɟɔŬůŰɞɨɜ ŬˊɞŰŮɚŮůɛŬŰɘəɎ Ŭˊɧ Űɞ ůɨůŰɖɛŬ, ŬɚɚɎ ɛŮ ɛŮɔŬɚɨŰŮɟɞ Ůɘŭɘəɧ ŮɜŮɟɔŮɘŬəɧ 

űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ɐ Specific Reboiler Duty (SRD, MJ/kg ŭŮůɛŮɡɛɏɜɞɡ CO ). ũɘŬ 

ɛŮɔŬɚɨŰŮɟŮɠ ˊŬɟɞɢɏɠ Ŭˊɧ Űɖɜ ɞɟɘůɛɏɜɖ, ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ŬˊɞŭŮəŰɐ ŬɚɚɎ 

ɧɢɘ ɓɏɚŰɘůŰɖ, əŬɗɩɠ Űɞ ůɨůŰɖɛŬ ŮɑɜŬɘ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɞ ɔɘŬ ɛɘəɟɧŰŮɟɖ ŰɟɞűɞŭɞůɑŬ 

əŬɡůŬŮɟɑɤɜ. ɄŬɟɧɚŬ ŬɡŰɎ, ɖ ŬɜɎəŰɖůɖ Űɞɡ CO  ˊŬɟŬɛɏɜŮɘ ɡɣɖɚɐ, ˊɎɜɤ Ŭˊɧ 80%, ŬɚɚɎ ɞɘ 

ŬˊɩɚŮɘŮɠ ůŮ CO  əŬɘ ɀȺȷ ŬɡɝɎɜɞɜŰŬɘ, ɔŮɔɞɜɧɠ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ. ɄŬɟɧɚŬ ŬɡŰɎ, Űɞ 

ůɨůŰɖɛŬ ɧˊɤɠ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɛˊɞɟŮɑ ɜŬ ŬɜŰŬˊɞəɟɘɗŮɑ ŮˊŬɟəɩɠ ůŮ ŬɡŰɐ Űɖɜ ŬɜɎɔəɖ. ȷɜ ŰɩɟŬ 

ŭɘŬŰɖɟɖɗŮɑ ŮɜŮɟɔɐ ɖ ˊɟɞŭɘŬɔɟŬűɐ ůɢŮŭɘŬůɛɞɨ (design spec) Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ, ɖ ɟɞɐ 

Űɞɡ ŭɘŬɚɨŰɖ ɛŮŰŬɓɎɚɚŮŰŬɘ ɚɧɔɤ Űɖɠ ɛŮŰŬɓŬɚɚɧɛŮɜɖɠ ɟɞɐɠ Űɤɜ əŬɡůŬŮɟɑɤɜ. ɆɡɜŮˊɩɠ, ɞɘ 

ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ɛŮŰŬɓɚɖŰɏɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɔɟŬɛɛɘəɎ.  Ⱥˊɘˊɚɏɞɜ, Űɞ SRD ́ ŬɟɞɡůɘɎɕŮɘ ɛɘŬ 

ɛɘəɟɐ Ŭɨɝɖůɖ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ. ȷɡŰɧ ˊɘɗŬɜɧŰŬŰŬ ůɡɛɓŬɑɜŮɘ 

ŭɘɧŰɘ ŭŮɜ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɤɜ ůŰɖɚɩɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ 

ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ˊŮɟɘɞɢɐ ɚŮɘŰɞɡɟɔɑŬɠ. 

 

ȹɘɎɔɟŬɛɛŬ 14:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ SOLVFLOW 

 

ȹɘɎɔɟŬɛɛŬ 15: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ ŭɘŬɚɨŰɖ ůŰɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ (Reboiler Duty) 

 

ȹɘɎɔɟŬɛɛŬ 16:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ WATEFLOW 
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ȼ ŮɜŭɘŬűɏɟɞɡůŬ ˊŬɟŬŰɐɟɖůɖ ůŰɞ ŭɘɎɔɟŬɛɛŬ SOLVFLOW, ŮɑɜŬɘ ˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ 

Ŭɨɝɖůɖ ɛŮ űɗɑɜɞɜŰŬ ɟɡɗɛɧ ɔɘŬ Űɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ CO2, ůŮ ůɢɏůɖ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ˊŬɟɞɢɐɠ Űɞɡ ŭɘŬɚɨŰɖ. ɆɡɜŮˊɩɠ, ɖ ɡˊɧɗŮůɖ ɧŰɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ŭɘŬɚɨŰɖ, 

ŬɡɝɎɜŮŰŬɘ əŬɘ Űɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ CO2, ŭŮɜ ɘůɢɨŮɘ ŬˊɧɚɡŰŬ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ. ɇɞ 

Ůɨɟɞɠ ŬɡŰɧ ɛŮŰŬɓɎɚɚŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɨůŰŬůɖ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ Űɤɜ əŬɡůŬŮɟɑɤɜ. ȷəɧɛŬ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ Űɞɡ ŭɘŬɚɨŰɖ ŬɡɝɎɜŮŰŬɘ ɔɟŬɛɛɘəɎ Űɞ reboiler 

duty, ɧɢɘ ɛɧɜɞ əŬŰɎ ŬˊɧɚɡŰɖ Űɘɛɐ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ űɡůɘɞɚɞɔɘəɧ, ŬɚɚɎ əŬɘ ůŰɖɜ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ 

SRD (MJ/kg ŭŮůɛŮɡɛɏɜɞɡ CO ). ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ ŰŬ əŬɡůŬɏɟɘŬ ˊŮɟɘɏɢɞɡɜ ˊɞɚɚɐ ɛɘəɟɐ 

ˊɞůɧŰɖŰŬ CO2 əŬɘ Ůˊɞɛɏɜɤɠ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ ŭɘŬɚɨŰɖ ɔɘŬ Űɖɜ ŭɏůɛŮɡůɐ Űɞɡ, 

əŬɘ ɎɟŬ ɛŮŰɎ Ŭˊɧ əɎˊɞɘɞ ůɖɛŮɑɞ, ɖ ˊŮɟɑůůŮɘŬ Űɞɡ ŭɘŬɚɨŰɖ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŭŮůɛŮɨůŮɘ Ɏɚɚɞ CO2 

əŬɗɩɠ ŭŮɜ ɡˊɎɟɢŮɘ ůŮ ŮˊŬɟəɐ ˊɞůɧŰɖŰŬ. Ⱥˊɞɛɏɜɤɠ ŮˊɘɚɏɔŮŰŬɘ ɛɑŬ Űɘɛɐ ŰɟɞűɞŭɞůɑŬɠ əɞɜŰɎ 

ůŰɞɡɠ 88ton/h ɧˊɞɡ ůɡɜŭɡɎɕŮŰŬɘ əŬɘ ɡɣɖɚɧ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ ɢɤɟɑɠ ŬˊŬɔɞɟŮɡŰɘəɧ əɧůŰɞɠ 

əŬŰɎ Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ŭɘŬɚɨŰɖ. ȷɡŰɐ ɖ Űɘɛɐ ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ, ɞɟɑɕŮŰŬɘ əŬɜɞɜɘəɎ ɛɏůɤ 

Űɞɡ design spec. ȷɡŰɐ ɖ ˊɟɞŭɘŬɔɟŬűɐ ɧɛɤɠ ŮɑɜŬɘ ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɖ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ 

ŮɡŬɘůɗɖůɑŬɠ, əŬɗɩɠ ɗŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɜ ˊɟɞɓɚɐɛŬŰŬ ůɨɔəɚɘůɖɠ. ȼ ˊɟɞŭɘŬɔɟŬűɐ ůɢŮŭɘŬůɛɞɨ 

Űɞɡ stripper, ɖ ɞˊɞɑŬ ŮɚɏɔɢŮɘ Űɖ űɧɟŰɘůɖ Űɞɡ ŭɘŬɚɨŰɖ Ůəɟɞɐɠ əŬɘ Űɖɜ ŬɜɎəŰɖůɖ CO  

ɛŮŰŬɓɎɚɚɞɜŰŬɠ Űɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ əŬɘ Űɖ ɟɞɐ Űɞɡ ŬˊɞůŰɎɔɛŬŰɞɠ, ŭŮɜ ŮɑɜŬɘ 

ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɖ. 

ɇɏɚɞɠ, ɖ ŮˊɑŭɟŬůɖ Űɖɠ ɟɞɐɠ Űɞɡ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ ůŰɘɠ Űɘɛɏɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ŮɑɜŬɘ ŮɚɎɢɘůŰɖ, 

ŬɚɚɎ ůɡɛɓɎɚɚŮɘ ůɖɛŬɜŰɘəɎ ůŰɖ ůɡɜɞɚɘəɐ ůɨɔəɚɘůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɟɞɐɠ. Ⱥˊɞɛɏɜɤɠ, 

ˊɟɏˊŮɘ ɜŬ ŮˊɘɚŮɔŮɑ ɛɘŬ Űɘɛɐ ˊɞɡ ŭɘŮɡəɞɚɨɜŮɘ Űɖ ůɨɔəɚɘůɖ.   

 

ȺˊɑŭɟŬůɖ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɤɜ ůŰɖɚɩɜ 

 

ȹɘɎɔɟŬɛɛŬ 17:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ ABS-H 

 

ȹɘɎɔɟŬɛɛŬ 18:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ STRIP-H 

Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ ˊŬɑɕɞɡɜ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ Ŭˊɧŭɞůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ɇɞ ɨɣɞɠ ŮˊɘɚɏɔŮŰŬɘ ůŰŬ 12 ɛɏŰɟŬ, əŬɗɩɠ ɘəŬɜɞˊɞɘŮɑ ŰŬ əɟɘŰɐɟɘŬ Ŭˊɧŭɞůɖɠ ɢɤɟɑɠ 

ɜŬ ŭɖɛɘɞɡɟɔŮɑ ůɖɛŬɜŰɘəɎ ˊɟŬəŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ (ˊ.ɢ. ɛɏɔŮɗɞɠ ůŮ ůɢɏůɖ ɛŮ Űɞ əŬŰɎůŰɟɤɛŬ Űɞɡ 
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STRIP-H - Results Summary
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ˊɚɞɑɞɡ). ȸɏɓŬɘŬ ɖ Ŭɨɝɖůɖ Űɞɡ ɨɣɞɡɠ Űɖɠ ůŰɐɚɖɠ ŬɡɝɎɜŮɘ əŬɘ Űɞ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ. 

ȷɡŰɧ ŮɑɜŬɘ ɚɞɔɘəɧ ɔɘŬŰɑ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɨɣɞɡɠ Űɞɡ, ŬɡɝɎɜŮŰŬɘ Űɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ əŬɘ 

ɎɟŬ ɖ ˊɞůɧŰɖŰŬ CO2 ůŰɞ ɟŮɨɛŬ Űɞɡ çˊɚɞɨůɘɞɡè ůŮ ŭɘɞɝŮɑŭɘɞ, ŭɘŬɚɨŰɖ. Ⱥˊɞɛɏɜɤɠ, ŬˊŬɘŰŮɑŰŬɘ 

ˊŮɟɘůůɧŰŮɟɖ ŮɜɏɟɔŮɘŬ ɔɘŬ Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ŭɘŬɚɨŰɖ ɛŮ ˊŮɟɘůůɧŰŮɟɞ ŭɘɞɝŮɑŭɘɞ, ŭɖɚŬŭɐ 

ɡɣɖɚɧŰŮɟɞ CO2 loading. Ⱥˊɑůɖɠ, ůɡɛűɤɜŮɑ ɛŮ Űɘɠ Űɘɛɏɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ 

ˊŬɟɧɛɞɘɞɡɠ ɧɔəɞɡɠ ŮˊŮɝŮɟɔŬůɛɏɜɤɜ əŬɡůŬŮɟɑɤɜ, ɧˊɤɠ ŮɑɢŮ ŬɜŬűŮɟɗŮɑ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɆŮ 

ŬɜŰɑɗŮůɖ ɛŮ Űɖ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, Űɞ ɨɣɞɠ Űɞɡ ŬˊɞɔɡɛɜɤŰɐ ŬəɞɚɞɡɗŮɑ ŬɜŰɑůŰɟɞűɖ ŰɎůɖ. 

ȳůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ɨɣɞɠ Űɞɡ, ɓŮɚŰɘɩɜŮŰŬɘ ɖ Ŭˊɧŭɞůɖ ŭɘŬɢɤɟɘůɛɞɨ əŬɘ ɎɟŬ ŬˊŬɘŰŮɑŰŬɘ ɛɘəɟɧŰŮɟɞ 

űɞɟŰɑɞ ůŰɞɜ ŬɜŬɓɟŬůŰɐɟŬ. Ⱥˊɞɛɏɜɤɠ, ˊɟɞəɨˊŰŮɘ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɞɘ ůŰɐɚŮɠ 

ɛŮ ɛŮɔɎɚɞ ɨɣɞɠ, ŮɑɜŬɘ ˊɘɞ ŬˊɞŭɞŰɘəɏɠ. ȷɡŰɧ ɧɛɤɠ ɞŭɖɔŮɑ ůŮ ɛŮɔɎɚɖ Ŭɨɝɖůɖ Űɞɡ ˊŬɔɑɞɡ 

əɧůŰɞɡɠ, Ůɜɩ ɡˊɎɟɢɞɡɜ əŬɘ ŰŬ ˊɟŬəŰɘəɎ ɕɖŰɐɛŬŰŬ, əŬɗɩɠ ɖ ŮɔəŬŰɎůŰŬůɖ ɗŬ ɓɟɑůəŮŰŬɘ ŮˊɎɜɤ 

ůŮ ˊɚɞɑɞ.  

 

ȹɘɎɔɟŬɛɛŬ 19:ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ  REBDUTY 

 

ȹɘɎɔɟŬɛɛŬ 20: ȺˊɑŭɟŬůɖ Űɖɠ ŬˊɧɚɡŰɖɠ Űɘɛɐɠ Űɞɡ reboiler duty ůŰɞɜ ŭŮɑəŰɖ ˊɞɡ ŮəűɟɎɕŮɘ Űɞ reboiler duty ůŮ MJ/kg 

CO2 captured 

ȼ Ŭɨɝɖůɖ Űɞɡ ɗŮɟɛɘəɞɨ űɞɟŰɑɞɡ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ɓŮɚŰɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ŬɜɎəŰɖůɖ CO . 

ȰɢŮɘ Ůˊɑůɖɠ ɛɘəɟɐ ŮˊɑŭɟŬůɖ ůŰɖɜ əŬɗŬɟɧŰɖŰŬ əŬɘ ůŰɘɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ ůŰɐɚɖɠ. ɋůŰɧůɞ, Űɞ 

ɛŮɘɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɖ ŮəɗŮŰɘəɐ Ŭɨɝɖůɖ Űɞɡ SRD, ɔŮɔɞɜɧɠ ˊɞɡ ŬɡɝɎɜŮɘ ůɖɛŬɜŰɘəɎ Űɞ OPEX. 
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ȺˊɑŭɟŬůɖ Űɞɡ ɟŮɨɛŬŰɞɠ əŬɡůŬŮɟɑɤɜ (ˊŬɟɞɢɐ  əŬɘ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ CO2) 

 

 

ȹɘɎɔɟŬɛɛŬ 21: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 (design spec off) 

 

ȹɘɎɔɟŬɛɛŬ 22:ȷɜɎəŰɖůɖ CO2 ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 (design spec off) 

 

ȹɘɎɔɟŬɛɛŬ 23: ȺˊɑŭɟŬůɖ Űɖɠ ́ŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 ůŰɞɜ ŭŮɑəŰɖ ˊɞɡ ŮəűɟɎɕŮɘ Űɞ reboiler duty ůŮ 

MJ/kg CO2 captured (design spec off) 

ȼ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ CO  ůŰɞ ɟŮɨɛŬ Űɤɜ əŬɡůŬŮɟɑɤɜ, ɢɤɟɑɠ ɛŮŰŬɓɞɚɐ Űɖɠ 

ˊŬɟɞɢɐɠ Űɞɡ ŭɘŬɚɨŰɖ ɞŭɖɔŮɑ ůŮ Ŭɨɝɖůɖ Űɖɠ ŭŮůɛŮɡɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ CO , Ůɜɩ ˊŬɟɎɚɚɖɚŬ 

ɛŮɘɩɜŮŰŬɘ ɞ ɟɡɗɛɧɠ ŭɏůɛŮɡůɖɠ. Ƀ ɟɡɗɛɧɠ ŬˊɩɚŮɘŬɠ CO  ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ Űɖɜ ˊɞůɧŰɖŰŬ 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭŮůɛŮɨůŮɘ ɞ ŭɘŬɚɨŰɖɠ. ɆŰɖɜ Ŭɟɢɘəɐ ˊŮɟɑˊŰɤůɖ, ɞ ŭɘŬɚɨŰɖɠ ŮɑɜŬɘ ɐŭɖ əɞɟŮůɛɏɜɞɠ 

ůŮ CO  (0,4 CO  loading, ůŰɞ çˊɚɞɨůɘɞè ɟŮɨɛŬ ɛŮŰɎ Űɖ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ), ɩůŰŮ ɜŬ 

ɓŮɚŰɘůŰɞˊɞɘɖɗŮɑ Űɞ ůɢŮŭɘŬůɛɏɜɞ ůɨůŰɖɛŬ. ɀŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ CO  ůŰɖ ůŰɐɚɖ 

Ŭˊɞɟɟɧűɖůɖɠ, ɖ ɀȺȷ ůŰɞ ŭɘŬɚɨŰɖ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘŭɟɎůŮɘ əŬɘ ɜŬ ŭŮůɛŮɨůŮɘ ŰŬ ɛɧɟɘŬ CO , 

ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ CO  ɜŬ ŬˊɞɓɎɚɚŮŰŬɘ Ŭˊɧ Űɖɜ əɞɟɡűɐ Űɖɠ ůŰɐɚɖɠ (Űɞ 

ɛɏɔɘůŰɞ ŭɡɜŬŰɧ CO  loading ŮɑɜŬɘ 0,5) . ȰŰůɘ, ɖ Ŭˊɧŭɞůɖ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ ɛŮɘɩɜŮŰŬɘ 

ɛŮŰɎ Ŭˊɧ ɛɘŬ ɞɟɘůɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ CO  ůŰɞ ɟŮɨɛŬ əŬɡůŬŮɟɑɤɜ.  ȷˊɧ Űɖɜ Ɏɚɚɖ, ɖ Ŭˊɧŭɞůɖ 

Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ ́ ŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ. ɆŰɖɜ ˊɘɞ ŬəɟŬɑŬ ˊŮɟɑˊŰɤůɖ, ɧˊɞɡ ɖ 

ůɡɔəɏɜŰɟɤůɖ CO  ŮɑɜŬɘ 9% mol, 5074 kg/h CO  ŬˊɞɟɟɞűɞɨɜŰŬɘ ůŰɞ ˊɚɞɨůɘɞ ɟŮɨɛŬ Űɖɠ 

ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ 5060 kg/h ŬɜŬəŰɩɜŰŬɘ ůŰɖ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ. ȷɡŰɧ ŮɑɜŬɘ 

ŬɜŬɛŮɜɧɛŮɜɞ, əŬɗɩɠ ɖ ˊŬɟɞɢɐ ˊɟɞɠ Űɖ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ ˊŬɟŬɛɏɜŮɘ ůɢŮŭɧɜ ůŰŬɗŮɟɐ, ˊŬɟɎ 

Űɖɜ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ CO  ůŰɖɜ Ůɑůɞŭɞ.  Ⱥˊɞɛɏɜɤɠ, ɖ Ŭˊɧŭɞůɖ Űɖɠ ůŰɐɚɖɠ 

Ŭˊɞɔɨɛɜɤůɖɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮˊɖɟŮŬůŰŮɑ ŮɎɜ ŬɡɝɖɗŮɑ ɖ ˊŬɟɞɢɐ Űɞɡ ŭɘŬɚɨŰɖ. ȷɡŰɧ ɗŬ 
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ŬˊŬɘŰɐůŮɘ ŮˊŬɜŮɝɏŰŬůɖ Űɤɜ ŮˊɘɚŮɔɛɏɜɤɜ Űɘɛɩɜ ɔɘŬ Űɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɖɠ ůŰɐɚɖɠ 

Ŭˊɞɔɨɛɜɤůɖɠ əŬɘ Űɞɜ ɟɡɗɛɧ ŬˊɧůŰŬɝɖɠ, ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŮˊɘɗɡɛɖŰɐ ŬɜɎəŰɖůɖ CO .  

ɄɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ Űɞ Aspen Plus ŭŮɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮəŰɏɚŮůɖ ŬɜɎɚɡůɖɠ ŮɡŬɘůɗɖůɑŬɠ 

ɛŮŰŬɓɎɚɚɞɜŰŬɠ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ůŮ ɏɜŬ ɟŮɨɛŬ. Ƀ ɛɧɜɞɠ Űɟɧˊɞɠ Ŭɝɘɞɚɧɔɖůɖɠ ŮɑɜŬɘ ɖ 

ɛŮŰŬɓɞɚɐ Űɖɠ ɛɞɚŬɟɘəɐɠ ˊŬɟɞɢɐɠ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ůɡůŰŬŰɘəɞɨ ůŰɞ ɟŮɨɛŬ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɖ 

ůɡɜɞɚɘəɐ ɟɞɐ Űɞɡ ɟŮɨɛŬŰɞɠ ŬɡɝɎɜŮŰŬɘ. ɆŰɖɜ ́ ɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɖ Ŭɨɝɖůɖ Űɞɡ CO  əŬŰɎ 

9% mol ɗŬ ŬɜŰɘůŰɞɘɢɞɨůŮ ůŮ ůɡɔəɏɜŰɟɤůɖ 9,6% mol Ŭɜ ŬɡɝŬɜɧŰŬɜ ɛɧɜɞ ɖ ɛɞɚŬɟɘəɐ ɟɞɐ Űɞɡ 

CO  ůŰɞ ɟŮɨɛŬ əŬɡůŬŮɟɑɤɜ əŬɘ ɧɢɘ ɖ ůɡɜɞɚɘəɐ ɛɞɚŬɟɘəɐ ɟɞɐ. 

ȳˊɤɠ ŬɜŬɛŮɜɧŰŬɜ Ŭˊɧ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜɎɚɡůɖ, ɖ ŬɜɎəŰɖůɖ CO  ɛŮɘɩɜŮŰŬɘ əŬɗɩɠ 

ŬɡɝɎɜŮŰŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ Űɞɡ CO . ɄŬɟ' ɧɚŬ ŬɡŰɎ, ɔɘŬ ɛɞɟɘŬəɧ əɚɎůɛŬ ɏɤɠ 4,5%, ɞ 

ɟɡɗɛɧɠ ŬɜɎəŰɖůɖɠ ŭɘŬŰɖɟŮɑŰŬɘ ůŰɞ 75%, Űɘɛɐ ˊɞɡ ɗŮɤɟŮɑŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ. Ⱥˊɘˊɚɏɞɜ, Űɞ 

ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ ŬɜɎ əɘɚɧ ŭŮůɛŮɡɛɏɜɞɡ CO  ɛŮɘɩɜŮŰŬɘ ůŰŬ 4,6 MJ/kg, ɛɑŬ Űɘɛɐ ɖ ɞˊɞɑŬ 

ɓɟɑůəŮŰŬɘ ɛɏůŬ ůŰɞ ŬˊɞŭŮəŰɧ Ůɨɟɞɠ Űɘɛɩɜ ɔɘŬ Űɞ reboiler duty. ɄɏɟŬ Ŭˊɧ ŬɡŰɧ Űɞ ůɖɛŮɑɞ, ŭŮɜ 

ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɧ ɧűŮɚɞɠ Ŭˊɧ Űɖ ɢɟɐůɖ əŬɡůŬŮɟɑɤɜ ɛŮ ɡɣɖɚɧŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ CO , əŬɗɩɠ 

ɖ Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ űŰɎɜŮɘ ůŮ ɏɜŬ ˊɚŬŰɧ əŬɘ ɞɘ ɟɡɗɛɞɑ ŬɜɎəŰɖůɖɠ ŮɑɜŬɘ ɢŬɛɖɚɞɑ. 

ȳŰŬɜ ŮɜŮɟɔɞˊɞɘɖɗɞɨɜ ŰŬ design specs, ɖ ˊŬɟɞɢɐ Űɞɡ ŭɘŬɚɨŰɖ ɛŮŰŬɓɎɚɚŮŰŬɘ Ŭˊɧ ŬɡŰɧ. ɀŮ Űɖɜ 

Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ CO , ɖ ŬɜɎəŰɖůɖ ŬɡɝɎɜŮŰŬɘ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ůɨůŰɖɛŬ ɚŮɘŰɞɡɟɔŮɑ 

ůɤůŰɎ, əŬɗɩɠ ɡɣɖɚɧŰŮɟŬ ɛɞɟɘŬəɎ əɚɎůɛŬŰŬ CO  Ůɡɜɞɞɨɜ Űɧůɞ Űɖɜ Ŭˊɞɟɟɧűɖůɖ ɧůɞ əŬɘ Űɖɜ 

Ŭˊɞɔɨɛɜɤůɖ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɏɜŬ ɛɏɔɘůŰɞ ůŰɘɠ ŬˊɩɚŮɘŮɠ ɀȺȷ. ɇɞ ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ ŬɡɝɎɜŮŰŬɘ 

ɔɟŬɛɛɘəɎ, ŬɚɚɎ Űɞ SRD ŬɡɝɎɜŮŰŬɘ ŮɚŬűɟɩɠ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ űŰɎɜŮɘ ůŮ ɏɜŬ ˊɚŬŰɧ. 

 

ȹɘɎɔɟŬɛɛŬ 24: ȺˊɑŭɟŬůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 ůŰɖɜ ˊŬɟɞɢɐ ŭɘŬɚɨŰɖ (design spec on) 

 

ȹɘɎɔɟŬɛɛŬ 25: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ˊŮɟɘəŮŰɘəɧŰɖŰŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 (design spec on) 
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ȹɘɎɔɟŬɛɛŬ 26: ȺˊɑŭɟŬůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 ůŰɞ reboiler duty əŬɘ Űɖɜ ŬɜɎəŰɖůɖ (design 

spec on) 

 

ȹɘɎɔɟŬɛɛŬ 27: ȺˊɑŭɟŬůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 ůŰɞɜ ŭŮɑəŰɖ ˊɞɡ ŮəűɟɎɕŮɘ Űɞ reboiler duty ůŮ 

MJ/kg CO2 captured (design spec on) 

 

4.3.2.7 ȷɜŬəɨəɚɤůɖ əŬɘ ɟŮɨɛŬŰŬ ŬɜŬˊɚɐɟɤůɖɠ ŰɟɞűɞŭɞůɑŬɠ 

ɈˊɎɟɢɞɡɜ ŭɨɞ ɟŮɨɛŬŰŬ ŬɜŬəɨəɚɤůɖɠ əŬɘ ɏɜŬ block HX ́ ɞɡ ŮˊɘɚɨŮŰŬɘ ɛŮ ŮˊŬɜŬɚɖˊŰɘəɐ 

ŭɘŬŭɘəŬůɑŬ. Ⱥˊɞɛɏɜɤɠ ɡˊɎɟɢɞɡɜ ŰɟŮɑɠ əɚŮɘůŰɞɑ ɓɟɧɔɢɞɘ ůŰɞ ůɨůŰɖɛŬ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ əŬɘ Űɖɜ 

ůɨɔəɚɘůɖ Űɞɡ HX block, ŬɟɢɘəɎ ɞɟɑɕɞɜŰŬɘ ŭɨɞ ɝŮɢɤɟɘůŰɎ Heater block (shortcut) ˊɞɡ 

ŮˊɘŰŮɚɞɨɜ Űɖɜ ɗɏɟɛŬɜůɖ əŬɘ Űɖɜ ɣɨɝɖ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɟŮɡɛɎŰɤɜ. Ƀɘ ɗŮɟɛɞəɟŬůɑŮɠ ɗɏŰɞɜŰŬɘ 

ɛŮ ŰɏŰɞɘɞɜ Űɟɧˊɞ ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘɖɗŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ ɖ ŮɚɎɢɘůŰɖ ŬɜŬɔəŬɑŬ ɗŮɟɛɞəɟŬůɘŬəɐ 

ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ɟŮɡɛɎŰɤɜ ɔɘŬ ŮɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ. ȰˊŮɘŰŬ, Ůűɧůɞɜ ɏɢŮɘ ůɡɔəɚɑɜŮɘ ɖ 

ˊɟɞůɞɛɞɑɤůɖ əŬɘ ɡˊɎɟɢɞɡɜ Ŭɟɢɘəɏɠ ŮəŰɘɛɐůŮɘɠ ɔɘŬ ŰŬ ɟŮɨɛŬŰŬ ŬɡŰɎ, ɛˊɞɟŮɑ ɜŬ ˊɟɞůɞɛɞɘɤɗŮɑ 

ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ ɏɜŬ HX Block. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ůɨɔəɚɘůɖɠ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ Űɖɜ 

ŬɜŬəɨəɚɤůɖ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ŰŬ ɟŮɨɛŬŰŬ ŬɜŬˊɚɐɟɤůɖɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ. ȾŬŰɎ Űɖɜ 

ŭɘŮɟɔŬůɑŬ, ɡˊɎɟɢɞɡɜ ŬˊɩɚŮɘŮɠ Űɞɡ ŭɘŬɚɨŰɖ MEA ŬɚɚɎ əŬɘ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ. Ƀɘ ŬˊɩɚŮɘɏɠ 

ŬɡŰɏɠ ˊɟɏˊŮɘ ɜŬ ŬɜŬˊɚɖɟɤɗɞɨɜ ɔɘŬ Űɖɜ ůɤůŰɐ əŬɘ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɚɚɎ əŬɘ 

ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ ɛɧɜɘɛɖɠ əŬŰɎůŰŬůɖɠ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ Ůˊɘɚɞɔɐɠ Balance Űɞɡ 

Aspen Plus. Ⱥˊɑ Űɖɠ ɞɡůɑŬɠ ɗŬ ɞɟɘůŰɞɨɜ ŰŬ ɟŮɨɛŬŰŬ Ůɝɧŭɞɡ əŬɘ Ůɘůɧŭɞɡ ɔɘŬ Űɘɠ ŭɨɞ ŮɜɩůŮɘɠ, 

ɗŮɤɟɩɜŰŬɠ ˊɤɠ ɏɢŮɘ əɚŮɑůŮɘ ɖ ŬɜŬəɨəɚɤůɖ, əŬɗɩɠ ŭŮɜ ɡˊɎɟɢŮɘ ɜɧɖɛŬ ɜŬ ɔɑɜŮɘ ŬɡŰɐ ɖ 

ŭɘŬŭɘəŬůɑŬ ůŰɞ ŬɜɞɘɢŰɧ ůɨůŰɖɛŬ. ɀŮŰɎ Ŭˊɧ ŬɡŰɧ Űɞ ˊɟɧɔɟŬɛɛŬ ɡˊɞɚɞɔɑɕŮɘ ŰŬ ɘůɞɕɨɔɘŬ ɛɎɕŬɠ 

ŬɡŰɧɛŬŰŬ ɛŮ əɎɗŮ ɏɜŬɟɝɖ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ɛŮŰŬɓɎɚŮɘ Űɖɜ ˊɞůɧŰɖŰŬ Űɤɜ ɟŮɡɛɎŰɤɜ 

ŬɜŬˊɚɐɟɤůɖɠ, MEAMU əŬɘ WATERMU. ȰˊŮɘŰŬ, ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ 

ŬɜŬəɨəɚɤůɖɠ Űɞɡ ɟŮɨɛŬŰɞɠ LIQRETUR, ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞɡɠ ɡɔɟɞˊɞɘɖɛɏɜɞɡɠ 

ŬŰɛɞɨɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŮɝŬŰɛɑůŰɖəŬɜ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ, əŬɘ əɎˊɞɘŬ ɑɢɜɖ ŭɘŬɚɨŰɖ ɀȺȷ. 

ɇɞ ɟŮɨɛŬ ŬɡŰɧ ŮˊɘɚɏɢɗɖəŮ ɜŬ ŮˊɘůŰɟɏɣŮɘ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, ɩůŰŮ ɜŬ ɛŮɘɤɗŮɑ ɖ 

ŬˊŬɑŰɖůɖ ɔɘŬ ˊŬɟɞɢɐ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ ůŰɞ ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ. ȺɝɎɚɚɞɡ, ŮˊŮɘŭɐ ɞ ůɡɛˊɡəɜɤŰɐɠ 

Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ ŮɑɜŬɘ ɛŮɟɘəɧɠ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ˊŬɟɧɛɞɘŬ ŮˊɑŭɟŬůɖ ɛŮ Űɞ water-wash 
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section ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŬɜŬəɨəɚɤůɖɠ Űɞɡ ɟŮɨɛŬŰɞɠ ŬɡŰɞɨ, 

ɞɟɑɕŮŰŬɘ Űɞ ɑŭɘɞ ɤɠ tear stream ůŰɞ Convergence Űɞɡ Aspen, ɩůŰŮ Űɞ ˊɟɧɔɟŬɛɛŬ ɜŬ ɝŮəɘɜɐůŮɘ 

Ŭˊɧ ŬɡŰɧ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɞɡ. ȰˊŮɘŰŬ ŮɜɩɜŮŰŬɘ ɛŮ Űɞ ɟŮɨɛŬ WATERMU ůŮ ɏɜŬ Mixer, əŬɘ 

ɤɠ ɏɝɞŭɞ Űɞɡ Mixer ɞɟɑɕŮŰŬɘ Űɞ ɟŮɨɛŬ WATERIN ́ɞɡ ŮɑɢŬɛŮ ɞɟɑůŮɘ Ůɝ Ŭɟɢɐɠ. ȺɎɜ ɖ ŭɘŬŭɘəŬůɑŬ 

ɏɢŮɘ ɔɑɜŮɘ ůɤůŰɎ, ŰɧŰŮ ɖ ˊɟɞůɞɛɞɑɤůɖ ɗŬ ůɡɔəɚɑɜŮɘ ŬɟəŮŰɎ ɔɟɐɔɞɟŬ əŬɗɩɠ ɖ ˊɞůɧŰɖŰŬ ŬɡŰɞɨ 

Űɞɡ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ ɛɘəɟɐ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŬ ɟŮɨɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ.  

ȼ ŬɜŬəɨəɚɤůɖ ŰɩɟŬ Űɞɡ ɟŮɨɛŬŰɞɠ Űɞɡ ŭɘŬɚɨŰɖ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɤɠ Ůɝɐɠ, ɛŮ ɓɎůɖ Űɖ 

ɛŮɗɞŭɞɚɞɔɑŬ  Űɤɜ Penteado et al. [62]. 

1. AɟɢɘəɎ ɞɟɑɕŮŰŬɘ ɤɠ ˊɟɞŭɘŬɔɟŬűɐ ɚŮɘŰɞɡɟɔɑŬɠ (design specification) ůŰɖ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ, ɖ Űɘɛɐ Űɞɡ property set MLLOAD Űɞɡ ɟŮɨɛŬŰɞɠ LEANSOLV, ɖ ɞˊɞɑŬ 

ɘůɞɨŰŬɘ ɛŮ Űɖɜ Űɘɛɐ Űɞɡ ɟŮɨɛŬŰɞɠ ŰɟɞűɞŭɞůɑŬɠ Űɞɡ ŭɘŬɚɨŰɖ, SOLVFEED, ɧˊɤɠ 

ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ.   

2. ȷűɞɨ ůɡɔəɚɑɜŮɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ɢɤɟɑɠ ŬɜŬəɨəɚɤůɖ, ˊɟɞůŰɑɗŮŰŬɘ Űɞ ɟŮɨɛŬ MEAMU ůŰɞ 

ɟŮɨɛŬ S3 (Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ Űɖɜ çůɡɜɏɢŮɘŬè Űɞɡ LEANSOLV, ɛŮŰɎ Űɖɜ ɣɨɝɖ Űɞɡ) ɛɏůɤ 

Ůɜɧɠ Mixer. ȹɖɛɘɞɡɟɔŮɑŰŬɘ ɏŰůɘ Űɞ ɟŮɨɛŬ LEAN-R. 

3. ȼ ˊɟɞůɞɛɞɑɤůɖ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ Ɏɚɚɖ ɛɘŬ űɞɟɎ əŬɘ ůɡɔəɟɑɜɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ůɡɜɞɚɘəɐɠ 

ɛɞɚŬɟɘəɐɠ ˊŬɟɞɢɐɠ, Űɖɠ ɛɞɚŬɟɘəɐɠ ˊŬɟɞɢɐɠ Űɖɠ MEA əŬɘ Űɖɠ Űɘɛɐɠ Űɞɡ property set 

MLLOAD ɛŮŰŬɝɨ Űɤɜ ɟŮɡɛɎŰɤɜ SOLVFEED əŬɘ LEAN-R.  

4. ȺɎɜ ɞɘ Űɘɛɏɠ Űɤɜ ɛɞɚŬɟɘəɩɜ ˊŬɟɞɢɩɜ ŭɘŬűɏɟɞɡɜ ɏɤɠ Űɞ ˊɟɩŰɞ ŭŮəŬŭɘəɧ ɣɖűɑɞ ɐ Űɞɡ 

MLLOAD ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬˊɎɜɤ ɟŮɡɛɎŰɤɜ ŭɘŬűɏɟɞɡɜ ɏɤɠ Űɞ ɏəŰɞ ŭŮəŬŭɘəɧ ɣɖűɑɞ, ŰɧŰŮ 

ŬűŬɘɟŮɑŰŬɘ ɖ Űɘɛɐ Űɞɡ MLLOAD Űɞɡ LEAN-R Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Űɘɛɐ Űɞɡ SOLVFEED .   

5. ȼ ˊŬɟŬˊɎɜɤ ŭɘŬűɞɟɎ ˊɟɞůŰɑɗŮŰŬɘ ůŰɖɜ Űɘɛɐ MLLOAD ˊɞɡ ɏɢŮɘ ɞɟɘůŰŮɑ ˊɟɞɖɔɞɡɛɏɜɤɠ 

ůŰɞ design spec ůŰɞ stripper.   

6. ȼ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛɏɢɟɘ ɞɘ Űɘɛɏɠ Űɞɡ MLLOAD Űɤɜ ɟŮɡɛɎŰɤɜ 

LEAN-R əŬɘ SOLVFEED ɜŬ ŮɑɜŬɘ ɑŭɘŮɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɞɘ Űɘɛɏɠ Űɖɠ ůɡɜɞɚɘəɐɠ ɛɞɚŬɟɘəɐɠ 

ˊŬɟɞɢɐɠ əŬɘ Űɖɠ ɛɞɚŬɟɘəɐɠ ˊŬɟɞɢɐɠ Űɖɠ MEA ɜŬ ŮɑɜŬɘ ɑŭɘŮɠ ɛɏɢɟɘ əŬɘ Űɞ ˊɟɩŰɞ ŭŮəŬŭɘəɧ 

ɣɖűɑɞ. ȺɎɜ ɡˊɎɟɢɞɡɜ ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ ˊŬɟɎ ŰŬɨŰŬ, ɛˊɞɟŮɑ ɜŬ ɔɑɜɞɡɜ ɛɘəɟɏɠ ɛŮŰŬɓɞɚɏɠ 

ůŰɘɠ ˊŬɟɞɢɏɠ Ɏɚɚɤɜ ɟŮɡɛɎŰɤɜ ɧˊɤɠ Űɞ WATERIN, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ 

Űɘɛɩɜ.  

7. ȳŰŬɜ ŮˊɘŰŮɡɢɗɞɨɜ ɞɘ ˊŬɟŬˊɎɜɤ ůɡɜɗɐəŮɠ, ˊɟɞůŰɑɗŮŰŬɘ Űɞ Mixer block ȸ3 əŬɘ ɞɟɑɕŮŰŬɘ Űɞ 

ɟŮɨɛŬ LEAN-R ɤɠ tear stream, əɚŮɑɜɞɜŰŬɠ Űɞ ɓɟɧɢɞ ŬɜŬəɨəɚɤůɖɠ. ɆŰɞ Block ȸ3, əŬɘ 

ɔŮɜɘəɧŰŮɟŬ ůŰŬ Block ɧˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ŬɜŬəɨəɚɤůɖ, ŬɡɝɎɜŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ 

ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ ɜŬ ɛɖɜ ˊɟɞəɨɣŮɘ əɎˊɞɘɞ ůűɎɚɛŬ. ȷəɧɛŬ, ůɡɜɑůŰŬŰŬɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɏɜŬ reconcile ůŰɞ ɟŮɨɛŬ LEAN-R, ŭɖɚŬŭɐ ɜŬ ɞɟɘůŰɞɨɜ ɞɘ Űɘɛɏɠ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɞ ɟŮɨɛŬ, ůŬɜ Űɘɠ ɜɏŮɠ Ŭɟɢɘəɏɠ 

Űɘɛɏɠ. ȷɡŰɧ ůɡɛɓɎɚŮɘ ůŰɖɜ ůɨɔəɚɘůɖ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ əŬɗɩɠ Ŭˊɧ Űɞ LEAN-R, ɗŬ 

Ŭɟɢɑůɞɡɜ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ, Űɞ ɞˊɞɑɞ Ŭˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ 

ɓɐɛŬŰŬ ŮɝŬůűŬɚɑůŰɖəŮ ˊɤɠ ɗŬ ŮɑɜŬɘ ˊŬɜɞɛɞɘɧŰɡˊɞ ɛŮ Űɞ ɟŮɨɛŬ SOLVFEED. 

ɇŬ ɟŮɨɛŬŰŬ ŬɜŬəɨəɚɤůɖɠ əŬɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɘɠ ůɡɔəɚɑɜɞɡɜ Ŭəɟɘɓɩɠ ɛŮ Űɞɜ 

ɑŭɘɞ Űɟɧˊɞ əŬɘ Ůˊɞɛɏɜɤɠ ɖ ŭɘŬŭɘəŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɧɜɞ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ.  
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4.3.2.8 ȷˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ əŬɘ ůɨɔəɟɘůɖ ɛŮ Űɖɜ 

ɓɘɓɚɘɞɔɟŬűɑŬ 

ȷɟɢɘəɎ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɘůɞɕɡɔɑɞɡ ɛɎɕŬɠ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ůŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

ɄɑɜŬəŬɠ 12: Ƚůɞɕɨɔɘɞ ɛɎɕŬɠ ˊɟɞůɞɛɞɑɤůɖɠ CCS ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

 FLUEGAS SOLVFEED WATERIN GASOUT RICH1 RICHIN LEANSOLV VAPPROD CO2PROD 

Temperature 

(C) 
54 45 20,68 56,52 54,28 107,823 123,069 104,216 18,16 

Pressure 

(bar) 
2,05 2,0265 2 1,95 2 2,5 2,0 1,9 2 

Mass flow 

(kg/h) 
89000 88358,8 3947,09 86659,1 94646,2 9,46Ĭ10 8,83Ĭ10 6,29Ĭ10į 3783,83 

Mass fractions (apparent) 

H O 0.0374 0.6780 0.9977 0.0548 0.6595 0,660 0,678 0,400 4,42 Ĭ 10 į 

MEA 0 0.2800 2.89Ĭ10 7.61Ĭ10 0.2614 0,261 0,280 1,81Ĭ10 
2,39 Ĭ 

10 ĭ 

CO 0.0457 0.0420 0.00229 0.00349 0.0791 0,0791 0,0420 0,600 0,995 

O 0.1520 0 5.19Ĭ10 0.1561 2.64Ĭ10 2,64Ĭ10 0 3,97Ĭ10 6,61 Ĭ 10 

N 0.7649 0 7.20Ĭ10 0.7856 7.28Ĭ10 7,28Ĭ10 0 1,10Ĭ10 1,82 Ĭ 10 

CO2 

loading 
 0.20813   0.42 0.419889 0.20186   

 

Ƀɘ Űɘɛɏɠ Űɞɡ CO2 loading (apparent mol CO2/apparent mol MEA) ɔɘŬ Űɞ çűŰɤɢɧè ůŮ CO2 

ŭɘŬɚɨŰɖ (lean) ŮɑɜŬɘ 0,208 əŬɘ ɔɘŬ Űɞ çˊɚɞɨůɘɞè ůŮ CO2 ŭɘŬɚɨŰɖ (rich) ŮɑɜŬɘ 0,42. Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ 

ůɡɛűɤɜɞɨɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɛŮ ŮəŮɑɜŮɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ [16], [45], [59]. Ƀɘ 

ɓɏɚŰɘůŰŮɠ Űɘɛɏɠ loading Űɞɡ çűŰɤɢɞɨè ŭɘŬɚɨŰɖ ůɡɜɐɗɤɠ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 0,25 əŬɘ 0,32 

ůɨɛűɤɜŬ ɛŮ ŭɘɎűɞɟŮɠ ɛŮɚɏŰŮɠ [16], ŬɚɚɎ ŮɝŬɟŰɩɜŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɞ ŮˊɘɗɡɛɖŰɧ 

ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ. ȼ ɛŮɑɤůɖ Űɖɠ űɧɟŰɘůɖɠ Űɞɡ çűŰɤɢɞɨè ŭɘŬɚɨŰɖ 

ɞŭɖɔŮɑ ůŮ ɡɣɖɚɧŰŮɟɖ ŬˊɞɛɎəɟɡɜůɖ CO2, ŭɘɧŰɘ ŬɡɝɎɜŮŰŬɘ ɖ ɘəŬɜɧŰɖŰɎ Űɞɡ ɜŬ ŬˊɞɟɟɞűɐůŮɘ Űɞ 

CO2. ȷɡŰɧ ɓɏɓŬɘŬ ɞŭɖɔŮɑ ůŮ ŬɡɝɖɛɏɜŬ əɧůŰɖ ŬɜɎəŰɖůɖɠ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ, Ůˊɞɛɏɜɤɠ 

ˊɟɏˊŮɘ ɜŬ ɓɟŮɗŮɑ ɛɑŬ ɘůɞɟɟɞˊɑŬ [45]. ȼ űɨůɖ Űɤɜ ɛɞɟɑɤɜ Űɖɠ ɀȺȷ ˊŮɟɘɞɟɑɕŮɘ Űɞ CO2 loading 

ůŰɖɜ ɞɟɘŬəɐ Űɘɛɐ 0,5, əŬɘ ɞɘ Űɘɛɏɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 0,4 

əŬɘ 0,5. 

ȼ ůɡɜɞɚɘəɐ ŬɜɎəŰɖůɖ Űɞɡ CO2 Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ ɘůɞɨŰŬɘ ɛŮ 92,56%. ȷɡŰɧ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 

ɛŬɕɘəɐ ˊŬɟɞɢɐ ɑůɖ ɛŮ 3783,83 kg/h ůŰɞ ɟŮɨɛŬ CO2PROD, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɟŮɨɛŬ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ 

ɎɜɗɟŬəŬ ɛŮ əŬɗŬɟɧŰɖŰŬ Ɏɜɤ Űɞɡ 99% əŬŰɎ ɛɎɕŬ. ȰɜŬ ́ ɞůɞůŰɧ ŭɏůɛŮɡůɖɠ ɎɜɗɟŬəŬ 90% ɐ 

ɡɣɖɚɧŰŮɟɞ ůŮ ɏɜŬ ůɨůŰɖɛŬ ɢɖɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ ɛŮ 30% əŬŰɎ ɓɎɟɞɠ MEA (aq) ŮɑɜŬɘ 

ůɡɜɖɗɘůɛɏɜɞ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ [63], [64], [65], [66], [67], [68], [69], [70], [71]. Ȱɢɞɡɜ 

ŬɜŬűŮɟɗŮɑ Ŭəɧɛɖ ɡɣɖɚɧŰŮɟŬ ˊɞůɞůŰɎ ŭɏůɛŮɡůɖɠ, ˊɟɞůŮɔɔɑɕɞɜŰŬɠ Űɞ 99%, Űɧůɞ ůŮ ˊɘɚɞŰɘəɏɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ ɧůɞ əŬɘ ůŮ ˊɟɞůɞɛɞɘɩůŮɘɠ [16]. ȼ ́ɟɞůɞɛɞɑɤůɖ ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 

Aspen ůŰɞ ˊŬɟɎŭŮɘɔɛɎ Űɖɠ [4] ɓŬůɑɕŮŰŬɘ ůŮ ɛɘŬ ˊɘɚɞŰɘəɐ ŮɔəŬŰɎůŰŬůɖ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ 

Kaiserslautern, Ůˊɞɛɏɜɤɠ ŭŮɜ ɏɢŮɘ ɓŮɚŰɘůŰɞˊɞɘɖɗŮɑ ɔɘŬ Űɞ ɛɏɔɘůŰɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ əŬɘ Űɞ 

ŮɚɎɢɘůŰɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ. ɇɞ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ŮɑɜŬɘ ɑůɞ ɛŮ 5922kW 

əŬɘ Űɞ SRD ŮɑɜŬɘ ɑůɞ ɛŮ 5,47MJ/kg CO2 captured. ȼ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ ɚɞɘˊɧɜ, ɓɟɑůəŮŰŬɘ ŮəŰɧɠ 

Ŭˊɧ Űɞ ŬɜɩŰŮɟɞ ɧɟɘɞ Ű  ɤɜ Űɘɛɩɜ (ůɡɜɐɗɤɠ ɛŮŰŬɝɨ 3,2 əŬɘ 4,5 MJ/kg CO2 captured [16]), ŬɚɚɎ 

ŮɑɜŬɘ ůŮ ŮɝŬɘɟŮŰɘəɐ ůɡɛűɤɜɑŬ ɛŮ Űɘɠ Űɘɛɏɠ ˊɞɡ ˊŬɟɏɢŮɘ ɖ Aspen ůŰɖ ˊɟɞůɞɛɞɑɤůɐ Űɖɠ [54]. 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ ɢŬɛɖɚɐ ůɡɔəɏɜŰɟɤůɖ CO  ůŰŬ əŬɡůŬɏɟɘŬ (<3%mol), ŬɡŰɐ ɖ Űɘɛɐ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ɗŮɤɟɖɗŮɑ ɘəŬɜɞˊɞɘɖŰɘəɐ ɔɘŬ ŬɡŰɧɜ Űɞɜ ŭŮɑəŰɖ Ŭˊɧŭɞůɖɠ (KPI). ȷəɧɛŬ, əŬŰɎ Űɖɜ 
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ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ, ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2, 

ˊŬɟŬŰɖɟɐɗɖəŮ ɛŮɑɤůɖ Űɞɡ SRD ůŰŬ ŮˊɑˊŮŭŬ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ. ūɡůɘəɎ, ɡˊɎɟɢɞɡɜ ˊŮɟɘɗɩɟɘŬ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɤɜ ŬˊŬɘŰɐůŮɤɜ ŮɜɏɟɔŮɘŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɚɚɎ ŬɡŰɧ ŭŮɜ ŬˊɞŰŮɚŮɑ Űɞ əɨɟɘɞ 

ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ Űɖɠ ŮɟɔŬůɑŬɠ.  ȷəɧɛŬ, ɖ ŬˊŬɑŰɖůɖ ůŮ ɟŮɨɛŬ ŬɜŬˊɚɐɟɤůɖɠ ɀȺȷ ŮɑɜŬɘ ɑůɖ 

ɛŮ 6,59kg/h əŬɘ ůŮ ɜŮɟɧ ŭɘŮɟɔŬůɑŬɠ ɑůɖ ɛŮ 1438,9kg/h. ɆŰɞ əŮűɎɚŬɘɞ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ɞɚɞəɚɐɟɤůɖɠ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŬɜŬɚɡŰɘəɎ ŰŬ ŮɜŮɟɔŮɘŬəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ 

ɛɞɜɎŭŬɠ, ɞɘ ŬˊŬɘŰɐůŮɘɠ ůŮ ɣɨɝɖ əŬɘ ɗɏɟɛŬɜůɖ.  

ɄɑɜŬəŬɠ 13: Ɇɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

Ship type, fuel, 

engine power (30% 

wt. MEA)  

This study 

(LNG-ROPAX 

14,6 MW) 

Suezmax 

Tanker, 

HFO, 

15,7MW[72] 

Cargo vessel 

LNG, 3 

MW [23] 

LNG ship, 96 

MW [32] 

Cargo ship, 

MDO, 17MW , 

35% wt. 

MEA [59] 

Cargo ship, 

MDO, 17MW, 

35% wt. 

MEA [59] 

Aspen 

Template[54] 

Treated flue gas 

(kg/h) 
89000 - 16668 320004 118224 144468 72 

CO2 in flue gas 

(mol%) 
2,95 - 4,8 4,2 5,69 5,69 5,43 

Lean Loading 0,2081 - 0,34 - 0,308 0,308 0,254 

Rich Loading 0,42 - 0,47 - 0,481 0,457 0,365 

CO
2
 capture (%) 92,56 50% 90% 72,5 73 90 72,6 

CO
2 
avoidance (%) 58,9 30% - - 73 90  

Specific Reboiler 

Duty (MJ/kg CO2 

captured) 

5,47 - 3,73 5,28 3,77 3,85 5,72 

Absorber Height 

(m) 

12 18 10 7 - 12,5 4,62 

Absorber pressure 

(bar) 

1,95 1 - - 1,2 - 0,97708 

Absorber Diameter 

(m) 

2,8 4 1,5 2,95 2,3 4,9 0,125 

Absorber packing 

type 

MELLAPAKÈ 

250X 

- MELLAPAKÈ 

250X 

MELLAPAKÈ 

250X 

MELLAPAKÈ 

250X 

MELLAPAKÈ 

250Y 

FLEXIPACÈ 

250Y 

Stripper Height 

(m) 

10 18 14 7 - 6,5 2,92 

Stripper pressure 

(bar) 

1,9 2 2 1,9 2 2 1,999 

Stripper Diameter 

(m) 

1,3 4 0,76 2,22 - 2,1 0,125 

Stripper packing 

type 

MELLAPAKÈ 

250X 

- MELLAPAKÈ 

250X 

MELLAPAKÈ 

250X 

MELLAPAKÈ 

250X 

MELLAPAKÈ 

250Y 

FLEXIPACÈ 

250Y 

MEA tank volume 

(m3) 

0,083 - - - - 1,02 - 

CO2 tank volume 

(m3) 

48,395 1500 - - - 937,4 - 

 

ȷˊɧ Űɞɡɠ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŮɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ́ ɤɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ 

ůɡɛűɤɜɞɨɜ ɛŮ Űɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ, ŮɘŭɘəɎ ůŰɘɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɘɠ ŭɘŬůŰɎůŮɘɠ 

Űɤɜ ůŰɖɚɩɜ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ŭˊɞɔɨɛɜɤůɖɠ. ȳůɞɜ ŬűɞɟɎ Űɖɜ Űɘɛɐ Űɞɡ SRD ɖ ɞˊɞɑŬ ŮɑɜŬɘ 

ŮəŮɑɜɖ ˊɞɡ ŬˊɞəɚɑɜŮɘ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ ůɡɛűɤɜɑŬ ɛŮ Űɞ 

template Űɞɡ Aspen Plus, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɚɞɔɘəɧ Ůűɧůɞɜ ŮˊɎɜɤ ůŮ ŮəŮɑɜɞ ɓŬůɑůŰɖəŮ ɖ 

ˊɟɞůɞɛɞɑɤůɖ. ɄŬɟɧɚŬ ŬɡŰɎ, ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɘɜ ́ ɤɠ Űɞ ɟŮɨɛŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ŮɑɜŬɘ 

ˊɞɚɨ ˊɘɞ ŬɟŬɘɧ ůŮ CO2 ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ. ȼ ˊŮɟɑˊŰɤůɖ ůŰɖɜ ɞˊɞɑŬ ɖ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ ɟŮɨɛŬŰɞɠ əŬɡůŬŮɟɑɤɜ ůŮ mol ŮɑɜŬɘ ɖ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɘɠ ŮˊɘɚŮɔɛɏɜŮɠ 

ɓɘɓɚɘɞɔɟŬűɘəɏɠ ɛŮɚɏŰŮɠ (4,2%), ɖ Űɘɛɐ Űɞɡ SRD ŮɑɜŬɘ 5,28 MJ/kg, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɞɚɨ əɞɜŰɎ 

ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ. 
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ɆŰɖɜ ůɡɜɏɢŮɘŬ, ŬɜŬɚɨŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɘŬəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ůŰɖɚɩɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ˊɟɞűɑɚ ɗŮɟɛɞəɟŬůɘɩɜ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ. 

 

ȹɘɎɔɟŬɛɛŬ 28: Ʉɟɞűɑɚ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ ɛŮ ɓɎůɖ Űɤɜ Ŭɟɘɗɛɧ Űɤɜ ɓŬɗɛɑŭɤɜ 

ȼ ɗŮɟɛɞəɟŬůɑŬ ůŰɞɜ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɞ ɧɟɘɞ Űɤɜ 125C əŬɘ 

ɡˊɎɟɢŮɘ əŬɘ ɛɑŬ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛɏůŬ ůŰɖɜ ůŰɐɚɖ, ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ ˊɤɠ ɞɘ 

ŬɜŰɘŭɟɎůŮɘɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ.  

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ ůŮ ɧɚɞ Űɞ ɨɣɞɠ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ.  

 

ȹɘɎɔɟŬɛɛŬ 29: ŪŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɡˊɎɟɢŮɘ ɏɜŬ ɛɏɔɘůŰɞ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ůŰɐɚɖ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ůɨɜɖɗŮɠ əŬɘ 

ɞɜɞɛɎɕŮŰŬɘ çtemperature bulgeè. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Madeddu et al [16] Ŭɜ:   

¶ L/V < 5: Űɞ çbulgeè ɓɟɑůəŮŰŬɘ ůŰɖɜ əɞɟɡűɐ Űɖɠ ůŰɐɚɖɠ.   

¶ 5 < L/V < 6: Űɞ çbulgeè ɓɟɑůəŮŰŬɘ ůŰɞ ɛɏůɞ Űɖɠ ůŰɐɚɖɠ.   

¶ L/V > 6: Űɞ çbulgeè ɓɟɑůəŮŰŬɘ ůŰɖ ɓɎůɖ Űɖɠ ůŰɐɚɖɠ.   

ȳˊɞɡ L/V ɞ ɚɧɔɞɠ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ɡɔɟɞɨ ˊɟɞɠ Űɞɜ ŬŰɛɧ ůŰɖɜ ůŰɐɚɖ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ɘůɢɨŮɘ ɧŰɘ L/V < 5, əŬɘ Űɞ çbulgeè 

ɓɟɑůəŮŰŬɘ ůŰɖɜ əɞɟɡűɐ Űɖɠ ůŰɐɚɖɠ [16]. ɇɞ ˊɟɞűɑɚ ɗŮɟɛɞəɟŬůɑŬɠ ŮɑɜŬɘ Ůˊɑůɖɠ ˊŬɟɧɛɞɘɞ ɛŮ 

ŬɡŰɧ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ Ŭˊɧ Űɞ Aspen Plus ůŰɞ template Űɞɡɠ [54]. Ⱥˊɘˊɚɏɞɜ, ɖ ɛŮŰŬɓɞɚɐ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ůŮ ɧɚɖ Űɖ ůŰɐɚɖ ŭŮɑɢɜŮɘ ɧŰɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ əɎɗŮ 

Ůɘəɞɜɘəɧ "ůŰɎŭɘɞ" Űɖɠ ůŰɐɚɖɠ, Ŭűɞɨ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ŮɑɜŬɘ ŮɝɩɗŮɟɛŮɠ. ɇɡɢɧɜ ŮˊɑˊŮŭŮɠ ˊŮɟɘɞɢɏɠ 

ůŮ ɏɜŬ ɔɟɎűɖɛŬ ɗŮɟɛɞəɟŬůɑŬɠ-ůŰŬŭɑɤɜ ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ɞ absorber ŭŮɜ ɚŮɘŰɞɡɟɔŮɑ ůɤůŰɎ. 

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŮˊŮɘŭɐ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ůɨɜɞɚɞ ŬɜŰɘŭɟɎůŮɤɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɝɩɗŮɟɛɞ, ɞˊɧŰŮ 

Ŭɜ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ (dT) ŮɑɜŬɘ əɞɜŰɎ ůŰɞ ɛɖŭɏɜ, ŬɡŰɎ ŰŬ ůŰɎŭɘŬ ŭŮɜ ŮɑɜŬɘ 
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ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ Ŭəɟɘɓɐ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɚɖűɗɞɨɜ [52]. 

ȷɡŰɧ ɓɏɓŬɘŬ ɘůɢɨŮɘ ˊŮɟɘůůɧŰŮɟɞ ŮɎɜ ɖ ůŰɐɚɖ ˊɟɞůɞɛɞɘɎɕŮŰŬɘ ɛŮ ŭɑůəɞɡɠ əŬɘ ɧɢɘ ˊɚɖɟɤŰɘəɧ 

ɡɚɘəɧ. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ ůŰɞ 

template Űɞɡ Aspen Plus. ȳˊɤɠ űŬɑɜŮŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ Ŭəɞɚɞɡɗɞɨɜ ɛŮ 

ɛŮɔɎɚɖ ůɡɛűɤɜɑŬ Űɞ ˊɟɞűɑɚ ŬɡŰɧ. 

 

ȹɘɎɔɟŬɛɛŬ 30: Ʉɟɞűɑɚ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ Aspen Plus template[54] 

 

4.4 Ʉɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰɖ ɀDȺȷ-PZ 

ɆŰɖ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ɗŬ ˊŮɟɘɔɟŬűŮɑ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŭɏůɛŮɡůɖɠ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ 

Űɞɡ ɎɜɗɟŬəŬ, ɛŮ ŭɘŬɚɨŰɖ 30%wt. MDEA-PZ, ɖ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɩɗɖəŮ ůŮ ɚɞɔɘůɛɘəɧ Aspen 

Plus V14. 

4.4.1 ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ůŰɞ Aspen Plus əŬɘ ůɢŮŭɘŬůŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ 

ɇɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ ůŰɞ Aspen Plus ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ ́ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ 

ŮɘəɧɜŬ. 

 

ȺɘəɧɜŬ 19: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ŭɘŮɟɔŬůɑŬɠ ŭɏůɛŮɡůɖɠ CO2 ɛŮ ŭɘŬɚɨŰɖ ɀDEA-PZ 

ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɘůɢɨɞɡɜ ɧůŬ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ ŮɜɧŰɖŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ 

ŭɘŬɚɨŰɖ ɀȺȷ, ˊŮɟɑ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ NOx əŬɘ 

SOx. 
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ɇɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŮɑɜŬɘ ˊŬɜɞɛɞɘɧŰɡˊɞ ɛŮ Űɖɜ ŭɘŮɟɔŬůɑŬ CCS ɛŮ ŭɘŬɚɨŰɖ 

ɀȺȷ, Ŭűɞɨ ɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ɖ ɑŭɘŬ, əŬɘ ɞ ŭɘŬɚɨŰɖɠ ˊŬɟŬɛɏɜŮɘ Ŭɛɑɜɖ/ɛɑɔɛŬ Ŭɛɘɜɩɜ. ūɡůɘəɎ, 

ŰŬ ˊɟɎɔɛŬŰŬ ŭŮɜ ŮɑɜŬɘ Űɧůɞ ŬˊɚɎ, Ŭűɞɨ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɘůŬɢɗɞɨɜ ɜɏŬ ɢɖɛɘəɎ  Ůɑŭɖ, ɜɏŮɠ ɢɖɛɘəɏɠ 

ŬɜŰɘŭɟɎůŮɘɠ, ɜŬ ́ŬɟŬɛŮŰɟɞˊɞɘɖɗŮɑ ŮɝŬɟɢɐɠ Űɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ, ɜŬ ŮˊɘɚŮɢɗɞɨɜ ɜɏŮɠ 

ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ əŬɘ űɡůɘəɎ ɜŬ ůɡɔəɚɑɜŮɘ ɖ ˊɟɞůɞɛɞɑɤůɖ.  

ɂŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɚɧɔɤ Űɞɡ ɧŰɘ Űɞ ɛɑɔɛŬ MDEA-PZ ŬˊɞŰŮɚŮɑ ɛɑɔɛŬ 

Ŭɛɘɜɩɜ, ɞɘ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ ůŰɖɚɩɜ, ɗŬ ŮɑɜŬɘ 

ˊŬɟɧɛɞɘŮɠ. ȺəŰɧɠ ŬɡŰɞɨ, ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ əŬɘ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ 

ŭɘŬɚɨŰɖ ɀȺȷ, ɞɘ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɢŮŭɘŬůɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ ŭŮɜ ˊɟɏˊŮɘ ɜŬ 

ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɞ ˊɟɞŰŮɘɜɧɛŮɜɞ ůɨůŰɖɛŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ Űɞɡ Aspen Plus. Ƀɘ 

ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ ůŰɞ Aspen Plus template ŮɑɜŬɘ ɗŮɟɛɞəɟŬůɑŬ 

50 ï 65C   əŬɘ ́ɑŮůɖ 1bar, Ůɜɩ ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ, 108-122C ůŮ ˊɑŮůɖ 2 bar. ȼ Űɘɛɐ 

Űɞɡ lean loading ŮɑɜŬɘ ɑůɖ ɛŮ 0,054 əŬɘ Űɞɡ rich loading ɑůɖ ɛŮ 0,28, ɔɘŬ ɛɑɔɛŬ ŭɘŬɚɨŰɖ 21 % 

MDEA əŬɘ 5% PZ. ɇŬ ŭŮŭɞɛɏɜŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɏɢɞɡɜ ˊɟɞůŬɟɛɞůŰŮɑ (fitting) ůŮ 

ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ ŭɘɎűɞɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ɛɑɔɛŬŰɞɠ MDEA-PZ, ɧˊɞɡ űŰɎɜɞɡɜ 

ɛɏɢɟɘ əŬɘ 50%wt ůɡɔəɏɜŰɟɤůɖ ůŮ ŭɘŬɚɨŰɖ MDEA əŬɘ 41%wt ůŮ ŭɘŬɚɨŰɖ PZ[73]. ɆŰɖɜ 

ɓɘɓɚɘɞɔɟŬűɑŬ ɞɘ ůɡɜɗɐəŮɠ ŭɘŬűɏɟɞɡɜ Ŭˊɧ ɛŮɚɏŰɖ ůŮ ɛŮɚɏŰɖ əŬɗɩɠ ŭɘŬűɏɟŮɘ ɖ ůɡɜɞɚɘəɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ ůŮ Ŭɛɑɜɖ ŬɚɚɎ əŬɘ ɖ ŬɜŬɚɞɔɑŬ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ. Ƀɘ ůɡɜɗɐəŮɠ ˊɞɡ 

ŮˊɘəɟŬŰɞɨɜ ůɡɜɐɗɤɠ, ŮɑɜŬɘ ɗŮɟɛɞəɟŬůɑŮɠ ůŰɞ Ůɨɟɞɠ 40-70C ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, ůŮ 

ˊɘɏůŮɘɠ 1-2 bar əŬɘ ɗŮɟɛɞəɟŬůɑŮɠ əɎŰɤ Ŭˊɧ 125C əŬɘ ˊɘɏůŮɘɠ ɏɤɠ 5bar ůŰɖɜ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ[36], [44], [51], [74], [75].  

Ƀɘ ɛɏɔɘůŰŮɠ ŮˊɘŰɟŮˊɧɛŮɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ ɛˊɞɟɞɨɜ ɜŬ Ŭɜɏɚɗɞɡɜ əŬɘ 

ůŰɞɡɠ 135C ɐ ŬəɧɛŬ əŬɘ ůŰɞɡɠ 150C ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ ůŮ PZ. ȼ 

PZ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɛŮɑɜŮɘ ůŰŬɗŮɟɐ ɢɤɟɑɠ ɜŬ ŬˊɞůɡɜŰŮɗŮɑ ɛɏɢɟɘ əŬɘ ůŰɞɡɠ 154C, əŬɘ ɛˊɞɟŮɑ ɜŬ 

ɓŮɚŰɘɩůŮɘ Űɖɜ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ ɛɘɔɛɎŰɤɜ Űɖɠ ɛŮ MDEA, ɛɏɢɟɘ əŬɘ Űɞɡɠ 150C. ȷɡŰɧ ɛˊɞɟŮɑ 

ɜŬ ɛŮŰŬűɟŬůŰŮɑ əŬɘ ůŮ ŭɡɜŬŰɧŰɖŰŬ ŮűŬɟɛɞɔɐɠ ɛŮɔŬɚɨŰŮɟɤɜ ˊɘɏůŮɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ůŰɖɜ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ, ɞŭɖɔɩɜŰŬɠ ůŮ ˊŮɟŬɘŰɏɟɤ ɛŮɑɤůɖ Űɞɡ SRD əŬɘ ɎɟŬ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ űɞɟŰɑɞɡ 

Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ [39], [51].  

ȳůɞɜ ŬűɞɟɎ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ əŬɗŬɡŰɧ, ɞɘ ɛɞɜŬŭɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ɛŮ ɀȺȷ ŮɑɜŬɘ ɖ ɨˊŬɟɝɖ Ůɜɧɠ Ůˊɘˊɚɏɞɜ ŮɜŬɚɚɎəŰɖ 

ɗŮɟɛɧŰɖŰŬɠ ˊɟɘɜ Űɖɜ Ůɑůɞŭɞ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ, ɞ ɞˊɞɑɞɠ ůɡɛɓɎɚŮɘ ůŰɞ ɜŬ űŰɎůŮɘ Űɞ 

ɟŮɨɛŬ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ, Ŭűɞɨ ɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊŬɟɏɢŮŰŬɘ ɛɏůɤ Űɖɠ ŬɜŰŬɚɚŬɔɐɠ 

Űɤɜ ŭɨɞ ɟŮɡɛɎŰɤɜ Űɞɡ ŭɘŬɚɨŰɖ ŭŮɜ ŮˊŬɟəŮɑ. ȷəɧɛŬ, ˊɟɞůŰɑɗŮɜŰŬɘ ɏɜŬ Ůˊɘˊɚɏɞɜ ɟŮɨɛŬ ůŰɖɜ 

ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, ůŰɖɜ 3ɖ çɓŬɗɛɑŭŬè, Űɞ ɞˊɞɑɞ ŬˊɎɔŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ 

ˊŬɟɏɢŮŰŬɘ ůŰɖɜ əɞɟɡűɐ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ Ůə ɜɏɞɡ ɏɜŬ water-wash ŮɜŰɧɠ Űɖɠ ůŰɐɚɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ MDEA-PZ, ɞɘ ŬɜɎɔəŮɠ Űɞɡ ɟŮɨɛŬŰɞɠ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ ŬɡŰɧ ɛŮ Űɖɜ ɀȺȷ, Ůˊɞɛɏɜɤɠ ɏɜŬɠ ŰɏŰɞɘɞɠ ůɢŮŭɘŬůɛɧɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ 

ɔɘŬ Űɖɜ ůɨɔəɚɘůɖ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. ȷɡŰɧɠ ɞ ůɢŮŭɘŬůɛɧɠ ɛˊɞɟŮɑ ɜŬ ɡɘɞɗŮŰɖɗŮɑ əŬɘ ůŰɖɜ 

ŭɘɎŰŬɝɖ Űɞɡ ŭɘŬɚɨŰɖ ɛŮ ɀȺȷ, əŬɗɩɠ ɛŮɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɘɠ ŬˊɩɚŮɘŮɠ ŬŰɛɩɜ Űɤɜ Ŭɛɘɜɩɜ[73]. 

4.4.2 ɆɢŮŭɘŬůɛɧɠ ŭɘŮɟɔŬůɑŬɠ CCS ɛŮ ŭɘŬɚɨŰɖ 30%wt. MDEA-PZ ůŰɞ 

Aspen Plus 

Ʉɟɘɜ ɝŮəɘɜɐůŮɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɜ 

ɛŮɟɘəɏɠ ˊŬɟŬŭɞɢɏɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɔɘŬ ŬɡŰɐ əŬɘ Űɘɠ ŮˊɧɛŮɜŮɠ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɘɠ: 

¶ ɇɞ ůɨůŰɖɛŬ ŮɝŮŰɎɕŮŰŬɘ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ɛɧɜɘɛɖɠ əŬŰɎůŰŬůɖɠ, ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ 

ɡˊɧɣɖ ɞɘ ɢɟɧɜɞɘ Ůəəɑɜɖůɖɠ əŬɘ ŰŮɟɛŬŰɘůɛɞɨ əŬɗɩɠ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůŮ ŬɡŰɎ ŰŬ 

ŭɘŬůŰɐɛŬŰŬ. 
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¶ ȳˊɤɠ ŬɜŬɚɨɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŰŬ əŬɡůŬɏɟɘŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ 

ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ɟɨˊɤɜ. Ⱥˊɞɛɏɜɤɠ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ SO2, 

ȼ2S, CO, NO, NO2 ɗŮɤɟɞɨɜŰŬɘ ɛɖŭŮɜɘəɏɠ. 

¶ ȼ ŭɘŮɟɔŬůɑŬ Ŭˊɞɟɟɧűɖůɖɠ ɗŮɤɟŮɑŰŬɘ ŬŭɘŬɓŬŰɘəɐ. 

¶ ũɑɜŮŰŬɘ ɢɟɐůɖ Űɞɡ ɜɧɛɞɡ Űɞɡ Henry ɔɘŬ ŰŬ ŬɏɟɘŬ ůɡůŰŬŰɘəɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ (ȼ2S, 

CO2, O2, N2) 

ȷəɧɛŬ, Űɞ ɛɞɜŰɏɚɞ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ: 

¶ ɄɟŬɔɛŬŰɘəɎ ɢɖɛɘəɎ Ůɑŭɖ (true components), ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɘɧɜŰɤɜ   

¶ ȾɘɜɖŰɘəɐ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮ ɓɎůɖ Űɖ ůɡɔəɏɜŰɟɤůɖ   

¶ ɀɞɜŰɏɚŬ ɛŮŰŬűɞɟɎɠ ɘŭɘɞŰɐŰɤɜ ɖɚŮəŰɟɞɚɡŰɩɜ   

¶ ɀɞɜŰɏɚŬ ɓŬůɘůɛɏɜŬ ůŰɞ ɟɡɗɛɧ (rate-based) ɔɘŬ Űɖ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Űɖ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ 

ȷəɧɛŬ, ŮˊɘɚɏɔŮŰŬɘ ɖ ɢɟɐůɖ ŭɘŬɚɨŰɖ ɛŮ ůɡɜɞɚɘəɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ŭɘŬɚɨŰɖ 30% wt., ɧˊɞɡ Űɞ 

24% ɗŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ MDEA əŬɘ Űɞ 6% Ŭˊɧ PZ. ɇŬ ˊɞůɞůŰɎ ŬɡŰɎ ɓɟɑůəɞɜŰŬɘ ɛɏůŬ ůŰɞ 

Ůɨɟɞɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ɛŮ Űɘɠ ɑŭɘŮɠ ɗŮɟɛɞŭɡɜŬɛɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ 

ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ Aspen Plus əŬɘ ˊɞɚɨ əɞɜŰɎ ůŰɘɠ Ŭɟɢɘəɏɠ ůɡůŰɎůŮɘɠ Űɞɡ 

ˊŬɟŬŭŮɑɔɛŬŰɞɠ.  

4.4.2.1 ɉɖɛɘəɎ Ůɑŭɖ əŬɘ Ŭɟɢɐ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ 

ȷɟɢɘəɎ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ɜɏɞ ŬɟɢŮɑɞ ůŰɞ Aspen Plus, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɓɎůɖ Űɞ template 

Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ əŬɘ ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ ɢɖɛɘəɩɜ Ůɘŭɩɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɞɜ ˊŬɟŬəɎŰɤ: 

ɄɑɜŬəŬɠ 14: ɄɑɜŬəŬɠ ɢɖɛɘəɩɜ Ůɘŭɩɜ ůŰɞ Aspen Plus ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰŮɠ MDEA-PZ 

Compound Type Name Formula 
CAS 

Number 

MDEA Conventional Methyl-Diethanolamine C H NO 105-59-9 

PZ Conventional Piperazine C H N 110-85-0 

H O Conventional Water H O 7732-18-5 

CO Conventional Carbon Dioxide CO 124-38-9 

H S Conventional Hydrogen Sulfide H S 7783-06-4 

H O Conventional Hydronium Ion H O - 

OH Conventional Hydroxide Ion OH - 

HCO Conventional Bicarbonate Ion HCO - 

CO Į Conventional Carbonate Ion CO Į - 

HS Conventional Hydrogen Sulfide Ion HS - 

SĮ Conventional Sulfide Ion SĮ - 

MDEA Conventional Protonated MDEA C H NO - 

PZH Conventional Protonated Piperazine C H N - 

PZH Į Conventional Diprotonated Piperazine C H N Į - 

HPZCOO Conventional 
Protonated Piperazine 

Carbamate 
C H N O - 

PZCOO Conventional Piperazine Carbamate C H N O - 

PZCOO Į Conventional Piperazine Dicarbamate C H N O Į - 

N Conventional Nitrogen N 7727-37-9 

O Conventional Oxygen O 7782-44-7 

H Conventional Hydrogen H 1333-74-0 
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Ⱥŭɩ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ɏɜɤůɖ HPZCOO ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɤɠ ŭɘˊɞɚɘəɧ ɘɧɜ 

(ŬɛűɘŰŮɟɘɧɜ). ȰɜŬ ŭɘˊɞɚɘəɧ ɘɧɜ ŭɖɚɩɜŮŰŬɘ ɤɠ "Conventional", ˊŬɟɧɛɞɘŬ ɛŮ Űɞɡɠ ŭɘŬɚɨŰŮɠ, 

ŬɚɚɎ ŭɘŬəɟɑɜŮŰŬɘ Ŭˊɧ ŬɡŰɞɨɠ ɛŮ Űɘɛɐ ɑůɖ ɛŮ Űɖ ɛɞɜɎŭŬ ɔɘŬ Űɖɜ ˊŬɟɎɛŮŰɟɞ ZWITTER. ȳɚŬ ŰŬ 

ɎɚɚŬ ůɡůŰŬŰɘəɎ ůŰɞ Aspen Plus ɏɢɞɡɜ ˊɟɞŮˊɘɚŮɔɛɏɜɖ Űɘɛɐ ɛɖŭɏɜ ɔɘŬ Űɞ ZWITTER. Ƀɘ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɞɡ ŭɘˊɞɚɘəɞɨ ɘɧɜŰɞɠ ɛŮ ɎɚɚŬ ɛɞɟɘŬəɎ Ůɑŭɖ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɛɏůɤ Űɤɜ 

ŭɡŬŭɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ NRTL, əŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɜŮɟɔɧŰɖŰŬɠ ɔɘŬ ŰŬ ŭɘˊɞɚɘəɎ 

ɘɧɜŰŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɧˊɤɠ əŬɘ ůŮ ɛɑŬ ŭɘŬɚɡɛɏɜɖ ɞɡůɑŬ. Ƀɘ ůɡɜŮɘůűɞɟɏɠ Űɞɡ ŭɘˊɞɚɘəɞɨ ɘɧɜŰɞɠ 

ůŰɖɜ ŮɜɗŬɚˊɑŬ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ əŬɘ ůŰɖɜ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ Gibbs ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɧˊɤɠ ůŰɘɠ 

ŭɘŬɚɡɛɏɜŮɠ ɞɡůɑŮɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ Gibbs əŬɘ Űɖ ɗŮɟɛɧŰɖŰŬ 

ůɢɖɛŬŰɘůɛɞɨ ůŰɖɜ ɡŭŬŰɘəɐ űɎůɖ ůŮ ɎˊŮɘɟɖ ŬɟŬɑɤůɖ əŬɘ 25ÁC (DGAQFM əŬɘ DHAQFM), 

əŬɗɩɠ əŬɘ Űɖ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ ůŮ ɎˊŮɘɟɖ ŬɟŬɑɤůɖ (CPAQ0). ȷəɧɛŬ, ɖ ˊŬɟɎɛŮŰɟɞɠ 

PLXANT/1 ɞɟɑɕŮŰŬɘ ůŮ -1E20 ɔɘŬ ŰŬ ŭɘˊɞɚɘəɎ ɘɧɜŰŬ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ɛɖ ˊŰɖŰɘəɎ [73]. 

ȹɖɛɘɞɡɟɔŮɑŰŬɘ ɧˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ Űɞ property set MLLOAD, ŬűɧŰɞɡ ɞɟɘůŰŮɑ ˊɟɩŰŬ Űɞ 

Component Group AMINE, Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ŭɨɞ ŬɛɑɜŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȷɡŰɧ ŭɘɧŰɘ 

Űɞ property set ŬɡŰɧ, ɞɟɑɕŮŰŬɘ ɛŮ ɓɎůɖ ŰŬ moles Űɖɠ ŭɟŬůŰɘəɐɠ ɞɡůɑŬɠ Űɞɡ ŭɘŬɚɨŰɖ. ɆŮ ŬɡŰɐ 

Űɖɜ ˊŮɟɑˊŰɤůɖ ɡˊɎɟɢɞɡɜ ŭɨɞ ŮɜɩůŮɘɠ ůŰɞɜ ŭɘŬɚɨŰɖ ˊɞɡ ŮˊɘŰŮɚɞɨɜ Űɖɜ ŭɏůɛŮɡůɖ Űɞɡ CO2, 

Ůˊɞɛɏɜɤɠ ɞ ɛɧɜɞɠ Űɟɧˊɞɠ ɜŬ ɞɟɘůŰŮɑ ŬɡŰɧ, ŮɑɜŬɘ ɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Component Group. 

 

4.4.2.2 ŪŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ 

ɇɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ Űɞ ɑŭɘɞ ɛŮ Űɞ template, ɔɘŬ ɚɧɔɞɡɠ 

ůɡɛűɤɜɑŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɞɡ Ůˊɘˊɚɏɞɜ ɓɐɛŬŰɞɠ Űɖɠ 

ŮˊɘɓŮɓŬɑɤůɖɠ Űɖɠ ɞɟɗɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ (model validation). ũɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ 

ɡɔɟɐɠ űɎůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɞɜŰɏɚɞ ENRTL-RK əŬɘ ɔɘŬ Űɖɜ ŬŰɛɩŭɖ űɎůɖ ɖ PC-SAFT, 

ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ.  

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ PC-SAFT Űɖɠ PZ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛŮŰɎ Ŭˊɧ ˊŬɚɘɜŭɟɧɛɖůɖ ŭŮŭɞɛɏɜɤɜ ŰɎůɖɠ 

ŬŰɛɩɜ, ŭŮŭɞɛɏɜŬ Ůɘŭɘəɐɠ ɗŮɟɛɧŰɖŰŬɠ ɡɔɟɞɨ, əŬɘ ŭŮŭɞɛɏɜŬ ˊɡəɜɧŰɖŰŬɠ ɡɔɟɞɨ. ȷɡŰɏɠ Űɖɠ 

MDEA ɡˊɞɚɞɔɑɕɞɜŰŬɘ əɎɜɞɜŰŬɠ ˊŬɚɘɜŭɟɧɛɖůɖ ůŮ ŭŮŭɞɛɏɜŬ ŰɎůɖɠ ŬŰɛɩɜ, ŭŮŭɞɛɏɜŬ Ůɘŭɘəɐɠ 

ɗŮɟɛɧŰɖŰŬɠ ɡɔɟɞɨ əŬɘ ŭŮŭɞɛɏɜŬ ˊɡəɜɧŰɖŰŬɠ ɡɔɟɞɨ. ȺəŰɧɠ Ŭɜ ɞɟɑɕŮŰŬɘ ŭɘŬűɞɟŮŰɘəɎ, ɧɚŮɠ ɞɘ 

ŭɡŬŭɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɛŮŰŬɝɨ ɛɞɟɑɤɜ əŬɘ ɞɘ ŭɡŬŭɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɛŮŰŬɝɨ ɖɚŮəŰɟɞɚɡŰɩɜ ɏɢɞɡɜ 

ɤɠ ˊɟɞŮˊɘɚŮɔɛɏɜɖ Űɘɛɐ Űɞ ɛɖŭɏɜ. ȳɚŮɠ ɞɘ ŭɡŬŭɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɛŮŰŬɝɨ ɛɞɟɑɤɜ əŬɘ 

ɖɚŮəŰɟɞɚɡŰɩɜ ɏɢɞɡɜ ɤɠ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ Űɞ (8, -4), ˊɞɡ ŮɑɜŬɘ ɞɘ ɛɏůŮɠ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɧˊɤɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞ ɛɞɜŰɏɚɞ Electrolyte NRTL. ȼ ˊŬɟɎɛŮŰɟɞɠ ɛɖ ŰɡɢŬɑŬɠ 

əŬŰŬɜɞɛɐɠ ŮɑɜŬɘ ůŰŬɗŮɟɐ əŬɘ ɑůɖ ɛŮ 0,2. ũɘŬ Űɞ ˊɤɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ ɡˊɧɚɞɘˊŮɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ, ɛˊɞɟŮɑ əɎˊɞɘɞɠ ɜŬ ŬɜŬŰɟɏɝŮɘ ůŰɞ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ Aspen 

Plus[73].  

ɄŬɟɧɚɞ ˊɞɡ ɖ ˊɟɞůɞɛɞɑɤůɖ ɏɢŮɘ ɓŬůɘůŰŮɑ ůŮ template, Ůˊɞɛɏɜɤɠ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ˊŬɟɎɛŮŰɟɞɘ ɏɢɞɡɜ ɡˊɞɚɞɔɘůŰŮɑ, ɡˊɐɟɢŬɜ əŬɘ ŬɟəŮŰɏɠ ˊŬɟɎɛŮŰɟɞɘ 

ˊɞɡ ɏˊɟŮˊŮ ɜŬ ůɡɛˊɚɖɟɤɗɞɨɜ Ŭˊɧ Űɞɜ ɢɟɐůɖ. ȷɡŰɧ ŭɘɧŰɘ əŬŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ 

Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ˊɟɞəɨˊŰŬɜ ˊɟɞŮɘŭɞˊɞɘɐůŮɘɠ (Warnings), ɞɘ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɞɨůŬɜ 

əŬɘ ůŮ ůűɎɚɛŬŰŬ (Errors), ɚɧɔɤ Űɖɠ ŬˊɞɡůɑŬɠ əɎˊɞɘɤɜ ɘŭɘɞŰɐŰɤɜ əŬɘ ˊŬɟŬɛɏŰɟɤɜ. ȷɡŰɏɠ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ ɚɐűɗɖəŬɜ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ůɡɜŭɡɎůŰɖəŬɜ ɛŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ Aspen 

Plus, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ɛɞɜŰɏɚɞ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɡɠ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ: 
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ɄɑɜŬəŬɠ 15: ɄŬɟɎɛŮŰɟɞɘ ɡˊɞɚɞɔɘůɛɞɨ ɔɘŬ Űɘɠ ŭɘɖɚŮəŰɟɘəɏɠ ůŰŬɗŮɟɏɠ Űɤɜ ŭɘŬɚɡŰɩɜ 

ɆŰɞɘɢŮɑɞ Ai Bi Ci 

PZ [73] 4,24 1532 298,15 

MDEA [44], [76] 21,99 8992 - 

H O [44], [76] 78,65 31990 - 

 

ȼ ŭɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ Űɤɜ ŭɘŬɚɡŰɩɜ ŮɑɜŬɘ ɛɑŬ ɗŮɟɛɞəɟŬůɘŬəɎ ŮɝŬɟŰɩɛŮɜɖ ɛŮŰŬɓɚɖŰɐ, ɖ 

ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

‐Ὕ ΅ `ᶻ
ρ

 

ρ

ὅ
τȢσ 

ȳˊɞɡ: 

ȷ, ȸ, C, ŮɑɜŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ůŰŬɗŮɟɎɠ, ɞɘ ɞˊɞɑŮɠ ŭɘŬűɏɟɞɡɜ ɔɘŬ əɎɗŮ ɏɜɤůɖ.  

ȷəɞɚɞɡɗŮɑ ɞ ˊɑɜŬəŬɠ ɛŮ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬɠ 

ɘŭŬɜɘəɞɨ ŬŮɟɑɞɡ: 

ɄɑɜŬəŬɠ 16: ɆɡɜŰŮɚŮůŰɏɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬɠ ɘŭŬɜɘəɞɨ ŬŮɟɑɞɡ [44] 

ɆɡɜŰŮɚŮůŰɐɠ MDEA H O CO PZ 

C1 27303,2785 33738,112 19795,2 98490 

C2 540,8714 -7,0176 73,4365 730 

C3 0 2,7296E-02 -0,0560 0 

C4 0 -1,6160E-05 1,71533E-05 0 

C5 0 4,2976E-09 0 0 

C6 0 -4,1696E-13 0 0 

C7 278 200 300 278 

C8 397 3000 1088,6 397 

C9 0 33256 29099 0 

C10 0 1,8978E-20 0,71876 0 

C11 0 9,2846 1,6368 0 

 

ɄɑɜŬəŬɠ 17: ɄŬɟɎɛŮŰɟɞɘ Űɖɠ ŮəŰŮŰŬɛɏɜɖɠ-Űɟɞˊɞˊɞɘɖɛɏɜɖɠ Ůɝɑůɤůɖɠ Antoine ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŰɎůɖɠ ŬŰɛɩɜ 

Űɤɜ ŭɘŬɚɡɛɏɜɤɜ ɞɡůɘɩɜ 

ɄŬɟɎɛŮŰɟɞɠ PZ [73] 
Ions (PZH+, PZH+2, HPZCOO, 

PZCOO-, PZCOO-2) [73] 
MDEA [73] H O[44] CO[44] 

C1i 62,359 -1E+20 122,757 72,55 72,83 

C2i -7102,445 0 -13253,447 -7206 -3403 

C3i 0 0 0 0 0 

C4i 0 0 0 0 0,00949 

C5i -5,674 0 -13,838 -7,138 -8,56 

C6i 1,735E-06 0 3,196E-06 4,05E-06 2,91E-16 

C7i 2 0 2 2 6 

C8i 273,15 0 293 319,2 273 

C9i 660,6 2000 741,9 647,3 304,2 
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ɄɑɜŬəŬɠ 18: ɄŬɟɎɛŮŰɟɞɘ Űɤɜ əŬɗŬɟɩɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ŭɘŬɚɨŰɖ əŬɘ Űɤɜ ŭɘŬɚɡɛɏɜɤɜ ɞɡůɘɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŬɡŰɧ Űɞ ɛɞɜŰɏɚɞ 

Component OMEGA Pc (bar) Tc (K) Vc (mį/kmol) Zc ȹfHigs,298.15 (J/kmol) ȹfGigs,298.15 (J/kmol) 

CO  [44] 2.25E-1 7.38E+1 3.042E+2 9.39E-2 2.74E-1 -3.935E+8 -3.943E+8 

N  [44] 4.00E-2 3.40E+1 1.261E+2 9.00E-2 - 0.000 - 

O  [44] 1.90E-2 5.08E+1 1.551E+2 7.32E-2 - 0.000 - 

PZ [44], 

[73] 
0.3191 5800 661 0.31 0.323 1.64E+07 1.70E+08 

MDEA [44] 1.165 3880 675 0.368 0.256 -3.80E+08 -1.69E+08 

H2O [44] 0.344 22050 647.3 0.0559 0.229 -2.42E+08 -2.29E+08 

 

ȳˊɞɡ: 

¶ ȹfHigs,298.15 : ȼ ŮɜɗŬɚˊɑŬ ůɢɖɛŬŰɘůɛɞɨ Űɞɡ ŭɘŬɚɨŰɖ ɔɘŬ ɘŭŬɜɘəɧ Ŭɏɟɘɞ ůŰɞɡɠ 25C 

(DHFORM ůŰɞ Aspen Plus) 

¶ ȹfGigs,298.15 : ȼ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ Gibbs ůɢɖɛŬŰɘůɛɞɨ Űɞɡ ŭɘŬɚɨŰɖ ɔɘŬ ɘŭŬɜɘəɧ Ŭɏɟɘɞ ůŰɞɡɠ 

25C (DGFORM ůŰɞ Aspen Plus) 

 

ɄɑɜŬəŬɠ 19: ɄŬɟɎɛŮŰɟɞɘ Űɤɜ ɘɧɜŰɤɜ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ [73] 

ɆɡůŰŬŰɘəɧ PZH+ PZH+2 HPZCOO PZCOO- PZCOO-2 MDEA+ 

ɀɞɟɘŬəɧ ȸɎɟɞɠ 8.7143E+01 8.8150E+01 1.3015E+02 1.2914E+02 1.7214E+02 1.2017E+02 

ȹfG
Ð,aq
i,298.15 (J/mol) 8.0982E+07 4.0368E+07 -2.7428E+08 -2.2067E+08 -5.7228E+08 -2.5952E+08 

ȹfH
Ð,aq
i,298.15  (J/mol) -1.1094E+08 -1.4389E+08 -5.1523E+08 -4.9870E+08 -9.0781E+08 -5.1095E+08 

ūɞɟŰɑɞ 1.00 2.00 0.00 -1.00 -2.00 1.00 

 

ȳˊɞɡ: 

¶ ȹfGÐ,aqi,298.15 : ȼ ŮɜɗŬɚˊɑŬ ůɢɖɛŬŰɘůɛɞɨ Űɞɡ ŭɘŬɚɡɛɏɜɞɡ ůɡůŰŬŰɘəɞɨ i ůŰɖɜ ɡŭŬŰɘəɐ űɎůɖ 

ůŮ ɎˊŮɘɟɖ ŬɟŬɑɤůɖ ůŰɞɡɠ 25C (DHAQFM ůŰɞ Aspen Plus) 

¶ ȹfHÐ,aqi,298.15 : ȼ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ Gibbs ůɢɖɛŬŰɘůɛɞɨ Űɞɡ ŭɘŬɚɡɛɏɜɞɡ ůɡůŰŬŰɘəɞɨ i ůŮ 

ɡŭŬŰɘəɐ űɎůɖ ůŮ ɎˊŮɘɟɖ ŬɟŬɑɤůɖ ůŰɞɡɠ 25C (DGAQFM ůŰɞ Aspen Plus) 

 

ɄɑɜŬəŬɠ 20: ȹɡŬŭɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɛɞɟɘŬəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ ELECNRTL [73] 

Component 1 Component 2 Aij Aji Bij Bji Cij 

H2O CO2 0 0 0 0 0.2000 

H2O H2S 0 0 0 0 0.2000 

H2O PZ 5.415 1.359 -2105.29 -960.401 0.2000 

H2O HPZCOO- 0.2934 0.07485 0 0 0.3000 

CO2 HPZCOO 0 0 0 0 0.3000 

H2O MDEA 8.509 -1.714 -1573.89 -261.847 0.2000 

HPZCOO MDEA 0 0 0 0 0.3000 

PZ MDEA -3.094 -3.113 0 0 0.3000 

 

ȳůɞɜ ŬűɞɟɎ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛɞɟɑɞɡ-ɘɧɜŰɞɠ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ ELECNRTL, 

ŬɡŰɏɠ ɚŬɛɓɎɜɞɜŰŬɘ ɤɠ ɏɢŮɘ Ŭˊɧ Űɞ template Űɘɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ Aspen Plus əŬɘ ŭŮɜ 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɔɘŬ ɢɎɟɖ ůɡɜŰɞɛɑŬɠ. ȷəɧɛŬ, ˊɟɏˊŮɘ ɜŬ ŭɘŮɡəɟɘɜɘůŰŮɑ ˊɤɠ ɞɘ ˊŬɟŬˊɎɜɤ 



74 

 

Űɘɛɏɠ Űɤɜ ˊɘɜɎəɤɜ, ɞɘ ɞˊɞɑŮɠ űŬɑɜŮŰŬɘ Ůə ˊɟɩŰɖɠ ɧɣŮɤɠ ɧŰɘ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞ template Űɞɡ 

Aspen Plus əŬɘ Ŭˊɧ ɛɑŬ Ɏɚɚɖ ɛŮɚɏŰɖ, ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ ˊɞɚɚɩɜ ˊŮɘɟŬɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ˊɞɚɚɏɠ ɛŮɚɏŰŮɠ ɐ ɏɢɞɡɜ ɚɖűɗŮɑ ŬɡŰɞɨůɘŮɠ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ. Ⱥˊɞɛɏɜɤɠ 

ŮˊɘɚɏɔŮŰŬɘ ɜŬ ˊŬɟŬŰŮɗɞɨɜ ɛɧɜɞ ɞɘ ŭɨɞ ˊɖɔɏɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŬɜŰɚɐɗɖəŬɜ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ əŬɘ 

ɧɢɘ ɞɘ ˊɟɤŰŬɟɢɘəɏɠ ˊɖɔɏɠ, ɔɘŬ ˊɟŬəŰɘəɞɨɠ ɚɧɔɞɡɠ.  

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ əŬŰŬůŰŬŰɘəɐɠ Ůɝɑůɤůɖɠ PC-SAFT ɔɘŬ Űɘɠ 

ŭɘŬɚɡɛɏɜŮɠ ɞɡůɑŮɠ əŬɘ ŰŬ ůɡůŰŬŰɘəɎ Űɞɡɠ ŭɘŬɚɨɛŬŰɞɠ Űɞɡ ŭɘŬɚɨŰɖ.  

ɄɑɜŬəŬɠ 21: ɄŬɟɎɛŮŰɟɞɘ Űɖɠ əŬŰŬůŰŬŰɘəɐɠ Ůɝɑůɤůɖɠ PC-SAFT ɔɘŬ Űɘɠ ŭɘŬɚɡɛɏɜŮɠ ɞɡůɑŮɠ əŬɘ ŰŬ ůɡůŰŬŰɘəɎ Űɞɡɠ 

ŭɘŬɚɨɛŬŰɞɠ Űɞɡ ŭɘŬɚɨŰɖ 

ɄŬɟɎɛŮŰɟɞɘ PC-SAFT 
ɃɜɞɛŬůɑŬ ůŰɞ 

Aspen plus 
PZ [73] MDEA [73] CO2 [44] H2O [44] 

m PCSFAU 1886,134 3709,859 0 2500 

Ů/kB (K) PCSFAV 0,030 0,066 0 0,035 

ů () PCSFTM 2,006 3,304 2,569 1,065 

ŮAB/kB (Ⱦ) PCSFTU 335,337 237,440 152,100 366,500 

kAB ( ) PCSFTV 4,186 3,598 2,563 3,000 

 

ɇɏɚɞɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ ɞ ˊɑɜŬəŬɠ ɛŮ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ὅȟὅȟὅȟὅ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 
ůŰŬɗŮɟɩɜ Henry: 

ɄɑɜŬəŬɠ 22: ɆɡɜŰŮɚŮůŰɏɠ Ci ɔɘŬ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůŰŬɗŮɟɩɜ Henry[73] 

Component 

i 

Component 

j 

Temperature 

Units 

Property 

Units 
Aij Bij Cij Dij TLOWER TUPPER 

CO H O K N/sqm 100,650 -6147,700 -10,191 -0,010 273 473 

H S H O K N/sqm 151,031 -6415,265 -20,381 0,015 273,150 594,150 

N H O F psia 180,340 -15178,986 -21,558 -0,005 31,730 163,130 

O H O F psia 157,896 -13995,108 -18,397 -0,005 33,530 166,730 

H H O F psia 198,206 -12588,318 -26,312 0,008 33,530 150,530 

CO MDEA K N/sqm 19,893 -1072,700 0 0 0 2000 

H S MDEA K N/sqm 151,031 -6415,265 -20,381 0,015 273,150 594,150 

CO PZ K N/sqm 100,650 -6147,700 -10,191 -0,010 273 473 

H S PZ K N/sqm 151,031 -6415,265 -20,381 0,015 273,150 594,150 

 

4.4.2.3 ɉɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ 

ȰɢɞɜŰŬɠ ɞɟɑůŮɘ Űɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ əŬɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ, ɛˊɞɟŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ ɜŬ 

ɞɟɘůŰŮɑ ɖ ɢɖɛŮɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ɞɘ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ.  

Ƀɛɞɑɤɠ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɀȺȷ, ɞɟɑɕɞɜŰŬɘ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɢɖɛɘəɐɠ ɘůɞɟɟɞˊɑŬɠ ˊɞɡ ɞɟɑɕɞɡɜ 

Űɖɜ ɢɖɛŮɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ əɘɜɖŰɘəɐɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ 

ɛɏůŬ ůŰɘɠ ůŰɐɚŮɠ. 

1) 2H2O ź H3O+ +OH ↄ 

2) CO2 + 2H2O ź H3O+ + HCO3
- 

3) HCO3- + H2O ź H3O+ + CO32 

4) PZH+ + H2O ź PZ + H3O+ 

5) PZ + HCO3
- ź PZCOO ↄ  + H2O 
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6) HPZCOO + H2O ź PZCOO ↄ  + H3O+ 

7) PZCOO ↄ  + HCO3
- ź PZ(COO ↄ )2 + H2O 

8) MDEAH+ + H2O ź MDEA +H3O+ 

9) H2O + H2S ź HS ↄ + H3O+ 

10) H2O +HS ↄ ź S2 ↄ + H3O+  

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ɘůɞɟɟɞˊɑŬɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ Aspen Plus Ůűɧůɞɜ ŬˊɞŰŮɚɞɨɜ 

ɛɏɟɞɠ Űɞɡ template, ŬɚɚɎ ůɡɜɎŭɞɡɜ əŬɘ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ [36], [44]. Ƀɘ ůŰŬɗŮɟɏɠ 

ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬɡŰɧɛŬŰŬ Ŭˊɧ Űɞ Aspen Plus ɛɏůɤ Űɖɠ ŮɚŮɨɗŮɟɖɠ 

ŮɜɏɟɔŮɘŬɠ Gibbs əŬɘ Ůˊɞɛɏɜɤɠ ŭŮɜ ŮɘůɎɔɞɜŰŬɘ ɜɏŮɠ Űɘɛɏɠ ɔɘŬ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ 

Keq, ɧˊɤɠ ůɡɜɏɓɖ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɇɞ ůɨɜɞɚɞ Űɤɜ ˊŬɟŬˊɎɜɤ ŬɜŰɘŭɟɎůŮɤɜ, ɞɜɞɛɎɕŮŰŬɘ P-M-

CHEM ůŰɞ ˊɟɧɔɟŬɛɛŬ Aspen Plus əŬɘ əŬɗɞɟɑɕŮɘ Űɖɜ ɢɖɛŮɑŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ.  

Ƀɘ əɘɜɖŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ: 

11) CO2 + OH ↄ ź HCO3-  

12) HCO3- ź CO2 + OH ↄ  

13) PZ + CO2 + H2O ź PZCOO ↄ  + H3O+ 

14) PZCOO ↄ  + H3O+ ź PZ + CO2 + H2O  

15) PZCOO ↄ  + CO2 + H2O ź PZ(COO ↄ )2 + H3O+ 

16) PZ(COO ↄ )2 + H3O+  ź PZCOO ↄ  + CO2 + H2O  

17) MDEA + CO2 + H2O ź MDEAH+ + HCO3
-  

18) MDEAH+ + HCO3
-  ź MDEA + CO2 + H2O 

ɇɞ Aspen ɡˊɞɚɞɔɑɕŮɘ Űɞɡɠ ɟɡɗɛɞɨɠ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əɘɜɖŰɘəɐ Űɨˊɞɡ Power 

Law, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ůɝɑůɤůɖ (4.2)[54]. Ƀɘ Űɘɛɏɠ 

Űɤɜ əɘɜɖŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ 11-18 ɚŬɛɓɎɜɞɜŰŬɘ ŬɡŰɞɨůɘŮɠ Ŭˊɧ Űɞ 

ˊŬɟɎŭŮɘɔɛŬ Űɞɡ Aspen Plus. ɄŬɟɧɚŬ ŬɡŰɎ, ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɡŰɩɜ, ŬˊɞŰŮɚɞɨɜ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬɔɜɤɟɘůɛɏɜɤɜ ɛŮɚŮŰɩɜ əŬɘ ɏɢɞɡɜ ŭɘŬůŰŬɡɟɤɗŮɑ ɔɘŬ Űɖɜ ŮɔəɡɟɧŰɖŰɎ Űɞɡɠ Ŭˊɧ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ŮɟŮɡɜɖŰɏɠ, Ůˊɞɛɏɜɤɠ ŭŮɜ ɡˊɎɟɢŮɘ ŬɜɎɔəɖ ɔɘŬ Űɟɞˊɞˊɞɑɖůɐ Űɞɡɠ. ȷɡŰɧ ɘůɢɨŮɘ 

ɛɧɜɞ ŮɎɜ Űɖɟɖɗɞɨɜ ŰŬ ɗŮɟɛɞəɟŬůɘŬəɎ Ůɨɟɖ ůŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŮűŬɟɛɧůɘɛŮɠ [44], [73]. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɤɜ əɘɜɖŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ: 

ɄɑɜŬəŬɠ 23: ɄŬɟɎɛŮŰɟɞɘ k, E ́ɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɞ Aspen Plus 

Parameter ▓▒ ╔▒(cal/mol) 

Reaction 11 1.33e+17 13249 

Reaction 12 6.63e+16 25656 

Reaction 13 1.70e+10 319 

Reaction 14 3.40e+23 14160 

Reaction 15 1.04e+14 8038.3 

Reaction 16 3.20e+20 8692 

Reaction 17 6.85e+10 9029 

Reaction 18 6.62e+17 22131 

 

Ⱥˊɞɛɏɜɤɠ ɞɘ ŰŮɚɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ůŰɞ ˊŮŭɑɞ Reactions, ɔɘŬ ŮűŬɟɛɞɔɐ ůŰɘɠ 

ůŰɐɚŮɠ, ɛŮ ɞɜɞɛŬůɑŬ P-M-RXN, ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 
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ȺɘəɧɜŬ 20: ȷɜŰɘŭɟɎůŮɘɠ P-M-RXN 

 

4.4.2.4 Ƀɟɘůɛɧɠ ɟŮɡɛɎŰɤɜ əŬɘ ůɢŮŭɘŬůŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ ůŰɐɚɖ 

Ŭˊɞɟɟɧűɖůɖɠ 

Ƀɛɞɑɤɠ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ŰŬ ɟŮɨɛŬŰŬ Ůɘůɧŭɞɡ Űɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ. ɇɞ ɟŮɨɛŬ Űɤɜ əŬɡůŬŮɟɑɤɜ (FLUEGAS) ŮɑɜŬɘ Űɞ ɑŭɘɞ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

əŬɘ Űɞ ɛɧɜɞ ˊɞɡ ŬɚɚɎɕŮɘ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ůŰɖɜ ɞˊɞɑŬ ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ. 

ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊɘɚɏɔŮŰŬɘ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŰɞɡɠ 40C, ˊɞɡ 

ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɞɡ ůɡɜɐɗɞɡɠ Ůɨɟɞɡɠ ɗŮɟɛɞəɟŬůɘɩɜ ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ ɛŮ ŭɘŬɚɨŰɖ 

MDEA-PZ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ [36], [44], [51], [74], [75]. ɇɞ ɟŮɨɛŬ ˊɞɡ 

ɞɟɑɕŮŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ŮɑɜŬɘ ŮəŮɑɜɞ Űɞɡ ŭɘŬɚɨŰɖ, ŬɟɢɘəɎ SOLVFEED əŬɘ ɛŮŰɎ Űɞ əɚŮɑůɘɛɞ Űɖɠ 

ŬɜŬəɨəɚɤůɖɠ LEANIN. ɇɞ ɟŮɨɛŬ ŬɡŰɧ ˊŮɟɘɏɢŮɘ ɏɜŬ ɛɑɔɛŬ 30%wt. ɀDȺȷ-PZ ůŮ ɜŮɟɧ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ˊŮɟɘɏɢŮɘ 24%wt. MDEA əŬɘ 6%wt. PZ. ɄŮɟɘɏɢŮɘ ŬəɧɛŬ əŬɘ ɛɑŬ ɛɘəɟɐ ˊɞůɧŰɖŰŬ 

CO2, əŬɗɩɠ əŬŰɎ Űɖɜ ŬɜŬəɨəɚɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ůŰɖɜ ůɡɜɏɢŮɘŬ, ɗŬ űŬɜŮɑ ˊɤɠ ŭŮɜ 

ŬˊɞŭŮůɛŮɨŮŰŬɘ ɧɚɞ Űɞ CO2 ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ. ȷɡŰɐ ɖ ˊɞůɧŰɖŰŬ ɚŬɛɓɎɜŮŰŬɘ ŬˊŮɡɗŮɑŬɠ 

Ŭˊɧ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ, ɩůŰŮ ɜŬ ɛɖɜ ɛŮŰŬɓɚɖɗŮɑ Űɞ Ŭɟɢɘəɧ CO2 loading əŬŰɎ ˊɞɚɨ, Ŭűɞɨ ɐŭɖ 

ŬɡɝɐɗɖəŮ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ ůŮ ŭɘɎɚɡɛŬ Ŭɛɑɜɖɠ. ȼ Űɘɛɐ ŬɡŰɐ ŮɑɜŬɘ ɑůɖ ɛŮ 0,5%wt 

CO2 əŬɘ ɞɘ ůɡɜɗɐəŮɠ Ůɘůɧŭɞɡ Űɞɡ ɟŮɨɛŬŰɞɠ ŬɡŰɞɨ ŮɑɜŬɘ 45C əŬɘ 2atm. ɇɏɚɞɠ, ɞɟɑɕɞɜŰŬɘ ŰŬ ŭɨɞ 

ɟŮɨɛŬŰŬ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ ˊɞɡ ŮɘůɏɟɢɞɜŰŬɘ/ŮɝɏɟɢɞɜŰŬɘ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ, Űɞ 

WATERIN əŬɘ WATER. ȷɡŰɎ ŰŬ ɟŮɨɛŬŰŬ ɧˊɤɠ ŬɜŬɚɨɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŮˊɘŰŮɚɞɨɜ Űɞɜ ɟɧɚɞ 

Ůɜɧɠ water-wash əŬɘ ůɡɛɓɎɚɞɡɜ əŬɘ ůŰɖɜ ůɨɔəɚɘůɖ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ. ɇɞ ɟŮɨɛŬ 

WATERIN ɞɟɑɕŮŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ 40C əŬɘ ˊɑŮůɖɠ 2 bar, Ůɜɩ Űɞ WATER ɞɟɑɕŮŰŬɘ ůŰɖɜ 

ůɡɜɏɢŮɘŬ, ɛɏůŬ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ ɞɟɑɕŮŰŬɘ ɛɧɜɞ ɖ ˊɞůɧŰɖŰɎ Űɞɡ. ȼ ɗŮɟɛɞəɟŬůɑŬ 

əŬɘ ɖ ˊɑŮůɖ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ůŰɐɚɖɠ, əŬɗɩɠ ŮɑɜŬɘ ɟŮɨɛŬ Ůɝɧŭɞɡ. ɀɑŬ əŬɚɐ 

Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɟŮɨɛŬ, ŮɑɜŬɘ ɜŬ ɞɟɘůŰŮɑ ɖ ˊɞůɧŰɖŰɎ Űɞɡ ɤɠ ɚɑɔɞ 

ɛɘəɟɧŰŮɟɖ ŮəŮɑɜɖɠ Űɞɡ WATERIN. ȳˊɤɠ əŬɘ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ, ɖ Ůˊɘɚɞɔɐ 

Űɤɜ ŰŮɚɘəɩɜ ůɡɜɗɖəɩɜ əŬɘ Űɘɛɩɜ ŰɟɞűɞŭɞůɑŬɠ Űɤɜ ɟŮɡɛɎŰɤɜ, ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ 

əŬŰɎ Űɖɜ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ əŬɘ Űɤɜ ˊɟɞŭɘŬɔɟŬűɩɜ ůɢŮŭɘŬůɛɞɨ.  

ɆɡɜŮɢɑɕɞɜŰŬɠ ɛŮ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ (absorber), ŮˊɘɚɏɢɗɖəŮ əŬɘ Ůŭɩ 

Űɞ ɛɞɜŰɏɚɞ RadFrac, əŬɗɩɠ ŮɑɜŬɘ Űɞ ɛɧɜɞ Ŭˊɧ ŰŬ ŬˊɚɎ ɛɞɜŰɏɚŬ ˊɟɞůɞɛɞɑɤůɖɠ ůŰɖɚɩɜ Űɞɡ 

Aspen, ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ůˊɑɚɡůɖ rate-based ɛɞɜŰɏɚɤɜ. ɃɟɑɕɞɜŰŬɘ ɞɘ Űɨˊɞɡɠ Űɞɡ ůɡɛˊɡəɜɤŰɐ 

əŬɘ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ɤɠ çNoneè əŬɘ ɞ Űɟɧˊɞɠ Ůˊɑɚɡůɖɠ ɤɠ ɓŬůɘůɛɏɜɞɠ ůŰɞɜ ɟɡɗɛɧ (rate-

based), ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɃɟɑɕɞɜŰŬɘ 20 ɓŬɗɛɑŭŮɠ ůŮ ɛɑŬ ůŰɐɚɖ 

ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ əŬŰɎ ŰŬ ɔɜɤůŰɎ, əŬɘ ŮˊɘɚɏɔŮŰŬɘ ɖ ůŰɐɚɖ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ůŰŬ 2bar ́ɑŮůɖɠ, 
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əŬɗɩɠ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɤɜ ůɡɜɖɗɘůɛɏɜɤɜ Űɘɛɩɜ ˊɞɡ ŬˊŬɜŰɩɜŰŬɘ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ŮˊŮɘŭɐ 

ɖ Ŭˊɞɟɟɧűɖůɖ ůŮ ɡɣɖɚɧŰŮɟŮɠ ˊɘɏůŮɘɠ ŬɡɝɎɜŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ, ɧˊɤɠ 

ŮˊɘɓŮɓŬɘɩɗɖəŮ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ. ɇɞ ɟŮɨɛŬ Űɞɡ ŭɘŬɚɨŰɖ ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ 

3ɞ ɟŮɨɛŬ, ˊɘɞ ɢŬɛɖɚɎ Ŭˊɧ ɧŰɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ əŬɘ ŬɡŰɧ ŭɘɧŰɘ ůŰɘɠ ˊɟɩŰŮɠ 

ŭɨɞ çŮɘəɞɜɘəɏɠè ɓŬɗɛɑŭŮɠ, ɗŬ ɓɟɑůəɞɜŰŬɘ ŰŬ ɟŮɨɛŬŰŬ Űɞɡ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ. ɇɞ ɜŮɟɧ ŭɘŮɟɔŬůɑŬɠ 

ŮɘůɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ əɞɟɡűɐ əŬɘ ŮɝɏɟɢŮŰŬɘ ɤɠ ˊɚɎɔɘɞ ɟŮɨɛŬ Ŭˊɧ Űɖɜ 2ɖ ɓŬɗɛɑŭŬ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ 

ɔɘŬ ŭɨɞ ɚɧɔɞɡɠ. Ƀ ˊɟɩŰɞɠ ŮɑɜŬɘ ɔɘŬ ɜŬ ˊɟɞůɞɛɞɘɤɗŮɑ Űɞ ŮˊɎɜɤ ɛɏɟɞɠ Űɖɠ ůŰɐɚɖɠ ɤɠ water-

wash ɧˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬɚɡɗŮɑ əŬɘ ɞ ŭŮɨŰŮɟɞɠ, ŭɘɧŰɘ Ŭɜ Űɞ ɟŮɨɛŬ Űɞɡ ŭɘŬɚɨŰɖ ɓɟɘůəɧŰŬɜ ˊɎɜɤ 

Ŭˊɧ Űɞ ɟŮɨɛŬ WATER, Űɞ ɟŮɨɛŬ ŬɡŰɧ ŭŮɜ ɗŬ ˊŮɟɘŮɑɢŮ ɛɧɜɞ ɜŮɟɧ ŬɚɚɎ əŬɘ ɛɑŬ ůɖɛŬɜŰɘəɐ 

ˊɞůɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ. Ⱥˊɞɛɏɜɤɠ ŭŮɜ ɗŬ ɓŮɚŰɑɤɜŮ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ. ũɘŬ ŬɡŰɧ 

ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɗɏůŮɘɠ ůŰŬ ɟŮɨɛŬŰŬ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ Ŭˊɧ Űɖɜ ůŰɐɚɖ 

Ŭˊɞɟɟɧűɖůɖɠ. ɇɏɚɞɠ, ɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ɟŮɡɛɎŰɤɜ ˊɎɜɤ ɐ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɓŬɗɛɑŭŬɠ ˊɞɡ ɗŬ 

ŮɘůɏɟɢɞɜŰŬɘ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɧˊɤɠ əŬɘ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ŭɘŬɚɨŰɖ 

ɀȺȷ.  

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɛˊɞɟŮɑ ɜŬ ɝŮəɘɜɐůŮɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ Ůˊɘɚɞɔɐɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ Rate-

Based ɛɞɜŰɏɚɞɡ. Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɖɠ ůŰɐɚɖɠ ŮɑɜŬɘ 

ŮəŮɑɜŮɠ ˊɞɡ ɞɟɑůŰɖəŬɜ ůŰɞ ɛɞɜŰɏɚɞ P-M-RXN ́ ɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ 

ŮɜɧŰɖŰŬ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ Murphree efficiencies əŬɗɩɠ ɖ 

ůŰɐɚɖ ɛˊɧɟŮůŮ ɜŬ ůɡɔəɚɑɜŮɘ əŬɘ ɢɤɟɑɠ ŬɡŰɎ. ȷəɧɛŬ, ŬɡɝɐɗɖəŮ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ 

ůŰɞ ˊŮŭɑɞ Űɞɡ Convergence, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ çAdvanced Convergence Parametersè, 

ɞɟɑůŰɖəŮ ůɡɜŰŮɚŮůŰɐɠ ŬˊɧůɓŮůɖɠ əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɞɘ ˊɟɩŰŮɠ ŮəŰɘɛɐůŮɘɠ ɛŮŰɎ Űɖɜ ˊɟɩŰɖ 

ůɨɔəɚɘůɖ, əŬŰɎ ŰŬ ɔɜɤůŰɎ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡɜɗɖəɩɜ ŬɜŰɑŭɟŬůɖɠ (reaction condition factor) 

ɞɟɑůŰɖəŮ ůŰɞ 0.8 ɔɘŬ ɜŬ ŭɩůŮɘ ɛŮɔŬɚɨŰŮɟɖ ɓŬɟɨŰɖŰŬ ůŰɘɠ ɛŬəɟɞůəɞˊɘəɏɠ ůɡɜɗɐəŮɠ (bulk 

conditions) əŬŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŰŬɢɡŰɐŰɤɜ ŬɜŰɑŭɟŬůɖɠ ůŰɞ űɘɚɛ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ 

Űɘɠ ɔɟɐɔɞɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ ůŰɞ ɡɔɟɧ űɘɚɛ. ɃɟɑɕɞɜŰŬɘ əŬɘ Ůŭɩ 5 ɛɖ ɘůŬˊɏɢɞɜŰŬ ůɖɛŮɑŬ 

ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ ůŰɞ ɡɔɟɧ űɘɚɛ ɔɘŬ Űɖɜ Ŭəɟɘɓɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ˊɟɞűɑɚ ůɡɔəɏɜŰɟɤůɖɠ əŬɘ ɞ 

interfacial area factor ́ ŬɟŬɛɏɜŮɘ ůŰɖɜ Űɘɛɐ 1. ũɘŬ Űɖɜ ŬɏɟɘŬ űɎůɖ, ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ 

ŬɜŰɘŭɟɎůŮɘɠ, Ůɚɐűɗɖ ɡˊɧɣɖ ɛɧɜɞ ɖ ŬɜŰɑůŰŬůɖ ůŰɖ ŭɘɎɢɡůɖ Űɖɠ ɨɚɖɠ, ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ 

"Consider Film", Ůɜɩ ɔɘŬ Űɖɜ ɡɔɟɐ űɎůɖ ɖ Ůˊɘɚɞɔɐ ñDiscretize filmò ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ 

ˊɟɞɖɔɞɡɛɏɜɤɠ. Ƀ ɚɧɔɞɠ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ Űɞɡ űɘɚɛ (FDR) ɞɟɑůŰɖəŮ ůŮ 10 əŬŰɎ ŰŬ ɔɜɤůŰɎ. 

ɀŮŰɎ Ŭˊɧ Űɞɜ ˊɚɐɟɖ ɞɟɘůɛɧ Űɤɜ ɟŮɡɛɎŰɤɜ, Űɤɜ ɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ, Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ 

Űɞ rate-based ɛɞɜŰɏɚɞ, əŬɘ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůɨɔəɚɘůɖɠ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰŮɑ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ 

Űɖɠ ůŰɐɚɖɠ əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊɘɚɏɔŮŰŬɘ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ 

FLEXIPACÈ 250Y Űɖɠ Koch, Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ůŰɞ template Űɞɡ Aspen Plus ŬɚɚɎ 

əŬɘ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ[73].  Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɖɠ ůŰɐɚɖɠ ŮɑɜŬɘ 12m ɨɣɞɠ əŬɘ 3m ŭɘɎɛŮŰɟɞɠ, Ůɜɩ 

ɖ ˊɟɞůɏɔɔɘůɖ ˊɚɖɛɛɨɟɘůɖɠ Űɖɠ ůŰɐɚɖɠ ɡˊɞɚɞɔɑůŰɖəŮ ůŰɞ 77%, ˊɞɡ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɞ 80% 

ˊɞɡ ŮɑɜŬɘ Űɞ ůɨɜɖɗŮɠ ůɢŮŭɘŬůŰɘəɧ ɧɟɘɞ. Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ ŮˊɘɚɏɢɗɖəŬɜ ɛŮ ůŰɧɢɞ Űɖɜ ŮˊɑŰŮɡɝɖ 

ɞɛŬɚɐɠ ɟɞɐɠ ɟŮɡůŰɩɜ ŮɜŰɧɠ Űɖɠ ůŰɐɚɖɠ, əŬɘ Űɞɜ ɓɏɚŰɘůŰɞ ŭɘŬɢɤɟɘůɛɧ. ȷɡŰɧ ŮˊɘŰŮɨɢɗɖəŮ ɛɏůɤ 

ŬɜŬɚɨůŮɤɜ ŮɡŬɘůɗɖůɑŬɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɖɠ 

ůŰɐɚɖɠ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ Aspen Plus. ɄŬɟɧɛɞɘŮɠ Űɘɛɏɠ ŭɘŬůŰɎůŮɤɜ ůŰɖɚɩɜ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ 

ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ ůɡůŰɐɛŬŰŬ ˊŬɟɧɛɞɘŬɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ [38], [39], [74] ȼ ŮˊɘɓŮɓŬɑɤůɖ 

ˊɤɠ ɞɘ ŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɖɠ ůŰɐɚɖɠ, ˊɟɞəɨˊŰŮɘ ɛŮ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ 

ɡŭɟŬɡɚɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ (hydraulic plots) Űɖɠ , ŰŬ ɞˊɞɑŬ űŬɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ:  
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ȺɘəɧɜŬ 21: Hydraulic plots ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ 

ȳˊɤɠ űŬɑɜŮŰŬɘ ɖ ůŰɐɚɖ ɚŮɘŰɞɡɟɔŮɑ ŮɜŰɧɠ Űɤɜ ŮˊɘŰɟŮˊŰɩɜ ɞɟɑɤɜ Űɖɠ ŮˊɘŰɟŮˊɧɛŮɜɖɠ ˊŰɩůɖɠ 

ˊɑŮůɖɠ əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ ˊɚɖɛɛɨɟɘůɖɠ.  

ɇɏɚɞɠ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ɞɘ ˊɟɞŭɘŬɔɟŬűɏɠ ůɢŮŭɘŬůɛɞɨ Űɖɠ ůŰɐɚɖɠ ɐ Ŭɚɚɘɩɠ, design spec. ɇɞ 

design spec ɗŬ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɖɜ ɟɨɗɛɘůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ ŭɘŬɚɨŰɖ ˊɞɡ ɗŬ ˊŬɟɏɢŮŰŬɘ ŬɡŰɧɛŬŰŬ 

Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɛɑŬɠ əŬɗɞɟɘůɛɏɜɖɠ Űɘɛɐɠ ŭɏůɛŮɡůɖɠ CO2 (mole/mass 

recovery) ɐ ɛɑŬɠ əŬɗɞɟɘůɛɏɜɖɠ Űɘɛɐɠ CO2 loading. ȾŬɘ ɛŮ Űɞɡɠ ŭɨɞ Űɟɧˊɞɡɠ, ɛˊɞɟŮɑ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŭɡɜŬɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɧˊɞɡ ɖ ŬɚɚŬɔɐ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ɜŬ ɛɖɜ 

ŮˊɖɟŮɎɕŮɘ Űɖɜ ŭɘŮɟɔŬůɑŬ Ŭˊɞɟɟɧűɖůɖɠ. ɇɞ mass recovery Űɞɡ CO2 ɜŬ ɞɟɘůŰŮɑ ůŮ ɛɑŬ Űɘɛɐ 

ɛŮɔŬɚɨŰŮɟɖ ɐ ɑůɖ Űɞɡ 90%, ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ 92,5% ɐ 7,5% ŬɜɎəŰɖůɖ ɛɎɕŬɠ ůŮ 

CO2 ůŰɞ ɟŮɨɛŬ əɞɟɡűɐɠ, ɔɘŬ ŬˊɚɞɨůŰŮɡůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. 

 

4.4.2.5 Ƀɟɘůɛɧɠ ɟŮɡɛɎŰɤɜ əŬɘ ůɢŮŭɘŬůŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ 

Ⱥűɧůɞɜ ɞɚɞəɚɖɟɩɗɖəŮ ɖ ˊŮɟɘɔɟŬűɐ ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ (absorber) ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɖ 

ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ (stripper). ɇɞ ɛɧɜɞ ɟŮɨɛŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ɞɟɘůŰŮɑ ɔɘŬ Űɞɜ stripper ŮɑɜŬɘ Űɞ ɟŮɨɛŬ Ůɘůɧŭɞɡ ůŰɖɜ ůŰɐɚɖ, ŭɖɚŬŭɐ Űɞ ɟŮɨɛŬ çˊɚɞɨůɘɞè ůŮ 

CO2 (RICHIN). ɇɞ ɟŮɨɛŬ ŬɡŰɧ ŮɑɜŬɘ Űɞ ɑŭɘɞ ɛŮ ŬɡŰɧ ˊɞɡ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ (RICH1) ŬɚɚɎ ɏɢŮɘ ɡˊɞůŰŮɑ Ůˊɘˊɚɏɞɜ ɗɏɟɛŬɜůɖ ůŰɞɜ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ, 

ɧˊɤɠ ˊŮɟɘŮɔɟɎűɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ɖ ŬɜŰŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 

ɟŮɡɛɎŰɤɜ ŭŮɜ ŬɟəŮɑ ɔɘŬ ɜŬ űŰɎůŮɘ Űɞ ɟŮɨɛŬ RICHIN ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɔɘŬ 

ŬɡŰɧ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ŰɞˊɞɗɏŰɖůɖ Ůɜɧɠ ŬəɧɛŬ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ ˊɟɘɜ Űɖɜ ůŰɐɚɖ 

Ŭˊɞɟɟɧűɖůɖɠ, ɛɏůŬ Ŭˊɧ Űɞɜ ɞˊɞɑɞ Űɞ ɟŮɨɛŬ ɗŬ űŰɎɜŮɘ ůŰɖɜ ŰŮɚɘəɐ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 110C 

ůŮ ˊɑŮůɖ 2bar. 

ɇɞ RadFrac module ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬɘ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ Stripper, ɛŮ Űɞɜ Űɨˊɞ Űɞɡ 

ůɡɛˊɡəɜɤŰɐ ɜŬ ɞɟɑɕŮŰŬɘ ɤɠ Partial Vapor (ɛŮɟɘəɧɠ ůɡɛˊɡəɜɤŰɐɠ), əŬɗɩɠ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɟɞɥɧɜ 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ŬŰɛɩŭɖ űɎůɖ, Űɞɜ Űɨˊɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ɤɠ Kettle, əŬɘ Űɞɜ Űɨˊɞ ɡˊɞɚɞɔɘůɛɞɨ 

ɤɠ rate-based, əŬŰɎ ŰŬ ɔɜɤůŰɎ. ɄɟɞůɞɛɞɘɩɗɖəŬɜ 20 ůŰɎŭɘŬ, ɛŮ ůŰɐɚɖ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ əŬɘ 

Űɞ ɟŮɨɛŬ Űɞɡ ŭɘŬɚɨŰɖ ˊɟɞůŰɏɗɖəŮ ůŰɞ ůŰɎŭɘɞ 2, əŬɗɩɠ Űɞ ůŰɎŭɘɞ 1 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ 

ůɡɛˊɡəɜɤŰɐ. ɇɞ ůŰɎŭɘɞ 20 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ŬɜŬɓɟŬůŰɐɟŬ, ɞˊɧŰŮ ůŰŬ ůŰɎŭɘŬ 1 əŬɘ 20 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛɧɜɞ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɘůɞɟɟɞˊɑŬɠ Ŭˊɧ Űɞ ˊŬəɏŰɞ P-M-CHEM, Ůɜɩ ůŰŬ 

ůŰɎŭɘŬ 2-19 ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ůɨɜɞɚɞ ŬɜŰɘŭɟɎůŮɤɜ P-M-RXN, Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ 

Űɘɠ əɘɜɖŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. ȷɡŰɧ ŮɑɜŬɘ ɚɞɔɘəɧ, əŬɗɩɠ ůŮ ŬɡŰɎ ŰŬ ůŰɎŭɘŬ ɗŬ ɡˊɎɟɢŮɘ ˊɚɖɟɤŰɘəɧ 

ɡɚɘəɧ əŬɘ ɎɟŬ ɗŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ŬɡŰɏɠ [52]. ɇɞ ɟŮɨɛŬ Űɖɠ ɡɔɟɐɠ ŰɟɞűɞŭɞůɑŬɠ 

ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ 2ɞ ůŰɎŭɘɞ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ çAbove stageè, ɩůŰŮ ɜŬ ŭɘŮɡəɞɚɡɜɗŮɑ ɖ ɛŮŰŬűɞɟɎ 

ɛɎɕŬɠ ɛŮŰŬɝɨ Űɖɠ ŬɏɟɘŬɠ əŬɘ Űɖɠ ɡɔɟɐɠ űɎůɖɠ, ɧˊɤɠ ŬɜŬɚɨɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ȷəɧɛŬ, ˊɟɏˊŮɘ 

ɜŬ ɞɟɘůŰɞɨɜ ŭɨɞ ˊŬɟɎɛŮŰɟɞɘ ɚŮɘŰɞɡɟɔɑŬɠ ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ɔɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ ůŰɐɚɖɠ. 

ȺˊɘɚɏɔŮŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɞɑ ɜŬ ŮɑɜŬɘ Űɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ (reboiler duty) 
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əŬɘ ɞ ɟɡɗɛɧɠ ŬˊɧůŰŬɝɖɠ ůŮ ɛɞɚŬɟɘəɐ ɓɎůɖ. Ƀɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɗŬ ɞɟɘůŰɞɨɜ ɛɏůɤ Űɤɜ 

design specs əŬɘ ɛɏůŬ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ.  

ȷəɧɛŬ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ůŰɖɜ ůŰɐɚɖ ŭɘɎűɞɟŮɠ ɎɚɚŮɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ 

Űɖɜ Ůˊɑɚɡůɖ Ůɜɧɠ rate-based ɛɞɜŰɏɚɞɡ əŬɘ Űɖɜ ɞɛŬɚɐ ůɨɔəɚɘůɖ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ɧˊɤɠ əŬɘ 

ˊɟɞɖɔɞɡɛɏɜɤɠ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ɞɟɑɕɞɜŰŬɘ ɛŮ Ŭəɟɘɓɩɠ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɧˊɤɠ əŬɘ ůŰɖɜ ůŰɐɚɖ 

Ŭˊɞɟɟɧűɖůɖɠ əŬɘ ɏɢɞɡɜ Űɘɠ ɑŭɘŮɠ Űɘɛɏɠ. ɇŬ ɛɧɜŬ ˊɞɡ ŬɚɚɎɕɞɡɜ ŮɑɜŬɘ ɧŰɘ ŭŮɜ ɔɑɜŮŰŬɘ ɖ ɢɟɐůɖ 

heuristics ɔɘŬ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ůˊɑɚɡůɖɠ Űɖɠ ůŰɐɚɖɠ əŬɘ ɧŰɘ ɖ Űɘɛɐ Űɞɡ reaction 

condition factor ɞɟɑɕŮŰŬɘ 0,5. ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ŮɑɜŬɘ ɞ ɞɟɘůɛɧɠ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ Űɖɠ 

ůŰɐɚɖɠ, ɧˊɞɡ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊɘɚɏɔŮŰŬɘ Űɞ FLEXIPACÈ 250Y Űɖɠ Koch. Ƀɘ 

ŭɘŬůŰɎůŮɘɠ Űɖɠ ůŰɐɚɖɠ ŮɑɜŬɘ 6m ɨɣɞɠ əŬɘ 1,4m ŭɘɎɛŮŰɟɞɠ, ɞɘ ɞˊɞɑŮɠ əɡɛŬɑɜɞɜŰŬɘ ůŰŬ ɑŭɘŬ 

ˊɚŬɑůɘŬ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ ůɡůŰɐɛŬŰŬ ˊŬɟɧɛɞɘŬɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ [38], [39], [51], [73], 

[74]. ȼ ˊɟɞůɏɔɔɘůɖ ˊɚɖɛɛɨɟɘůɖɠ ɡˊɞɚɞɔɑůŰɖəŮ ůŰɞ 73,6%. ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ 

hydraulic plots ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ: 

 

ȺɘəɧɜŬ 22: Hydraulic plots Űɞɡ Stripper 

ȷəɞɚɞɡɗɩɜŰŬɠ ɧůŬ ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ŮɘˊɤɗŮɑ ˊɤɠ ɖ 

ɡŭɟɞŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ůŰɐɚɖɠ ŮɑɜŬɘ ɖ ŮˊɘɗɡɛɖŰɐ.  

ɇŬ design specs Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ ɞɟɑɕɞɜŰŬɘ ɛŮ Ŭəɟɘɓɩɠ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɧˊɤɠ əŬɘ ůŰɖɜ 

ˊɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ. Ƀɘ Űɘɛɏɠ ůŰɧɢɞɘ ŮɑɜŬɘ 0,0419136 ɔɘŬ Űɞ CO2 loading əŬɘ 66% 

wt. CO2 ůŰɞ ɟŮɨɛŬ əɞɟɡűɐɠ Űɖɠ ůŰɐɚɖɠ VAPPROD. 

 

4.4.2.6 ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ 

ȼ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɞɜ Ŭəɟɘɓɩɠ ɑŭɘɞ Űɟɧˊɞ əŬɘ ɛŮɗɞŭɞɚɞɔɑŬ ɛŮ Űɖɜ 

ɞˊɞɑŬ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɞɘ ŬɜŬɚɨůŮɘɠ ŮɡŬɘůɗɖůɑŬɠ ŬɜɎ əŬŰɖɔɞɟɑŬ ɛŮŰŬɓɚɖŰɩɜ.  

ȺˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

 

 

ȹɘɎɔɟŬɛɛŬ 31: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŰɞɜ Absorber (a) 
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ȹɘɎɔɟŬɛɛŬ 32: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŰɞɜ Absorber (b) 

 

ȹɘɎɔɟŬɛɛŬ 33: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɞɡ ɟŮɨɛŬŰɞɠ Űɞɡ ŭɘŬɚɨŰɖ ůŰɞɜ Absorber (a) 

 

ȹɘɎɔɟŬɛɛŬ 34: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɞɡ ɟŮɨɛŬŰɞɠ Űɞɡ ŭɘŬɚɨŰɖ ůŰɞɜ Absorber (b) 

 

ȹɘɎɔɟŬɛɛŬ 35: : ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɞɡ ɟŮɨɛŬŰɞɠ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ ůŰɞɜ Absorber 

ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ůŮ ɧɚŬ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŰŬ Design Specs Űɤɜ ůŰɖɚɩɜ ɐŰŬɜ ŮɜŮɟɔɞˊɞɘɖɛɏɜŬ. 

ȷˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ŭɘŮɟɔŬůɑŬ CCS ɛŮ ŭɘŬɚɨŰɖ 

30%wt. MDEA-PZ, ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ ŰŬ ŬəɧɚɞɡɗŬ ůɡɛˊŮɟɎůɛŬŰŬ. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɤɜ əŬɡůŬŮɟɑɤɜ, ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɧůɞ ɛɘəɟɧŰŮɟɖ 

ŮɑɜŬɘ ŮəŮɑɜɖ, Űɧůɞ ɚɘɔɧŰŮɟŮɠ ŬˊɩɚŮɘŮɠ ɏɢŮɘ Űɞ ůɨůŰɖɛŬ ɛɏůɤ Űɞɡ ɟŮɨɛŬŰɞɠ GASOUT ůŮ 

ŬŰɛɞɨɠ Ŭɛɘɜɩɜ əŬɘ CO2, Ůɜɩ ɛŮɘɩɜŮŰŬɘ əŬɘ Űɞ ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ůŰɖɜ ůŰɐɚɖ 
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Ŭˊɞɟɟɧűɖůɖɠ, ɚɧɔɤ ɢŬɛɖɚɧŰŮɟɖɠ ŬˊŬɑŰɖůɖɠ ůŮ ŭɘŬɚɨŰɖ ɔɘŬ Űɖɜ ŭɏůɛŮɡůɖ Űɞɡ CO2. ȷəɧɛŬ, 

ŬɡɝɎɜŮŰŬɘ ɖ əŬɗŬɟɧŰɖŰŬ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ CO2, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɖ ŬɜɎəŰɖůɖ ˊŬɟŬɛɏɜŮɘ 

ůŰŬɗŮɟɐ ɚɧɔɤ Űɞɡ design spec. ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ŮɡɜɞɞɨɜŰŬɘ ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɛˊɞɟŮɑ 

ɜŬ ŮɝɖɔɖɗŮɑ ˊŬɟŬŰɖɟɩɜŰŬɠ əŬɘ Űɖɜ əŬɛˊɨɚɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ. ȳůɞ 

ŬɡɝɎɜŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ŬɡɝɎɜŮŰŬɘ əŬɘ ɖ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ůŰɐɚɖɠ, 

əŬɘ űŰɎɜŮɘ ɛɏɢɟɘ əŬɘ Űɞɡɠ 69C. ȳˊɤɠ ŮɑŭŬɛŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, Űɞ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘɩɜ ɔɘŬ Űɞɜ 

absorber əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 40-70C. Ⱥűɧůɞɜ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ŮɑɜŬɘ ɏɜŰɞɜŬ ŮɝɩɗŮɟɛŮɠ, ŮɑɜŬɘ 

ɚɞɔɘəɧ ɜŬ ɛɖɜ ŮɡɜɞɞɨɜŰŬɘ ůŮ ˊɞɚɨ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ɜŬ ŮˊɘɓɟŬŭɨɜɞɜŰŬɘ. Ⱥˊɞɛɏɜɤɠ 

ŮˊɘɚɏɔŮŰŬɘ ɤɠ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɤɜ əŬɡůŬŮɟɑɤɜ Űɞ əɎŰɤ ɧɟɘɞ, ŭɖɚŬŭɐ ɞɘ 40C. 

ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɟŮɨɛŬŰɞɠ ŭɘŬɚɨŰɖ LEANIN, 

ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭəɟɘɓɩɠ ɖ ɑŭɘŬ ůɡůɢɏŰɘůɖ ɛŮ ŰŬ əŬɡůŬɏɟɘŬ, ɧŰɘ ŮɡɜɞɞɨɜŰŬɘ ŭɖɚŬŭɐ ɞɘ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ. Ⱥŭɩ ɓɏɓŬɘŬ ŮˊɘɚɏɔŮŰŬɘ ŮɚŬűɟɩɠ ɡɣɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 45C, ŭɘɧŰɘ ɞɘ 

40C ŮɑɜŬɘ Űɞ əŬŰɩŰŬŰɞ ɧɟɘɞ ŭɘŬɚɡŰɧŰɖŰŬɠ Űɖɠ PZ ůŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ [44]. 

ɇɏɚɞɠ, ɔɘŬ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ ˊɞɡ ŮɘůɎɔŮŰŬɘ ůŰɖɜ əɞɟɡűɐ Űɖɠ ůŰɐɚɖɠ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ŭŮɜ ɡˊɎɟɢŮɘ ɘŭɘŬɑŰŮɟɖ ŮɡŬɘůɗɖůɑŬ Űɤɜ ɡˊɧɚɞɘˊɤɜ ˊŬɟŬɛɏŰɟɤɜ ɤɠ ˊɟɞɠ Űɖɜ 

ɗŮɟɛɞəɟŬůɑŬ Űɞɡ əŬɘ Ůˊɞɛɏɜɤɠ ɧˊɞɘŬ ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ ɓɞɚɘəɧŰŮɟɖ ůŰɞɜ ůɢŮŭɘŬůɛɧ 

ŮˊɘɚɏɔŮŰŬɘ. Ⱥűɧůɞɜ ɡˊɎɟɢŮɘ ŭɘŬɗɏůɘɛɖ ɣɡɢɟɐ ˊŬɟɞɢɐ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ, ŮˊɘɚɏɢɗɖəŮ ɖ 

ɟɨɗɛɘůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɟŮɨɛŬŰɞɠ ŬɡŰɞɨ ůŰɞɡɠ 40C ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮɑɤůɖ Űɤɜ 

ŬŰɛɩɜ Ŭɛɘɜɩɜ, ɢɤɟɑɠ ɜŬ ŮˊɖɟŮɎɕɞɜŰŬɘ ɘŭɘŬɑŰŮɟŬ ɞɘ ɡˊɧɚɞɘˊŮɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ.  

 

ȺˊɑŭɟŬůɖ Űɤɜ ˊŬɟɞɢɩɜ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ 

 

 

ȹɘɎɔɟŬɛɛŬ 36: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ Űɞɡ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ 

 

ȹɘɎɔɟŬɛɛŬ 37: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ Űɞɡ ɟŮɨɛŬŰɞɠ WATER (ŬˊɞɛɎəɟɡɜůɖ ɜŮɟɞɨ Ŭˊɧ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ) 

ɇŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ˊŬɟɞɢɩɜ Űɤɜ ŭɨɞ ɟŮɡɛɎŰɤɜ ˊɞɡ 

Ŭűɞɟɞɨɜ Űɞ ŰɛɐɛŬ Űɞɡ water-wash ůŰɖɜ ůŰɐɚɖ. ũɘŬ Űɖɜ ˊŬɟɞɢɐ Űɞɡ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ, ɖ 

ŮɡŬɘůɗɖůɑŬ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ ɛŮŰŬɓɚɖŰɩɜ ŭŮɜ ŮɑɜŬɘ ɛŮɔɎɚɖ ŬɚɚɎ ɞɨŰŮ əŬɘ ŬɛŮɚɖŰɏŬ. 

FLOWS - Results Summary

VARY   1 WATERIN  MIXED    TOTAL MA SSFLOW   KG/HR
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FLOWS - Results Summary

VARY   1 ABSORBER WATER    PRODUCTS MASS-FLO KG/HR
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ȺˊɘɚɏɔŮŰŬɘ ɖ ɢɟɐůɖ ˊŬɟɞɢɐɠ ůŰɞ ɢŬɛɖɚɧŰŮɟɞ Ɏəɟɞ əŬɗɩɠ ɖ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ŮˊɖɟŮɎɕŮŰŬɘ 

ˊŮɟɘůůɧŰŮɟɞ ŮɑɜŬɘ ŮəŮɑɜɖ Űɖɠ ˊŬɟɞɢɐɠ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ, Űɞɡ RICH1. 

ɀŮɔŬɚɨŰŮɟɖ ˊŬɟɞɢɐ ůɖɛŬɑɜŮɘ ɡɣɖɚɧŰŮɟɖ ŬˊŬɑŰɖůɖ ůŰɞɜ ŬɜŬɓɟŬůŰɐɟŬ ůŰɖɜ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ əŬɘ ɎɟŬ ɡɣɖɚɧŰŮɟŬ əɧůŰɖ. Ƀɘ ŮɚŬűɟɩɠ ɡɣɖɚɧŰŮɟŮɠ ŬˊɞŭɧůŮɘɠ ůŮ ŭɏůɛŮɡůɖ 

ŭɘɞɝŮɘŭɑɞɡ əŬɘ ůŮ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ ůŮ ŬŰɛɞɨɠ ŭɘŬɚɨŰɖ, ŭŮɜ ŮɑɜŬɘ ŮˊŬɟəŮɑɠ ɔɘŬ ɜŬ 

ŭɘəŬɘɞɚɞɔɐůɞɡɜ Űɘɛɐ Űɖɠ ˊŬɟɞɢɐɠ ůŰɞ Ɏɜɤ Ɏəɟɞ Űɞɡ Ůɨɟɞɡɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ. ȷəɧɛŬ, 

ɛŮɔŬɚɨŰŮɟɖ ˊŬɟɞɢɐ ɞŭɖɔŮɑ ůŮ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ ɛŮɔŬɚɨŰŮɟɖɠ ůŰɐɚɖɠ əŬɘ ɎɟŬ ɡɣɖɚɧŰŮɟŬ 

ˊɎɔɘŬ əɧůŰɖ, ŰŬ ɞˊɞɑŬ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŭɘəŬɘɞɚɞɔɖɗɞɨɜ Ŭˊɧ Űɖɜ ŮɚŬűɟɩɠ əŬɚɨŰŮɟɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ˊŬɟɞɢɐ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ.  

Ƀɛɞɑɤɠ əŬɘ ɔɘŬ Űɞ ɟŮɨɛŬ WATER ́ɞɡ ŬˊɞɛŬəɟɨɜŮɘ Űɞ ɜŮɟɧ Ŭˊɧ Űɖɜ ůŰɐɚɖ. 

 

ȹɘɎɔɟŬɛɛŬ 38: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ Űɞɡ ɟŮɨɛŬŰɞɠ ŭɘŬɚɨŰɖ 

 

ȹɘɎɔɟŬɛɛŬ 39: ɇɘɛɐ Űɞɡ SRD (MJ/kg CO2) ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŬɟɞɢɐ Űɞɡ ŭɘŬɚɨŰɖ 

 

ȹɘɎɔɟŬɛɛŬ 40: ɇɘɛɐ Űɖɠ ŬɜɎəŰɖůɖɠ(%) Űɞɡ CO2 Ŭˊɧ Űɞ ɟŮɨɛŬ əŬɡůŬŮɟɑɤɜ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŬɟɞɢɐ Űɞɡ ŭɘŬɚɨŰɖ 

ȷˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ Űɞɡ ŭɘŬɚɨŰɖ ůɡɛˊŮɟŬɑɜŮŰŬɘ ˊɤɠ ɛŮ Ŭɨɝɖůɖ 

Űɖɠ ˊŬɟɞɢɐɠ, ɡˊɎɟɢŮɘ Ŭɨɝɖůɖ Űɖɠ ŬɜɎəŰɖůɖɠ CO2 əŬɘ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ. ɈˊɎɟɢŮɘ ɧɛɤɠ 

əŬɘ ɔɟŬɛɛɘəɐ Ŭɨɝɖůɖ Űɞɡ ɗŮɟɛɘəɞɨ űɞɟŰɑɞɡ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ əŬɘ ɎɟŬ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ 

əɧůŰɞɡɠ-ŬˊŬɑŰɖůɖɠ Űɖɠ ɛɞɜɎŭŬɠ. Ⱥˊɞɛɏɜɤɠ ŮˊɘɚɏɔŮŰŬɘ ɛɑŬ Űɘɛɐ ˊŬɟɞɢɐɠ ˊɞɡ ɜŬ əɟŬŰɎŮɘ Űɖɜ 

ŬɜɎəŰɖůɖ ˊɎɜɤ Ŭˊɧ 90% ɢɤɟɑɠ ɜŬ ŮɑɜŬɘ ŬˊŬɔɞɟŮɡŰɘəɐ ɖ Űɘɛɐ Űɞɡ SRD. ȷɡŰɐ ɖ Űɘɛɐ ŮɑɜŬɘ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɤɜ 135ton/h ůŮ ˊŬɟɞɢɐ ŭɘŬɚɨŰɖ, ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ əŬɘ ɑŭɘɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ ɛŮ 

Űɖɜ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ (92,5% ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ). 

FLOWS - Results Summary

VARY   1 LEANIN   MIXED    TOTAL MA SSFLOW   KG/HR
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ȹɘɎɔɟŬɛɛŬ 41: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ɛŮ ŰŬ design spec ŮɜŮɟɔɞˊɞɘɖɛɏɜŬ 

ȼ ŮˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ɛŮ ŰŬ design spec ŮɜŮɟɔɞˊɞɘɖɛɏɜŬ (ɧˊɤɠ ůɡɜɏɓɖ əŬɘ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɀȺȷ), ŭŮɑɢɜŮɘ ɖ ɟɞɐ Űɞɡ ŭɘŬɚɨŰɖ ɛŮŰŬɓɎɚɚŮŰŬɘ ɚɧɔɤ Űɖɠ ɛŮŰŬɓŬɚɚɧɛŮɜɖɠ 

ɟɞɐɠ Űɤɜ əŬɡůŬŮɟɑɤɜ. ɆɡɜŮˊɩɠ, ɞɘ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ɛŮŰŬɓɚɖŰɏɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɔɟŬɛɛɘəɎ. 

ɀɑŬ ɛɘəɟɐ Ŭɨɝɖůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ˊɞůɞůŰɧ ŬɜɎəŰɖůɖɠ ŬɚɚɎ ŭŮɜ ŮɑɜŬɘ ɡˊɞɚɞɔɑůɘɛɖ. Ƀɘ Űɘɛɏɠ 

Űɞɡ SRD ́ŬɟŬɛɏɜɞɡɜ ůɢŮŭɧɜ ůŰŬɗŮɟɏɠ ɔɘŬ ɧɚŮɠ Űɘɠ Űɘɛɏɠ Űɤɜ ˊŬɟɞɢɩɜ. 

 

ȹɘɎɔɟŬɛɛŬ 42: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ɛŮ Űɞ design spec Űɞɡ absorber ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞ 

 

ȹɘɎɔɟŬɛɛŬ 43: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ əŬɡůŬŮɟɑɤɜ ůŰɞ SRD ɛŮ Űɞ design spec Űɞɡ absorber ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞ 

 

ȹɘɎɔɟŬɛɛŬ 44: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ əŬɡůŬŮɟɑɤɜ ůŰɖɜ ŬɜɎəŰɖůɖ (%) CO2 ɛŮ Űɞ design spec Űɞɡ absorber 

ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞ 

ȳŰŬɜ ŰŬ design spec Űɞɡ absorber ŮɑɜŬɘ ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜŬ ŰɧŰŮ ɖ ˊŬɟɞɢɐ ŭŮɜ ɛŮŰŬɓɎɚɚŮŰŬɘ, 

ɧˊɤɠ ŮɝɖɔɐɗɖəŮ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ. Ⱥˊɞɛɏɜɤɠ ɧˊɤɠ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ ɖ 

Ŭˊɧŭɞůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŮɚŬŰŰɩɜŮŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ əŬɡůŬŮɟɑɤɜ, əŬɗɩɠ Űɞ ůɨůŰɖɛŬ 

ůɢŮŭɘɎůŰɖəŮ ɔɘŬ ɛɘəɟɧŰŮɟɖ ˊŬɟɞɢɐ. ɄŬɟɧɚŬ ŬɡŰɎ, ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ Űɞ ůɨůŰɖɛŬ CCS ɛˊɞɟŮɑ 
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ɜŬ ŭɘŬŰɖɟɐůŮɘ ˊɞůɞůŰɧ ŬɜɎəŰɖůɖɠ CO2 ɑůɞ ɛŮ 86 % ɔɘŬ 30% ɛŮɔŬɚɨŰŮɟɖ ˊŬɟɞɢɐ əŬɡůŬŮɟɑɤɜ. 

ȷɡŰɧ ɞűŮɑɚŮŰŬɘ Ůɜ ɛɏɟŮɘ ůŰŬ ŮɜŮɟɔɞˊɞɘɖɛɏɜŬ design spec Űɞɡ stripper, ŬɚɚɎ ɡˊɞŭɖɚɩɜŮɘ 

Ŭəɧɛɖ, ˊɤɠ Űɞ ůɨůŰɖɛŬ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ɛŮɔɎɚŮɠ ŬɡɝɞɛŮɘɩůŮɘɠ ůŰɖɜ ˊɞůɧŰɖŰŬ Űɤɜ 

əŬɡůŬŮɟɑɤɜ ɢɤɟɑɠ ůɖɛŬɜŰɘəɏɠ ŬˊɩɚŮɘŮɠ ůŰɖɜ Ŭˊɧŭɞůɐ Űɞɡ. ȷɡŰɧ ŬˊɞŰɡˊɩɜŮŰŬɘ əŬɘ ůŰɖɜ Űɘɛɐ 

Űɞɡ SRD, ɧˊɞɡ űŰɎɜŮɘ ɛɏɢɟɘ əŬɘ ůŰŬ 3,14 MJ/kg ɔɘŬ 120 ton/h əŬɡůŬŮɟɑɤɜ. ȷɜŰɑɗŮŰŬ, ɧŰŬɜ ɖ 

ˊɞůɧŰɖŰŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ɛŮɘɩɜŮŰŬɘ, ŬɡɝɎɜŮŰŬɘ ɖ ŬɜɎəŰɖůɖ ůŮ ˊɞůɞůŰɎ ɛɏɢɟɘ əŬɘ 97% ŬɚɚɎ 

ɖ Űɘɛɐ Űɞɡ SRD ́ɟɞůŮɔɔɑɕŮɘ ŰŬ 5,7MJ/kg, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŬɟəŮŰɎ ɡɣɖɚɐ ŭŮŭɞɛɏɜɞɡ Űɞɡ ŭɘŬɚɨŰɖ.  

 

ȺˊɑŭɟŬůɖ Űɞɡ ɟŮɨɛŬŰɞɠ əŬɡůŬŮɟɑɤɜ (ˊŬɟɞɢɐ  əŬɘ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ CO2) 

 

 

ȹɘɎɔɟŬɛɛŬ 45: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 

 

ȹɘɎɔɟŬɛɛŬ 46:ȷɜɎəŰɖůɖ CO2 (%) əŬɘ reboiler duty (kW) ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 

 

ȹɘɎɔɟŬɛɛŬ 47: ȺˊɑŭɟŬůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 ůŰɞ SRD 

ȺˊɘɚɏɔŮŰŬɘ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ ŮɡŬɘůɗɖůɑŬɠ ɛŮ ɧɚŬ ŰŬ design 

spec ŬɜɞɘɢŰɎ, əŬɗɩɠ ɔɘŬ Űɖɜ Ɏɚɚɖ ˊŮɟɑˊŰɤůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ, Ůɜɩ ɏɢŮɘ ˊŬɟɞɡůɘŬůŰŮɑ əŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ Ŭɡɝɖɛɏɜɖɠ ˊŬɟɞɢɐɠ 

ůŮ CO2 ɛɏůŬ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ Űɤɜ əŬɡůŬŮɟɑɤɜ. ȷˊɧ ŰŬ 

ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ, ˊɤɠ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 ŬɡɝɎɜŮŰŬɘ ɖ ŭŮůɛŮɡɧɛŮɜɖ ˊɞůɧŰɖŰŬ Űɞɡ, ɛŮɘɩɜɞɜŰŬɠ 

ˊŬɟɎɚɚɖɚŬ Űɘɠ ŬˊɩɚŮɘŮɠ ůŮ ŬŰɛɞɨɠ Űɤɜ Ŭɛɘɜɩɜ, ɚɧɔɤ Űɖɠ Ŭɨɝɖůɖɠ Űɞɡ ɟɡɗɛɞɨ Űɤɜ 
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ŬɜŰɘŭɟɎůŮɤɜ. ȼ ŬɜɎəŰɖůɖ ˊŬɟŬɛɏɜŮɘ ůŮ ůɢŮŭɧɜ ůŰŬɗŮɟɎ ŮˊɑˊŮŭŬ ɛŮ ŮɚŬűɟɩɠ Ŭɜɞŭɘəɐ ŰɎůɖ, 

Ůɜɩ əŬɘ Űɞ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ŬɡɝɎɜŮŰŬɘ, ŬɚɚɎ ɖ Űɘɛɐ Űɞɡ SRD ɛŮɘɩɜŮŰŬɘ ůɡɜŮɢɩɠ əŬɘ 

űŰɎɜŮɘ ɛɏɢɟɘ əŬɘ Űɖɜ Űɘɛɐ 3,14 MJ/kg CO2, ɔɘŬ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɑůɖ ɛŮ 9%mol. Ⱥˊɞɛɏɜɤɠ 

ůɡɛˊŮɟŬɑɜŮŰŬɘ ˊɤɠ Űɞ ůɨůŰɖɛŬ ˊɞɡ ůɢŮŭɘɎůŰɖəŮ, ŮɑɜŬɘ əŬɘ ŮɜŮɟɔŮɘŬəɎ ŬˊɞŭɞŰɘəɧ Ůűɧůɞɜ ůŮ 

ɛŮɔŬɚɨŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ CO2 ůŰŬ əŬɡůŬɏɟɘŬ, Űɞ ŮɜŮɟɔŮɘŬəɧ əɧůŰɞɠ ɓɟɑůəŮŰŬɘ ɛɏůŬ ůŰɞ 

ŮˊɘɗɡɛɖŰɧ Ůɨɟɞɠ Űɘɛɩɜ. ɇɏɚɞɠ, ɧůɞɜ ŬűɞɟɎ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɤɜ ůŰɖɚɩɜ əŬɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ 

ˊɑŮůɖɠ, ɖ ŮˊɑŭɟŬůɖ ŮɑɜŬɘ ˊŬɜɞɛɞɘɧŰɡˊɖ ɛŮ Űɖɜ ŭɘɎŰŬɝɖ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ, ɧˊɞɡ Ŭˊɚɩɠ 

ŮˊɘɓŮɓŬɘɩɗɖəŮ ɛɑŬ ůɡɜɐɗɖɠ ŭɘŬˊɑůŰɤůɖ əŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ ůŰɖɚɩɜ Ŭˊɞɟɟɧűɖůɖɠ.  

4.4.3 ȷˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ŭɘŬɚɨŰɖ ɀDȺȷ-PZ əŬɘ 

ůɨɔəɟɘůɖ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

ȷɟɢɘəɎ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɘůɞɕɡɔɑɞɡ ɛɎɕŬɠ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ůŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

ɄɑɜŬəŬɠ 24: Ƚůɞɕɨɔɘɞ ɛɎɕŬɠ ˊɟɞůɞɛɞɑɤůɖɠ CCS ɛŮ ŭɘŬɚɨŰɖ ɀDȺȷ-PZ 

 FLUEGAS LEANIN WATERIN GASOUT RICH1 WATER RICHIN LEANSOLV VAPPROD CO2 PROD 

Temperature 

(C) 
40 45 40 49.34 48.33 51.38 110 129,024 100,78 20,19 

Pressure 

(bar) 
2,05 2,0265 2 2 2.05 2.00263 2 2,0 1,9 1.9 

Mass flow 

(kg/h) 
8.90E+04 1.37E+05 2.99E+04 8.52E+04 1.43E+05 2.80E+04 1.43E+05 1.37E+05 5.71E+03 3.785E+03 

Mass fractions (apparent) 

MDEA 0 0.240 1.66E-04 1.00E-06 0.230 1.77E-04 0,230 0,240 1,12E-06 1.611E-17 

PZ 0 0.0600 2.08E-04 9.18E-07 0.0576 2.22E-04 0,0576 0,0600 9,57E-07 2.426E-17 

H O 3.74E-02 0.695 0.999 3.91E-02 0.681 0.999 0,681 0,695 0,339 4.863E-03 

CO 4.57E-02 4.99E-03 3.54E-04 3.58E-03 3.12E-02 1.57E-04 0,0312 0,005 0,660 0.9942 

N 0.765 0 2.09E-05 0.799 1.88E-05 2.23E-05 1,88E-05 0 4,70E-04 7.097E-04 

O 0.152 0 7.63E-06 0.159 6.91E-06 8.16E-06 6,91E-06 0 1,73E-04 2.610E-04 

CO2 

loading 
 0,0419   0,2722  0,158562 0,0419136   

 

ɄɑɜŬəŬɠ 25: Ɇɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ŭɘŬɚɨŰɖ ɀDȺȷ-PZ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

 
This study 

(LNG-ROPAX 

11,421 MW) 

LNG ship, 3MW, 

15% MDEA 

15% PZ[38] 

Cargo ship, MDO, 

17MW, 40%wt MDEA 

8%wt PZ[39] 

Aspen 

Template 

[73] 

10%wt PZ 30% wt 

MDEA [51] 

45%wt 

MDEA 5% 

PZ[74] 

Treated flue gas (kg/h) 89000 19800 118232,3 76,2 5720,2 775000 

CO2 in flue gas (mol%) 2,95 4,8 5 5,2 20,4 12 

Lean Loading 0,042 0,369 0,13 0,054 0,171 0,036 

Rich Loading 0,272 0,5435 0,31 0,28 0,783 - 

CO2 capture (%) 92 90 30 (avoidance) 91,1 90 90 

Reboiler energy 

penalty (MJ/kg CO2 

captured) 

3,98 3,86 3,4 5,39 2,75 3,6 

Absorber Height (m) 12 - 5,95 15,42 17 6 

Absorber pressure 

(bar) 
2 1,01 1 1 1,2 1,1 

Absorber Diameter (m) 3 2,3 3,56 0,125 1,1 18 

Absorber packing type FLEXIPAC 250Y MELLAPAK 250X - 
FLEXIPAC 

250Y 

Random packing 

IMTP 50 

Flexipac 

250Y 

Stripper Height (m) 6 - 5,97 5,42 10 10 

Stripper pressure (bar) 2 3 0,927 2 2 2,1 

Stripper Diameter (m) 1,4 - 1,184 0,125 1,1 6,8 

Stripper packing type FLEXIPAC 250Y MELLAPAK 250X - 
FLEXIPAC 

250Y 

Random packing 

IMTP 50 

Flexipac 

250Y 

CO2 tank volume (m3) 48,395 - 259 - - - 
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Ƀɘ Űɘɛɏɠ Űɞɡ CO2 loading (apparent mol CO2/apparent mol MEA) ɔɘŬ Űɞ çűŰɤɢɧè ůŮ CO2 

ŭɘŬɚɨŰɖ (lean) ŮɑɜŬɘ 0,0419 əŬɘ ɔɘŬ Űɞ ḉ ɚɞɨůɘɞè ůŮ CO2 ŭɘŬɚɨŰɖ (rich) ŮɑɜŬɘ 0,2722. ȳˊɤɠ 

ŮɝɖɔɐɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɞɘ Űɘɛɏɠ ŬɡŰɏɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬɓɚɖɗɞɨɜ ůɖɛŬɜŰɘəɎ ɚɧɔɤ Űɞɡ 

template ůŰɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ. ȼ űɨůɖ Űɤɜ ɛɞɟɑɤɜ Űɞɡ ŭɘŬɚɨŰɖ PZ ŮˊɘŰɟɏˊŮɘ 

ɜŬ ŭŮůɛŮɨůŮɘ ɛɏɢɟɘ əŬɘ 1 mol CO2/mol PZ əŬɘ ɞ ŭɘŬɚɨŰɖɠ MDEA, 1 mol CO2/mol MDEA [77]. 

ȯɟŬ, ɗŮɤɟɖŰɘəɎ ɞɘ Űɘɛɏɠ Űɞɡ CO2 loading ůŮ ɛɑɔɛŬ MDEA-PZ ɛˊɞɟɞɨɜ ɜŬ űŰɎůɞɡɜ ɡɣɖɚɏɠ 

Űɘɛɏɠ, ɛɏɢɟɘ əŬɘ 0,783 ůŰɞ rich ɟŮɨɛŬ ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ [51]. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ ůŮ ɧɚɞ Űɞ ɨɣɞɠ Űɖɠ 

ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ. H ůɡɜɞɚɘəɐ ŬɜɎəŰɖůɖ Űɞɡ CO2 Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ ɘůɞɨŰŬɘ ɛŮ 92,5%. 

ȷɡŰɧ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛŬɕɘəɐ ˊŬɟɞɢɐ ɑůɖ ɛŮ 3785,72 kg/h ůŰɞ ɟŮɨɛŬ CO2PROD, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

ɟŮɨɛŬ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ɛŮ əŬɗŬɟɧŰɖŰŬ Ɏɜɤ Űɞɡ 99% əŬŰɎ ɛɎɕŬ. ɇɞ űɞɟŰɑɞ Űɞɡ 

ŬɜŬɓɟŬůŰɐɟŬ ŮɑɜŬɘ ɑůɞ ɛŮ 4167kW əŬɘ Űɞ SRD ŮɑɜŬɘ ɑůɞ ɛŮ 3,98MJ/kg CO2 captured. Ƀ ŭŮɑəŰɖɠ 

SRD ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ˊɘɞ ůɖɛŬɜŰɘəɞɨɠ ůŮ ŭɘŮɟɔŬůɑŮɠ CCS əŬɗɩɠ ŮəűɟɎɕŮɘ Űɖɜ 

ŮɜŮɟɔŮɘŬəɐ ŬˊŬɑŰɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȼ əɡɟɘɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ ŬˊŬɑŰɖůɖ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ 

ŮɜɏɟɔŮɘŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɞ ŬɜŬɓɟŬůŰɐɟŬɠ ɔɘŬ Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ŭɘŬɚɨŰɖ. ȼ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ 

ɚɞɘˊɧɜ, ɓɟɑůəŮŰŬɘ ˊɎɜɤ Ŭˊɧ Űɞ ŬɜɩŰŮɟɞ ɧɟɘɞ Űɤɜ Űɘɛɩɜ 2.3-3.92 MJ/kg CO2 captured, əŬɗɩɠ 

ɏɢŮɘ Űɖɜ Űɘɛɐ 3,98, ˊŬɟɧɚŬ ŬɡŰɎ, ɓɟɑůəŮŰŬɘ ˊɞɚɨ əɞɜŰɎ ůŮ ŬɡŰɧ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ 

ɢŬɛɖɚɐ ůɡɔəɏɜŰɟɤůɖ CO  ůŰŬ əŬɡůŬɏɟɘŬ (<3%mol), ŬɡŰɐ ɖ Űɘɛɐ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɗŮɤɟɖɗŮɑ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ɔɘŬ ŬɡŰɧɜ Űɞɜ ŭŮɑəŰɖ Ŭˊɧŭɞůɖɠ (KPI). ȺəŰɧɠ ŬɡŰɞɨ, ŮˊɘɓŮɓŬɘɩɗɖəŮ əŬŰɎ Űɖɜ 

ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ˊɤɠ Űɞ ůɨůŰɖɛŬ ɔɘŬ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ CO2 ůŰɞ ɟŮɨɛŬ 

əŬɡůŬŮɟɑɤɜ, ɏɢŮɘ Űɘɛɐ SRD ɛɏůŬ ůŰŬ ŮˊɘŰɟŮˊŰɎ ˊɚŬɑůɘŬ. ūɡůɘəɎ, ɡˊɎɟɢɞɡɜ ˊŮɟɘɗɩɟɘŬ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɤɜ ŬˊŬɘŰɐůŮɤɜ ŮɜɏɟɔŮɘŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɚɚɎ ŬɡŰɧ ŭŮɜ ŬˊɞŰŮɚŮɑ 

ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ Űɖɠ ŮɟɔŬůɑŬɠ. ȳůɞɜ ŬűɞɟɎ Űɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ, ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ 

ɓɘɓɚɘɞɔɟŬűɘəɏɠ ɛŮɚɏŰŮɠ ŬˊŬɜŰɎŰŬɘ ˊɞůɞůŰɧ ɑůɞ ɐ əŬɘ ɛŮɔŬɚɨŰŮɟɞ Űɞɡ 90% [38], [39], [51], 

[73], [74]. Ⱥˊɞɛɏɜɤɠ ɛˊɞɟŮɑ ɜŬ ŮɘˊɤɗŮɑ ˊɤɠ Űɞ ůɨůŰɖɛŬ CCS ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ ɏɢŮɘ 

ˊɟɞůɞɛɞɘɤɗŮɑ ɛŮ Űɟɧˊɞ ˊɞɡ ŭɑɜŮɘ ɟŮŬɚɘůŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ůɡɛűɤɜɞɨɜ ɛŮ Űɖɜ ŭɘŮɗɜɐ 

ɓɘɓɚɘɞɔɟŬűɑŬ. ȳůɞɜ ŬűɞɟɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Aspen ůŰɞ ˊŬɟɎŭŮɘɔɛɎ 

Űɖɠ [73], ŮəŮɑɜɖ ɓŬůɑɕŮŰŬɘ ůŮ ɛɘŬ ˊɘɚɞŰɘəɐ ŮɔəŬŰɎůŰŬůɖ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ 

Kaiserslautern, Ůˊɞɛɏɜɤɠ ŭŮɜ ɏɢŮɘ ɓŮɚŰɘůŰɞˊɞɘɖɗŮɑ ɔɘŬ ŮɚɎɢɘůŰɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɞɡ 

ŬɜŬɓɟŬůŰɐɟŬ (5,39 MJ/kg). ɄŬɟɧɚŬ ŬɡŰɎ, Űɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŮɑɜŬɘ ɑůɞ 

ɛŮ 91,1%. ȷəɧɛŬ, ɖ ŬˊŬɑŰɖůɖ ůŮ ɟŮɨɛŬ ŬɜŬˊɚɐɟɤůɖɠ ɀDȺȷ ŮɑɜŬɘ ɑůɖ ɛŮ 0.086kg/h, ɔɘŬ Űɖɜ 

PZ, 9,08Ⱥ-04 kg/həŬɘ ůŮ ɜŮɟɧ ŭɘŮɟɔŬůɑŬɠ ɑůɖ ɛŮ 16.42kg/h. ɆŰɞ əŮűɎɚŬɘɞ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ɞɚɞəɚɐɟɤůɖɠ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŬɜŬɚɡŰɘəɎ ŰŬ ŮɜŮɟɔŮɘŬəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ 

ɛɞɜɎŭŬɠ, ɞɘ ŬˊŬɘŰɐůŮɘɠ ůŮ ɣɨɝɖ əŬɘ ɗɏɟɛŬɜůɖ.  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ɗŮɟɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ůŰɖɚɩɜ űŬɑɜɞɜŰŬɘ ůŰŬ 

ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ: 

 

ȹɘɎɔɟŬɛɛŬ 48: ŪŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ 
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ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞ temperature bulge ɓɟɑůəŮŰŬɘ ůŰɞ ŮˊɎɜɤ ŰɛɐɛŬ Űɖɠ ůŰɐɚɖɠ ɚɧɔɤ 

Űɞɡ ůɢŮŰɘəɎ ɢŬɛɖɚɞɨ ɚɧɔɞɡ ɟɞɐɠ ɡɔɟɞɨ ˊɟɞɠ ŬŮɟɑɞɡ ůŰɖ ůŰɐɚɖ (L/V<5)[16]. ɄŬɟŬŰɖɟŮɑŰŬɘ 

ɧɛɤɠ ɧŰɘ ŭŮɜ ɓɟɑůəŮŰŬɘ Űɧůɞ ɣɖɚɎ ɧůɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞ ŭɘŬɚɨŰɖ ɀȺȷ, Ůɜɩ ɛɑŬ Ŭˊɧ Űɘɠ 

ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɤɜ ŮɑɜŬɘ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ˊŬɟɞɢɐ Űɞɡ ŭɘŬɚɨŰɖ ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ŭɏůɛŮɡůɖɠ, ɖ ɞˊɞɑŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ MDEA-PZ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ. ȷɡɝɎɜɞɜŰŬɠ ɚɞɘˊɧɜ Űɖɜ ˊŬɟɞɢɐ Űɞɡ ŭɘŬɚɨŰɖ ůŰɖɜ ůŰɐɚɖ, Űɞ ˊɟɞűɑɚ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ŬɚɚɎɕŮɘ əŬɘ Űɞ bulge ɛŮŰŬűɏɟŮŰŬɘ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɖɠ ůŰɐɚɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ.  

 

ȹɘɎɔɟŬɛɛŬ 49: ŪŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ (ŭɘŮɟŮɨɜɖůɖ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŬɟɞɢɐ Űɞɡ ŭɘŬɚɨŰɖ) 

Ƀɘ Rochelle et al. ŭɑɜɞɡɜ ɛɑŬ ŮɛˊŮɟɘůŰŬŰɤɛɏɜɖ ŰŮəɛɖɟɑɤůɖ ɔɘŬŰɑ ˊŬɟŬŰɖɟŮɑŰŬɘ ŬɡŰɧ Űɞ 

űŬɘɜɧɛŮɜɞ. ɇɞ bulge ́ ŬɟŬŰɖɟŮɑŰŬɘ əɞɜŰɎ ůŰɖɜ əɞɟɡűɐ Űɖɠ ůŰɐɚɖɠ ɚɧɔɤ Űɞɡ ɢŬɛɖɚɞɨ ɚɧɔɞɡ 

L/G. ɆŮ ůɡɜɗɐəŮɠ ɧˊɞɡ Űɞ L/G ŮɑɜŬɘ ɢŬɛɖɚɧ, ɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ Ŭˊɞɟɟɧűɖůɖ 

Űɞɡ CO2 (ŮɝɩɗŮɟɛɖ ŬɜŰɑŭɟŬůɖ), ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ əɞɟɡűɐ Űɖɠ ůŰɐɚɖɠ ɚɧɔɤ Űɖɠ 

ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬɠ Űɞɡ ŬŮɟɑɞɡ ɖ ɞˊɞɑŬ ˊŬɑɕŮɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ ɛŮŰŬűɞɟɎ Űɖɠ 

ɗŮɟɛɧŰɖŰŬɠ. Ƀɘ ɢŬɛɖɚɞɑ ɚɧɔɞɘ L/G ŮˊɘɓɎɚɚɞɡɜ ůɖɛŬɜŰɘəɏɠ əɘɜɖŰɐɟɘŮɠ ŭɡɜɎɛŮɘɠ ˊɟɞɠ Űɖɜ 

əɞɟɡűɐ Űɖɠ ůŰɐɚɖɠ, əŬɘ ɏŰůɘ Űɞ bulge ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ŭŮɜ ůɡɜŰŮɚŮɑ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ əɧɛɓɞɡ 

ŬɜɎůɢŮůɖɠ ɔɘŬ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ. Ⱥˊɞɛɏɜɤɠ, ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ ɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɞɡ 

ŭɘŬɚɨŰɖ ɚɧɔɤ Űɞɡ ɗŮɟɛɞəɟŬůɘŬəɞɨ ɛŮɔɑůŰɞɡ əɞɜŰɎ ůŰɖɜ əɞɟɡűɐ Űɖɠ ůŰɐɚɖɠ.  ɆŮ ɛŮůŬɑŮɠ Űɘɛɏɠ 

Űɞɡ ɚɧɔɞɡ L/G, ŭɖɛɘɞɡɟɔŮɑŰŬɘ bulge ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ůŰɐɚɖɠ, əŬɗɩɠ ɞ ŭɘŬɚɨŰɖɠ ɛŮŰŬűɏɟŮɘ 

ɏɜŬ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ əŬɘ ɖ ɗŮɟɛɧŰɖŰŬ çˊŬɔɘŭŮɨŮŰŬɘè ůŰɖɜ 

ůŰɐɚɖ. ɇɞ bulge ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɏɜŬ pinch ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ, Űɞ 

ɞˊɞɑɞ ˊŮɟɘɞɟɑɕŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ ɜŬ ŭŮůɛŮɨůŮɘ CO2. ȷɡŰɐ ɖ əŬŰɎůŰŬůɖ ɏɢŮɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ŭɡɜɖŰɘəɎ ɞűɏɚɖ Ŭˊɧ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ˊɘɞ ůɨɜɗŮŰɤɜ ŭɘŬŰɎɝŮɤɜ 

CCS, ɧˊɤɠ ůŰɐɚŮɠ ɛŮ ŮɜŭɘɎɛŮůɖ ɣɨɝɖ (intercooling). ȷɡŰɧ ŭɘɧŰɘ, ɛɏůɤ Űɖɠ ŮɜŭɘɎɛŮůɖɠ ɣɨɝɖɠ 

ɗŬ ůɡɛɓŮɑ ɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ bulge ́ ɞɡ ˊŮɟɘɞɟɑɕŮɘ Űɖɜ ɛŮŰŬűɞɟɎ ɛɎɕŬɠ. ɇɏɚɞɠ, ɔɘŬ 

ˊŮɟɘˊŰɩůŮɘɠ ɡɣɖɚɞɨ L/G, ŭɖɚŬŭɐ ɡɣɖɚɞɨ lean loading, Űɞ bulge ɗŬ ɓɟɑůəŮŰŬɘ ˊɟɞɠ Űɞɜ 

ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ, əŬɗɩɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ ˊŮɟɘůůɧŰŮɟɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ 

ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ Űɞɜ ɡɔɟɧ ŭɘŬɚɨŰɖ. ȹɖɚŬŭɐ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ŬɜŰɑůŰɟɞűɖ ŭɘŬŭɘəŬůɑŬ Ŭˊɧ ɧŰɘ 

ˊɟɞɖɔɞɡɛɏɜɤɠ. ɆŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞ bulge ŮɑɜŬɘ ůŮ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ, ɧˊɤɠ əŬɘ 

ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ (63C ŬɜŰɑ ɔɘŬ 66). ɆŰɞ bulge ɓɟɑůəŮŰŬɘ əŬɘ Űɞ pinch ɛŮŰŬűɞɟɎɠ ɛɎɕŬɠ, 

ŬɚɚɎ ɖ ɢŬɛɖɚɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ŮɔɔɨŰɖŰɎ Űɖɠ ůŰɞ çˊɚɞɨůɘɞè ůŮ CO2, Ɏəɟɞ Űɖɠ ůŰɐɚɖɠ, 

ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛɘŬ Ŭˊɧŭɞůɖ ˊɞɚɨ əɞɜŰɎ ůŮ ŬɡŰɐ ɛɘŬɠ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ ůŰɐɚɖɠ. 

Ⱥˊɞɛɏɜɤɠ, ɖ ŮɜŭɘɎɛŮůɖ ɣɨɝɖ ɗŬ ˊŬɟɏɢŮɘ ˊŮɟɘɞɟɘůɛɏɜŬ ɞűɏɚɖ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ [78]. 

Ⱥˊɞɛɏɜɤɠ, ůɡɛˊŮɟŬɑɜŮŰŬɘ ˊɤɠ ɘŭŬɜɘəɎ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘŭɘɩəŮŰŬɘ Űɞ temperature bulge ɜŬ 

ɓɟɑůəŮŰŬɘ ůŰɞ ˊɎɜɤ ɛɏɟɞɠ Űɖɠ ůŰɐɚɖɠ əŬɘ ůɑɔɞɡɟŬ ɧɢɘ ůŰɞ ɛɏůɞ. 

ɇɞ ˊɟɞűɑɚ ɗŮɟɛɞəɟŬůɑŬɠ ŮɑɜŬɘ Ůˊɑůɖɠ ˊŬɟɧɛɞɘɞ ɛŮ ŬɡŰɧ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ Ŭˊɧ Űɞ Aspen Plus 

ůŰɞ template Űɞɡɠ [73]. Ⱥˊɘˊɚɏɞɜ, ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŮ ɧɚɖ Űɖ ůŰɐɚɖ ŭŮɑɢɜŮɘ ɧŰɘ 

Űɞ ůɨɜɞɚɞ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ əɎɗŮ Ůɘəɞɜɘəɧ "ůŰɎŭɘɞ" Űɖɠ ůŰɐɚɖɠ, Ŭűɞɨ ɞɘ 

ŬɜŰɘŭɟɎůŮɘɠ ŮɑɜŬɘ ŮɝɩɗŮɟɛŮɠ. 

Block ABSORBER: Temperature Profile
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ȹɘɎɔɟŬɛɛŬ 50: ŪŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ əɞɟɡűɐ Űɖɠ ůŰɐɚɖɠ 

 

ȹɘɎɔɟŬɛɛŬ 51: Ʉɟɞűɑɚ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ Aspen Plus template [73] 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ˊɟɞűɑɚ ɗŮɟɛɞəɟŬůɘɩɜ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ. 

 

ȹɘɎɔɟŬɛɛŬ 52: Ʉɟɞűɑɚ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ ɛŮ ɓɎůɖ Űɖɜ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ 

ȼ ɗŮɟɛɞəɟŬůɑŬ ůŰɞɜ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɞ ɧɟɘɞ Űɤɜ 125C əŬɘ 

ɡˊɎɟɢŮɘ əŬɘ ɛɑŬ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛɏůŬ ůŰɖɜ ůŰɐɚɖ, ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ ˊɤɠ ɞɘ 

ŬɜŰɘŭɟɎůŮɘɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ. ȾŬɘ Ůŭɩ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ ɛŮ ŮəŮɑɜɖ Űɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ Aspen Plus. 

 

ȹɘɎɔɟŬɛɛŬ 53: Ʉɟɞűɑɚ ɗŮɟɛɞəɟŬůɑŬɠ template Űɞɡ Aspen Plus ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ ɛŮ ɓɎůɖ Űɖɜ ŬˊɧůŰŬůɖ Ŭˊɧ 

Űɞɜ ˊɡɗɛɏɜŬ [73]  
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4.5 Ʉɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰɖ K2CO3 

ɆŰɖ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ɗŬ ˊŮɟɘɔɟŬűŮɑ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŭɏůɛŮɡůɖɠ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ 

Űɞɡ ɎɜɗɟŬəŬ, ɛŮ ŭɘŬɚɨŰɖ 30%wt. K2CO3, ɖ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɩɗɖəŮ ůŮ ɚɞɔɘůɛɘəɧ Aspen Plus 

V14. Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ ŭɘŬɚɨŰɖɠ ŭŮɜ ŮɑɜŬɘ Űɧůɞ ŭɘŬŭŮŭɞɛɏɜɞɠ ɧůɞ ŰŬ ŭɘŬɚɨɛŬŰŬ Ŭɛɘɜɩɜ, ůŰɞɜ 

əɚɎŭɞ Űɞɡ OCCS, Ůˊɞɛɏɜɤɠ ɞɘ ɓɘɓɚɘɞɔɟŬűɘəɏɠ ɛŮɚɏŰŮɠ ŮɑɜŬɘ ŬəɧɛŬ ˊɘɞ ˊŮɟɘɞɟɘůɛɏɜŮɠ, ŮɘŭɘəɎ 

ůŰɞ əɞɛɛɎŰɘ Űɞɡ ůɢŮŭɘŬůɛɞɨ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ ůŰɞ Aspen Plus. ɄŬɟɧɚŬ ŬɡŰɎ, ɏɢŮɘ ůɖɛŬɜŰɘəɏɠ 

ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ, ɚɧɔɤ Űɤɜ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ Űɞɡ ɏɜŬɜŰɘ ůŰŬ ˊŬɟŬŭɞůɘŬəɎ ŭɘŬɚɨɛŬŰŬ 

Ŭɛɘɜɩɜ.  

4.5.1 ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ůŰɞ Aspen Plus əŬɘ ůɢŮŭɘŬůŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ 

ɇɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ ůŰɞ Aspen Plus ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ 

ŮɘəɧɜŬ. 

 

ȺɘəɧɜŬ 23: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ŭɘŮɟɔŬůɑŬɠ ŭɏůɛŮɡůɖɠ CO2 ɛŮ ŭɘŬɚɨŰɖ K2CO3 

Ƀɛɞɑɤɠ ɘůɢɨɞɡɜ ɧůŬ ŬɜŬűɏɟɗɖəŬɜ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɘɠ, ˊŮɟɑ ˊɟɞ-

ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ NOx əŬɘ SOx, ŰŬ ɞˊɞɑŬ ŮˊɖɟŮɎɕɞɡɜ 

ŬəɧɛŬ əŬɘ Űɞɜ ŭɘŬɚɨŰɖ Ⱦ2CO3, ɞ ɞˊɞɑɞɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ůŬɜ ŭɘŬɚɨŰɖɠ ůŮ ůŰɐɚɖ 

scrubber.  

ɆŰɖɜ ɛɞɜɎŭŬ CCS, ɛŮ ŭɘŬɚɨŰɖ Ⱦ2CO3, ɡˊɎɟɢɞɡɜ ɛŮɟɘəɏɠ ŭɘŬűɞɟɏɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŭɨɞ ɛɞɜɎŭŮɠ 

ɛŮ ŬɛɑɜŮɠ ɤɠ ŭɘŬɚɨŰŮɠ. ȷɟɢɘəɎ, ŭŮɜ ɡˊɎɟɢɞɡɜ ɟŮɨɛŬŰŬ ŬɜŬˊɚɐɟɤůɖɠ Űɞɡ ŭɘŬɚɨŰɖ, əŬɗɩɠ Űɞ 

Ⱦ2CO3 ŮɑɜŬɘ ŭɘŬɚɡŰɧ ɎɚŬɠ əŬɘ ŭŮɜ ŮɝŬŰɛɑɕŮŰŬɘ, Ůɜɩ əŬɘ ůŬɜ ɏɜɤůɖ ŭŮɜ ŮɑɜŬɘ ŮˊɘɟɟŮˊɏɠ ůŰɖɜ 

ɡˊɞɓɎɗɛɘůɖ, ɗŮɟɛɘəɐ ɐ ɞɝŮɘŭɤŰɘəɐ (thermal & oxidative degradation), ɧˊɤɠ Űɞɡ ŭɘŬɚɨŰŮɠ ɛŮ 

ɓɎůɖ ŬɛɑɜŮɠ [34]. ȷəɧɛŬ, ŭŮɜ ɡˊɎɟɢŮɘ əŬɘ ɟŮɨɛŬ ŬɜŬˊɚɐɟɤůɖɠ Űɞɡ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ, əŬɗɩɠ 

ɧɚɖ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ˊɞůɧŰɖŰŬ, əŬɚɨˊŰŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŬəɨəɚɤůɖ ɟŮɡɛɎŰɤɜ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. 

ȷɡŰɧ ŭŮɜ ŮɑɜŬɘ əɎŰɘ ŬůɡɜɐɗɘůŰɞ, əŬɗɩɠ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ŭɘŬŰɎɝŮɘɠ ɔɘŬ ɛɞɜɎŭŮɠ CCS, ɞɘ ɞˊɞɑŮɠ 

ɚŮɘŰɞɡɟɔɞɨɜ ɢɤɟɑɠ əɎˊɞɘŬ ŬɜɎɔəɖ ůŮ ŬɜŬˊɚɐɟɤůɖ əɎˊɞɘɞɡ ɟŮɨɛŬŰɞɠ ɚɧɔɤ ŬˊɤɚŮɘɩɜ 

ŭɘŬɚɨŰɖ/ɜŮɟɞɨ [45], [79]. ȷəɧɛŬ, Ůɘůɐɢɗɖ Űɞ Block Chargeball, Űɞ ɞˊɞɑɞ ůɡɛɓɎɚɚŮɘ ůŰɖɜ 

ŬˊŬɚɞɘűɐ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɤɜ ɘɧɜŰɤɜ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ůŮ ŮˊɑˊŮŭŬ ɑɢɜɞɡɠ, əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ 

ˊɟɞɓɚɐɛŬŰŬ ůɨɔəɚɘůɖɠ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ. ɇɏɚɞɠ, Ůɘůɐɢɗɖ ɏɜŬ ŬəɧɛŬ ŭɞɢŮɑɞ ŭɘŬɢɤɟɘůɛɞɨ 

Űɨˊɞɡ flash ůŰɖɜ Ŭɟɢɐ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ȷɡŰɧ ůɡɜɏɓɖ əŬŰɎ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ɜŬ əɚŮɑůŮɘ ɞ ɓɟɧɢɞɠ 

ŬɜŬəɨəɚɤůɖɠ Űɞɡ ŭɘŬɚɨŰɖ. ɄŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ Űɞ ɟŮɨɛŬ Űɞɡ ŭɘŬɚɨŰɖ LEANSOL ́ ŮɟɘŮɑɢŮ 

ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ Ŭˊɧ ŮəŮɑɜɖ Űɞɡ ŭɘŬɚɨŰɖ ůŰɖɜ Ůɑůɞŭɞ, LEANIN. ȷɡŰɐ ɖ ˊɞůɧŰɖŰŬ 

ɜŮɟɞɨ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŰŬ əŬɡůŬɏɟɘŬ, əŬɘ ɔɘŬ ŬɡŰɧ ŮˊɘɚɏɢɗɖəŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 

ŭɘŬɢɤɟɘůɛɧɠ ɛɏůɤ flash ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ ˊŮɟɑůůŮɘŬɠ Űɞɡ ɜŮɟɞɨ. ɄɟɎɔɛŬŰɘ, ŬɡŰɧ Űɞ 
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ɓɐɛŬ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ ŮˊɑŰŮɡɝɖɠ əɚŮɘůŰɞɨ ɓɟɧɢɞɡ ŬɜŬəɨəɚɤůɖɠ Űɞɡ 

ɟŮɨɛŬŰɞɠ ŭɘŬɚɨŰɖ (ɖ ɞˊɞɑŬ ɏɢŮɘ ˊŮɟɘɔɟŬűŮɑ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ ɛŮ ɀȺȷ), ɞŭɐɔɖůŮ ůŰɖɜ ŰŮɚɘəɐ 

ˊɟɞůɞɛɞɑɤůɖ, ɛŮ ůɡɜŭŮŭŮɛɏɜɞ Űɞ ɟŮɨɛŬ ŬɜŬəɨəɚɤůɖɠ. ɆŮ ˊɞɚɚɏɠ ɛŮɚɏŰŮɠ ŬɡŰɧ Űɞ ŭɞɢŮɑɞ 

ŭɘŬɢɤɟɘůɛɞɨ ŮɑŰŮ ůɢŮŭɘɎɕŮŰŬɘ Ůɝô Ŭɟɢɐɠ, ŮɑŰŮ ůŰɖɜ ɗɏůɖ Űɞɡ ůɢŮŭɘɎɕŮŰŬɘ ɛɑŬ ůŰɐɚɖ ůŰɖɜ ɞˊɞɑŬ 

ŰŬ əŬɡůŬɏɟɘŬ ɣɨɢɞɜŰŬɘ ɛŮ ɜŮɟɧ, əŬɘ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ əɎˊɞɘŮɠ ˊɟɞůɛɑɝŮɘɠ əŬɘ ɛɑŬ ˊɞůɧŰɖŰŬ 

Űɞɡ Ůˊɘˊɚɏɞɜ ɜŮɟɞɨ Űɤɜ əŬɡůŬŮɟɑɤɜ. ȷɡŰɐ ɖ ůŰɐɚɖ ůɡɜɐɗɤɠ ɞɜɞɛɎɕŮŰŬɘ quench column əŬɘ 

ɚŮɘŰɞɡɟɔŮɑ ůŬɜ ɏɜŬɠ ŮɜŬɚɚɎəŰɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɧˊɞɡ ɖ ŬɜŰŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɔɑɜŮŰŬɘ ɛŮ 

ŬˊŮɡɗŮɑŬɠ ŮˊŬűɐ Űɤɜ ŭɨɞ ɟŮɡůŰɩɜ. ɆŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ŭŮɜ əɟɑɗɖəŮ 

ŬˊŬɟŬɑŰɖŰɞɠ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ əŬɗɩɠ ɖ ɣɨɝɖ Űɤɜ əŬɡůŬŮɟɑɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ˊŬɟɎɚɚɖɚɖ 

ŬɜɎəŰɖůɖ ɗŮɟɛɧŰɖŰŬɠ əŬɘ ɖ ˊɞůɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ůŮ ŬɡŰɎ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊŬɢɗŮɑ (ɢɤɟɑɠ 

ɡˊŮɟɓɞɚɘəɧ əɧůŰɞɠ) ŭŮɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ (2,25%wt. Űɞɡ ɟŮɨɛŬŰɞɠ əŬɡůŬŮɟɑɤɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

Űɞɡ ŭɘŬɚɨŰɖ K2CO3, ŭɖɚŬŭɐ əɎŰɤ Ŭˊɧ 2ton/h). 

ȼ ŭɏůɛŮɡůɖ ɛŮ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ K2CO3 ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ 

ˊɘɏůŮɘɠ (Hot Carbonate CO2 Absorption) ɐ ůŮ ˊŬɟɧɛɞɘŮɠ ůɡɜɗɐəŮɠ ɛŮ Űɘɠ ŭɘŮɟɔŬůɑŮɠ 

ŭɏůɛŮɡůɖɠ ɛŮ ŬɛɑɜŮɠ, ɧˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮˊɘɚɏɔŮŰŬɘ ɖ ŭŮɨŰŮɟɖ 

Ůˊɘɚɞɔɐ, əŬɗɩɠ Űɞ əɧůŰɞɠ ůɡɛˊɑŮůɖɠ Űɤɜ əŬɡůŬŮɟɑɤɜ (ůɡɛˊɑŮůɖ ɛɏɢɟɘ əŬɘ ůŰŬ 22bar [80]) 

ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɧ, Ůɜɩ ŭŮɜ ɡˊɎɟɢŮɘ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ Ůɜɧɠ 

Ůˊɘˊɚɏɞɜ ŬŮɟɞůɡɛˊɘŮůŰɐ ůŰɖɜ ŭɘɎŰŬɝɖ, Űɧůɞ ŮɜŮɟɔŮɘŬəɎ ɧůɞ əŬɘ ɢɤɟɞŰŬɝɘəɎ. Ƀɘ ůɡɛˊɘŮůŰɏɠ 

Űɞɡ ˊɟɞɥɧɜŰɞɠ CO2 ɛŮŰɎ Űɖɜ ŭɏůɛŮɡůɖ ůŰɖɜ ŭɘɎŰŬɝɖ ůɡɛˊɑŮůɖɠ, əŬɚɞɨɜŰŬɘ ɜŬ ŭɘŬɢŮɘɟɘůŰɞɨɜ 

ůɖɛŬɜŰɘəɎ ɛɘəɟɧŰŮɟɖ ˊɞůɧŰɖŰŬ ŬŮɟɑɞɡ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬɟɢɘəɎ əŬɡůŬɏɟɘŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ əŬŰɎ 

23 ŰɞɡɚɎɢɘůŰɞɜ űɞɟɏɠ ˊŮɟɘůůɧŰŮɟŬ, əŬŰɎ ɛɎɕŬ. ȸɏɓŬɘŬ, ɚɧɔɤ Űɤɜ ɢŬɛɖɚɩɜ ɟɡɗɛɩɜ 

ŬɜŰɑŭɟŬůɖɠ Űɞɡ K2CO3, ŭŮɜ ůɡɜɖɗɑɕŮŰŬɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŭɘŮɟɔŬůɑŬ ůŮ ɢŬɛɖɚɏɠ ˊɘɏůŮɘɠ. 

ɄŬɟɧɚŬ ŬɡŰɎ ɡˊɎɟɢɞɡɜ ɛŮɚɏŰŮɠ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ˊɞɡ ŭŮɑɢɜɞɡɜ ˊɤɠ ŮɑɜŬɘ ŮűɘəŰɧ, ɛŮ 

ɛɘəɟɧŰŮɟɖ ŭɘŬűɞɟɎ ˊɑŮůɖɠ ɛŮŰŬɝɨ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ŭˊɞɔɨɛɜɤůɖɠ əŬɘ ˊɘɏůŮɘɠ ůŰɖɜ 

ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ ŬəɧɛŬ əŬɘ 1bar [81], [82], [83], [84]. 

ũɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ ŮˊɘɚɏɔŮŰŬɘ ˊɑŮůɖ 3bar, əŬɗɩɠ ŮɑɜŬɘ ɖ ɡɣɖɚɧŰŮɟɖ ŭɡɜŬŰɐ ˊɑŮůɖ 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɏůɤ Űɟɞˊɞˊɞɑɖůɖɠ Űɞɡ ɟŮɨɛŬŰɞɠ əŬɡůŬŮɟɑɤɜ ɢɤɟɑɠ Űɖɜ ˊɟɞůɗɐəɖ 

əɎˊɞɘɞɡ ůɡɛˊɘŮůŰɐ əŬɘ ɗŮɟɛɞəɟŬůɑŬ 41-55C.  ȼ ˊɑŮůɖ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ ŮˊɘɚɏɔŮŰŬɘ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ, ɖ ŮɚɎɢɘůŰɖ ŭɡɜŬŰɐ, ɑůɖ ɛŮ 1bar əŬɘ ɗŮɟɛɞəɟŬůɑŬ əɞɜŰɎ ůŰɞɡɠ 

100C. ɆŮ ˊɞɚɚɏɠ ɛŮɚɏŰŮɠ əŬɘ ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ ɖ ˊɑŮůɖ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ 

ɛˊɞɟŮɑ ɜŬ ɓɟɑůəŮŰŬɘ əŬɘ əɎŰɤ Ŭˊɧ Űɖɜ ɛɑŬ ŬŰɛɧůűŬɘɟŬ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮɔŬɚɨŰŮɟɖ 

ŬɜɎəŰɖůɖ [81], [82], [83], [84]. ɄŬɟɧɚŬ ŬɡŰɎ, ɧˊɤɠ ŮɑɜŬɘ ɐŭɖ ɔɜɤůŰɧ, ŬɡŰɧ ɞŭɖɔŮɑ ůŮ 

ŬɡɝɖɛɏɜŬ əɧůŰɖ ůɡɛˊɑŮůɖɠ ůŰɖɜ ůɡɜɏɢŮɘŬ. Ƀɘ ɡˊɧɚɞɘˊŮɠ ůɡɜɗɐəŮɠ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ɛŮŰɎ 

Űɞɜ ɞɟɘůɛɧ Űɞɡ ɗŮɟɛɞŭɡɜŬɛɘəɞɨ ɛɞɜŰɏɚɞɡ, əŬɗɩɠ ˊɟɏˊŮɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ɛɞɜŰɏɚɞ ˊɞɡ ɜŬ 

ˊŮɟɘɔɟɎűŮɘ Űo ůɨůŰɖɛŬ ůŮ ɏɜŬ ɛŮɔɎɚɞ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘɩɜ əŬɘ Űɘɛɩɜ loading, əŬɗɩɠ ŰŬ 

ˊɟɞŰŮɘɜɧɛŮɜŬ ɛɞɜŰɏɚŬ Ŭˊɧ Űɞ Aspen Plus, Ŭűɞɟɞɨɜ ɛɧɜɞ Űɞ Hot Carbonate CO2 Absorption. 

ȹɖɚŬŭɐ ŮɑɜŬɘ ŮűŬɟɛɧůɘɛŬ ůŮ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘɩɜ 70-140C əŬɘ ˊɘɏůŮɘɠ ɏɤɠ 10 bar[41]. Ƀ 

ŭɘŬɚɨŰɖɠ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɏɢŮɘ ůɨůŰŬůɖ 30%wt. K2CO3 ɔɘŬ ɚɧɔɞɡɠ ůɨɔəɟɘůɖɠ ɛŮ Űɘɠ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɘɠ, ŬɚɚɎ əŬɘ ŮˊŮɘŭɐ ɔɘŬ ɛŮɔŬɚɨŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ, Ɏɜɤ Űɞɡ 

40%wt., ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ əŬŰŬəɟɐɛɜɘůɖɠ ůŰŮɟŮɞɨ ɎɚŬŰɞɠ ŭɘŰŰŬɜɗɟŬəɘəɞɨ 

əŬɚɑɞɡ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ŭɘŮɟɔŬůɑŬ [34].  
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4.5.2 ɆɢŮŭɘŬůɛɧɠ ŭɘŮɟɔŬůɑŬɠ CCS ɛŮ ŭɘŬɚɨŰɖ 30%wt. K2CO3 ůŰɞ Aspen 

Plus 

Ʉɟɘɜ ɝŮəɘɜɐůŮɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɜ 

ɛŮɟɘəɏɠ ˊŬɟŬŭɞɢɏɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɔɘŬ ŬɡŰɐ əŬɘ Űɘɠ ŮˊɧɛŮɜŮɠ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɘɠ: 

¶ ɇɞ ůɨůŰɖɛŬ ŮɝŮŰɎɕŮŰŬɘ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ɛɧɜɘɛɖɠ əŬŰɎůŰŬůɖɠ, ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ 

ɡˊɧɣɖ ɞɘ ɢɟɧɜɞɘ Ůəəɑɜɖůɖɠ əŬɘ ŰŮɟɛŬŰɘůɛɞɨ əŬɗɩɠ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůŮ ŬɡŰɎ ŰŬ 

ŭɘŬůŰɐɛŬŰŬ. 

¶ ȳˊɤɠ ŬɜŬɚɨɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŰŬ əŬɡůŬɏɟɘŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ 

ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ɟɨˊɤɜ. Ⱥˊɞɛɏɜɤɠ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ SO2, 

ȼ2S, CO, NO, NO2 ɗŮɤɟɞɨɜŰŬɘ ɛɖŭŮɜɘəɏɠ. 

¶ ȼ ŭɘŮɟɔŬůɑŬ Ŭˊɞɟɟɧűɖůɖɠ ɗŮɤɟŮɑŰŬɘ ŬŭɘŬɓŬŰɘəɐ. 

¶ ũɑɜŮŰŬɘ ɢɟɐůɖ Űɞɡ ɜɧɛɞɡ Űɞɡ Henry ɔɘŬ ŰŬ ŬɏɟɘŬ ůɡůŰŬŰɘəɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ (ȼ2S, 

CO2, O2, N2) 

¶ ȿŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŭɖɛɘɞɡɟɔɑŬ-əŬŰŬəɟɐɛɜɘůɖ ůŰŮɟŮɞɨ ɎɚŬŰɞɠ 

ȷəɧɛŬ, Űɞ ɛɞɜŰɏɚɞ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ: 

¶ ɄɟŬɔɛŬŰɘəɎ ɢɖɛɘəɎ Ůɑŭɖ (true components), ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɘɧɜŰɤɜ   

¶ ȾɘɜɖŰɘəɐ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮ ɓɎůɖ Űɖ ůɡɔəɏɜŰɟɤůɖ   

¶ ɀɞɜŰɏɚŬ ɛŮŰŬűɞɟɎɠ ɘŭɘɞŰɐŰɤɜ ɖɚŮəŰɟɞɚɡŰɩɜ   

¶ ɀɞɜŰɏɚŬ ɓŬůɘůɛɏɜŬ ůŰɞ ɟɡɗɛɧ (rate-based) ɔɘŬ Űɖ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Űɖ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ 

 

4.5.2.1 ɉɖɛɘəɎ Ůɑŭɖ əŬɘ Ŭɟɢɐ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ 

ȳˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ɜɏɞ ŬɟɢŮɑɞ ůŰɞ Aspen Plus. ȷɡŰɐ Űɖɜ űɞɟɎ, ŮˊŮɘŭɐ 

ŭŮɜ ɡˊɎɟɢŮɘ əɎˊɞɘɞ template Űɞɡ Aspen Plus ́ ɞɡ ɜŬ ɘəŬɜɞˊɞɘŮɑ ˊɚɐɟɤɠ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ, ŮˊɘɚɏɔŮŰŬɘ ŮəŮɑɜɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɛŮŰɟɞˊɞɘɖɗŮɑ ˊɘɞ ŮɨəɞɚŬ ůŮ ŬɡŰɏɠ. ȷɡŰɧ 

ŮɑɜŬɘ ɏɜŬ template ́ ɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŭɏůɛŮɡůɖ ɧɝɘɜɤɜ ŬŮɟɑɤɜ (CO2 əŬɘ ȼ2S), ɛŮ ŭɘŬɚɨŰɖ 

K2CO3, ɛŮ ɢɟɐůɖ Űɞɡ ɗŮɟɛɞŭɡɜŬɛɘəɞɨ ɛɞɜŰɏɚɞɡ ELECNRTL, ůŮ ɢŬɛɖɚɏɠ ˊɘɏůŮɘɠ (ɖ Ɏɚɚɖ 

Ůˊɘɚɞɔɐ ŬűɞɟɎ Űɖɜ ŭɘŮɟɔŬůɑŬ ůŮ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ, Ůˊɞɛɏɜɤɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚŮɢɗŮɑ). 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɓɎůɖ Űɞ template ŬɡŰɧ ɚɞɘˊɧɜ, ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ ɢɖɛɘəɩɜ Ůɘŭɩɜ Űɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ́ɑɜŬəŬ: 
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ɄɑɜŬəŬɠ 26: ɄɑɜŬəŬɠ ɢɖɛɘəɩɜ Ůɘŭɩɜ ůŰɞ Aspen Plus ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰɖ K2CO3 

Component ID Type Component Name Alias CAS Number 

N Conventional NITROGEN N 7727-37-9 

H O Conventional WATER H O 7732-18-5 

CO Conventional CARBON-DIOXIDE CO 124-38-9 

KOH Conventional POTASSIUM-HYDROXIDE KOH 1310-58-3 

H O Conventional H O H O  

OH Conventional OH OH  

HCO Conventional HCO HCO  

CO Į Conventional CO Į CO Į  

K Conventional K K  

H S Conventional HYDROGEN-SULFIDE H S 7783-06-4 

HS Conventional HS HS  

SĮ Conventional SĮ SĮ  

K CO Conventional POTASSIUM-CARBONATE K CO 584-08-7 

KHCO Conventional POTASSIUM-BICARBONATE KHCO 298-14-6 

O Conventional OXYGEN O 7782-44-7 

CO Conventional CARBON-MONOXIDE CO 630-08-0 

H Conventional HYDROGEN H 1333-74-0 

CH Conventional METHANE CH 74-82-8 

K CO Ā1.5H O Solid K CO Ŀ1.5H O K CO Ŀ1.5W  

KHCO-CR Solid POTASSIUM-BICARBONATE KHCO 298-14-6 

 

4.5.2.2 ŪŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, Űɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ŭɘŬűɏɟŮɘ Ŭˊɧ ŬɡŰɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ template, əŬɗɩɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɘəŬɜɞˊɞɘɐůŮɘ Űɘɠ 

ůɡɜɗɐəŮɠ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. Ⱥˊɞɛɏɜɤɠ ˊɟɏˊŮɘ ŬɡŰɧ ɜŬ ˊŬɟŬɛŮŰɟɞˊɞɘɖɗŮɑ ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ 

ɧˊɤɠ ɏɔɘɜŮ əŬɘ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰɖ ɀDEA-PZ. ȼ ŭɘŬűɞɟɎ ŮɑɜŬɘ ˊɤɠ Ůŭɩ ɗŬ 

ɢɟŮɘŬůŰŮɑ ɜŬ ŮˊɘɚŮɢɗɞɨɜ Ůə ɜɏɞɡ ˊŬɟɎɛŮŰɟɞɘ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ ůɡɜŰŮɚŮůŰɐ 

ŮɜŮɟɔɧŰɖŰŬɠ, ɛŮŰŬɝɨ Ɏɚɚɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ɧɢɘ Ŭˊɚɩɠ ɜŬ ůɡɛˊɚɖɟɤɗɞɨɜ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ 

ɚŮɑˊɞɡɜ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɜɏɞɡ ɗŮɟɛɞŭɡɜŬɛɘəɞɨ 

ɛɞɜŰɏɚɞɡ ɓŬůɘůɛɏɜɞ ŮˊɎɜɤ ůŮ ŬɡŰɧ ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ Űɞ Aspen Plus. ũɘŬ ɚɧɔɞɡɠ ůɡɛűɤɜɑŬɠ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ, əŬɘ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ůűŬɚɛɎŰɤɜ, 

ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɔɑɜŮɘ ɢɟɐůɖ ˊŬɟŬɛɏŰɟɤɜ Ŭˊɧ ɛɞɜŰɏɚŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ əŬɘ ŬɜŬɔɜɤɟɘůŰŮɑ 

ɔɘŬ Űɖɜ ŮɔəɡɟɧŰɖŰɎ Űɞɡɠ Ŭˊɧ Űɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ. Ƀɘ ˊɘɞ ůɖɛŬɜŰɘəɏɠ ɛŮɚɏŰŮɠ ůŰɞɜ ɢɩɟɞ 

Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ɔɘŬ ɛɑɔɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ K2CO3-H2O-CO2, ŮɑɜŬɘ Ŭˊɧ 

Űɞɡɠ Hilliard əŬɘ Rochelle [85], [86]. ɆŰɘɠ ɛŮɚɏŰŮɠ Űɞɡɠ (ŭɖɛɞůɘŮɨůŮɘɠ & PhD) ˊŬɟɞɡůɘɎɕɞɡɜ 

ɏɜŬ ɛɞɜŰɏɚɞ Electrolyte NRTL ůŰɞ Aspen Plus ɔɘŬ Űɖɜ Ŭəɟɘɓɐ ɗŮɟɛɞŭɡɜŬɛɘəɐ ˊŮɟɘɔɟŬűɐ Ůɜɧɠ 

ɡŭŬŰɘəɞɨ ɖɚŮəŰɟɞɚɡŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ŭɘŬɚɨŰɖ K CO  ɐ ɛɘɔɛɎŰɤɜ Űɞɡ ŭɘŬɚɨŰɖ ɧˊɤɠ PZï

K CO  ɐ ɀȺȷ-PZïK CO , ɔɘŬ Űɖɜ Ŭˊɞɟɟɧűɖůɖ əŬɘ Ŭˊɞɔɨɛɜɤůɖ CO  Ŭˊɧ əŬɡůŬɏɟɘŬ ɛɞɜɎŭŬɠ 

ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ. ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ŮɑɜŬɘ ŮˊɘɓŮɓŬɘɤɛɏɜŬ ɛŮ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ɞɘ 

Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɏɢɞɡɜ ˊɟɞəɨɣŮɘ ɛɏůɤ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɔɘŬ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘɩɜ, 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɞɡ ŭɘŬɚɨŰɖ ůŮ K2CO3 əŬɘ ɔɘŬ ɛŮɔɎɚŬ Ůɨɟɖ CO2 loading. Ⱥˊɞɛɏɜɤɠ, 

ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɚɖűɗɞɨɜ ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Ŭˊɧ ɛŮɚɏŰŮɠ əŬɘ ɎɟɗɟŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ 

ɓŬůɘůŰŮɑ ŮˊɎɜɤ ůŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ PC-SAFT, 

Űɤɜ ŭɡŬŭɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ELECNRTL, ˊŬɟŬɛɏŰɟɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ 

ɛɞɟɑɞɡ-ɘɧɜŰɞɠ ə.Ŭ., Ŭˊɧ Űɖɜ ɛŮɚɏŰɖ Űɤɜ Kaur əŬɘ Chen [87]. ȾŬɚɨˊŰɞɜŰŬɠ ɏɜŬ Ůɡɟɨ űɎůɛŬ 

ɗŮɟɛɞəɟŬůɘɩɜ (273,15-473,15Ⱦ), ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ əŬɚɑɞɡ ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ 

əɞɟŮůɛɞɨ, əŬɘ Űɘɛɏɠ Loading ůŰɞ Ůɨɟɞɠ 0-3.6, Űɞ ɛɞɜŰɏɚɞ ŬɜŬˊŬɟɘůŰɎ ɘəŬɜɞˊɞɘɖŰɘəɎ ɧɚŮɠ Űɘɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɖɜ ɡɔɟɐ űɎůɖ, Ůɜɩ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɖɠ ŬŰɛɩŭɞɡɠ 
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űɎůɖɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ PC-SAFT. ȺəŰɧɠ Ŭˊɧ Űɖɜ ɢɟɐůɖ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ŬɡŰɞɨ Űɞɡ ɜɏɞɡ ɛɞɜŰɏɚɞɡ, ɔɑɜŮŰŬɘ əŬɘ 

Ůɜɖɛɏɟɤůɖ Űɤɜ ɐŭɖ ɡˊŬɟɢɧɜŰɤɜ Űɘɛɩɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ Űɞɡ Aspen 

Plus ɛŮ ɜŮɧŰŮɟŬ ŭŮŭɞɛɏɜŬ. ȷɡŰɧ Űɞ ɓɐɛŬ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ əŬɗɩɠ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ɞɘ Űɘɛɏɠ ŮɑɜŬɘ ɑŭɘŮɠ, ŬɚɚɎ ŬˊɞŰŮɚŮɑ ɞɟɗɐ ˊɟŬəŰɘəɐ əŬɗɩɠ Űɞ template ŮɑɜŬɘ 

ɓŬůɘůɛɏɜɞ ůŮ ˊŬɚŬɘɧŰŮɟŮɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ, Ůˊɞɛɏɜɤɠ ŭŮɜ ɓɚɎˊŰŮɘ ɞɘ ŮˊɘəŬɘɟɞˊɞɑɖůɐ Űɞɡɠ. 

ȿɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɧɔəɞɡ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɛɖɜ ˊŬɟŬŰŮɗɞɨɜ ɞɘ ˊɑɜŬəŮɠ ɛŮ Űɘɠ 

ŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ, əŬɗɩɠ ɔɘŬ Űɖɜ ŮɨɟŮůɐ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬŰɟɏɝŮɘ əŬɜŮɑɠ 

ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ˊɞɡ ŬɜŬűɏɟɗɖəŮ, əŬɘ ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘŮɔɟɎűɖəŮ ɜŬ 

ŬɜŰɚɐůŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ. 

 

4.5.2.3 ɉɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ 

ȰɢɞɜŰŬɠ ɞɟɑůŮɘ Űɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ əŬɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ, ɛˊɞɟŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ ɜŬ 

ɞɟɘůŰŮɑ ɖ ɢɖɛŮɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ɞɘ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. ɆŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ 

ˊɟɞůɞɛɞɘɩůŮɘɠ, ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɢɤɟɑɕɞɜŰŬɘ ůŰɘɠ ŬɜŰɘŭɟɎůŮɘɠ ɘůɞɟɟɞˊɑŬɠ, ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɔɟɎűɞɡɜ 

Űɖɜ ɢɖɛŮɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ əɘɜɖŰɘəɐɠ, ɞɘ ɞˊɞɑŮɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɘɠ 

ůŰɐɚŮɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ŭˊɞɔɨɛɜɤůɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ K2CO3 ɡˊɎɟɢŮɘ ŬəɧɛŬ ɛɑŬ 

əŬŰɖɔɞɟɑŬ ŬɜŰɘŭɟɎůŮɤɜ, ɖ ɞˊɞɑŬ ɞɟɑɕŮɘ Űɖɜ ɢɖɛŮɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȷɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ 

ŬɜŰɘŭɟɎůŮɘɠ ŭɘɎůˊŬůɖɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ əŬɚɑɞɡ (Dissociation reactions). 

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ Aspen Plus [83] əŬɘ ɢɤɟɑɕɞɜŰŬɘ ůŰɘɠ ŰɟŮɘɠ 

əŬŰɖɔɞɟɑŮɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ :  

Equilibrium Reactions 

1) CO2 + 2H2O ź H3O+ + HCO3
- 

2) HCO3- + H2O ź H3O+ + CO32 

3) 2H2O ź H3O+ +OH ↄ 

4) H2O + H2S ź HS ↄ + H3O+ 

5) H2O +HS ↄ ź S2 ↄ + H3O+ 

Dissociation reactions 

6) KOH Ÿ K+ + OH ↄ 

7) K2CO3 Ÿ 2 K+ + CO32-  

8) KHCO3 Ÿ K+ + HCO3
-  

Kinetic reactions 

9) CO2 + OH ↄ ź HCO3-  

10) HCO3- ź CO2 + OH ↄ 

Ƀɘ ˊŬɟŬˊɎɜɤ ŬɜŰɘŭɟɎůŮɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ [88], əŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ 

ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ůŰŬɗŮɟɩɜ ɘůɞɟɟɞˊɑŬɠ, ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ: 
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ɄɑɜŬəŬɠ 27: ŪŮɟɛɞəɟŬůɘŬəɎ ŮɝŬɟŰɩɛŮɜŮɠ ˊŬɟɎɛŮŰɟɞɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůŰŬɗŮɟɩɜ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ Űɘɠ 

ŬɜŰɘŭɟɎůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ H2O-K2CO3-CO2 [34], [83], [88] 

Parameter Reaction 1 Reaction 2 Reaction 3 Reaction 4 Reaction 5 

A 231,465 216,05 132,899 214,582 -9,742 

B -12092,1 -12431,7 -13445,9 -12995,4 -8585,47 

C -36,7816 -35,4819 -22,4773 -33,5471 0 

D 0 0 0 0 0 
 

ȼ ůŰŬɗŮɟɎ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ əɎɗŮ ŬɜŰɑŭɟŬůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬŰɎ ŰŬ ɔɜɤůŰɎ. Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ 

ɘůɞɟɟɞˊɑŬɠ ɞɟɑɕɞɜŰŬɘ ůŰɞ ˊŮŭɑɞ Chemistry ɛŮ Űɞ ɧɜɞɛŬ K2CO3.  

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɞɟɑɕŮŰŬɘ Űɞ ˊŬəɏŰɞ əɘɜɖŰɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ, Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɘɠ ŭɨɞ ůŰɐɚŮɠ. 

ȺˊŮɘŭɐ ɖ əɘɜɖŰɘəɐ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɛŮŰŬɓɎɚɚŮŰŬɘ ɚɧɔɤ Űɖɠ ŭɘŬűɞɟɎɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɞɟɑɕɞɜŰŬɘ 

ŭɨɞ ůŮŰ əɘɜɖŰɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ əɘɜɖŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ. ɇɞ ɏɜŬ ůŮŰ ŬűɞɟɎ Űɘɠ 

ŬɜŰɘŭɟɎůŮɘɠ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Űɞ ŭŮɨŰŮɟɞ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ Űɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ. 

ɇo ůŮŰ ˊɞɡ ŬűɞɟɎ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ ɞɜɞɛɎɕŮŰŬɘ R2 əŬɘ ŮəŮɑɜɞ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɖɜ 

ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ K2CO3-R. Ƀɘ əɘɜɖŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ k, E ́ ŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ 

ˊɑɜŬəŬ: 

ɄɑɜŬəŬɠ 28: ɄŬɟɎɛŮŰɟɞɘ k, E ́ɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɞ Aspen Plus 

 Parameter ▓▒ ╔▒(kj/mol) 

Absorber[89] Reaction 9 6,19e+14 48,62 

Reaction 10 2,38e+17 123,305 

Stripper[83] Reaction 9 1,33e+17 55,47 

Reaction 10 6,63e+16 107,417 

 

4.5.2.4 Ƀɟɘůɛɧɠ ɟŮɡɛɎŰɤɜ əŬɘ ůɢŮŭɘŬůŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ ůŰɐɚɖ 

Ŭˊɞɟɟɧűɖůɖɠ 

ɇɞ ɟŮɨɛŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ɞɜɞɛɎɕŮŰŬɘ ŬɟɢɘəɎ FLUE, əŬɘ ŮɑɜŬɘ ˊŬɜɞɛɞɘɧŰɡˊɞ ɛŮ Űɞ ɟŮɨɛŬ 

FLUEGAS Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ˊŮɟɘˊŰɩůŮɤɜ, ɛŮ Űɖɜ ŭɘŬűɞɟɎ ɧŰɘ ɓɟɑůəŮŰŬɘ ůŮ ˊɑŮůɖ 3 bar ŬɜŰɑ 

ɔɘŬ 2. ȷɡŰɧ ŮˊɘŰɟɏˊŮŰŬɘ ɛɏůɤ Űɖɠ Űɟɞˊɞˊɞɑɖůɖɠ Űɤɜ ůɡɜɗɖəɩɜ Ŭˊɧɟɟɘɣɖɠ Űɤɜ əŬɡůŬŮɟɑɤɜ 

ůŰɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ Űɞɡ ˊɚɞɑɞɡ, əŬɘ ɖ ˊɑŮůɖ Űɤɜ Űɟɘɩɜ bar ŮɑɜŬɘ 

ɖ ɛɏɔɘůŰɖ ˊɑŮůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɢɤɟɑɠ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ ɖ Ŭˊɧŭɞůɖ Űɤɜ əɘɜɖŰɐɟɤɜ əŬɘ 

Ůˊɞɛɏɜɤɠ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ˊɚɞɑɞɡ. ȷɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ 

ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŭɖɚŬŭɐ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŬɜŬəɨəɚɤůɖ Űɞɡ 

ɟŮɨɛŬŰɞɠ ŭɘŬɚɨŰɖ əŬɗɩɠ ŭŮɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɜ ŰŬ ɘůɞɕɨɔɘŬ ɛɎɕŬɠ ɚɧɔɤ ˊŮɟɑůůŮɘŬɠ ɜŮɟɞɨ ůŰɞ 

ůɨůŰɖɛŬ. ȰˊŮɘŰŬ Űɞ ɟŮɨɛŬ FLUEGAS, ŬˊŬɚɚŬɔɛɏɜɞ Ŭˊɧ Űɖɜ ˊŮɟɑůůŮɘŬ ɜŮɟɞɨ ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ 

ůŰɐɚɖ ůŮ ɗŮɟɛɞəɟŬůɑŬ 40C əŬɘ ˊɑŮůɖ 3bar ɖ ɞˊɞɑŬ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ ŮɑɜŬɘ 

ɛɏůŬ ůŰɞ ůɨɜɖɗŮɠ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ. ȰˊŮɘŰŬ ɞɟɑɕŮŰŬɘ Űɞ ɟŮɨɛŬ Űɞɡ ŭɘŬɚɨŰɖ, ůŰɘɠ ɑŭɘŮɠ 

ůɡɜɗɐəŮɠ. ɇɞ ɟŮɨɛŬ ɏɢŮɘ ůɨůŰŬůɖ 27% K2CO3 əŬɘ 3%ȾɃȼ wt., ɔɘŬ ɚɧɔɞɡɠ ůɨɔəɚɘůɖɠ, əŬɗɩɠ 

Űɞ Aspen Plus, ɢɤɟɑɠ Űɖɜ ɨˊŬɟɝɖ ɏůŰɤ əŬɘ ɛɑŬɠ ɛɘəɟɐɠ ˊɞůɧŰɖŰŬɠ ȾɃȼ ŭŮɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨɠ ɔɘŬ Űɘɠ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. ȼ ˊɞůɧŰɖŰŬ Űɞɡ CO2 ́ ɞɡ 

ɓɟɑůəŮŰŬɘ ůŰɞɜ ŭɘŬɚɨŰɖ, ɞɛɞɑɤɠ ɔɘŬ ɚɧɔɞɡɠ ůɨɔəɚɘůɖɠ ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ əŬɘ ůŰɘɠ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ŮɑɜŬɘ 2,4%wt. . ȳˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ, ŭŮɜ ɡˊɎɟɢɞɡɜ ɟŮɨɛŬŰŬ 

ŬɜŬˊɚɐɟɤůɖɠ, ɐ ɟŮɨɛŬŰŬ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ əŬɗɩɠ ŭŮɜ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ.  

ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟɞůɞɛɞɘɎɕŮŰŬɘ ɖ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ ɧˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ. Ƀɘ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɚɧɔɤ Űɖɠ ɘŭɘŬɑŰŮɟɖɠ ŭɡůəɞɚɑŬɠ ůŰɖɜ ůɨɔəɚɘůɖ 
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Űɖɠ ůŰɐɚɖɠ ɚɧɔɤ əŬɘ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ Űɤɜ ůŰŮɟŮɩɜ ŬɚɎŰɤɜ, ŮˊɘɚɏɢɗɖəŮ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ 

ŭɘŮɟɔŬůɑŬɠ ɛŮ 10 ɓŬɗɛɑŭŮɠ, ɩůŰŮ ɜŬ ɛŮɘɤɗŮɑ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ əŬɘ ɜŬ ɔɑɜŮɘ ŭɡɜŬŰɐ ɖ 

ůɨɔəɚɘůɖ. ȺˊɘɚɏɔŮŰŬɘ Űɞ ůŮŰ ŬɜŰɘŭɟɎůŮɤɜ R2 əŬɘ ŰɟɞˊɞˊɞɘɐɗɖəŮ Űɞ ˊŮŭɑɞ Űɞɡ Convergence 

ɧˊɤɠ ˊɟɞɖɔɞɡɛɏɜɤɠ,. ɇɞ əɞɛɛɎŰɘ Űɞɡ rate based modelling, ɔɑɜŮŰŬɘ ɧˊɤɠ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɛŮ 

Űɖɜ Űɘɛɐ Űɞɡ reaction condition factor ɜŬ ˊŬɟŬɛɏɜŮɘ ůŰɞ 0,5 ůɨɛűɤɜŬ ɛŮ Űɞ template əŬɘ Űɞɡ 

interfacial area factor ɜŬ ˊŬɟŬɛɏɜŮɘ ɑůɖ ɛŮ Űɖɜ ɛɞɜɎŭŬ. Ƀɘ ɡˊɧɚɞɘˊŮɠ ˊŬɟɎɛŮŰɟɞɘ ɞɟɑɕɞɜŰŬɘ 

əŬŰɎ ŰŬ ɔɜɤůŰɎ. ȳůɞɜ ŬűɞɟɎ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ, ŭŮɜ ɡˊɎɟɢŮɘ əɎˊɞɘŬ Ůˊɘɚɞɔɐ ˊɞɡ ɡˊŮɟɏɢŮɘ 

ɏɜŬɜŰɘ Űɤɜ ɡˊɞɚɞɑˊɤɜ, ɓɎůŮɘ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, Ůˊɞɛɏɜɤɠ ŮˊɘɚɏɔŮŰŬɘ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ ɜŬ 

ŮɑɜŬɘ ɑŭɘɞ ɛŮ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ Aspen Plus. ɇɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ Ůˊɞɛɏɜɤɠ ŮɑɜŬɘ Űɞɡ Űɨˊɞɡ 

MELLAPAKÈ 350Y Űɖɠ Sulzer. Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɖɠ ůŰɐɚɖɠ ŮˊɘɚɏɔɞɜŰŬɘ ůŰŬ 10m ɨɣɞɠ əŬɘ 3m 

ŭɘɎɛŮŰɟɞɠ, əŬɗɩɠ ɛŮ ŬɡŰɏɠ Űɘɠ Űɘɛɏɠ ɛˊɞɟɞɨůŮ ɜŬ ůɡɔəɚɑɜŮɘ ɢɤɟɑɠ ůűɎɚɛŬŰŬ ɖ ˊɟɞůɞɛɞɑɤůɖ 

əŬɘ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ɞɘ ŮˊɘɗɡɛɖŰɏɠ ŬˊɞŭɧůŮɘɠ. Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ ŮˊɘɚɏɢɗɖəŬɜ ɛŮ ůŰɧɢɞ Űɖɜ ŮˊɑŰŮɡɝɖ 

ɞɛŬɚɐɠ ɟɞɐɠ ɟŮɡůŰɩɜ ŮɜŰɧɠ Űɖɠ ůŰɐɚɖɠ, əŬɘ Űɞɜ ɓɏɚŰɘůŰɞ ŭɘŬɢɤɟɘůɛɧ. Ƀɘ ɛŮɚɏŰŮɠ Űɖɠ 

ɓɘɓɚɘɞɔɟŬűɑŬɠ ɔɘŬ CCS ɛŮ ɢɟɐůɖ ŬɜɗɟŬəɘəɞɨ əŬɚɑɞɡ ɔɘŬ ŮűŬɟɛɞɔɐ ůŮ ˊɚɞɑŬ ŮɑɜŬɘ 

ˊŮɟɘɞɟɘůɛɏɜŮɠ Ůˊɞɛɏɜɤɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ əɎˊɞɘŬ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ůɨɔəɟɘůɖ. ɀɑŬ ɛŮɚɏŰɖ 

ˊɞɡ ɏɢŮɘ ŭɖɛɞůɘŮɡŰŮɑ ůŮ ŬɡŰɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ, ɢɟɖůɘɛɞˊɞɘŮɑ ůŰɐɚɖ 8m əŬɘ 2,6m ɨɣɞɡɠ əŬɘ 

ŭɘŬɛɏŰɟɞɡ ŬɜŰɑůŰɞɘɢŬ, ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɛɘůɐɠ ˊɞůɧŰɖŰŬɠ əŬɡůŬŮɟɑɤɜ [90]. ɀŮ ɓɎůɖ 

ŬɡŰɧ ŬɚɚɎ əŬɘ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ, ɛˊɞɟŮɑ ɜŬ ŮɘˊɤɗŮɑ ˊɤɠ ɞɘ ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŬůŰɎůŮɘɠ 

ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ŮɑɜŬɘ ɚɞɔɘəɏɠ əŬɘ ŮɜŰɧɠ Űɞɡ űɡůɘɞɚɞɔɘəɞɨ ˊɚŬɘůɑɞɡ. ȷəɧɛɖ, ɖ ˊɟɞůɏɔɔɘůɖ 

ˊɚɖɛɛɨɟɘůɖɠ ŮɑɜŬɘ 63,83%, Ůˊɞɛɏɜɤɠ ŭŮɜ ɡˊɎɟɢŮɘ ŬɜɖůɡɢɑŬ ɔɘŬ űŬɘɜɧɛŮɜŬ ́ ɚɖɛɛɨɟɘůɖɠ. ȼ 

ɞɛŬɚɐ ɡŭɟɞŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ůŰɐɚɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɏůŬ Ŭˊɧ ŰŬ hydraulic plots 

ˊŬɟŬəɎŰɤ: 

 

 

ȺɘəɧɜŬ 24: Hydraulic plots ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ 

ɇɏɚɞɠ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ɞɘ ˊɟɞŭɘŬɔɟŬűɏɠ ůɢŮŭɘŬůɛɞɨ Űɖɠ ůŰɐɚɖɠ ɐ Ŭɚɚɘɩɠ, design spec. ɇɞ 

design spec ɗŬ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɖɜ ɟɨɗɛɘůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ ŭɘŬɚɨŰɖ ˊɞɡ ɗŬ ˊŬɟɏɢŮŰŬɘ ŬɡŰɧɛŬŰŬ 

Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɛɑŬɠ əŬɗɞɟɘůɛɏɜɖɠ Űɘɛɐɠ ŭɏůɛŮɡůɖɠ CO2 (mole/mass 

recovery) ɐ ɛɑŬɠ əŬɗɞɟɘůɛɏɜɖɠ Űɘɛɐɠ CO2 loading. ȾŬɘ ɛŮ Űɞɡɠ ŭɨɞ Űɟɧˊɞɡɠ, ɛˊɞɟŮɑ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŭɡɜŬɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɧˊɞɡ ɖ ŬɚɚŬɔɐ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ɜŬ ɛɖɜ 

ŮˊɖɟŮɎɕŮɘ Űɖɜ ŭɘŮɟɔŬůɑŬ Ŭˊɞɟɟɧűɖůɖɠ. ɇɞ mass recovery Űɞɡ CO2 ŬɡŰɐ Űɖɜ űɞɟɎ, ɚɧɔɤ Űɖɠ 

űɨůɖ Űɞɡ ŭɘŬɚɨŰɖ, ɞ ɞˊɞɑɞɠ ŭŮɜ ɏɢŮɘ Űɖɜ ɑŭɘŬ Ŭˊɧŭɞůɖ ŭɏůɛŮɡůɖɠ ɛŮ Űɘɠ ŬɛɑɜŮɠ, ɚɧɔɤ ˊɘɞ Ŭɟɔɐɠ 

əɘɜɖŰɘəɐɠ, ɞɟɑɕŮŰŬɘ ůŰɞ 86%wt. . 

 

4.5.2.5 Ƀɟɘůɛɧɠ ɟŮɡɛɎŰɤɜ əŬɘ ůɢŮŭɘŬůŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ ůŰɐɚɖ 

Ŭˊɞɔɨɛɜɤůɖɠ 

Ƀɛɞɑɤɠ əŬɘ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊɟɞůɞɛɞɘɩůŮɘɠ, Űɞ ɟŮɨɛŬ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ, 

ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ ŬűɧŰɞɡ ŮɜŬɚɚɎɝŮɘ ɗŮɟɛɧŰɖŰŬ ɛŮ Űɞ ɟŮɨɛŬ ˊɡɗɛɏɜŬ Űɖɠ 

ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ. ɄɟɩŰŬ ɧɛɤɠ, ɗŬ ŮəŰɞɜɤɗŮɑ ůŮ ˊɑŮůɖ 1bar ɩůŰŮ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ 
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ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɞ ŭɘŬɢɤɟɘůɛɧɠ, ɚɧɔɤ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ ŬɚɚŬɔɐɠ ˊɑŮůɖɠ. ɇɞ ɟŮɨɛŬ űŰɎɜŮɘ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ 90C, Űɞ ɞˊɞɑɞ ŮˊŬɟəŮɑ ɔɘŬ Űɖɜ Ůɑůɞŭɧ Űɞɡ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ.  

ȼ ůŰɐɚɖ ɞɟɑɕŮŰŬɘ ɧˊɤɠ əŬɘ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ , ɛŮ Űɖɜ ŭɘŬűɞɟɞˊɞɑɖůɖ ɧŰɘ ɏɢŮɘ 11 

ɓŬɗɛɑŭŮɠ, ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ. ɇɞ ůŮŰ ŬɜŰɘŭɟɎůŮɤɜ 

ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ŮɑɜŬɘ Űɞ K2CO3-R, ˊɞɡ ɞɟɑůŰɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟɎɣŮɘ Űɘɠ 

ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŮ ŬɡŰɏɠ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ, əŬɘ ɞɟɑɕŮŰŬɘ ůŰɘɠ ɓŬɗɛɑŭŮɠ 2-10 

əŬŰɎ ŰŬ ɔɜɤůŰɎ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ůŰɐɚɖɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ůŰŬ design 

specs ŮɑɜŬɘ ɞɘ ɑŭɘŮɠ ɛŮ ˊɟɞɖɔɞɡɛɏɜɤɠ əŬɘ ɞɟɑɕɞɜŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ. ȳůɞɜ ŬűɞɟɎ Űɞ rate-

based ɛɞɜŰɏɚɞ, ɖ Űɘɛɐ Űɞɡ reaction condition factor ŬɡɝɎɜŮŰŬɘ ůŮ 1 Ůɜɩ ɞɘ ɡˊɧɚɞɘˊŮɠ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ŮɑɜŬɘ ɑŭɘŮɠ ɛŮ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ ɞɟɑɕɞɜŰŬɘ ɧˊɤɠ əŬɘ ůŰɘɠ ɎɚɚŮɠ ŭɨɞ 

ˊɟɞůɞɛɞɘɩůŮɘɠ. ȺˊɘɚɏɔŮŰŬɘ əŬɘ Ůŭɩ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ MELLAPAKÈ 350Y Űɖɠ Sulzer əŬɘ 

ɞɘ ŭɘŬůŰɎůŮɘɠ ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ Űɖɜ ůŰɐɚɖ ŮɑɜŬɘ 6m ɨɣɞɠ əŬɘ 1,3m ŭɘɎɛŮŰɟɞɠ. ɄŬɟŬəɎŰɤ 

ˊŬɟŬŰɑɗŮŰŬɘ əŬɘ Űɞ hydraulic plot Űɖɠ ůŰɐɚɖɠ ˊɞɡ ŬˊɞŭŮɘəɜɨŮɘ Űɖɜ əŬɚɐ ɡŭɟɞŭɡɜŬɛɘəɐ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎ. 

 

ȺɘəɧɜŬ 25: Hydraulic plots Űɞɡ Stripper 

ɇŬ design specs Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ ɞɟɑɕɞɜŰŬɘ ɛŮ Ŭəɟɘɓɩɠ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɧˊɤɠ əŬɘ ůŰɖɜ 

ˊɟɞůɞɛɞɑɤůɖ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ. Ƀɘ Űɘɛɏɠ ůŰɧɢɞɘ ŮɑɜŬɘ 0,275 ɔɘŬ Űɞ CO2 loading əŬɘ 88,45% wt. 

CO2 ůŰɞ ɟŮɨɛŬ əɞɟɡűɐɠ Űɖɠ ůŰɐɚɖɠ VAPPROD. ȼ Ŭˊɧəɚɘůɖ ůŰɖɜ Űɘɛɐ Űɞɡ mass fraction ɛŮ 

Űɘɠ ɎɚɚŮɠ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɘɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ůŰɐɚɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ, ˊɞɡ ɞŭɖɔŮɑ ůŰɖɜ ŮɝɎŰɛɘůɖ ɛɘəɟɧŰŮɟɖɠ ˊɞůɧŰɖŰŬɠ ɜŮɟɞɨ əŬɘ Ůˊɞɛɏɜɤɠ Űɞ Ŭɏɟɘɞ 

ˊɟɞɥɧɜ ɏɢŮɘ ɚɘɔɧŰŮɟɖ ɡɔɟŬůɑŬ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ Ŭɛɘɜɩɜ. ȷɡŰɐ ɖ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ 

ˊɞɡ ŭŮɜ çűŮɨɔŮɘè Ŭˊɧ Űɞ ůɨůŰɖɛŬ ŮɑɜŬɘ əŬɘ ŮəŮɑɜɖ ˊɞɡ ŭɖɛɘɞɨɟɔɖůŮ Űɖɜ ŬɜɎɔəɖ ɔɘŬ Űɖɜ 

ˊɟɞůɗɐəɖ Űɞɡ flash ́ ɟɘɜ Ŭˊɧ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, ɔɘŬ Űɖɜ ɘəŬɜɞˊɞɑɖůɖ Űɤɜ ɘůɞɕɡɔɑɤɜ 

ɛɎɕŬɠ. ȳˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ, ŰŬ ɟŮɨɛŬŰŬ ŬɜŬəɨəɚɤůɖɠ əɚŮɑɜɞɡɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ 

ˊɞɡ ɏɢŮɘ ˊŬɟɞɡůɘŬůŰŮɑ ůŰɖɜ ŮɜɧŰɖŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ.  

 

4.5.2.6 ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ 

ȼ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɞɜ Ŭəɟɘɓɩɠ ɑŭɘɞ Űɟɧˊɞ əŬɘ ɛŮɗɞŭɞɚɞɔɑŬ ɛŮ Űɖɜ 

ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɘɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊɟɞůɞɛɞɘɩůŮɘɠ. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɞɘ ŬɜŬɚɨůŮɘɠ ŮɡŬɘůɗɖůɑŬɠ ŬɜɎ əŬŰɖɔɞɟɑŬ ɛŮŰŬɓɚɖŰɩɜ.  
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ȺˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

 

ȹɘɎɔɟŬɛɛŬ 54: ȺˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ (ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞ design spec) 

 

ȹɘɎɔɟŬɛɛŬ 55: ȺˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ (ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ design spec) 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮɜŮɟɔɞˊɞɘɖɛɏɜɖ ɖ ˊɟɞŭɘŬɔɟŬűɐ ɚŮɘŰɞɡɟɔɑŬɠ 

ɔɘŬ Űɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ, Űɞ ůɨůŰɖɛŬ ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ ɘŭɘŬɑŰŮɟŬ Ŭˊɧ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ űŬɑɜŮŰŬɘ ɜŬ Ůɡɜɞɞɨɜ 

Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ, əŬɗɩɠ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ ˊŬɟŬɛɏɜŮɘ ůŰɞ ŮˊɘɗɡɛɖŰɧ 

Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ. ȷəɧɛŬ, ɖ ŬɜɎəŰɖůɖ ˊŬɟŬɛɏɜŮɘ ˊɎɜɤ Ŭˊɧ Űɞ 84% ŬəɧɛŬ əŬɘ ɔɘŬ Űɘɠ 

ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȳŰŬɜ ŮɜŮɟɔɞˊɞɘɖɗŮɑ Űɞ design specification, ɖ ŬɜɎəŰɖůɖ 

ˊŬɟŬɛɏɜŮɘ ůɢŮŭɧɜ ůŰŬɗŮɟɐ ɛŮ ɛɑŬ ŮɚŬűɟɩɠ ŬɡɝɖŰɘəɐ ŰɎůɖ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ůɢŮŭɧɜ ŬɛŮɚɖŰɏŬ. 

ɆɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ ˊŬɟɞɢɐ Űɞɡ ŭɘŬɚɨŰɖ ɩůŰŮ ɜŬ ŰɖɟɖɗŮɑ ɖ ˊɟɞŭɘŬɔɟŬűɐ 

ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ŬɡɝɎɜŮŰŬɘ Űɞ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ. ɀɑŬ ŰɏŰɞɘŬ Ŭɨɝɖůɖ ŭŮɜ 

ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ŬɜɎɚɞɔɖ Ŭɨɝɖůɖ Űɖɠ ŭŮůɛŮɡɧɛŮɜɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ CO2 əŬɘ Ůˊɞɛɏɜɤɠ ɗŬ 

ɞŭɖɔɐůŮɘ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ SRD. ȿɧɔɤ Űɤɜ ŭɨɞ ŬɜŰɘəɟɞɡɧɛŮɜɤɜ ˊɞɟɘůɛɎŰɤɜ Ŭˊɧ Űɘɠ ŭɨɞ 

ŬɡŰɏɠ ŬɜŬɚɨůŮɘɠ, ŮˊɘɚɏɔŮŰŬɘ ɛɑŬ Űɘɛɐ ɗŮɟɛɞəɟŬůɑŬɠ Ůɘůɧŭɞɡ ůŰɖɜ ɛɏůɖ Űɞɡ Ůɨɟɞɡɠ əŬɘ ɔɘŬ ŬɡŰɧ 

ŮˊɘɚɏɢɗɖəŮ ɖ Űɘɛɐ Űɤɜ 40C. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɟŮɨɛŬŰɞɠ ŭɘŬɚɨŰɖ, Űɞ design spec ŭŮɜ ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ əŬɗɩɠ ŬɡŰɧ ŮɑɜŬɘ Űɞ ɟŮɨɛŬ Űɞ ɞˊɞɑɞ ɛŮŰŬɓɎɚŮɘ əŬɘ ɎɟŬ ɗŬ ɞŭɖɔɐůŮɘ 

ůŮ ůűɎɚɛŬ ůɨɔəɚɘůɖɠ, ɧˊɤɠ ɏɢŮɘ ŮɝɖɔɖɗŮɑ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ 

ˊɟɞəɨˊŰŬɜ ɛŮ ˊɟɞŮɘŭɞˊɞɘɐůŮɘɠ ɚɧɔɤ ůűŬɚɛɎŰɤɜ ůɨɔəɚɘůɖɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Ůˊɞɛɏɜɤɠ 

ŮˊɘɚɏɢɗɖəŮ ɜŬ ɛɖɜ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ. 

ȺˊɑŭɟŬůɖ Űɤɜ ˊŬɟɞɢɩɜ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ 

 

ȹɘɎɔɟŬɛɛŬ 56: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ əŬɡůŬŮɟɑɤɜ (design spec ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ) 
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ȹɘɎɔɟŬɛɛŬ 57: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ əŬɡůŬŮɟɑɤɜ ůŰɞ SRD (design spec ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ) 

ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ˊŬɟɞɢɐɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŰɞ ůɨůŰɖɛŬ ɛŮ 

Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ ɚŮɘŰɞɡɟɔɑŬɠ ŮɜŮɟɔɞˊɞɘɖɛɏɜŮɠ ŭŮɜ ɏɢŮɘ əŬɛɑŬ ŮˊɑŭɟŬůɖ ůŰɖɜ Ŭˊɧŭɞůɖ əŬɘ Űɖɜ 

ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ. ɀŮ Űɖɜ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ 

ˊɟɞŭɘŬɔɟŬűɩɜ ɚŮɘŰɞɡɟɔɑŬɠ, Űɞ ůɢŮŭɘŬůɛɏɜɞ ůɨůŰɖɛŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɡɗŮɑ ɢɤɟɑɠ 

ˊɟɞŮɘŭɞˊɞɘɐůŮɘɠ ůŮ ɛŮɔɎɚɞ Ůɨɟɞɠ ˊŬɟɞɢɩɜ. 

 

ȹɘɎɔɟŬɛɛŬ 58: ȺˊɑŭɟŬůɖ Űɖɠ ˊŬɟɞɢɐɠ Űɞɡ ɟŮɨɛŬŰɞɠ Űɞɡ ŭɘŬɚɨŰɖ 

 

ȹɘɎɔɟŬɛɛŬ 59: ɇɘɛɐ Űɞɡ SRD ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŬɟɞɢɐ Űɞɡ ŭɘŬɚɨŰɖ 

Ƀɛɞɑɤɠ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɟŮɨɛŬŰɞɠ ŰɟɞűɞŭɞůɑŬɠ Űɞɡ ŭɘŬɚɨŰɖ ŰŬ design specifications 

ŬˊŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ. ȷɡŰɧ ˊɞɡ ŮɑɜŬɘ ŮɜŭɘŬűɏɟɞɜ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ɧŰɘ ɖ ŬɜɎəŰɖůɖ Űɞɡ CO2 ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖɜ ɛŮɑɤůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ ŭɘŬɚɨŰɖ. ȼ 

ɛŮɑɤůɖ Űɞɡ ŭɘŬɚɨŰɖ űɡůɘəɎ ŮˊɘűɏɟŮɘ əŬɘ ɛŮɑɤůɖ ůŰɞ űɞɟŰɑɞ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ. Ⱥˊɞɛɏɜɤɠ 

ŮˊɘɚɏɔɞɜŰŬɘ Űɘɛɏɠ ůŰɞ əɎŰɤ Ůɨɟɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ, ɛŮ ɔɜɩɛɞɜŬ ˊɎɜŰŬ əŬɘ Űɖɜ ŮˊɑŰŮɡɝɖ ɞɛŬɚɐɠ 

ɡŭɟɞŭɡɜŬɛɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ůŰɐɚɖɠ. ȼ ůŰɐɚɖ ɛˊɞɟŮɑ ɜŬ ůɡɔəɚɑɜŮɘ ŬɚɚɎ ɜŬ ɓɟɑůəŮŰŬɘ ŮəŰɧɠ 

Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ɚŮɘŰɞɡɟɔɑŬɠ ŮɎɜ Ŭɝɘɞɚɞɔɖɗɞɨɜ əŬɘ ŰŬ hydraulic plots. Ⱥˊɞɛɏɜɤɠ ́ ɟɏˊŮɘ ɜŬ 

ŰɖɟɖɗŮɑ ɛɑŬ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ŬɡŰɩɜ, əŬɗɩɠ ɛˊɞɟŮɑ ɖ ůŰɐɚɖ ůŮ ŬəɟŬɑŮɠ Űɘɛɏɠ ɚŮɘŰɞɡɟɔɑŬɠ ɜŬ 

ŬˊɞŭɑŭŮɘ əŬɚɨŰŮɟŬ, ŬɚɚɎ ŬɡŰɧ ŭŮɜ ɓŮɓŬɘɩɜŮɘ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɖɠ ɛɧɜɘɛɖɠ 

əŬŰɎůŰŬůɖɠ.  

FLOWS - Results Summary
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ȺˊɑŭɟŬůɖ Űɞɡ ɟŮɨɛŬŰɞɠ əŬɡůŬŮɟɑɤɜ (ˊŬɟɞɢɐ  əŬɘ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ CO2) 

 

ȹɘɎɔɟŬɛɛŬ 60: ȷɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɔɘŬ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 

 

ȹɘɎɔɟŬɛɛŬ 61:ȷɜɎəŰɖůɖ CO2 (%) əŬɘ reboiler duty (kW) ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 

 

ȹɘɎɔɟŬɛɛŬ 62: ȺˊɑŭɟŬůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 ůŰɞ SRD 

ȺˊɘɚɏɔŮŰŬɘ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ ŮɡŬɘůɗɖůɑŬɠ ɛŮ ɧɚŬ ŰŬ design 

spec ŬɜɞɘɢŰɎ, əŬɗɩɠ ɔɘŬ Űɖɜ Ɏɚɚɖ ˊŮɟɑˊŰɤůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ. ɄŬɟŬŰɖɟŮɑŰŬɘ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ, ˊɤɠ ɖ Ŭɨɝɖůɖ Űɖɠ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2 ɞŭɖɔŮɑ ůŮ Ŭɨɝɖůɖ Űɖɠ ŭŮůɛŮɡɧɛŮɜɖɠ ˊɞůɧŰɖŰɎɠ Űɞɡ. 

ȼ ŬɜɎəŰɖůɖ ˊŬɟŬɛɏɜŮɘ ůɢŮŭɧɜ ůŰŬɗŮɟɐ ɚɧɔɤ Űɞɡ design spec, ŬɚɚɎ ɏɢŮɘ ɛɑŬ ŮɚŬűɟɩɠ 

əŬɗɞŭɘəɐ ŰɎůɖ əŬɘ Űɞ reboiler duty ŬɡɝɎɜŮŰŬɘ ɔɟŬɛɛɘəɎ. ɄŬɟɧɚŬ ŬɡŰɎ ɡˊɎɟɢŮɘ ŬɘůɗɖŰɐ ɛŮɑɤůɖ 

Űɖɠ Űɘɛɐɠ Űɞɡ SRD, ɖ ɞˊɞɑŬ űŰɎɜŮɘ ɛɏɢɟɘ əŬɘ ŰŬ 3,95 MJ/kg.  

ɇɏɚɞɠ, ɧůɞɜ ŬűɞɟɎ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɤɜ ůŰɖɚɩɜ əŬɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ˊɑŮůɖɠ, ɖ ŮˊɑŭɟŬůɖ ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊɖ ɛŮ Űɖɜ ŭɘɎŰŬɝɖ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ, ɧˊɞɡ Ŭˊɚɩɠ ŮˊɘɓŮɓŬɘɩɗɖəŬɜ ɞɘ ůɡɜɐɗŮɘɠ 

ŭɘŬˊɘůŰɩůŮɘɠ əŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ ůŰɖɚɩɜ Ŭˊɞɟɟɧűɖůɖɠ.  

 

CO2FLUE - Results Summary
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4.5.3 ȷˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ŭɘŬɚɨŰɖ K2CO3 əŬɘ ůɨɔəɟɘůɖ 

ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

ȷɟɢɘəɎ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɘůɞɕɡɔɑɞɡ ɛɎɕŬɠ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ůŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

ɄɑɜŬəŬɠ 29: Ƚůɞɕɨɔɘɞ ɛɎɕŬɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ŭɘŬɚɨŰɖ K2CO3 

 RICHIN LEANSOL VAPPROD FLUEGAS LEANIN GASOUT RICHOUT CO2PROD 

Temperature 

(C) 
90 104.9 66.84 40 40 41.24 53,32 20 

Pressure 

(bar) 
1.2 1.16 1.15 3 3 3 3 1.1 

Mass flow 

(kg/h) 
143936,99 139989,49 3950,63 87046,2 140198 83307,1 143937 3527.12 

KOH 0,069 0,240 1,12Ĭ10 - 0,031 - 0,092 - 

K2CO3 0,217 0,0600 9,57Ĭ10 - 0,27 - 0,188 - 

H2O 0,651 0,695 0,339 0,0158 0,673 0.0136 0,647 0.0048 

CO2 0,063 0,005 0,660 0,0467 0,024 0.0069 0,0723 0.994 

N2 8.78Ĭ10 0 4,70Ĭ10 0,782 - 0.8172 - 0.00026 

O2 3.19Ĭ10 0 1,73Ĭ10 0,155 - 0.1623 - 0.0007 

CO2 loading 0,5133 0.222   0,22  0,547  

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ůɡɔəɟɑɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ. 

ɄɑɜŬəŬɠ 30: Ɇɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ŭɘŬɚɨŰɖ K2CO3 ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

 This study (LNG-

ROPAX 11,421 MW) 

40% wt 

K2CO3 [84] 

40% wt K2CO3 

[80] 

40%wt K2CO3 

[34] 

MDO ship, 30%wt 

K2CO3 [90] 

Treated flue gas 

(kg/h) 
89000 - 1,15e5 - 45806 

CO2 in flue gas 

(mol%) 
2,95 10 0,12 - 5,183 

Lean Loading 0,22 0,26 0,284 0,636 0,01951 

Rich Loading 0,547 - 0,624 0,86 0,04842 

CO2 capture (%) 85,9 83,62 91,2 85 85 

SRD (MJ/kg CO2 

captured) 
4,4 3,27 3,99 3,85 - 

Absorber Height 

(m) 
10 - 12,2 20 8 

Absorber pressure 

(bar) 
3 10 21,7 15 1 

Absorber 

Diameter (m) 
3 - 3,66 12 2,6 

Absorber packing 

type 
MELLAPAK 350Y - RASCHIG 2-IN 

Norton Raschig 

Metal 10 mm 

Plastic Pall Rings 

Dg380 

Stripper Height 

(m) 
6 - 9,14 18 10 

Stripper pressure 

(bar) 
1,15 1 1,7 1 1 

Stripper Diameter 

(m) 
1,3 - 3,66 13 1,4 

Stripper packing 

type 
MELLAPAK 350Y - RASCHIG 2-IN 

Norton Raschig 

Metal 10 mm 

Stainless Steel Pall 

Rings Dg380 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ Ůˊɞɛɏɜɤɠ ˊɤɠ ɖ Űɘɛɐ Űɞɡ SRD ɓɟɑůəŮŰŬɘ əɞɜŰɎ ůŰɘɠ Űɘɛɏɠ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, 

ɧˊɤɠ əŬɘ Űɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ. ɄŬɟɧɚŬ ŬɡŰɎ ŭŮɜ ɡˊɎɟɢɞɡɜ ŮˊŬɟəŮɑɠ ɛŮɚɏŰŮɠ ɔɘŬ Űɖɜ 

ŭɏůɛŮɡůɖ Űɞɡ CO2 ɛŮ ŭɘɎɚɡɛŬ ŬɜɗɟŬəɘəɞɨ əŬɚɑɞɡ ůŮ ɢŬɛɖɚɏɠ ˊɘɏůŮɘɠ ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ɔɑɜŮɘ 
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əɎˊɞɘŬ ůɨɔəɟɘůɖ. ȼ Űɘɛɐ Űɞɡ SRD ɧˊɤɠ ˊŬɟŬŰɖɟɐɗɖəŮ əŬŰɎ Űɖɜ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɛˊɞɟŮɑ 

ɜŬ ɛŮɘɤɗŮɑ ɛŮ Ŭɨɝɖůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ ůŮ CO2. Ƀɘ Űɘɛɏɠ Űɞɡ CO2 loading 

əɡɛŬɑɜɞɜŰŬɘ ůŰɞ Ůɨɟɞɠ ˊɞɡ ɏɢŮɘ ɞɟɘůŰŮɑ Ŭˊɧ Űɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ əŬɘ ɖ Űɘɛɐ Űɞɡ űɞɟŰɑɞɡ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ŮɑɜŬɘ ɑůɖ ɛŮ 4273kW. 

ȰˊŮɘŰŬ ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ Űɖɠ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ.  

 

ȹɘɎɔɟŬɛɛŬ 63: ŪŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ Űɞ bulge ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɓɟɑůəŮŰŬɘ əɞɜŰɎ ůŰɞɜ ˊɡɗɛɏɜŬ Űɖɠ ůŰɐɚɖɠ. 

ȷəɧɛŬ, ŭŮɜ ɡˊɎɟɢɞɡɜ ŮˊɑˊŮŭŮɠ ˊŮɟɘɞɢɏɠ ůŰɞ ŭɘɎɔɟŬɛɛŬ ɗŮɟɛɞəɟŬůɑŬɠ ɎɟŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ 

əŬɜɞɜɘəɎ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ůɡɔəɟɑɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ Űɟɘɩɜ 

ˊɟɞůɞɛɞɘɩůŮɤɜ ɛŮŰŬɝɨ Űɞɡɠ. 

 

4.6 Ɇɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ůɡůŰɖɛɎŰɤɜ CCS 

Ⱥűɧůɞɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮˊɘŰɡɢɩɠ ɖ ˊɟɞůɞɛɞɑɤůɖ əŬɘ ɖ ŮɝŬɔɤɔɐ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ɔɘŬ 

Űɘɠ ŰɟŮɑɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ɛŮ Űɞɡɠ ŰɟŮɑɠ ŭɘŬűɞɟŮŰɘəɞɨɠ ŭɘŬɚɨŰŮɠ, ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɑŬ 

ůɨɔəɟɘůɖ ŬɡŰɩɜ, ɛŮ ɓɎůɖ Űɞɡɠ ɓŬůɘəɞɨɠ ŭŮɑəŰŮɠ Ŭɝɘɞɚɧɔɖůɖɠ ˊɞɡ ůɡɕɖŰɐɗɖəŬɜ ůŮ ŬɡŰɧ Űɞ 

əŮűɎɚŬɘɞ.  

ɄɑɜŬəŬɠ 31: ɆɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ɛŮŰŬɝɨ Űɤɜ Űɟɘɩɜ ůɡůŰɖɛɎŰɤɜ CCS ́ɞɡ ůɢŮŭɘɎůŰɖəŬɜ 

 MEA MDEA-PZ K2CO3 

CO2 capture rate (%) 92,56 92,5 85,9 

SRD (MJ/kg CO2 captured) 5,28 3,98 4,4 

Reboiler Duty (kW) 5922 4167 4273 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ Űɞ ůɨůŰɖɛŬ ˊɞɡ ůɡɜŭɡɎɕŮɘ ɡɣɖɚɧ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ CO2 əŬɘ ˊŬɟɎɚɚɖɚŬ 

Űɖɜ ɢŬɛɖɚɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ ŬˊŬɑŰɖůɖ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ, ŮɑɜŬɘ ŮəŮɑɜɞ ɛŮ 

ŭɘŬɚɨŰɖ Űɞ ɛɑɔɛŬ Ŭɛɘɜɩɜ MDEA-PZ. ɀŮŰŬɝɨ Űɤɜ Ɏɚɚɤɜ ŭɨɞ Ůˊɘɚɞɔɩɜ, ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ 

ŬˊɞűŬɜɗŮɑ ɞ́ɘɞ ŮɑɜŬɘ Űɞ ŬˊɞŭɞŰɘəɧŰŮɟɞ əŬɘ ɞŭɖɔŮɑ ůŰɖɜ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɞűɡɔɐ Ůəˊɞɛˊɩɜ CO2 

ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ, ɖ ŭɏůɛŮɡůɖ ŮɑɜŬɘ ůŮ ŬɟəŮŰɎ ɡɣɖɚɎ 

ŮˊɑˊŮŭŬ (92,56%), ŬɚɚɎ ɖ ŮɜŮɟɔŮɘŬəɐ ŬˊŬɑŰɖůɖ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŮəŮɑɜɖ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ŭɘŬɚɨŰɖ K2CO3 Űɞ ɞˊɞɑɞ ɧɛɤɠ ɡůŰŮɟŮɑ ůŰɞ ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ. ȺˊŮɘŭɐ ɔɘŬ 

Űɖɜ ŭɏůɛŮɡůɖ Űɞɡ CO2 ŬˊŬɘŰŮɑŰŬɘ ŮɜɏɟɔŮɘŬ, əŬɘ ůŰɞ ˊɚɞɑɞ ɡˊɎɟɢɞɡɜ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ˊŬɟɞɢɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŬɟɞɢɏɠ, ˊɟɏˊŮɘ ɜŬ ŬɜŬɚɡɗŮɑ ˊɘɞ Ŭˊɧ ŰŬ 

ŰɟɑŬ ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ ˊɘɞ ůɡɛɓŬŰɧ ɛŮ Űɞ ˊɚɞɑɞ. ȷɡŰɧ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ əŬɗɩɠ ɏɜŬ 

ůɨůŰɖɛŬ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ űŬɘɜɞɛŮɜɘəɎ ˊɘɞ ŬˊɞŭɞŰɘəɧ əŬɘ ɛŮ ɚɘɔɧŰŮɟŮɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ, 

ɛˊɞɟŮɑ ɜŬ ɛɖɜ ɛˊɞɟŮɑ ɜŬ ůɡɜŭɡŬůŰŮɑ ɛŮ Űɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ Űɧůɞ əŬɚɎ ɧůɞ ɏɜŬ 

Block ABS: Temperature Profile
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űŬɘɜɞɛŮɜɘəɎ çɢŮɘɟɧŰŮɟɞè. ȷɡŰɧ, ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɏůŬ Ŭˊɧ ɛɑŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ 

ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ, əŬɘ ɛɏůŬ Ŭˊɧ ŬɡŰɐ ɗŬ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ŬˊɞűŬɜɗŮɑ ˊɘɞ ůɨůŰɖɛŬ 

ɞɚɞəɚɖɟɩɜŮŰŬɘ əŬɚɨŰŮɟŬ ɛŮ Űɘɠ ŮɜŮɟɔŮɘŬəɏɠ ˊŬɟɞɢɏɠ Űɞɡ ˊɚɞɑɞɡ, ɞŭɖɔɩɜŰŬɠ ůŮ ɢŬɛɖɚɧŰŮɟɖ 

ŬˊŬɑŰɖůɖ ɔɘŬ Ůˊɘˊɚɏɞɜ ˊŬɟɞɢɐ ŮɜɏɟɔŮɘŬɠ, ŭɖɚŬŭɐ ɢŬɛɖɚɧŰŮɟɖ ŬˊŬɑŰɖůɖ ɔɘŬ əŬɨůɖ 

ɘůɞŭɨɜŬɛɞɡ əŬɡůɑɛɞɡ LNG əŬɘ ɎɟŬ ɚɘɔɧŰŮɟŮɠ Ůəˊɞɛˊɏɠ CO2 əŬɘ ɛŮɔŬɚɨŰŮɟɞ ˊɟŬɔɛŬŰɘəɧ 

ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ CO2. 
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5. ȺɜŮɟɔŮɘŬəɐ Ƀɚɞəɚɐɟɤůɖ 

5.1 ȺɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɞɡ əɧɛɓɞɡ 

ŬɜɎůɢŮůɖɠ (pinch analysis) 

ȼ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ ŭɘŮɟɔŬůɘɩɜ, ŮɑɜŬɘ ɏɜŬ ŮɟɔŬɚŮɑɞ ůɢŮŭɘŬůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɏˊŮɘŰŬ Ŭˊɧ Űɞɜ Ŭɟɢɘəɧ ůɢŮŭɘŬůɛɧ ɔɘŬ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ Űɟɧˊɞɡ ɢɟɐůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůŮ 

ɛɑŬ ɓɘɞɛɖɢŬɜɑŬ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůɡɛɓŬŰɘəɏɠ ŰŮɢɜɞɚɞɔɑŮɠ, ɞŭɖɔɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ əŬɘ ůŰɖɜ 

ɞɡůɘŬůŰɘəɐ ɓŮɚŰɘůŰɞˊɞɑɖůɐ Űɖɠ əŬɘ Ŭˊɧ ɞɘəɞɜɞɛɘəɐ ůəɞˊɘɎ. ɄŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ 

ŮˊŬɜŬůɢŮŭɘŬůɛɧ Űɤɜ ɟɞɩɜ Űɤɜ ŭɘŬűɧɟɤɜ ɟŮɡɛɎŰɤɜ, ɩůŰŮ ɛŮ ɢɟɐůɖ ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ 

ɜŬ ɔɑɜŮŰŬɘ ɖ ɓɏɚŰɘůŰɖ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɗŮɟɛɩɜ əŬɘ ɣɡɢɟɩɜ ɟŮɡɛɎŰɤɜ ɛŮ ŰŮɚɘəɧ ůəɞˊɧ Űɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ŬˊŬɘŰɐůŮɤɜ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ ůŮ ɗŮɟɛɏɠ əŬɘ ɣɡɢɟɏɠ ˊŬɟɞɢɏɠ, əŬɘ 

Ůˊɞɛɏɜɤɠ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ. ŪŮɟɛɎ, ɞɟɑɕɞɜŰŬɘ ŰŬ ɟŮɨɛŬŰŬ ŰŬ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ Ŭˊɞŭɩůɞɡɜ 

ɗŮɟɛɧŰɖŰŬ əŬɘ Ůˊɞɛɏɜɤɠ əŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ ɣɨɢɞɜŰŬɘ. ɊɡɢɟɎ ɞɟɑɕɞɜŰŬɘ ŰŬ ɟŮɨɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ˊɟɏˊŮɘ ɜŬ ɚɎɓɞɡɜ ɗŮɟɛɧŰɖŰŬ əŬɘ Ůˊɞɛɏɜɤɠ əŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ ɗŮɟɛŬɑɜɞɜŰŬɘ. ɋɠ əɨɟɘŬ 

ɛɏɗɞŭɞɠ ŬɜɎɚɡůɖɠ ˊɟɞɓɚɖɛɎŰɤɜ ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ, ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ɖ ɀŮɗɞŭɞɚɞɔɑŬ 

Űɞɡ Ⱦɧɛɓɞɡ ȷɜɎůɢŮůɖɠ ɐ Pinch Analysis, ɖ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɡɜɞˊŰɘəɎ ˊŬɟŬəɎŰɤ [91], 

[92]: 

1. ȺɝŬɔɤɔɐ (ŮɜŮɟɔŮɘŬəɩɜ) ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ 

a. ȹɖɛɘɞɡɟɔɑŬ ˊɑɜŬəŬ ɗŮɟɛɩɜ əŬɘ ɣɡɢɟɩɜ ɟŮɡɛɎŰɤɜ 

b. Ʉɟɞůŭɘɞɟɘůɛɧɠ ɗŮɟɛɞəɟŬůɘɩɜ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ əŬɘ ɛŮŰŬɓɞɚɐɠ ŮɜɗŬɚˊɑŬɠ Űɞɡ 

ɟŮɨɛŬŰɞɠ ȹȼ 

2. Ƀɟɘůɛɧɠ ŮɚɎɢɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ (ȹɇmin) 

3. ȺűŬɟɛɞɔɐ Ŭɚɔɞɟɑɗɛɞɡ ˊɑɜŬəŬ ˊɟɞɓɚɐɛŬŰɞɠ (Problem Table Algorithm) 

a. ɀŮŰŬɓɞɚɐ ŪŮɟɛɞəɟŬůɘɩɜ (temperature shift) 

i. ũɘŬ ŰŬ ɗŮɟɛɎ ɟŮɨɛŬŰŬ, ŬűŬɘɟŮɑŰŮ    

ii. ũɘŬ Űɘɠ ɣɡɢɟɏɠ ɟɞɏɠ, ˊɟɞůɗɏŰŮŰŮ  . 

b. ȹɘŬɑɟŮůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůŮ ɗŮɟɛɞəɟŬůɘŬəɎ ŭɘŬůŰɐɛŬŰŬ (temperature intervals) 

i. ȺɜŰɞˊɑɕɞɜŰŬɘ ŰŬ ůɖɛŮɑŬ ŬɚɚŬɔɐɠ ɗŮɟɛɞəɟŬůɑŬɠ (ɧˊɞɡ ɝŮəɘɜɞɨɜ ɐ 

ůŰŬɛŬŰɞɨɜ ŰŬ ɟŮɨɛŬŰŬ). 

ii. ɇɞ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘɩɜ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɘŬůŰɐɛŬŰŬ ˊɞɡ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ 

ŬɡŰɏɠ Űɘɠ ŬɚɚŬɔɏɠ. 

c. Ɉˊɞɚɞɔɘůɛɧɠ ŮɜŮɟɔŮɘŬəɞɨ űɞɟŰɑɞɡ ɔɘŬ əɎɗŮ ŭɘɎůŰɖɛŬ 

i. ũɘŬ əɎɗŮ ɗŮɟɛɞəɟŬůɘŬəɧ ŭɘɎůŰɖɛŬ: 

1. ɈˊɞɚɞɔɑɕŮŰŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŮɜɗŬɚˊɑŬɠ ȹȼ:  

ῳῷ ὅῳ  ὅῳ   

2. ɇɞ ȹȼ ŮɑɜŬɘ Űɞ ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ Űɞɡ əɎɗŮ ŭɘŬůŰɐɛŬŰɞɠ 

d. ȾŬŰŬɟɟɎəŰɖɠ ŪŮɟɛɧŰɖŰŬɠ (Heat Cascade) 

i. ɈˊɞɗɏŰɞɜŰŬɠ ɛɖŭŮɜɘəɐ ɗŮɟɛɐ ˊŬɟɞɢɐ ɔɑɜŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

əŬŰŬɟɟɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ȹȼ Űɤɜ ŭɘŬůŰɖɛɎŰɤɜ. 

ɇɞ ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ (ȹȼ) ɛŮŰŬűɏɟŮŰŮ Ŭˊɧ Űɞ ɏɜŬ ŭɘɎůŰɖɛŬ ůŰɞ ŮˊɧɛŮɜɞ, 

ɡˊɞɚɞɔɑɕɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɖ ůɡɜɞɚɘəɐ ɛŮŰŬɓɞɚɐ ɗŮɟɛɧŰɖŰŬɠ: 

ii. ȷɜ ɡˊɎɟɢŮɘ ˊŮɟɑůůŮɘŬ ɗŮɟɛɧŰɖŰŬɠ ůŮ əɎˊɞɘɞ ŭɘɎůŰɖɛŬ (ȹȼ>0) ŬɡŰɐ 

ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ ŮˊɧɛŮɜɞ ŭɘɎůŰɖɛŬ. 
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iii.  ȷɜ ɡˊɎɟɢŮɘ ɏɚɚŮɘɛŬ ɗŮɟɛɧŰɖŰŬɠ, (ȹȼ<0) ŮəŮɑɜɖ ŬűŬɘɟŮɑŰŬɘ Ŭˊɧ Űɞ 

ŮˊɧɛŮɜɞ ŭɘɎůŰɖɛŬ. 

iv. ɄɟɧůɗŮůɖ ůŰɞ ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ əɎɗŮ ɗŮɟɛɞəɟŬůɑŬɠ, ˊɞɡ ɢɤɟɑɕŮɘ Űɞ 

ɞɚɘəɧ ɗŮɟɛɞəɟŬůɘŬəɧ ŭɘɎůŰɖɛŬ ůŮ Ůˊɘɛɏɟɞɡɠ ŰɛɐɛŬŰŬ, Űɖɠ ŬˊɧɚɡŰɖɠ 

Űɘɛɐɠ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ ŬɟɜɖŰɘəɐɠ Űɘɛɐɠ ˊɞɡ ˊɟɞɏəɡɣŮ, ŮɝŬůűŬɚɑɕɞɜŰŬɠ 

ɗŮŰɘəɏɠ Űɘɛɏɠ ɗŮɟɛɘəɩɜ űɞɟŰɑɤɜ.  

v. Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ ȺɚɎɢɘůŰɤɜ ȷˊŬɘŰɐůŮɤɜ ȺɜɏɟɔŮɘŬɠ ὗ  əŬɘ ὗ . 

1. ὗ : ȼ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŰŮɗŮɑ ůŰɞ ůɨůŰɖɛŬ 

Ŭˊɧ əɎˊɞɘŬ ɗŮɟɛɐ ˊŬɟɞɢɐ ˊ.ɢ. ŬŰɛɧɠ, əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 

ŰŮɚɘəɧ ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ Űɖɠ əɞɟɡűɐɠ Űɞɡ əŬŰŬɟɟɎəŰɖ. 

2. ὗ : ȼ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŬűŬɘɟŮɗŮɑ Ŭˊɧ Űɞ ůɨůŰɖɛŬ 

Ŭˊɧ əɎˊɞɘŬ ɣɡɢɟɐ ˊŬɟɞɢɐ ˊ.ɢ. ɜŮɟɧ ɣɨɝɖɠ , əŬɘ ŬɜŰɘůŰɞɘɢŮɑ 

ůŰɞ ŰŮɚɘəɧ ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ Űɖɠ ˊɡɗɛɏɜŬ Űɞɡ əŬŰŬɟɟɎəŰɖ. 

e. ȺɜŰɞˊɘůɛɧɠ Űɞɡ Ⱦɧɛɓɞɡ ȷɜɎůɢŮůɖɠ (Pinch Point) 

i. Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɖɛŮɑɞɡ ɧˊɞɡ ɖ Űɘɛɐ Űɞɡ ůɡɜɞɚɘəɞɨ ȹQ ŮɑɜŬɘ ɛɖŭŮɜɘəɐ. 

ii. ȷɡŰɧ Űɞ ůɖɛŮɑɞ ŮɑɜŬɘ ɞ əɧɛɓɞɠ ŬɜɎůɢŮůɖɠ, ɧˊɞɡ ŭɘŬɢɤɟɑɕŮŰŬɘ ɖ ŭɘŮɟɔŬůɑŬ 
ůŮ ŭɨɞ ˊŮɟɘɞɢɏɠ: 

1. ɄɎɜɤ Ŭˊɧ Űɞɜ əɧɛɓɞ ŬɜɎůɢŮůɖɠ: Ⱥɘůɟɞɐ ɗŮɟɛɧŰɖŰŬɠ ɛɧɜɞ Ŭˊɧ 

ɗŮɟɛɐ ˊŬɟɞɢɐ ɐ Ŭɚɚɘɩɠ ŬˊɞŭɏəŰɖɠ ŮɜɏɟɔŮɘŬɠ (Heat Sink) 

2. ȾɎŰɤ Ŭˊɧ Űɞɜ əɧɛɓɞ: ȷ́ Ŭɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ ɛɧɜɞ Ŭˊɧ ɣɡɢɟɐ 

ˊŬɟɞɢɐ ɐ Ŭɚɚɘɩɠ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ (Heat Source) 

4. ȷˊŮɘəɧɜɘůɖ Űɤɜ ŮɝŬɔɧɛŮɜɤɜ ɟŮɡɛɎŰɤɜ ůŮ ŭɘɎɔɟŬɛɛŬ ɗŮɟɛɞəɟŬůɑŬɠ-ŮɜɗŬɚˊɑŬɠ əŬɘ 

əŬŰŬůəŮɡɐ ůɨɜɗŮŰɤɜ əŬɛˊɡɚɩɜ (Composite Curves) 

a. ȼ ŬˊŮɘəɧɜɘůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ůŮ ŮɡɗŮɑŮɠ ɔɟŬɛɛɏɠ ɛŮ əɚɑůɖ: 

ῳ 

ῳῷ
ρȾὅ 

b. ȺɎɜ ɡˊɎɟɢɞɡɜ ɗŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ ɧˊɞɡ ɖ əɚɑůɖ Űɞɡɠ ŮˊɘəŬɚɨˊŰŮŰŬɘ, ŰɧŰŮ ɖ 

əɚɑůɖ Űɤɜ ɟŮɡɛɎŰɤɜ ůŰɞ ɗŮɟɛɞəɟŬůɘŬəɧ ŭɘɎůŰɖɛŬ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ŮɑɜŬɘ Űɞ 

ɎɗɟɞɘůɛŬ Űɤɜ Ůˊɘɛɏɟɞɡɠ əɚɑůŮɤɜ. ȰŰůɘ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůɡɜɞɚɘəɎ ɔɘŬ Űɖɜ ŭɘŮɟɔŬůɑŬ 

ŭɨɞ əŬɛˊɨɚŮɠ, ɛɑŬ ɔɘŬ ŰŬ ɣɡɢɟɎ əŬɘ ɛɑŬ ɔɘŬ ŰŬ ɗŮɟɛɎ ɟŮɨɛŬŰŬ, ɛŮ Űɖɜ ŭŮɨŰŮɟɖ ɜŬ 

ɓɟɑůəŮŰŬɘ ˊɎɜɤ Ŭˊɧ Űɖɜ ˊɟɩŰɖ ůŰɞ ŭɘɎɔɟŬɛɛŬ. 

5. ɀŮŰŬŰɧˊɘůɖ Űɤɜ ůɨɜɗŮŰɤɜ əŬɛˊɡɚɩɜ əŬŰɎ ȹɇmin/2 ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ 

ɛŮŰŬŰɞˊɘůɛɏɜɤɜ ůɨɜɗŮŰɤɜ əŬɛˊɡɚɩɜ (Shifted Composite Curves) 

a. Ɇɡɜɐɗɤɠ ɞɘ ɛŮŰŬŰɞˊɘůɛɏɜŮɠ ůɨɜɗŮŰŮɠ əŬɛˊɨɚŮɠ, ŮűɎˊŰɞɜŰŬɘ ůŰɞ ůɖɛŮɑɞ ɛɖŭŮɜɘəɐɠ 

ɟɞɐɠ ɗŮɟɛɧŰɖŰŬɠ, ŭɖɚŬŭɐ ůŰɞ Pinch Point. 

6. ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ȾŬŰŬɟɟɎəŰɖ ŪŮɟɛɧŰɖŰŬɠ əŬɘ ŮɝŬɔɤɔɐ Űɞɡ ɀŮɔɎɚɞɡ ɆɨɜɗŮŰɞɡ 

ũɟŬűɐɛŬŰɞɠ (ɀɆũ) ɐ Grand Composite Curve (GCC). 

a. ȼ ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ əɎɗŮŰɞ ɎɝɞɜŬ ůŰɖɜ əɞɟɡűɐ Űɞɡ ɔɟŬűɐɛŬŰɞɠ, 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ŮɚɎɢɘůŰɖ ɗŮɟɛɐ ˊŬɟɞɢɐ, Ůɜɩ ɖ ŬɜŰɑůŰɞɘɢɖ 

ŬˊɧůŰŬůɖ Űɞ ɢŬɛɖɚɧŰŮɟɞ ůɖɛŮɑɞ Űɞɡ ɔɟŬűɐɛŬŰɞɠ, ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ ɣɡɢɟɐ ˊŬɟɞɢɐ. ɆŰɞ ůɖɛŮɑɞ ɧˊɞɡ Űɞ ɀɆũ ŮűɎˊŰŮŰŬɘ Űɞɡ əɎɗŮŰɞɡ 

ɎɝɞɜŬ ŮɑɜŬɘ ɞ əɧɛɓɞɠ ŬɜɎůɢŮůɖɠ. 

ɄɟɏˊŮɘ ɜŬ ŮˊɘůɖɛŬɜɗɞɨɜ ŬəɧɛŬ ɛŮɟɘəɏɠ ɚŮˊŰɞɛɏɟŮɘŮɠ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ.  

ȷɟɢɘəɎ, ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŮɜɗŬɚˊɑŬɠ Űɤɜ ɟŮɡɛɎŰɤɜ əŬŰɎ Űɖɜ ŮɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ 

Ŭˊɧ Űɖɜ ůɢɏůɖ:  

ῳῷ άὅῳ υȢρ 

ɧˊɞɡ  
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ά ɖ ɛŬɕɘəɐ ˊŬɟɞɢɐ Űɞɡ ɟŮɨɛŬŰɞɠ,  

Cp ɖ Ůɘŭɘəɐ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰɎ Űɞɡ ɡˊɧ ůŰŬɗŮɟɐ ˊɑŮůɖ əŬɘ  

ȹɇ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ.  

ũɘŬ ůɡɛűɤɜɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɧɚŬ ŰŬ ɛŮɔɏɗɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮəűɟɎɕɞɜŰŬɘ ůŮ ɛɞɜɎŭŮɠ SI. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɧŰŬɜ ɗŬ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞɜ ɧɟɞ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ, ɗŬ ŮɜɜɞŮɑŰŬɘ ɖ ŮəŰŬŰɘəɐ 

ɘŭɘɧŰɖŰŬ əŬɘ ɧɢɘ ɖ Ůɘŭɘəɐ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ. 

ȺűŬɟɛɧɕɞɜŰŬɠ Űɞ ˊɟɩŰɞ ɓɐɛŬ, Űɖɜ ŮɝŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŰŬ ɟŮɨɛŬŰŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ, 

ŮˊɘůɖɛŬɑɜŮŰŬɘ ˊɤɠ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ, ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ŰŬ ɟŮɨɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ŭɘŬˊŮɟɜɞɨɜ Ŭˊɧ ɛɑŬ ŭɘŮɟɔŬůɑŬ (ŬɜŰɑŭɟŬůɖ, ŭɘŬɢɤɟɘůɛɧ) əŬɗɩɠ əŬɘ ŬɡŰɎ ŰŬ ɞˊɞɑŬ ůɡɛɛŮŰɏɢɞɡɜ 

ůŮ ŮɝŬɟŰɐɛŬŰŬ ŬɚɚŬɔɐɠ ˊɑŮůɖɠ (ůŰɟɧɓɘɚɞ, ůɡɛˊɘŮůŰɐ, ɓŬɚɓɑŭŬ ŮəŰɧɜɤůɖɠ). ȷəɧɛɖ, əŬŰɎ Űɖɜ 

ŬɜɎɛɘɝɖ Űɤɜ ɟŮɡɛɎŰɤɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ əŬɗɩɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɗŮɤɟŮɑŰŬɘ 

ˊɤɠ ɧɚŮɠ ɞɘ ŬɜŬɛɑɝŮɘɠ ɗŬ ɔɑɜɞɜŰŬɘ ɘůɞɗŮɟɛɞəɟŬůɘŬəɎ ɩůŰŮ ɜŬ ɛɖɜ ɡˊɎɟɢɞɡɜ ŬˊɩɚŮɘŮɠ 

ɗŮɟɛɧŰɖŰŬɠ əŬŰɎ Űɖɜ ŬɜɎɛɘɝɖ (ɇɞ Mixer Block ŭɟŬ ɤɠ əɟɡűɧɠ ŮɜŬɚɚɎəŰɖɠ). ɆŰɖɜ 

ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɧůŮɠ ŬɜŬɛɑɝŮɘɠ ɟŮɡɛɎŰɤɜ ɔɑɜɞɜŰŬɘ, ŮɑŰŮ ɓɟɑůəɞɜŰŬɘ ˊɞɚɨ əɞɜŰɎ 

ɗŮɟɛɞəɟŬůɘŬəɎ, ŮɑŰŮ Űɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɤɜ ɟŮɡɛɎŰɤɜ ŮɑɜŬɘ Űɧůɞ ɛɘəɟɧ ˊɞɡ ŭŮɜ ɤűŮɚŮɑ ɖ 

ɏɜŰŬɝɐ Űɞɡɠ ůŰɖɜ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ, ŮɑŰŮ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬɘ ɞɘ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ 

ůɡɜɗɐəŮɠ. Ⱥˊɞɛɏɜɤɠ ŭŮɜ ɡˊɎɟɢŮɘ ŬɜɎɔəɖ ŮɘůŬɔɤɔɐ Űɤɜ ɟŮɡɛɎŰɤɜ ˊɟɞɠ ŬɜɎɛɘɝɖ ůŰɖɜ 

ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ. ȷəɧɛŬ, ŮˊŮɘŭɐ ɞ əɧɛɓɞɠ ŬɜɎůɢŮůɖɠ ɢɤɟɑɕŮɘ Űɖɜ ŭɘŮɟɔŬůɑŬ ůŮ ŭɨɞ 

ɛɏɟɖ, ɖ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ Űɤɜ ɟŮɡɛɎŰɤɜ əŬɘ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɑŰŮ 

ˊɎɜɤ, ŮɑŰŮ əɎŰɤ Ŭˊɧ Űɞ əɧɛɓɞ ŬɜɎůɢŮůɖɠ əŬɗɩɠ ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɛŮŰŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ ɛɏůŬ 

Ŭˊɧ Űɞ ŬɡŰɧɜ. ɇŬ ˊŬɟŬˊɎɜɤ ɓɐɛŬŰŬ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ɟŮɡɛɎŰɤɜ, 

ɔɑɜɞɜŰŬɘ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŬ ɛɏůɤ Űɞɡ ŮɟɔŬɚŮɑɞɡ ICHEME Tool ůŮ ˊŮɟɘɓɎɚɚɞɜ MS Excel. ɆŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ́ŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɗŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ 

Űɞɡ ˊɚɞɑɞɡ, ɧˊɤɠ ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɞ ɏɟɔɞ çMinimal Environmental Footprint LNG 

Propelled ROPAX Designè [30].  

ɄɑɜŬəŬɠ 32: ɅŮɨɛŬŰŬ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɚɞɑɞɡ 

Stream Name 
Supply 

Temperature 

Target 

Temperature 

Heat 

Duty 

Stream 

Type 

Supply 

Shift 

Target 

Shift 
 ÁC ÁC kW  ÁC ÁC 

LNG vaporizer -165,12 -141,71 218,00 COLD -160,1 -136,7 

LNG heater -137,44 40,00 157,00 COLD -132,4 45,0 

Engine cooling 325,00 320,00 1825,00 HOT 320,0 315,0 

Lubricating oil 

cooling 
120,00 119,00 1145,00 HOT 115,0 114,0 

Scavenge air 

cooling-1 
102,20 20,00 2052,00 HOT 97,2 15,0 

Scavenge air 

cooling-2 
109,00 40,00 1716,00 HOT 104,0 35,0 

Steam production 

(sensible) 
25,00 162,00 502,00 COLD 30,0 167,0 

Steam production 

(latent) 
161,90 162,00 1505,00 COLD 166,9 167,0 

Steam production 

(superheat) 
162,00 172,00 17,00 COLD 167,0 177,0 

Calorifier 25,00 60,00 250,00 COLD 30,0 65,0 

Hot water 40,00 41,00 17,00 COLD 45,0 46,0 
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ECONOMIZER 189,00 54,00 3557,00 HOT 184,0 49,0 

 

ɇŬ ɟŮɨɛŬŰŬ steam production ́ɞɡ Ŭűɞɟɞɨɜ Űɖɜ ˊŬɟŬɔɤɔɐ ŬŰɛɞɨ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɟɑŬ ɝŮɢɤɟɘůŰɎ 

ɟŮɨɛŬŰŬ ɚɧɔɤ Űɖɠ ŬɚɚŬɔɐɠ űɎůɖɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ 

ŭɘɎɔɟŬɛɛŬ. ȾŬŰɎ Űɖɜ ŬɚɚŬɔɐ űɎůɖɠ, ŬɚɚɎɕŮɘ ɖ əɚɑůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɇ-ȼ, ŭɖɚŬŭɐ ɖ Űɘɛɐ 

Űɖɠ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬɠ Űɞɡ ɟŮɨɛŬŰɞɠ. Ⱥˊɞɛɏɜɤɠ əŬŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɛŮŰŬɓɞɚɐɠ 

ŮɜɗŬɚˊɑŬɠ ȹȼ, Űɞ ŬˊɞŰɏɚŮůɛŬ ˊɞɡ ɗŬ ˊɟɞəɨˊŰŮɘ ɗŬ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧ. ũɘŬ ŬɡŰɧ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ 

ŰŬ ɟŮɨɛŬŰŬ ŬɡŰɎ ɜŬ çůˊɎɜŮè ůŮ ɘůɎɟɘɗɛŬ ŮɡɗɨɔɟŬɛɛŬ ŰɛɐɛŬŰŬ ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɖɜ əŬɛˊɨɚɖ 

ɇ-ȼ Űɞɡɠ.  ɀŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ŮɝŮŰɎɕŮŰŬɘ ůŮ əɎɗŮ ŮɜŬɚɚɎəŰɖ ɖ ˊŮɟɑˊŰɤůɖ ŬɚɚŬɔɐɠ űɎůɖɠ əŬɘ 

Űɞ ɟŮɨɛŬ ɢɤɟɑɕŮŰŬɘ ŬɜŬɚɧɔɤɠ. 

 

ȹɘɎɔɟŬɛɛŬ 64: ȺɜŭŮɘəŰɘəɧ ŭɘɎɔɟŬɛɛŬ ŮɜɗŬɚˊɑŬɠ-ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ ɟŮɨɛŬ ɜŮɟɞɨ ˊɞɡ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ŬɚɚŬɔɐ űɎůɖɠ 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ɗŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ Űɤɜ ɛɞɜɎŭɤɜ ŭɏůɛŮɡůɖɠ əŬɘ 

ůɡɛˊɑŮůɖɠ CO2 ɔɘŬ Űɘɠ ŰɟŮɑɠ ˊɟɞůɞɛɞɘɩůŮɘɠ.  

 

5.1.1 ɀɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ˊɑɜŬəŬɠ Űɤɜ ɗŮɟɛɩɜ əŬɘ ɣɡɢɟɩɜ ɟŮɡɛɎŰɤɜ ɔɘŬ Űɞ ůɨůŰɖɛŬ CCS 

ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ. Ƀɘ Űɘɛɏɠ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ, əŬɗɩɠ əŬɘ ŰŬ ɗŮɟɛɘəɎ 

űɞɟŰɑŬ, ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ůŰɞ Aspen Plus. ȼ ɑŭɘŬ 

ŭɘŬŭɘəŬůɑŬ ŬəɞɚɞɡɗɐɗɖəŮ əŬɘ ɔɘŬ Űɘɠ ɎɚɚŮɠ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɘɠ 

ɄɑɜŬəŬɠ 33: ŪŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ ɛɞɜɎŭŬɠ ŭɏůɛŮɡůɖɠ CO2 ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

Stream Name 
Supply 

Temperature 

Target 

Temperature 

Heat 

Duty 

Stream 

Type 

Supply 

Shift 

Target 

Shift 
 ÁC ÁC kW  ÁC ÁC 

Rich heating 54,41 107,48 4718,41 COLD 59,4 112,5 

Lean Cooling 1 123,07 69,00 4718,41 HOT 118,1 64,0 

Lean Cooling 2 69,00 45,00 2042,10 HOT 64,0 40,0 

Product cooling 1 104,22 94,16 863,31 HOT 99,2 89,2 

Product cooling 2 94,15 66,69 687,85 HOT 89,2 61,7 

Product cooling 3 66,69 18,00 345,93 HOT 61,7 13,0 

Reboiler Duty 123,00 123,07 5922,36 COLD 128,0 128,1 

Condenser Duty 104,30 104,22 954,44 HOT 99,3 99,2 
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ɇŬ ɟŮɨɛŬŰŬ Lean Cooling ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞ ɑŭɘɞ ɟŮɨɛŬ ˊɞɡ ɣɨɢŮŰŬɘ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɨɠ 

ŮɜŬɚɚɎəŰŮɠ.  

ɇŬ ɟŮɨɛŬŰŬ product cooling Ŭűɞɟɞɨɜ Űɞ ɑŭɘɞ ɟŮɨɛŬ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɣɨɝɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ 

CO2, ŬɚɚɎ çůˊɎɜŮè ůŮ ŰɟɑŬ ŰɛɐɛŬŰŬ ɚɧɔɤ ŬɚɚŬɔɩɜ ůŰɖɜ əɚɑůɖ ůŰɞ ŭɘɎɔɟŬɛɛŬ ɇ-ȼ. ɇɞ 

ůɡɔəŮəɟɘɛɏɜɞ ɟŮɨɛŬ ɧɛɤɠ ŭŮɜ ɏɢŮɘ Űɖɜ ɔɟŬɛɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɧˊɤɠ ɏɜŬ ɟŮɨɛŬ ɜŮɟɞɨ-ŬŰɛɞɨ, 

ŬɚɚɎ Űɞ ŭɘɎɔɟŬɛɛŬ ɇ-ȼ Űɞɡ ɏɢŮɘ ɛɞɟűɐ əŬɛˊɨɚɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ. ɆŮ ŰɏŰɞɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɟŬɛɛɘəɞˊɞɑɖůɖ Űɖɠ əŬɛˊɨɚɖɠ əŬŰɎ Smith [91]. 

 

 

ȹɘɎɔɟŬɛɛŬ 65: ȹɘɎɔɟŬɛɛŬ ɗŮɟɛɞəɟŬůɑŬɠ-ŮɜɗŬɚˊɑŬɠ ɛŮ ɛɖ ɔɟŬɛɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ Űɞ ɟŮɨɛŬ ˊɟɞɠ ɔɟŬɛɛɘəɞˊɞɑɖůɖ ŮɑɜŬɘ ɗŮɟɛɧ, ŰɧŰŮ ɖ ɔɟŬɛɛɘəɞˊɞɑɖůɖ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ əɎŰɤ ɛŮɟɘɎ Űɖɠ əŬɛˊɨɚɖɠ, Ůɜɩ ŮɎɜ Űɞ ɟŮɨɛŬ ŮɑɜŬɘ ɣɡɢɟɧ, ɖ 

ŭɘŬŭɘəŬůɑŬ ɔɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊɎɜɤ ɛŮɟɘɎ Űɖɠ əŬɛˊɨɚɖɠ. Ƀ Űɟɧˊɞɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ űŬɑɜŮŰŬɘ ůŰɞ 

ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ.  

ȺɜŭɏɢŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ɛɑŬ ŰɎůɖ ɔɘŬ ɢɟɐůɖ ˊɞɚɚɩɜ ŮɡɗɨɔɟŬɛɛɤɜ ŰɛɖɛɎŰɤɜ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ 

Ůɜɧɠ ɛɖ ɔɟŬɛɛɘəɞɨ ɟŮɨɛŬŰɞɠ, ɖ ɞˊɞɑŬ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ, əŬɗɩɠ ŭɨɞ ɛŮ ŰɟɑŬ ŮɡɗɨɔɟŬɛɛŬ ŰɛɐɛŬŰŬ 

ŮɑɜŬɘ ŬɟəŮŰɎ ɔɘŬ ɜŬ ŬɜŬˊŬɟŬůŰɐůɞɡɜ ůɢŮŭɧɜ əɎɗŮ ɛɖ ɔɟŬɛɛɘəɧ ɟŮɨɛŬ[91]. 

 

ȹɘɎɔɟŬɛɛŬ 66: ũɟŬɛɛɘəɞˊɞɑɖůɖ ɛɖ ɔɟŬɛɛɘəɞɨ ɗŮɟɛɞɨ ɟŮɨɛŬŰɞɠ (MEA) 
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ɄɑɜŬəŬɠ 34: ŪŮɟɛɎ-ɣɡɢɟɎ ɟŮɨɛŬŰŬ ůɡůŰɐɛŬŰɞɠ ůɡɛˊɑŮůɖɠ Űɞɡ CO2 ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

Stream Name 
Supply 

Temperature 

Target 

Temperature 

Heat 

Duty 

Stream 

Type 

Supply 

Shift 

Target 

Shift 
 ÁC ÁC kW  ÁC ÁC 

MEA-HE-1 

(storage) 
166,00 25,00 141,0 HOT 161,0 20,0 

MEA-HE-2 

(storage) 
82,00 30,00 63,0 HOT 77,0 25,0 

MEA-HE-3 

(storage) 
171,00 25,00 521,0 HOT 166,0 20,0 

 

Ƀɘ ɖɚŮəŰɟɘəɏɠ əŬŰŬɜŬɚɩůŮɘɠ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ ůŰɖɜ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ ůŮ ŬɡŰɐ 

Űɖɜ űɎůɖ, ŬɚɚɎ ůŰɞ Űɏɚɞɠ, ɩůŰŮ ɜŬ ɓɟŮɗɞɨɜ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ Űɘɠ ɛɞɜɎŭŬɠ 

əŬɘ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ Ůˊɘˊɚɏɞɜ ɘůɞŭɨɜŬɛɞ əŬɨůɘɛɞ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ əŬŰŬɜŬɚɤɗŮɑ ɔɘŬ Űɖɜ 

ɘəŬɜɞˊɞɑɖůɖ ŬɡŰɩɜ.  

ũɘŬ Űɖɜ ůɡɜɏɢŮɘŬ Űɖɠ ŬɜɎɚɡůɖɠ, ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰŮɑ ɖ Űɘɛɐ Űɞɡ ȹɇmin, ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ 

ɛɘəɟɧŰŮɟɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ Űɤɜ ŭɨɞ ůɨɜɗŮŰɤɜ əŬɛˊɡɚɩɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ŮˊɘɚɏɔŮŰŬɘ ȹɇmin = 10 ÁC ɔɘŬ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, əŬɗɩɠ ŰŬ ˊɚŮɑůŰŬ ɟŮɨɛŬŰŬ ŮɑɜŬɘ ůŮ ɡɔɟɐ 

űɎůɖ əŬɘ ɚɧɔɤ Űɖɠ ɛŮɔɎɚɖɠ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬɠ Űɞɡɠ, ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɛŮɔɎɚɖ ŭɘŬűɞɟɎ 

ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɖɜ ŬɜŰŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ. ȼ Ŭɨɝɖůɖ Űɞɡ ȹɇmin ɛˊɞɟŮɑ ɜŬ ɛŮɘɩɜŮɘ ŰŬ 

ˊŮɟɘɗɩɟɘŬ ɔɘŬ ŮɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɤɜ ɟŮɡɛɎŰɤɜ, ŬɚɚɎ ɛŮɘɩɜŮɘ ˊŬɟɎɚɚɖɚŬ əŬɘ Űɞ 

ˊɎɔɘɞ əɧůŰɞɠ Ůɝɞˊɚɘůɛɞɨ ɔɘŬ Űɞɡ ŮɜŬɚɚɎəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ, əŬɗɩɠ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ŮˊɘűɎɜŮɘŬ 

ŮɜŬɚɚɎəŰɖ (ȷ) ŮɚŬŰŰɩɜŮŰŬɘ ɧůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ȹɇmin, ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ 5.2: 

ὗ Ὗ ὃz ῳz  υȢς 

ȳˊɞɡ: 

Q: ȼ ɟɞɐ ɗŮɟɛɧŰɖŰŬɠ ůŮ Watt 

A: ȼ ŮˊɘűɎɜŮɘŬ ŮɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ ůŮ m2 

U: Ƀ ɞɚɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬ ůŮ (W*K/ m2) 

ῳ : ȼ ɛɏůɖ ɚɞɔŬɟɘɗɛɘəɐ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ, ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 5.3: 

ῳ 
ῳ  ῳ 

ÌÎ
ῳ 
ῳ 

υȢσ 

ȳˊɞɡ: 

ȹɇ1: ȼ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɟŮɡůŰɩɜ ůŰɖɜ Ůɑůɞŭɞ/ɏɝɞŭɞ 

ȹɇ1: ȼ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɟŮɡůŰɩɜ ůŰɖɜ ɏɝɞŭɞ /Ůɑůɞŭɞ 

ȷɜŰɑůŰɞɘɢŬ, ɖ ɛŮɑɤůɖ Űɞɡ ȹɇmin ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ ŰŬ ˊŮɟɘɗɩɟɘŬ ɔɘŬ ŮɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ 

ŬɚɚɎ ŬɡɝɎɜŮɘ Űɞ ˊɎɔɘɞ əɧůŰɞɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ.  

ɀŮŰɎ əŬɘ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ȹɇmin, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ ŮɟɔŬɚŮɑɞɡ ICHEME tool, ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ɞɘ ŮɚɎɢɘůŰŮɠ ŬɜɎɔəŮɠ ůŮ ɗŮɟɛɐ əŬɘ ɣɡɢɟɐ ˊŬɟɞɢɐ, ůɢŮŭɘɎɕɞɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ əŬɘ ŮɝɎɔɞɜŰŬɘ 

ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɗŬ ɢɟŮɘŬůŰɞɨɜ ɔɘŬ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ. ɆɡɔəŮəɟɘɛɏɜŬ, ůɢŮŭɘɎɕɞɜŰŬɘ 

Űɞ ŭɘɎɔɟŬɛɛŬ ůɨɜɗŮŰɤɜ əŬɛˊɨɚɤɜ, Űɞ ɛŮɔɎɚɞ ůɨɜɗŮŰɞ ɔɟɎűɖɛŬ, əŬɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ˊɚɏɔɛŬ 
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ɗŮɟɛɩɜ ï ɣɡɢɟɩɜ ɟŮɡɛɎŰɤɜ. ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ɔɘŬ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ 

Pinch Analysis, ɧɚŬ ŰŬ ɗŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɞɡɠ ˊɟɞɖɔɞɨɛŮɜɞɡɠ 

ˊɑɜŬəŮɠ, ŮɘůɎɔɞɜŰŬɘ ůɡɜɞɚɘəɎ ůŮ ɏɜŬɜ ŮɜɘŬɑɞ ˊɑɜŬəŬ ůŰɞ ŮɟɔŬɚŮɑɞ. 

 

ȹɘɎɔɟŬɛɛŬ 67: ɀɆũ (GCC) ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛɞɜɎŭŬɠ CCS ɛŮ ŭɘŬɚɨŰɖ MEA 

 

 

ȹɘɎɔɟŬɛɛŬ 68: ɆɨɜɗŮŰŮɠ əŬɛˊɨɚŮɠ (CC) ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛɞɜɎŭŬɠ CCS ɛŮ ŭɘŬɚɨŰɖ MEA 

ɄɑɜŬəŬɠ 35: Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ əɧɛɓɞɡ ŬɜɎůɢŮůɖɠ (pinch), Űɤɜ ŮɚɎɢɘůŰɤɜ ŬˊŬɘŰɐůŮɤɜ ůŮ ɗŮɟɛɐ əŬɘ ɣɡɢɟɐ 

ˊŬɟɞɢɐ əŬɘ Űɞɡ Ůɑŭɞɡɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (ɀȺȷ) 

Hot Pinch 133 ÁC 

Cold Pinch 123 ÁC 

Min Hot Utility 4118,17 kW 

Min Cold Utility 11443,44 kW 

SINGLE PINCH PROBLEM 
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Ƀ əɧɛɓɞɠ ŬɜɎůɢŮůɖɠ (Pinch) ɓɟɑůəŮŰŬɘ ˊɎɜŰŬ ŬɜɎɛŮůŬ ůŰɞ hot & cold pinch, ŭɖɚŬŭɐ ůŰɞɡɠ 

128C ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ. 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ŬˊŬɘŰɞɨɜŰŬɘ əŬŰô ŮɚɎɢɘůŰɞɜ 4118,17kW ɗŮɟɛɐɠ ˊŬɟɞɢɐɠ əŬɘ ɎɚɚŬ 

11443,44kW ɣɡɢɟɐɠ ˊŬɟɞɢɐɠ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ Űɞɡ ˊɚɞɑɞɡ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ 

CCS. ȼ ɣɡɢɟɐ ˊŬɟɞɢɐ ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ Ůɝô ɞɚɞəɚɐɟɞɡ Ŭˊɧ ɗŬɚŬůůɘɜɧ ɜŮɟɧ Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɜŮɟɧ ɣɨɝɖɠ, ůŰɘɠ ɑŭɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȷɡŰɧ ŭɘɧŰɘ, ˊŬɟɧɚɞ ˊɞɡ ɡˊɎɟɢɞɡɜ 

ɟŮɨɛŬŰŬ ́ɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɣɡɢɗɞɨɜ ůŮ ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ ŮəŮɑɜɖ Űɞɡ ɗŬɚŬůůɘɜɞɨ 

ɜŮɟɞɨ,  ŬɡŰɎ ɛˊɞɟɞɨɜ ɜŬ ŮɜŬɚɚŬɢɗɞɨɜ ɛŮ ŰŬ ɟŮɨɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŬŮɟɘɞˊɞɑɖůɖ Űɞɡ LNG, 

ŰŬ ɞˊɞɑŬ ɗŬ ˊŬɟɏɢɞɡɜ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ɣɡɢɟɐ ˊŬɟɞɢɐ. ȷɡŰɧ ɔɑɜŮŰŬɘ ŮɛűŬɜɏɠ ɛɏůŬ Ŭˊɧ Űɞ 

əɎɗŮŰɞ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ Űɞ ɞˊɞɑɞ ůɢŮŭɘɎɕŮŰŬɘ Ŭˊɧ Űɞ ɢŬɛɖɚɧŰŮɟɞ ůɖɛŮɑɞ Űɞɡ ɀɆũ ˊɟɞɠ ŰŬ 

ŮˊɎɜɤ. ɇɞ ɢɤɟɑɞ ́ ɞɡ ˊŮɟɘəɚŮɑŮŰŬɘ ɛŮŰŬɝɨ Űɞɡ ŮɡɗɨɔɟŬɛɛɞɡ ŰɛɐɛŬŰɞɠ əŬɘ Űɞɡ ɀɆũ ŬˊɞŰŮɚŮɑ 

ɏɜŬ ɚŮɔɧɛŮɜɞ çheat pocketè, ůŰɞ ɞˊɞɑɞ ɡˊɎɟɢɞɡɜ ŭɡɜŬŰɧŰɖŰŮɠ Ŭɝɘɞˊɞɑɖůɐɠ Űɞɡ ɔɘŬ ŮɜŬɚɚŬɔɐ 

ɗŮɟɛɧŰɖŰŬɠ. ɇɏŰɞɘŬ ŰɛɐɛŬŰŬ, ɛŮ ɛŮɔŬɚɨŰŮɟɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ əŬɘ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ 

ɡˊɎɟɢɞɡɜ əŬɘ ˊɎɜɤ Ŭˊɧ Űɞ pinch, əŬɘ ŬɝɘɞɚɞɔɞɨɜŰŬɘ ɔɘŬ ˊɘɗŬɜɧŰɖŰŬ ůɡɛˊŬɟŬɔɤɔɐɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɗŮɟɛɧŰɖŰŬɠ. ũɘŬ ɜŬ ŮɑɜŬɘ ɞɘəɞɜɞɛɘəɎ ɓɘɩůɘɛɞ əŬɘ ɜŬ ɓɔɎɕŮɘ ɜɧɖɛŬ 

ɗŮɟɛɞŭɡɜŬɛɘəɎ, ɗŬ ˊɟɏˊŮɘ Űɞ heat pocket ɜŬ ŮəŰŮɑɜŮŰŬɘ ɛŮŰŬɝɨ ŭɨɞ ŰɞɡɚɎɢɘůŰɞɜ Ůˊɘˊɏŭɤɜ 

ŬŰɛɞɨ (ŭɖɚŬŭɐ Ŭˊɧ HP ɛɏɢɟɘ LP steam) əŬɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ Ŭɝɘɧɚɞɔɞ ŮɜŮɟɔŮɘŬəɧ 

űɞɟŰɑɞ[91]. ɆŰɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ, Űɞ ˊɟɩŰɞ əɟɘŰɐɟɘɞ ŭŮɜ 

ɛˊɞɟŮɑ ɜŬ ɘəŬɜɞˊɞɘɖɗŮɑ əŬɗɩɠ Űɞ ɢŬɛɖɚɧŰŮɟɞ ŮˊɑˊŮŭɞ ŬŰɛɞɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ Űɞ 

heat pocket ŮɑɜŬɘ ŬŰɛɧɠ ɛŮůŬɑŬɠ ˊɑŮůɖɠ (MP steam) əŬɘ ɖ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ŭŮɜ ŮˊŬɟəŮɑ 

ɔɘŬ ˊŬɟŬɔɤɔɐ ŬŰɛɞɨ ˊɞɚɨ ɡɣɖɚɐɠ ˊɑŮůɖɠ (VHP steam). ȷəɧɛŬ, ɚɧɔɤ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ ůŮ 

ɢɩɟɞ, ůŮ ɛɏɔɘůŰɞ ɓɎɟɞɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ Űɞ ˊɚɞɑɞ, ŬɚɚɎ əŬɘ ůŮ ɏɝɞŭŬ 

ŬɜŬŭɘŬɛɧɟűɤůɖɠ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ, Űɞ ůŮɜɎɟɘɞ Űɖɠ ůɡɛˊŬɟŬɔɤɔɐɠ ŭŮɜ ɗŮɤɟŮɑŰŬɘ 

ɟŮŬɚɘůŰɘəɧ. ɇɏɚɞɠ, ɖ ɗŮɟɛɐ ˊŬɟɞɢɐ ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ Ůɝ ɞɚɞəɚɐɟɞɡ Ŭˊɧ ŬŰɛɧ ɛŮůŬɑŬɠ 

ˊɑŮůɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ əɧəəɘɜɞ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ. 

ɄŬɟŬəɎŰɤ, ˊŬɟŬŰɑɗŮŰŬɘ ɞ ˊɑɜŬəŬɠ ɛŮ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ ɢɟɐůɖɠ ůɡɜɐɗɤɜ ɗŮɟɛɩɜ əŬɘ ɣɡɢɟɩɜ 

ˊŬɟɞɢɩɜ: 

ɄɑɜŬəŬɠ 36: ŪŮɟɛɞəɟŬůɑŮɠ ɗŮɟɛɩɜ əŬɘ ɣɡɢɟɩɜ ˊŬɟɞɢɩɜ 

Mains 
Saturation Temperature 

of Mains ( C) 

Cooling Water (sea water) 15-20 

Hot Water 50 

LP steam 130 

MP steam 200 

HP steam 260 

VHP steam 360 

 

ȳŰŬɜ ɛɑŬ ɓɞɖɗɖŰɘəɐ ˊŬɟɞɢɐ ŰɏɛɜŮɘ Űɞ GCC, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ɜɏɞɠ Ⱦɧɛɓɞɠ ȷɜɎůɢŮůɖɠ, 

ɔɜɤůŰɧɠ ɤɠ "Utility Pinch". ȾɎɗŮ ɜɏɞ ŮˊɑˊŮŭɞ ŬŰɛɞɨ ɞŭɖɔŮɑ ůŰɖɜ ŮɛűɎɜɘůɖ Ůɜɧɠ Ůˊɘˊɚɏɞɜ 

Utility Pinch, ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ. ȷɡŰɐ ɖ 

Ŭɡɝɖɛɏɜɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ ɏɢŮɘ ŭɘɎűɞɟŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ, ɧˊɤɠ ɡɣɖɚɧŰŮɟɞ ˊɎɔɘɞ əɧůŰɞɠ 

əŮűŬɚŬɑɞɡ, Ŭɡɝɖɛɏɜɞ əɑɜŭɡɜɞ ŭɘŬɟɟɞɩɜ, ɛŮɘɤɛɏɜɖ ŬůűɎɚŮɘŬ əŬɘ ɛŮɔŬɚɨŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ 

ůɡɜŰɐɟɖůɖɠ. ũɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŬɡŰɩɜ Űɤɜ ɕɖŰɖɛɎŰɤɜ, ůɡɜɐɗɤɠ ˊŮɟɘɞɟɑɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ 

Űɤɜ Ůˊɘˊɏŭɤɜ ŬŰɛɞɨ əŬɘ ɔŮɜɘəɧŰŮɟŬ Űɤɜ ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ.  
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ȼ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɔɘŬ Űɘɠ ɎɚɚŮɠ ŭɨɞ ɛɞɜɎŭŮɠ ɛŮ ŭɘŬɚɨŰŮɠ MDEA-

PZ əŬɘ K2CO3 əŬɘ űɡůɘəɎ ɘůɢɨɞɡɜ əŬɘ ɔɘŬ Űɘɠ ŮˊɧɛŮɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɎ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ 

ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŬɜɎɚɡůɖ. 

ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ɧůɞɜ ŬűɞɟɎ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ, ɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ɗŮɟɛɞəɟŬůɑŬ Ŭˊɧɟɟɘɣɖɠ 

ŮɑɜŬɘ ɞɘ 40 ÜC Ůɜɩ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛɏɢɟɘ əŬɘ Űɞɡɠ 60ÜC ɔɘŬ ŮɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ 

əŬɗɩɠ ɛŮŰɎ Ŭˊɧ ŮəŮɑɜɖ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɎɚŬŰŬ ůŰɘɠ ůɤɚɖɜɩůŮɘɠ. ɄŬɟɧɚŬ 

ŬɡŰɎ, ŭŮɜ ůɡɜɖɗɑɕŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ Ɏɜɤ 

Űɤɜ 20 ÜC. ɆŰɘɠ ˊɟɞŰŮɘɜɧɛŮɜŮɠ ɛɞɜɎŭŮɠ, ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ əɡɛŬɑɜŮŰŬɘ 

ɛŮŰŬɝɨ 15-35 ÜC ɛŮŰŬɝɨ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ (ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ) əŬɘ ŬɡŰɏɠ ɞɘ Űɘɛɏɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ůŰɞ əŮűɎɚŬɘɞ Űɖɠ əɞůŰɞɚɧɔɖůɖɠ. ɆŰɖɜ ŬɜɎɚɡůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ɞɚɞəɚɐɟɤůɖɠ ɗŮɤɟŮɑŰŬɘ, ɛɑŬ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ɑůɖ ɛŮ 20 ÜC ́ ɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŬɜ Űɘɛɐ ɔɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ [93], [94]. ȼ ɢɟɐůɖ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ɔɘŬ 

Űɖɜ əɎɚɡɣɖ Űɤɜ ɣɡəŰɘəɩɜ ŬɜŬɔəɩɜ Űɞɡ ˊɚɞɑɞɡ ŮɑɜŬɘ ůɡɜɖɗɘůɛɏɜɖ ˊɟŬəŰɘəɐ, ŮɘŭɘəɎ ůŮ ɛŮɚɏŰŮɠ 

ŮɔəŬŰɎůŰŬůɖɠ ɛɞɜɎŭŬɠ CCS ŮˊɎɜɤ ůŮ ŬɡŰɧ [23], [59]. 

 

5.1.2 ɀɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ ɀDȺȷ-PZ 

ɄɑɜŬəŬɠ 37: ŪŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ ɛɞɜɎŭŬɠ ŭɏůɛŮɡůɖɠ CO2 ɛŮ ŭɘŬɚɨŰɖ ɀDȺȷ-PZ 

Stream Name 
Supply 

Temperature 

Target 

Temperature 

Heat 

Duty 

Stream 

Type 

Supply 

Shift 

Target 

Shift 
 ÁC ÁC kW  ÁC ÁC 

Rich Heating 1 48,06 106,28 9315,55 COLD 53,1 111,3 

Rich Heating 2 106,28 110,00 2026,31 COLD 111,3 115,0 

Lean Cooling 1 119,02 57,06 9315,55 HOT 114,0 52,1 

Lean Cooling 2 57,06 45,00 1770,79 HOT 52,1 40,0 

Water Cooling 

(COOLER 3) 
49,37 40,00 326,07 HOT 44,4 35,0 

Product cooling 1 100,78 74,41 1057,24 HOT 95,8 69,4 

Product cooling 2 74,41 20,00 396,46 HOT 69,4 15,0 

Reboiler Duty 119,02 119,02 4166,84 COLD 124,0 124,0 

Condenser Duty 100,78 100,78 1552,03 ȼɃɇ 105,8 105,8 

 

ɇŬ ɟŮɨɛŬŰŬ Rich Heating əŬɘ Lean Cooling Ŭűɞɟɞɨɜ ŰŬ ɟŮɨɛŬŰŬ ɧˊɞɡ ɔɑɜŮŰŬɘ ɣɨɝɖ əŬɘ 

ɗɏɟɛŬɜůɖ ŬɜŰɑůŰɞɘɢŬ Űɞɡ ŭɘŬɚɨŰɖ ůŮ ŬɜŬəɡəɚɞűɞɟɑŬ. ȼ ɗɏɟɛŬɜůɖ/ɣɨɝɖ ɔɑɜŮŰŬɘ ůŮ ŭɨɞ ůŰɎŭɘŬ 

əŬɗɩɠ Űɞ ŮɜŮɟɔŮɘŬəɧ ˊŮɟɘŮɢɧɛŮɜɞ Űɤɜ ɟŮɡɛɎŰɤɜ ŭŮɜ ŬɟəŮɑ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŬɜŬɔəŬɑŬɠ 

ŰŮɚɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ.  

ɇŬ ɟŮɨɛŬŰŬ product cooling ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɛŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŬɚɚɎ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ ŬɜŰɑ ɔɘŬ ŰɟɑŬ ŮɡɗɨɔɟŬɛɛŬ ŰɛɐɛŬŰŬ.  
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ȹɘɎɔɟŬɛɛŬ 69: ũɟŬɛɛɘəɞˊɞɑɖůɖ ɛɖ ɔɟŬɛɛɘəɞɨ ɗŮɟɛɞɨ ɟŮɨɛŬŰɞɠ (MDEA-PZ) 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ɞ ˊɑɜŬəŬɠ ɛŮ ŰŬ ɗŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ ɔɘŬ Űɞ ůɨůŰɖɛŬ 

ůɡɛˊɑŮůɖɠ Űɞɡ ŭŮůɛŮɡɛɏɜɞɡ CO2, Űɞ ɀɆũ əŬɘ ɞɘ ůɨɜɗŮŰŮɠ əŬɛˊɨɚŮɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ 

ŮɔəŬŰɎůŰŬůɖɠ, ɞɘ ŮɚɎɢɘůŰŮɠ ŬɜɎɔəŮɠ ůŮ ɗŮɟɛɐ əŬɘ ɣɡɢɟɐ ˊŬɟɞɢɐ əŬɘ Űɞ ůɖɛŮɑɞ Űɞɡ əɧɛɓɞɡ 

ŬɜɎůɢŮůɖɠ. 

ɄɑɜŬəŬɠ 38: ŪŮɟɛɎ-ɣɡɢɟɎ ɟŮɨɛŬŰŬ ůɡůŰɐɛŬŰɞɠ ůɡɛˊɑŮůɖɠ Űɞɡ CO2 ɛŮ ŭɘŬɚɨŰɖ ɀDEA-PZ 

Stream Name 
Supply 

Temperature 

Target 

Temperature 

Heat 

Duty 

Stream 

Type 

Supply 

Shift 

Target 

Shift 
 ÁC ÁC kW  ÁC ÁC 

HX-1 (storage) 163,38 25,00 148,79 HOT 158,4 20,0 

HX-2 (storage) 81,54 30,00 52,91 HOT 76,5 25,0 

HX-3 (storage) 176,50 25,00 528,57 HOT 171,5 20,0 

 

ȹɘɎɔɟŬɛɛŬ 70:  ɆɨɜɗŮŰŮɠ əŬɛˊɨɚŮɠ (CC) ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛɞɜɎŭŬɠ CCS ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ 

COOLER1 HCurves - 1 Results
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ȹɘɎɔɟŬɛɛŬ 71: ɀɆũ (GCC) ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛɞɜɎŭŬɠ CCS ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ 

ɄɑɜŬəŬɠ 39: Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ əɧɛɓɞɡ ŬɜɎůɢŮůɖɠ (pinch), Űɤɜ ŮɚɎɢɘůŰɤɜ ŬˊŬɘŰɐůŮɤɜ ůŮ ɗŮɟɛɐ əŬɘ ɣɡɢɟɐ 

ˊŬɟɞɢɐ əŬɘ Űɞɡ Ůɑŭɞɡɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (ɀDȺȷ-PZ) 

Hot Pinch 116,28 ÁC 

Cold Pinch 106,28 ÁC 

Min Hot 

Utility 
2360,59 kW 

Min Cold 

Utility 
9629,3 kW 

SINGLE PINCH PROBLEM 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ŬˊŬɘŰɞɨɜŰŬɘ əŬŰô ŮɚɎɢɘůŰɞɜ 2360,59kW ɗŮɟɛɐɠ ˊŬɟɞɢɐɠ əŬɘ ɎɚɚŬ 

9629,3kW ɣɡɢɟɐɠ ˊŬɟɞɢɐɠ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ Űɞɡ ˊɚɞɑɞɡ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ CCS. 

ȼ ɣɡɢɟɐ ˊŬɟɞɢɐ ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ Ůɝô ɞɚɞəɚɐɟɞɡ Ŭˊɧ ɗŬɚŬůůɘɜɧ ɜŮɟɧ Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɜŮɟɧ ɣɨɝɖɠ, ůŰɘɠ ɑŭɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȼ ɗŮɟɛɐ ˊŬɟɞɢɐ ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ 

Ůɝ ɞɚɞəɚɐɟɞɡ Ŭˊɧ ŬŰɛɧ ɛŮůŬɑŬɠ ˊɑŮůɖɠ. ŪŮɤɟɖŰɘəɎ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ əŬɘ ɗɏɟɛŬɜůɖ 

ɛŮ ŬŰɛɧ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ, ŬɚɚɎ ɖ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ ɗŮɟɛɐɠ ˊŬɟɞɢɐɠ əŬɘ Űɞɡ 

ɣɡɢɟɞɨ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ ɞɟɘŬəɐ. 
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5.1.3 ɀɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ K2CO3 

 

ɄɑɜŬəŬɠ 40: ŪŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ ɛɞɜɎŭŬɠ ŭɏůɛŮɡůɖɠ CO2 ɛŮ ŭɘŬɚɨŰɖ K2CO3 

Stream Name 
Supply 

Temperature 

Target 

Temperature 

Heat 

Duty 

Stream 

Type 

Supply 

Shift 

Target 

Shift 
 ÁC ÁC kW  ÁC ÁC 

Rich heating(HX1) 53,26 90,00 6654,4007 COLD 58,3 95,0 

Lean Cooling 

1(HX1) 
104,93 62,58 6654,4007 HOT 99,9 57,6 

Lean Cooling 

2(COOL1) 
62,58 39,98 3479,1672 HOT 57,6 35,0 

Product cooling 1 66,75 47,55 214,663 HOT 61,7 42,5 

Product cooling 2 47,54 20,00 122,664 HOT 42,5 15,0 

Reboiler Duty 104,00 104,93 4273,29 COLD 109,0 109,9 

Condenser 

Tempereture 
66,85 66,84 597,049 HOT 61,9 61,8 

 

ɇŬ ɟŮɨɛŬŰŬ Rich Heating əŬɘ Lean Cooling Ŭűɞɟɞɨɜ ŰŬ ɟŮɨɛŬŰŬ ɧˊɞɡ ɔɑɜŮŰŬɘ ɣɨɝɖ əŬɘ 

ɗɏɟɛŬɜůɖ ŬɜŰɑůŰɞɘɢŬ Űɞɡ ŭɘŬɚɨŰɖ ůŮ ŬɜŬəɡəɚɞűɞɟɑŬ. ȼ ɣɨɝɖ ɔɑɜŮŰŬɘ ůŮ ŭɨɞ ůŰɎŭɘŬ əŬɗɩɠ Űɞ 

ŮɜŮɟɔŮɘŬəɧ ˊŮɟɘŮɢɧɛŮɜɞ Űɤɜ ɟŮɡɛɎŰɤɜ ŭŮɜ ŬɟəŮɑ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŬɜŬɔəŬɑŬɠ ŰŮɚɘəɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ. ɇŬ ɟŮɨɛŬŰŬ product cooling ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɧˊɤɠ 

ˊɟɞɖɔɞɡɛɏɜɤɠ.  

 

ȹɘɎɔɟŬɛɛŬ 72: ũɟŬɛɛɘəɞˊɞɑɖůɖ ɛɖ ɔɟŬɛɛɘəɞɨ ɗŮɟɛɞɨ ɟŮɨɛŬŰɞɠ (K2CO3) 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ɞ ˊɑɜŬəŬɠ ɛŮ ŰŬ ɗŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ ɔɘŬ Űɞ ůɨůŰɖɛŬ 

ůɡɛˊɑŮůɖɠ Űɞɡ ŭŮůɛŮɡɛɏɜɞɡ CO2, Űɞ ɀɆũ əŬɘ ɞɘ ůɨɜɗŮŰŮɠ əŬɛˊɨɚŮɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ 

ŮɔəŬŰɎůŰŬůɖɠ, ɞɘ ŮɚɎɢɘůŰŮɠ ŬɜɎɔəŮɠ ůŮ ɗŮɟɛɐ əŬɘ ɣɡɢɟɐ ˊŬɟɞɢɐ əŬɘ Űɞ ůɖɛŮɑɞ Űɞɡ əɧɛɓɞɡ 

ŬɜɎůɢŮůɖɠ. 

COOL2 HCurves - 1 Results
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ȹɘɎɔɟŬɛɛŬ 73: ɆɨɜɗŮŰŮɠ əŬɛˊɨɚŮɠ (CC) ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛɞɜɎŭŬɠ CCS ɛŮ ŭɘŬɚɨŰɖ K2CO3 

 

ȹɘɎɔɟŬɛɛŬ 74: ɀɆũ (GCC) ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛɞɜɎŭŬɠ CCS ɛŮ ŭɘŬɚɨŰɖ K2CO3 

ɄɑɜŬəŬɠ 41: Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ əɧɛɓɞɡ ŬɜɎůɢŮůɖɠ (pinch), Űɤɜ ŮɚɎɢɘůŰɤɜ ŬˊŬɘŰɐůŮɤɜ ůŮ ɗŮɟɛɐ əŬɘ ɣɡɢɟɐ 

ˊŬɟɞɢɐ əŬɘ Űɞɡ Ůɑŭɞɡɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (K2CO3)) 

Hot Pinch 114 ÁC 

Cold Pinch 104 ÁC 

Min Hot 

Utility 
783,54 kW 

Min Cold 

Utility 
9289,95 kW 

SINGLE PINCH PROBLEM 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ŬˊŬɘŰɞɨɜŰŬɘ əŬŰô ŮɚɎɢɘůŰɞɜ 783,54kW ɗŮɟɛɐɠ ˊŬɟɞɢɐɠ əŬɘ ɎɚɚŬ 

9289,95kW ɣɡɢɟɐɠ ˊŬɟɞɢɐɠ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ Űɞɡ ˊɚɞɑɞɡ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ 
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CCS. ȼ ɣɡɢɟɐ ˊŬɟɞɢɐ ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ Ůɝô ɞɚɞəɚɐɟɞɡ Ŭˊɧ ɗŬɚŬůůɘɜɧ ɜŮɟɧ Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɜŮɟɧ ɣɨɝɖɠ, ůŰɘɠ ɑŭɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȼ ɗŮɟɛɐ ˊŬɟɞɢɐ ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ 

Ůɝ ɞɚɞəɚɐɟɞɡ Ŭˊɧ ŬŰɛɧ ɢŬɛɖɚɐɠ ́ɑŮůɖɠ, əŬɗɩɠ ɖ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ ɗŮɟɛɐɠ 

ˊŬɟɞɢɐɠ əŬɘ Űɞɡ ɣɡɢɟɞɨ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ ɞɟɘŬəɐ. 

 

5.1.4 Ɇɨɔəɟɘůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ ɛŮ Űɖɜ 

ɛɏɗɞŭɞ Űɞɡ əɧɛɓɞɡ ŬɜɎůɢŮůɖɠ 

ɆŮ ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ ɗŬ ɔɑɜŮɘ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ɞɚɞəɚɐɟɤůɖɠ ɔɘŬ Űɘɠ ˊɟɞŰŮɘɜɧɛŮɜŮɠ ɛɞɜɎŭŮɠ əŬɘ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ˊɟŬɔɛŬŰɘəɐ ŭɏůɛŮɡůɖ 

ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ˊɞɡ ŮˊɘŰɡɔɢɎɜɞɡɜ, Űɞ ɚŮɔɧɛŮɜɞ ŬˊɞűŮɡɢɗɏɜ CO2 (CO2 avoidance). Ƀ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ CO2 avoidance ŭŮɜ ɚŬɛɓɎɜŮɘ ɡˊɧɣɘɜ Űɘɠ Ůəˊɞɛˊɏɠ ɔɘŬ on-shore ŮˊŮɝŮɟɔŬůɑŬ 

əŬɘ ɛŮŰŬűɞɟɎ Űɞɡ ŭŮůɛŮɡɛɏɜɞɡ CO2 ŬɚɚɎ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ. ŪŮɤɟŮɑŰŬɘ 

ŬəɧɛŬ ˊɤɠ Űɞ Ůˊɘˊɚɏɞɜ əŬɨůɘɛɞ Űɞ ɞˊɞɑɞ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ, 

əŬɑɔŮŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ, Űɞɜ ɑŭɘɞ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ əŬɘ ˊŬɟɎɔŮɘ Űɘɠ ˊŬɜɞɛɞɘɧŰɡˊŮɠ Ůəˊɞɛˊɏɠ 

əŬɡůŬŮɟɑɤɜ ɛŮ Űɖɜ ɓŬůɘəɐ ˊɞůɧŰɖŰŬ əŬɡůɑɛɞɡ ˊɞɡ əŬŰŬɜŬɚɩɜŮŰŬɘ.  

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɘůɞŭɨɜŬɛɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ŬˊŬɘŰɞɨɛŮɜɞ 

ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ ɔɘŬ Űɖɜ ŬˊŬɑŰɖůɖ əɎɗŮ ˊŬɟɞɢɐɠ (ɗɏɟɛŬɜůɖ, ɖɚŮəŰɟɘəɧɠ ə.Ŭ.) əŬɘ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ůŰɖɜ ɘůɞŭɨɜŬɛɖ ŬɜɎɔəɖ ůŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɛŮŰŬŰɟɞˊɐɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. ȰˊŮɘŰŬ, ɖ ɘůɞŭɨɜŬɛɖ ŬˊŬɑŰɖůɖ ůŮ 

ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ůɡɜŰŮɚŮůŰɩɜ ɛŮŰŬŰɟɞˊɐɠ, ůŰɖɜ ɘůɞŭɨɜŬɛɖ 

ŬˊŬɑŰɖůɖ ůŮ əŬɨůɘɛɞ LNG ůŮ kW. ɇɏɚɞɠ, ɛŮŰŬŰɟɏˊŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɗŮɟɛɞɔɧɜɞɡ ŭɨɜŬɛɖɠ 

ɖ ŬˊŬɑŰɖůɖ ůŮ LNG ůŮ kg/h əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ Űɘɛɐ Űɞɡ CO2 avoidance. Ƀɘ Űɘɛɏɠ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ɛŮŰŬŰɟɞˊɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɚɐűɗɖəŬɜ Ŭˊɧ Űɞ ɏɟɔɞ çMinimal 

Environmental Footprint LNG Propelled ROPAX Designè [30] əŬɘ ůɡɛűɤɜɞɨɜ əŬɘ ɛŮ ŬɡŰɏɠ 

ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ [23]. ɄŬɟŬəɎŰɤ ˊŬɟŬɗɏŰɞɜŰŬɘ ɞɘ ˊɑɜŬəŮɠ ɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ ɛɧɚɘɠ ˊŮɟɘŮɔɟɎűɖəŮ. 

ɄɑɜŬəŬɠ 42: ȺɜŮɟɔŮɘŬəɐ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ůɡůŰɖɛɎŰɤɜ əŬɘ ˊɟŬɔɛŬŰɘəɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ 

ŭɏůɛŮɡůɖɠ CO2 (CO2 avoidance) 

  Energy needs    

  
Extra 

Heating 

(kW) 

Cooling 

(kW) 

Exrta 

electricity 

needs 

Fuel 

consumption 

(kg/h) 

Extra fuel 

consumption 

(%) 

Capture 

rate (%) 

CO2 

avoidance 

(%) 

 Base Case 0,00 7629,00 0,00 1500,00 0,0% 0% 0,0% 

Pinch 

analysis 

MEA CCS 4118,17 11443,44 397,00 2203,30 46,9% 92,56% 63,0% 

MDEA-PZ 

CCS 
2360,59 9629,30 400,00 1908,48 27,2% 92,50% 72,7% 

K2CO3 CCS 783,54 9289,95 425,14 1688,27 12,6% 85,9% 76,3% 

 

ɄɑɜŬəŬɠ 43:ɆɡɜŰŮɚŮůŰɏɠ ɛŮŰŬŰɟɞˊɐɠ əŬɘ ɗŮɟɛɞɔɧɜɞɠ ŭɨɜŬɛɖ LNG[30], [31] 

LNG heating value (MJ/kg) 51,36 

Fuel to work ratio 0,4737 

Electricity to fuel needs(kW) 0,45 

Electricity generation efficiency (MJe/kg LNG) 23,112 
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ɄŬɟŬŰɖɟŮɑŰŬɘ ɚɞɘˊɧɜ ˊɤɠ ɖ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ K2CO3 ́ Ŭɟɧɚɞ ˊɞɡ ɏɢŮɘ Űɞ ɢŬɛɖɚɧŰŮɟɞ 

ˊɞůɞůŰɧ ŭɏůɛŮɡůɖɠ, ůŰɖɜ űɎůɖ Űɞɡ ůɢŮŭɘŬůɛɞɨ, Ůə Űɤɜ Űɟɘɩɜ, ŮɑɜŬɘ ŮəŮɑɜɖ ɖ ɞˊɞɑŬ 

ŮˊɘŰɡɔɢɎɜŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ɛŮɑɤůɖ Ůəˊɞɛˊɩɜ CO2. ȷəɞɚɞɡɗŮɑ ɖ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ MDEA-

PZ əŬɘ ŰŮɚŮɡŰŬɑŬ ɓɟɑůəŮŰŬɘ ɖ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ. ȺɝɎɔŮŰŬɘ Űɞ ůɡɛˊɏɟŬůɛŬ Ůˊɞɛɏɜɤɠ, 

ˊɤɠ ɕɖŰɞɨɛŮɜɞ ŭŮɜ ŮɑɜŬɘ ɖ ŮˊɑŰŮɡɝɖ Űɞɡ ɛŮɔŬɚɨŰŮɟɞɡ ŭɡɜŬŰɞɨ ɟɡɗɛɞɨ ŭɏůɛŮɡůɖɠ, ŬɚɚɎ ɞ 

ɓɏɚŰɘůŰɞɠ ůɡɜŭɡŬůɛɧɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ɛɞɜɎŭŬ Űɞɡ ˊɚɞɑɞɡ, ɩůŰŮ ɖ 

ˊɟŬɔɛŬŰɘəɐ ŭɏůɛŮɡůɖ CO2 ɜŬ ŮɑɜŬɘ ɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ. Ⱥˊɞɛɏɜɤɠ, ŰɩɟŬ ɖ ˊŮɟɑˊŰɤůɖ Űɖɠ 

ɛɞɜɎŭŬɠ ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ, ɖ ɞˊɞɑŬ ɛŮ Űɞɜ Ŭɟɢɘəɧ ůɢŮŭɘŬůɛɧ űŬɘɜɧŰŬɜ ɤɠ ɖ ˊɘɞ ŬˊɞŭɞŰɘəɐ 

ɚɨůɖ, ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɚɏɞɜ ˊɤɠ ŭŮɜ ŮˊɘŰɡɔɢɎɜŮɘ Űɞ ɑŭɘɞ CO2 avoidance ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ 

ŭɘŬɚɨŰɖ K2CO3. 

ɇɏɚɞɠ, ɛɏůŬ Ŭˊɧ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ, ɛɏůŬ Ŭˊɧ 

Űɞ ɀŮɔɎɚɞ ɆɨɜɗŮŰɞ ũɟɎűɖɛŬ ŮˊɘŰɟɏˊŮŰŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ŮɜŮɟɔŮɘŬəɐɠ 

ɞɚɞəɚɐɟɤůɖɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ Űɖɠ ŭɘŮɟɔŬůɑŬɠ, ɧˊɤɠ ɞɘ ŬˊɞůŰŬəŰɘəɏɠ ůŰɐɚŮɠ, ŬɜŰɘŭɟŬůŰɐɟŮɠ 

əɚ.́. Ɇɡɜɐɗɤɠ Űɞ űɞɟŰɑɞ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ɏɜŬ ɞɟɗɞɔɩɜɘɞ, ɧ́ ɞɡ Űɞ ɛɐəɞɠ Űɞɡ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ űɞɟŰɑɞ (ȹȼ) Űɞɡ əŬɘ Űɞ ɨɣɞɠ Űɖ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Ůɘůɧŭɞɡ 

əŬɘ Ůɝɧŭɞɡ ɐ ˊɡɗɛɏɜŬ əŬɘ əɞɟɡűɐɠ (ȹɇ). ȷɡŰɧ Űɞ əɞɡŰɑ ɗŬ ˊɟɏˊŮɘ, ɔɘŬ ɜŬ ɗŮɤɟŮɑŰŬɘ ŮɜŮɟɔŮɘŬəɎ 

ɞɚɞəɚɖɟɤɛɏɜɞ, ɜŬ ɢɤɟɎ ůŰɞ ɀɆũ əɎŰɤ ɐ ˊɎɜɤ Ŭˊɧ Űɞ əɧɛɓɞ ŬɜɎůɢŮůɖɠ, ɢɤɟɑɠ ɜŬ ŰɏɛɜŮɘ Űɞ 

ɀɆũ ůŮ əɎˊɞɘɞ ůɖɛŮɑɞ. ȽŭŬɜɘəɎ, ŮɎɜ ɡˊɎɟɢŮɘ ůŰɞ ɀɆũ əɎˊɞɘɞ heat pocket, ́ ɟɞŰɘɛɎŰŮ ɜŬ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ɛɏůŬ ůŮ ŬɡŰɧ. ȷɚɚɘɩɠ, ŬˊŬɘŰŮɑŰŬɘ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ůɡɜɗɖəɩɜ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘŮɟɔŬůɑŬɠ ɐ ɢɟɐůɖ ŭɘŬŭɞɢɘəɩɜ ůŰŬŭɑɤɜ ůŮ ŬɡŰɐ, ɩůŰŮ ɜŬ ŰɟɞˊɞˊɞɘɖɗŮɑ Űɞ 

ůɢɐɛŬ Űɞɡ ɞɟɗɞɔɤɜɑɞɡ (ŭɖɚŬŭɐ Űɞ űɞɟŰɑɞ Űɞɡ) əŬɘ ɜŬ ŮɜŰŬɢɗŮɑ ůŰɞ ɀɆũ. ȼ ŮɜɏɟɔŮɘŬ ˊɞɡ 

ŬɜŰɚŮɑ ɞ Ůɝɞˊɚɘůɛɧɠ Ŭˊɧ Űɖ ŭɘŮɟɔŬůɑŬ (ɗŮɟɛɧ ɟŮɨɛŬ) ŮˊɘůŰɟɏűŮŰŬɘ ůŰŬ ɣɡɢɟɎ ɟŮɨɛŬŰŬ ɛŮŰɎ 

Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ, əŬɚɨˊŰɞɜŰŬɠ ɏŰůɘ Űɘɠ ŮɜŮɟɔŮɘŬəɏɠ Űɞɡ ŬɜɎɔəŮɠ. ɆɡɜŮˊɩɠ, 

ɛɏůɤ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ, ŮɝŬůűŬɚɑɕŮŰŬɘ ɗŮɤɟɖŰɘəɎ ˊɚɐɟɖɠ 

Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ əŬŰɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. ȷɡŰɎ ɘůɢɨɞɡɜ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ ɛɑŬɠ ɜɏŬɠ 

ŮɔəŬŰɎůŰŬůɖɠ Ŭˊɧ Űɞ ɛɖŭɏɜ. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɞɘ ɛɞɜɎŭŮɠ CCS ́ ɞɡ ɏɢɞɡɜ 

ůɢŮŭɘŬůŰŮɑ ɗŬ ŮɔəŬŰŬůŰŬɗɞɨɜ ŮˊɎɜɤ ůŮ ˊɚɞɑɞ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ɐŭɖ ɏɜŬ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ. 

Ⱥˊɞɛɏɜɤɠ ɗŬ ŬˊɞŰŮɚɞɨɜ ɛɑŬ Ůɘəɞɜɘəɐ ŮˊɏəŰŬůɖ ɛɑŬɠ ůɡɛɓŬŰɘəɐɠ ɛɞɜɎŭŬɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ɎɟŬ 

ŰŬ ˊŮɟɘɗɩɟɘŬ ŰŬ ɞˊɞɑŬ ˊŮɟɘŮɔɟɎűɖəŬɜ ˊŬɟŬˊɎɜɤ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ ɛŮɟɩɜ Ůɝɞˊɚɘůɛɞɨ, 

ŮɑɜŬɘ ˊɞɚɨ ůŰŮɜɎ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ ůŰɘɠ ɞˊɞɑŮɠ ˊɟɏˊŮɘ ɜŬ 

ɚŮɘŰɞɡɟɔŮɑ ɖ ŮɜŮɟɔŮɘŬəɐ ɛɞɜɎŭŬ Űɞɡ ˊɚɞɑɞɡ ŬɚɚɎ əŬɘ Űɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ ůŰɘɠ ɞˊɞɑŮɠ 

ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŭɏůɛŮɡůɖ əŬɘ ůɡɛˊɑŮůɖ Űɞɡ CO2, ŮɑɜŬɘ ˊɞɚɨ ŭɨůəɞɚɞ ɜŬ 

ɛɞ́ɟɏůŮɘ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ŮɜŮɟɔŮɘŬəɎ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ.  

ȷəɧɛŬ, ɖ ɛɏɗɞŭɞɠ Pinch Analysis, əɎɜŮɘ Űɖɜ ɡˊɧɗŮůɖ ˊɤɠ ɗŮɤɟɖŰɘəɎ, ɧɚŬ ŰŬ ɟŮɨɛŬŰŬ ɛˊɞɟɞɨɜ 

ɜŬ ɞɚɞəɚɖɟɤɗɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ŮɑɜŬɘ ůŰɞ ɢɏɟɘ Űɞɡ 

ɛɖɢŬɜɘəɞɨ ɜŬ ŬɝɘɞɚɞɔɐůŮɘ Űɖɜ ŮűɘəŰɧŰɖŰɎ Űɞɡɠ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Ůɜɧɠ ŭɘəŰɨɞɡ ŮɜŬɚɚŬəŰɩɜ 

ɗŮɟɛɧŰɖŰŬɠ (ȹȺŪ). ȷɡŰɧ, ɧˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ əŬɘɠ Űɖɜ ůɡɜɏɢŮɘŬ ŮɑɜŬɘ ŮűɘəŰɧ ůŮ ŮˊɑˊŮŭɞ 

ŭɘŮɟɔŬůɑŬɠ, ŬɚɚɎ ɧŰŬɜ ůɡɜŭɡɎɕɞɜŰŬɘ ˊŬɟŬˊɎɜɤ Ŭˊɧ ŭɨɞ ŭɘŮɟɔŬůɑŮɠ ůŰŬ ŮˊɑˊŮŭŬ ɛɑŬɠ ɛɞɜɎŭŬɠ, 

ŬɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ. Ⱥˊɞɛɏɜɤɠ, ˊɟɞəɨˊŰɞɡɜ ɛŮɟɘəɎ çəŮɜɎè ůŰɖɜ 

ɛɏɗɞŭɞ, ŰŬ ɞˊɞɑŬ ɧɛɤɠ ɛˊɞɟɞɨɜ ɜŬ əŬɚɡűɗɞɨɜ Ŭˊɧ ɛɑŬ ŮɜŬɚɚŬəŰɘəɐ ˊɟɞůɏɔɔɘůɖ, Űɖɜ Ɇɡɜɞɚɘəɐ 

ȷɜɎɚɡůɖ ɀɞɜɎŭŬɠ ɐ Total Site Heat Integration, ɖ ɞˊɞɑŬ ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ.  
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5.2 ȺɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ Ɇɡɜɞɚɘəɐɠ 

ȷɜɎɚɡůɖɠ ɀɞɜɎŭŬɠ ɐ Total Site Heat Integration (TSHI)  

ȼ ɛɏɗɞŭɞɠ Pinch Analysis ŬˊɞŰŮɚŮɑ ɏɜŬ əŬɚɧ Ŭɟɢɘəɧ ɓɐɛŬ ɔɘŬ Űɖɜ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ 

ŮɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ ŮˊɑˊŮŭɞ Űɤɜ ŭɘŮɟɔŬůɘɩɜ əŬɘ ůɡɜŮˊɩɠ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ 

ŬˊɞŭɞŰɘəɧŰɖŰŬɠ. ɄŬɟɧɚŬ ŬɡŰɎ ɞɘ Ŭɟɢɏɠ əŬɘ ɞɘ ɡˊɞɗɏůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ, ŭŮɜ ŮɑɜŬɘ 

ɟŮŬɚɘůŰɘəɏɠ ɔɘŬ ˊŮɟɘˊŰɩůŮɘɠ ɛŮɔɎɚɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ əŬɘ ŮˊŮəŰɎůŮɤɜ ůŮ ɐŭɖ ɡˊɎɟɢɞɡůŮɠ 

ɛɞɜɎŭŮɠ, ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊɞɚɚɏɠ ŭɘŮɟɔŬůɑŮɠ. ȷɡŰɧ ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ˊɞɡ 

ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ˊɤɠ ɗŮɤɟŮɑŰŬɘ ŮűɘəŰɐ ɖ ŮɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ ɧɚɤɜ 

Űɤɜ ɟŮɡɛɎŰɤɜ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ũŮɜɘəɎ, ɖ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ŬɜɎɛŮůŬ ůŰɘɠ ŭɘŮɟɔŬůɑŮɠ 

ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮɑŰŮ ɎɛŮůŬ ŮɑŰŮ ɏɛɛŮůŬ. ȼ ɎɛŮůɖ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ŬűɞɟɎ Űɖɜ 

ŮɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ ŭɨɞ ɐ əŬɘ ˊŮɟɘůůɧŰŮɟɤɜ ɟŮɡɛɎŰɤɜ, ɛɏůɤ Ůɜɧɠ ŮɜŬɚɚɎəŰɖ. ɆŰɖɜ 

ɏɛɛŮůɖ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ Űɞ ˊɟɞɠ ŮɜŬɚɚŬɔɐ ɟŮɨɛŬ ŬˊɞŭɑŭŮɘ/ɚŬɛɓɎɜŮɘ ɗŮɟɛɧŰɖŰŬ Ŭˊɧ/ůŮ 

ɏɜŬ ɟŮɡůŰɧ ɛɏůɞ ɧˊɤɠ Űɞ ɚɎŭɘ, ɞ ŬŰɛɧɠ, Űɞ ɜŮɟɧ ɣɨɝɖɠ ə.Ŭ.  

ȼ ɎɛŮůɖ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ ɟŮɡɛɎŰɤɜ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ŬɜŰɘɛŮŰɤˊɑɕŮɘ 

ůɖɛŬɜŰɘəɏɠ ˊɟŬəŰɘəɏɠ ŭɡůəɞɚɑŮɠ[95]: 

¶ Ɉɣɖɚɐ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ ȹȺŪ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ˊɞɚɚɎ ɟŮɨɛŬŰŬ ɜŬ ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ŬˊɞɛŬəɟɡɜɗɞɨɜ Ŭˊɧ ŰŬ űɡůɘəɎ ɧɟɘŬ Űɖɠ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ ɩůŰŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ 

ŮɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ůŰɖɜ Ɏɚɚɖ ŭɘŮɟɔŬůɑŬ. Ⱥˊɞɛɏɜɤɠ Űɞ ˊɎɔɘɞ əɧůŰɞɠ ŬɡɝɎɜŮŰŬɘ 

ɚɧɔɤ Ŭɡɝɖɛɏɜɤɜ ŬɜŬɔəɩɜ ůŮ ůɤɚɖɜɩůŮɘɠ, ŬɜŰɚɑŮɠ, ɓŬɚɓɑŭŮɠ ŮəŰɧɜɤůɖɠ əŬɘ 

ůɡɛˊɘŮůŰɏɠ.  

¶ ŪɏɛŬŰŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ůŰɞɜ ɢɩɟɞ Űɖɠ 

ŮɔəŬŰɎůŰŬůɖɠ əŬɘ Űɖɜ ŬůűɎɚŮɘŬ, ɚɧɔɤ Űɖɠ ɎɛŮůɖɠ ŮɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ 

ŬˊɞɛŬəɟɡůɛɏɜɤɜ ɟŮɡɛɎŰɤɜ. 

¶ ɉŬɛɖɚɐ ɚŮɘŰɞɡɟɔɘəɐ ŮɡŮɚɘɝɑŬ əŬɘ ɟɡɗɛɘůɘɛɧŰɖŰŬ Űɖɠ ůɡɜɞɚɘəɐɠ ŮɔəŬŰɎůŰŬůɖɠ. ɀɑŬ 

ŬůŰɞɢɑŬ ůŮ ɏɜŬ ɟŮɨɛŬ, ɧˊɤɠ ɛɑŬ ŭɘŬɟɟɞɐ, ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŭɘŬəɞˊɐ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ. 

ũɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŬɡŰɩɜ Űɤɜ ŭɡůəɞɚɘɩɜ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɏɛɛŮůɖ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɐŭɖ ɡˊɎɟɢɞɜ ŭɑəŰɡɞ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ Űɤɜ ɗŮɟɛɩɜ əŬɘ ɣɡɢɟɩɜ 

ɟŮɡɛɎŰɤɜ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ. ɆŰŬ ɢɖɛɘəɎ ŮɟɔɞůŰɎůɘŬ, ɞ ŬŰɛɧɠ əŬŰŬɜŬɚɩɜŮŰŬɘ ɐ ˊŬɟɎɔŮŰŬɘ 

ůɡɢɜɎ ůŮ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ˊɑŮůɖɠ (ˊ.ɢ. ɢŬɛɖɚɐ, ɛŮůŬɑŬ, ɡɣɖɚɐ, ɐ ˊɞɚɨ ɡɣɖɚɐ ˊɑŮůɖ). 

ȰŰůɘ, ɛŮ Űɖ ůɤůŰɐ ŭɘɎŰŬɝɖ, ɞ ŬŰɛɧɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ɛɑŬ ŭɘŮɟɔŬůɑŬ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ 

Ŭˊɧ ɎɚɚŮɠ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ɓɟɑůəŮŰŬɘ ůŰŬ əŬŰɎɚɚɖɚŬ ŮˊɑˊŮŭŬ ˊɑŮůɖɠ. 

ȷɜŰɘɛŮŰɤˊɑɕɞɜŰŬɠ ɞɚɧəɚɖɟɞ Űɞɜ ɢɩɟɞ ɤɠ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ, ŮɑɜŬɘ 

ŭɡɜŬŰɧɜ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ əŬɘ ɜŬ ɓŮɚŰɘůŰɞˊɞɘɖɗŮɑ ɖ ˊŬɟŬɔɤɔɐ, ŭɘŬɜɞɛɐ, əŬŰŬɜɎɚɤůɖ əŬɘ 

ŬɜɎəŰɖůɖ ŮɜɏɟɔŮɘŬɠ, ɛŮ ůɖɛŬɜŰɘəɎ ɞűɏɚɖ. ɇɞ ˊɚŬɑůɘɞ ɛɏůŬ ůŰɞ ɞˊɞɑɞ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ 

ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ Ůɡɟɏɤɠ ɔɜɤůŰɧ ɤɠ Ɇɡɜɞɚɘəɐ ȷɜɎɚɡůɖ ɀɞɜɎŭŬɠ ɐ Total Site Heat 

Integration (TSHI). ȼ ɛŮɗɞŭɞɚɞɔɑŬ Total Site ˊŮɟɘɚŬɛɓɎɜŮɘ ɓɐɛŬŰŬ ɧˊɤɠ ŮɝŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ, 

ŭɖɛɘɞɡɟɔɑŬ Űɤɜ Total Site Profiles, əŬŰŬůəŮɡɐ Total Site Composite Curves əŬɘ ŬɜɎˊŰɡɝɖ Űɖɠ 

Site Utility Grand Composite Curve. Ⱥˊɞɛɏɜɤɠ, ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ɞɛɞɘɧŰɖŰŬ ɧůɞɜ ŬűɞɟɎ 

Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ Pinch Analysis, Ŭűɞɨ ŮɑɜŬɘ ɓŬůɘůɛɏɜɖ ůŮ ŬɡŰɐ əŬɘ ŬˊɞŰŮɚŮɑ 

ɚɞɔɘəɐ ůɡɜɏɢŮɘɎ Űɖɠ. ȼ ɛɏɗɞŭɞɠ TSHI Ůə űɨůŮɤɠ, ŭŮɜ ɗŬ ɛˊɞɟɏůŮɘ ɜŬ ŭɩůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Ůɝɞɘəɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ɖ ɛɏɗɞŭɞɠ Pinch Analysis, ŬɚɚɎ ˊɟɞůűɏɟŮɘ ɛɑŬ 

ˊɘɞ ɟŮŬɚɘůŰɘəɐ, Ŭˊɚɐ əŬɘ ɞɘəɞɜɞɛɘəɎ ɓɘɩůɘɛɖ ŮɜŬɚɚŬəŰɘəɐ əŬɘ ɔɘŬ ŬɡŰɧ ˊɟɞŰɘɛɎŰŬɘ ɔɘŬ ŰɏŰɞɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ [92].  
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ ˊɚɞɑɞɡ, Űɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɛɑŬ ŭɘŮɟɔŬůɑŬ əŬɘ Űɞ 

ůɨůŰɖɛŬ CCS ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɛɑŬ ŭŮɨŰŮɟɖ ɝŮɢɤɟɘůŰɐ ŭɘŮɟɔŬůɑŬ. Ⱥˊɞɛɏɜɤɠ ŬɡŰɎ ŰŬ ŭɨɞ 

ůɡůŰɐɛŬŰŬ ɗŬ ŬɜŬɚɡɗɞɨɜ ŬɟɢɘəɎ ɝŮɢɤɟɘůŰɎ əŬɘ ɏˊŮɘŰŬ ůɡɜɞɚɘəɎ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

ɞɚɞəɚɖɟɤɛɏɜɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɡɜɞˊŰɘəɎ ɖ 

ɛŮɗɞŭɞɚɞɔɑŬ ůɢɖɛŬŰɘəɎ əŬɘ ůŮ ɛɞɟűɐ ŭɘŬɔɟɎɛɛŬŰɞɠ ɟɞɐɠ. 

 

ȹɘɎɔɟŬɛɛŬ 75: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ŭɘŬŭɘəŬůɑŬɠ ɔɘŬ TSHI          ȹɘɎɔɟŬɛɛŬ 76: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ŭɘŬŭɘəŬůɑŬɠ TSHI 

 

5.2.1 ɀɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ əŬɘ ˊŮɟɘɔɟŬűɐ ŭɘŬŭɘəŬůɑŬɠ  

ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɜɧŰɖŰŬ ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ ŬɜŬɚɡŰɘəɎ ɖ ŭɘŬŭɘəŬůɑŬ ŮɝŬɔɤɔɐɠ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ TSHI, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ 

ɛɞɜɎŭŬɠ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ. ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɗŬ ˊŮɟɘɔɟŬűŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ, 

ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŮ ŮɟɔŬɚŮɑɞ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŰɞ MS Excel əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑ 

ŭŮŭɞɛɏɜŬ əŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ŮɟɔŬɚŮɑɞɡ ICHEME tool ́ ɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ pinch 

analysis. 

ȷɟɢɘəɎ, ˊɟɏˊŮɘ ɜŬ ŮˊŮəŰŬɗɞɨɜ ɞɘ ɞɟɘůɛɞɑ ɔɘŬ Űɞɜ ŬˊɞŭɏəŰɖ əŬɘ Űɖ ́ɖɔɐ ɗŮɟɛɧŰɖŰŬɠ (Heat Sink 

& Source) ́ɞɡ ŬɜŬűŮɟɗɐəŬɜ ůŰɖɜ ɛɏɗɞŭɞ Pinch Analysis. Ƀ ɧɟɞɠ ŬˊɞŭɏəŰɖɠ ɗŮɟɛɧŰɖŰŬɠ, 

Ŭɞ́ŰɡˊɩɜŮɘ ɛɑŬ ŬɜɎɔəɖ ůŮ ɗɏɟɛŬɜůɖ, ŭɖɚŬŭɐ ɏɜŬ ɣɡɢɟɧ ɟŮɨɛŬ, ŰŬ ɞˊɞɑŬ ůŰɞ ɀɆũ ɓɟɑůəɞɜŰŬɘ, 

ůɡɜɐɗɤɠ, ́ Ɏɜɤ Ŭˊɧ Űɞ pinch. ȼ ˊɖɔɐ ɗŮɟɛɧŰɖŰŬɠ ŬˊɞŰɡˊɩɜŮɘ ɛɑŬ ŬɜɎɔəɖ ůŮ ɣɨɝɖ, ŭɖɚŬŭɐ 

ɏɜŬ ɗŮɟɛɧ ɟŮɨɛŬ, ŰŬ ɞˊɞɑŬ ůŰɞ ɀɆũ ɓɟɑůəɞɜŰŬɘ, ůɡɜɐɗɤɠ, əɎŰɤ Ŭˊɧ Űɞ pinch. ɋɠ ŬˊɞŭɏəŰŮɠ 

əŬɘ ˊɖɔɏɠ ɗŮɟɛɧŰɖŰŬɠ ɞɟɑɕɞɜŰŬɘ ŰŬ ɟŮɨɛŬŰŬ Űɤɜ ŭɘŮɟɔŬůɘɩɜ, ɛɏůŬ Ŭˊɧ Űɞ ɀɆũ ˊɞɡ ˊɟɞɏəɡɣŮ 

Ŭˊɧ Űɖɜ ɛɏɗɞŭɞ Pinch Analysis ɔɘŬ Űɖɜ əɎɗŮ ɛɑŬ ɝŮɢɤɟɘůŰɎ[2]. 

ɇɞ ˊɟɩŰɞ ɓɐɛŬ Ůˊɞɛɏɜɤɠ ŮɑɜŬɘ ɖ ŮɝŬɔɤɔɐ Űɤɜ ɀɆũ ɔɘŬ Űɘɠ ɡˊɧ ŮɝɏŰŬůɖ ŭɘŮɟɔŬůɑŮɠ. ȼ ˊɟɩŰɖ 

ŭɘŮɟɔŬůɑŬ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ŮɑɜŬɘ Űɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ, əŬɘ ɖ 

ŭŮɨŰŮɟɖ ɗŬ ŮɑɜŬɘ əɎɗŮ űɞɟɎ Űɞ ɡˊɧ ŮɝɏŰŬůɖ ůɨůŰɖɛŬ CCS. Ƀɘ ˊɑɜŬəŮɠ ɗŮɟɛɩɜ əŬɘ ɣɡɢɟɩɜ 

ɟŮɡɛɎŰɤɜ ɏɢɞɡɜ ŮɝŬɢɗŮɑ Ŭˊɧ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜɎɚɡůɖ əŬɘ Ůˊɞɛɏɜɤɠ Űɞ ɛɧɜɞ ˊɞɡ ŬɟəŮɑ ŮɑɜŬɘ 

ɜŬ ŮɘůŬɢɗɞɨɜ ɝŮɢɤɟɘůŰɎ ˊɚɏɞɜ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ əɎɗŮ ŭɘŮɟɔŬůɑŬɠ ůŰɞ ŮɟɔŬɚŮɑɞ ICHEME tool 

ɔɘŬ ɜŬ ˊɟɞəɨɣŮɘ Űɞ ɀɆũ Űɖɠ əɎɗŮ ŭɘŮɟɔŬůɑŬɠ. ȼ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ ȹɇmin əŬɘ 

ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ 10C.  
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ɇɞ ŭŮɨŰŮɟɞ ɓɐɛŬ, ŮɑɜŬɘ ɖ ŬˊŬɚɞɘűɐ Űɤɜ heat recovery pockets əŬɘ Űɤɜ ɟŮɡɛɎŰɤɜ ˊɞɡ 

ɘəŬɜɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ əɎˊɞɘŬ ˊŬɟɞɢɐ. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŬɜɎɚɡůɖ ɞɘ ˊŬɟɞɢɏɠ ɞɟɑɕɞɜŰŬɘ ůŰɞ 

Űɏɚɞɠ, Űɧůɞ ůŰɖɜ Pinch Analysis ɧůɞ əŬɘ ůŰɖɜ ɛɏɗɞŭɞ TSHI. ȼ ŬˊŬɚɞɘűɐ Űɤɜ heat recovery 

pockets ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ, ŬɚɚɎ ɔɑɜŮŰŬɘ ɛŮ ůəɞˊɧ ɜŬ ŮɝŬɚŮɘűɗɞɨɜ ŰŬ ŰɛɐɛŬŰŬ Űɞɡ ɀɆũ 

ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜɎəŰɖůɖ ɗŮɟɛɧŰɖŰŬɠ ŮɜŰɧɠ Űɖɠ ɑŭɘŬɠ ŭɘŮɟɔŬůɑŬɠ əŬɘ ɜŬ ŮəŰŮɗɞɨɜ ůŰɖɜ 

ŬɜŰŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ ŭɘŮɟɔŬůɘɩɜ ɛɧɜɞ ɞɘ əŬɗŬɟɏɠ ŬɜɎɔəŮɠ ɗɏɟɛŬɜůɖɠ ɐ ɣɨɝɖɠ. ȳŰŬɜ 

əɨɟɘɞɠ ůŰɧɢɞɠ ŮɑɜŬɘ ɖ ŬɜɎəŰɖůɖ ɗŮɟɛɧŰɖŰŬɠ, ŰɧŰŮ ɖ ŬˊŬɚɞɘűɐ Űɤɜ Heat Pockets ɞŭɖɔŮɑ ůŮ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ˊŬɔɑɞɡ əɧůŰɞɡɠ əŮűŬɚŬɑɞɡ. ɈˊɎɟɢŮɘ ɓɏɓŬɘŬ əŬɘ ɖ ˊŮɟɑˊŰɤůɖ Ŭɝɘɞˊɞɑɖůɖɠ 

Űɞɡ heat pocket ɔɘŬ ůɡɛˊŬɟŬɔɤɔɐ, əɎŰɘ Űɞ ɞˊɞɑɞ ŬɜŬɚɨɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ůŰɖɜ ɛɏɗɞŭɞ 

əɧɛɓɞɡ ŬɜɎůɢŮůɖɠ əŬɘ ŭŮɜ ɗŬ ŬɜŬɚɡɗŮɑ ůŬɜ Ůˊɘɚɞɔɐ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ[92]. 

ɇɟɑŰɞ ɓɐɛŬ ŬˊɞŰŮɚŮɑ ɖ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ŰɛɖɛɎŰɤɜ Űɞɡ ɀɆũ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ 

TSHI əŬɘ Űɞ ŰɏŰŬɟŰɞ ɓɐɛŬ ŬˊɞŰŮɚŮɑ ɖ ŮɝŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ˊɑɜŬəŬ ɛŮ 

Űɞɡɠ ŬˊɞŭɏəŰŮɠ əŬɘ Űɘɠ ˊɖɔɏɠ ɗŮɟɛɧŰɖŰŬɠ, ɧˊɞɡ ɗŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ Ůɘůɧŭɞɡ əŬɘ 

Ůɝɧŭɞɡ əŬɘ Űɞ ŮɜŮɟɔŮɘŬəɧ űɞɟŰɑɞ. ȷɡŰɧ ˊŮɟɘɚŬɛɓɎɜŮɘ Ůˊɑůɖɠ Űɞɜ ˊɟɧůɗŮŰɞ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ŭɘˊɚɎ ɛŮŰŬŰɞˊɘůɛɏɜɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ əɎɗŮ ɟŮɨɛŬ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ŬɜɎɚɡůɖ 

(ɇ**). ũɘŬ ɛɘŬ ˊɖɔɐ ɗŮɟɛɧŰɖŰŬɠ, ɖ ɇ** ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮŰŬŰɞˊɑɕɞɜŰŬɠ Űɘɠ Űɘɛɏɠ Tɕ əŬŰɎ 

0,5ẗȹTmin ́ ɟɞɠ ŰŬ əɎŰɤ (ˊɘɞ ɢŬɛɖɚɐ ɗŮɟɛɞəɟŬůɑŬ), Ůɜɩ ɔɘŬ ɛɑŬ ŭŮɝŬɛŮɜɐ-ŬˊɞŭɏəŰɖ 

ɗŮɟɛɧŰɖŰŬɠ ɖ ɛŮŰŬŰɧˊɘůɖ ɔɑɜŮŰŬɘ ˊɟɞɠ ŰŬ ˊɎɜɤ (ˊɘɞ ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ). ȷɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ 

ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ŬɜɎɚɞɔɖ ɛŮ Űɖ ɛŮŰŬŰɧˊɘůɖ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰŬ ɗŮɟɛɎ əŬɘ ɣɡɢɟɎ ɟŮɨɛŬŰŬ 

ůŰɖɜ Pinch Analysis ůŮ ŮˊɑˊŮŭɞ ŭɘŮɟɔŬůɑŬɠ. ɀŮŰɎ Ŭˊɧ ŬɡŰɧɜ Űɞɜ ɡˊɞɚɞɔɘůɛɧ, ɞɘ ŬˊɞŭɏəŰŮɠ 

ɗŮɟɛɧŰɖŰŬɠ ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ ůŮ ɛɑŬ ɚɑůŰŬ əŬɘ ɞɘ ˊɖɔɏɠ ɗŮɟɛɧŰɖŰŬɠ ůŮ ɛɑŬ Ɏɚɚɖ. ȾŬɘ ɞɘ ŭɨɞ 

ɚɑůŰŮɠ ŰŬɝɘɜɞɛɞɨɜŰŬɘ əŬŰɎ űɗɑɜɞɡůŬ ůŮɘɟɎ Űɤɜ Ŭɟɢɘəɩɜ Űɘɛɩɜ ɇ**. ɇɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ 

ŮɑɜŬɘ ɧŰɘ ŰŬ ɟŮɨɛŬŰŬ ɗŬ ŮɑɜŬɘ ɛŮŰŬŰɞˊɘůɛɏɜŬ əŬŰɎ ȹɇmin Ŭˊɧ Űɖɜ ˊɟŬɔɛŬŰɘəɐ Űɞɡɠ 

ɗŮɟɛɞəɟŬůɑŬ. 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ ˊɎɜɤ Ŭˊɧ Űɞ pinch, Űɖɜ ŭŮɝŬɛŮɜɐ ɗŮɟɛɧŰɖŰŬɠ, ɝŮəɘɜɎŮɘ 

ŭɘŬɓɎɕɞɜŰŬɠ ŰŬ ɟŮɨɛŬŰŬ Ŭˊɧ Űɞ Pinch əŬɘ ůŰŬŭɘŬəɎ ˊɖɔŬɑɜɞɜŰŬɠ ˊɟɞɠ Űɞ ŬɜɩŰŮɟɞ ŭɘŬɗɏůɘɛɞ 

əɞɛɛɎŰɘ Űɞɡ ɀɆũ. ũɘŬ ŰŬ ɟŮɨɛŬŰŬ əɎŰɤ Ŭˊɧ Űɞ Pinch, Űɘɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ, ŰŬ ɟŮɨɛŬŰŬ 

ŭɘŬɓɎɕɞɜŰŬɘ Ŭˊɧ Űɞ Pinch ́ɟɞɠ Űɞ əŬŰɩŰŮɟɞ ŰɛɐɛŬ Űɞɡ ɀɆũ. 

ũɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ ɗɏůɖɠ Űɤɜ ɜɏɤɜ ůɖɛŮɑɤɜ ́ɞɡ ˊɟɞəɨˊŰɞɡɜ ůŰɞ ɀɆũ Ŭˊɧ Űɖɜ ŬˊŬɚɞɘűɐ Űɤɜ 

heat pockets, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ůɢɏůɖ Űɖɠ ɔɟŬɛɛɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ, ɖ ɞˊɞɑŬ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ˊŮɟɑˊŰɤůɖ ɚŬɛɓɎɜŮɘ Űɖɜ Ŭəɧɚɞɡɗɖ ɛɞɟűɐ: 

 ᶻ  ᶻ ῷ  ῷ ᶻ
 ᶻ  ᶻ

ῷ ῷ
υȢτ 

ȳˊɞɡ: 

 ᶻ : ȼ Űɘɛɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɜɏɞɡ ůɖɛŮɑɞɡ ůŰɞ ɀɆũ 

 ᶻ: ȼ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ˊɟɩŰɞɡ ůɖɛŮɑɞɡ 

 ᶻ: ȼ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŭŮɨŰŮɟɞɡ ůɖɛŮɑɞɡ 

ῷ: ȼ ŮɜɗŬɚˊɑŬ Űɞɡ ɜɏɞɡ ůɖɛŮɑɞɡ ůŰɞ ɀɆũ 

ῷ: ȼ ŮɜɗŬɚˊɑŬ Űɞɡ ˊɟɩŰɞɡ ůɖɛŮɑɞɡ 

ῷ: ȼ ŮɜɗŬɚˊɑŬ Űɞɡ ŭŮɨŰŮɟɞɡ ůɖɛŮɑɞɡ 
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ɇŬ ɀɆũ Űɤɜ ŭɨɞ ŭɘŮɟɔŬůɘɩɜ əŬɘ ɞɘ ˊɑɜŬəŮɠ ɛŮ ŰŬ heat sinks & sources ́ɞɡ ŮɝɎɔɞɜŰŬɘ Ŭˊɧ ŬɡŰɎ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

 

ȹɘɎɔɟŬɛɛŬ 77: ɀɆũ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɚɞɑɞɡ 

ɄɑɜŬəŬɠ 44: Ʉɖɔɏɠ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ ( Heat Sources) 

 T*( C) T**( C) Label ȹȼ(KW) 

Start 320,0 315,0 
Source A1 753,19 

End 317,9 312,9 

Start 166,9 161,9 
Source A2 1177,30 

End 115,0 110,0 

Start 115,0 110,0 
Source A3 1167,68 

End 114,0 109,0 

Start 114,0 109,0 
Source A4 226,84 

End 104,0 99,0 

Start 104,0 99,0 
Source A5 323,36 

End 97,2 92,2 

Start 97,2 92,2 
Source A6 2335,05 

End 65,0 60,0 

Start 65,0 60,0 
Source A7 1045,99 

End 49,0 44,0 

Start 49,0 44,0 
Source A8 139,10 

End 45,0 40,0 

Start 45,0 40,0 
Source A9 381,41 

End 35,0 30,0 

Start 35,0 30,0 
Source A10 79,08 

End 29,5 24,5 
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ȹɘɎɔɟŬɛɛŬ 78: ɀɆũ Űɞɡ ůɡůŰɐɛŬŰɞɠ CCS ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

ɄɑɜŬəŬɠ 45: Ʉɖɔɏɠ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɞ ůɨůŰɖɛŬ CCS ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ ( Heat Sources) 

 T*( C) T**( C) Label ȹȼ(KW) 

Start 128,0 123,0 
Source B1 45,37 

End 118,1 113,1 

Start 118,1 113,1 
Source B2 513,17 

End 112,5 107,5 

Start 112,5 107,5 
Source B3 38,50 

End 99,3 94,3 

Start 99,3 94,3 
Source B4 954,68 

End 99,2 94,2 

Start 99,2 94,2 
Source B5 892,68 

End 89,2 84,2 

Start 89,2 84,2 
Source B6 339,89 

End 77,0 72,0 

Start 77,0 72,0 
Source B7 379,39 

End 64,0 59,0 

Start 64,0 59,0 
Source B8 62,31 

End 61,7 56,7 

Start 61,7 56,7 
Source B9 20,62 

End 59,4 54,4 

Start 59,4 54,4 
Source B10 1902,03 

End 40,0 35,0 

Start 40,0 35,0 
Source B11 193,27 

End 25,0 20,0 

Start 25,0 20,0 
Source B12 58,37 

End 20,0 15,0 

Start 20,0 15,0 
Source B13 49,73 

End 13,0 8,0 

 

ɄɑɜŬəŬɠ 46: ȷˊɞŭɏəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɞ ůɨůŰɖɛŬ CCS ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ ( Heat Sinks) 

 T*( C) T**( C) Label ȹȼ(KW) 

Start 128,00 133,0 
Sink B1 5753,76 

End 128,07 133,1 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ůŰɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ ŭŮɜ ɡˊɎɟɢŮɘ əɎˊɞɘɞ Heat Sink. ȷɡŰɧ 

ŮɑɜŬɘ ɚɞɔɘəɧ əŬɘ Ŭˊɧ Űɞ ůɢɐɛŬ Űɞɡ ɀɆũ, Űɞ ɞˊɞɑɞ ɡˊɞŭɖɚɩɜŮɘ ˊɤɠ ɖ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ 
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ɛɧɜɞ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ Űɞɡ ˊɚɞɑɞɡ ɡˊɧəŮɘŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ Threshold 

problems. ɆŮ ŬɡŰɎ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ɡˊɎɟɢŮɘ ŬɜɎɔəɖ ŮɑŰŮ ɛɧɜɞ ɔɘŬ ɗŮɟɛɐ ŮɑŰŮ ɛɧɜɞ ɔɘŬ ɣɡɢɟɐ 

ˊŬɟɞɢɐ əŬɘ ŮɑɜŬɘ ˊɞɚɨ ůɡɜɖɗɘůɛɏɜŬ ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ. Ɇɡɜɐɗɤɠ ŮɑŰŮ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɤɠ ɏɢŮɘ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɧɜɞ ɗŮɟɛɐ ɐ ɣɡɢɟɐ ˊŬɟɞɢɐ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ, ŮɑŰŮ 

ŮɘůɎɔŮŰŬɘ əɎˊɞɘɞ utility ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ utility pinch, əŬɘ Űɖɜ ɞɚɞəɚɐɟɤůɖ ůɨɛűɤɜŬ 

ɛŮ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɆŰɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ 

ˊɚɞɑɞɡ, ɡˊɎɟɢŮɘ ŬɜɎɔəɖ ɛɧɜɞ ɔɘŬ ɣɡɢɟɐ ˊŬɟɞɢɐ əŬɗɩɠ ɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ əŬɘ ɏɟɔɞɡ, 

ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ɛŮɔɎɚŬ ˊɞůɎ ŬˊɞɟɟɘˊŰɧɛŮɜɖɠ ɗŮɟɛɧŰɖŰŬɠ (waste heat). 

ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ůŰɖ ŭɘŬŭɘəŬůɑŬ TSHI ́ ŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ ɖ́ɔɩɜ əŬɘ 

ŬˊɞŭŮəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ Űɘɠ ŭɨɞ ŭɘŮɟɔŬůɑŮɠ Űɞɡ site ůŮ ɏɜŬ ŮɜɘŬɑɞ ɟ́ɞűɑɚ ɖ́ɔɩɜ-ŬˊɞŭŮəŰɩɜ 

ɗŮɟɛɧŰɖŰŬɠ (Site Source-Sink Profiles). ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ ůɡɔəɏɜŰɟɤůɖ ɧɚɤɜ Űɤɜ 

Ŭ́ ɞŭŮəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɟ́ɞűɑɚ Ŭ́ ɞŭŮəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ (Site Sink 

Profile) əŬɘ ɧɚɤɜ Űɤɜ ɖ́ɔɩɜ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɟ́ɞűɑɚ ɖ́ɔɩɜ ɗŮɟɛɧŰɖŰŬɠ. ȼ 

ɛɏɗɞŭɞɠ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ŬɜɎɚɞɔɖ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ əŬŰŬůəŮɡɐɠ Űɤɜ ɆɨɜɗŮŰɤɜ ȾŬɛˊɡɚɩɜ 

(Composite Curves) ůŰɖɜ ŬɜɎɚɡůɖ əɧɛɓɞɡ ŬɜɎůɢŮůɖɠ ůŮ ŮˊɑˊŮŭɞ ŭɘŮɟɔŬůɑŬɠ. 

ȼ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɟ́ɞűɑɚ ɖ́ɔɩɜ ɗŮɟɛɧŰɖŰŬɠ ɝŮəɘɜɎ ɛŮ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ ŭɘŬůŰɖɛɎŰɤɜ ɓɎůŮɘ Űɖɠ əɚɑɛŬəŬɠ T** əŬɘ Űɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ɖ́ɔɩɜ 

ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞɡɠ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ́ ɑɜŬəŮɠ ůŰŬ ŭɘŬůŰɐɛŬŰŬ ŬɡŰɎ. Ⱥˊɘˊɚɏɞɜ, Ŭˊɧ Űɘɠ 

ɗŮɟɛɞəɟŬůɑŮɠ T** əŬɘ Űɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ əɎɗŮ ŭɘŬůŰɐɛŬŰɞɠ (ȹȼ), ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ 

ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬɠ (Cp) ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ́ɚɏɔɛŬŰɞɠ (Grid 

Diagrams). ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɞɘ Űɘɛɏɠ Űɤɜ Cp ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ŮɟɔŬɚŮɑɞ 

ICHEME tool. ȰˊŮɘŰŬ, ɔɘŬ əɎɗŮ ŭɘɎůŰɖɛŬ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ Cp Űɤɜ ˊɖɔɩɜ 

ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ Űɞ ŭɘŬˊŮɟɜɞɨɜ əŬɘ ɏŰůɘ ˊɟɞəɨˊŰŮɘ əŬɘ ɖ ŮɜɗŬɚˊɑŬ Űɞɡ əɎɗŮ ŭɘŬůŰɐɛŬŰɞɠ, ɤɠ 

Űɞ ɔɘɜɧɛŮɜɞ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ Cp əŬɘ Űɖɠ ŭɘŬűɞɟɎɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ůɨɜɗŮŰɖ əŬɛˊɨɚɖ Űɤɜ ˊɖɔɩɜ ɗŮɟɛɧŰɖŰŬɠ (Site Source Profile), 

əŬŰŬŰɎůůɞɜŰŬɠ Űɘɠ Űɘɛɏɠ T** Űɤɜ ŭɘŬůŰɖɛɎŰɤɜ ůŮ űɗɑɜɞɡůŬ ůŮɘɟɎ, ůŮ ɛɑŬ ůŰɐɚɖ Ůɜɧɠ ˊɑɜŬəŬ. 

ɆŰɖɜ ŭŮɨŰŮɟɖ ůŰɐɚɖ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ŬɜŰɑůŰɞɘɢɞɠ ŮɜŮɟɔŮɘŬəɧɠ əŬŰŬɟɟɎəŰɖɠ ɧˊɤɠ ůŰɖɜ 

ɛŮɗɞŭɞɚɞɔɑŬ Pinch Analysis, ɧˊɞɡ ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɞ ɛɖŭɏɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŬűŬɘɟɩɜŰŬɠ Űɞ 

ɗŮɟɛɘəɧ űɞɟŰɑɞ əɎɗŮ ŭɘŬŭɞɢɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ T** ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɞ ŮɜŮɟɔŮɘŬəɧɠ əŬŰŬɟɟɎəŰɖɠ. 

ȷɡŰɧɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊŬɟɎɔŮɘ ŰŬ ůɖɛŮɑŬ ɔɘŬ Űɞ Site Source Profile ɛŮ Űɟɧˊɞ ˊɞɡ ɜŬ ŮˊɘŰɟɏˊŮɘ 

Űɖ ˊŬɟŬɔɤɔɐ ŬŰɛɞɨ ůŰɞ ɡɣɖɚɧŰŮɟɞ ŭɡɜŬŰɧ ŮˊɑˊŮŭɞ ˊɑŮůɖɠ. ɇŬ ůɖɛŮɑŬ ŬɡŰɎ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŮ 

ɏɜŬ ŭɘɎɔɟŬɛɛŬ ɇ-ȼ əŬɘ ŬˊɞŰŮɚɞɨɜ Űɞ Site Source Profile. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɚŬɛɓɎɜŮɘ əŬɘ 

ŮəŮɑɜɖ ɢɩɟŬ ůŰɞ ICHEME tool, ůŮ ŭɨɞ ɝŮɢɤɟɘůŰɎ ŬɟɢŮɑŬ, ɧˊɞɡ Űɞ ɏɜŬ ŬűɞɟɎ Űɘɠ ˊɖɔɏɠ əŬɘ Űɞ 

Ɏɚɚɞ Űɞɡɠ ŬˊɞŭɏəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ, ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘŮɔɟɎűɖəŮ. 

ɀŮ ˊŬɟɧɛɞɘɞ ŬɚɚɎ ŬɜŰɑůŰɟɞűɞ Űɟɧˊɞ ɔɘŬ Űɞɡɠ ŬˊɞŭɏəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ, ɞɘ Űɘɛɏɠ T** Űɤɜ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ ŭɘŬůŰɖɛɎŰɤɜ əŬŰŬŰɎůůɞɜŰŬɘ ůŮ ŬɨɝɞɡůŬ ůŮɘɟɎ ůŰɖɜ ɛɑŬ ůŰɐɚɖ əŬɘ ɞɘ Űɘɛɏɠ 

Űɤɜ ȹȼ ́ɟɞůŰɑɗŮɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ŬɜŰɑ ɜŬ ŬűŬɘɟɞɨɜŰŬɘ. ɇŬ ůɖɛŮɑŬ ŬɡŰɎ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŮ ɏɜŬ 

ŭɘɎɔɟŬɛɛŬ ɇ-ȼ əŬɘ ŬˊɞŰŮɚɞɨɜ Űɞ Site Sink Profile [92].  

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɚɏɔɛŬŰɞɠ ɔɘŬ ŰŬ site heat sources & sinks, ɞɘ 

ˊɑɜŬəŮɠ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ȹȼ əɎɗŮ ɗŮɟɛɞəɟŬůɘŬəɞɨ ŭɘŬůŰɐɛŬŰɞɠ əŬɗɩɠ əŬɘ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ 

əŬŰŬɟɟɎəŰɖ, ŰŬ ůɖɛŮɑŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Site Source & Sink Profile əŬɗɩɠ əŬɘ Űɞ ɑŭɘɞ Űɞ 

ŭɘɎɔɟŬɛɛŬ.  
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ȺɘəɧɜŬ 26: ȹɘɎɔɟŬɛɛŬ Grid ɔɘŬ ŰŬ site heat sinks & ˊɑɜŬəŬɠ ɡˊɞɚɞɔɘůɛɞɨ ȹȼ əŬɘ ŮɜŮɟɔŮɘŬəɞɨ əŬŰŬɟɟɎəŰɖ 

 

 

ȺɘəɧɜŬ 27: ȹɘɎɔɟŬɛɛŬ Grid ɔɘŬ ŰŬ site heat sources & ˊɑɜŬəŬɠ ɡˊɞɚɞɔɘůɛɞɨ ȹȼ əŬɘ ŮɜŮɟɔŮɘŬəɞɨ əŬŰŬɟɟɎəŰɖ 
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ȹɘɎɔɟŬɛɛŬ 79: ȹɘɎɔɟŬɛɛŬ Űɤɜ Total Site Profiles ɛŮ ŮɜŭŮɘəŰɘəɏɠ ɓɞɖɗɖŰɘəɏɠ ˊŬɟɞɢɏɠ 

 

ɄɑɜŬəŬɠ 47: ȹŮŭɞɛɏɜŬ ɔɘŬ Űa Total Site Profiles 

Site Source Profile Site Sink Profile 

ȹȼ(kW) T**  (  C) ȹȼ(kW) T**  (  C) 

0,00 315,00 0,00 133,00 

-753,19 312,94 5753,76 133,07 

-753,19 161,90   

-1635,59 123,00   

-1906,23 113,07   

-2257,69 110,00   

-3517,21 109,00   

-3691,17 107,48   

-3908,32 99,00   

-4145,55 94,30   

-5104,23 94,22   

-5379,06 92,20   

-6675,82 84,16   

-7897,52 72,00   

-9117,93 60,00   

-9212,49 59,00   

-9425,81 56,69   

-9595,22 54,41   

-11296,31 44,00   

-11827,30 40,00   

-12507,87 35,00   

-12763,00 30,00   

-12913,31 24,47   

-12970,93 20,00   

-13029,29 15,00   

-13079,03 8,00   

 

ȼ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ŬɜɎəŰɖůɖ ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ ɛˊɞɟŮɑ 

ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ Total Site Profiles, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ 

əɞɟŮůɛɞɨ Űɤɜ Ůˊɘˊɏŭɤɜ ŬŰɛɞɨ (steam mains). Ƀɘ ́ɖɔɏɠ ɗŮɟɛɧŰɖŰŬɠ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ɛˊɞɟɞɨɜ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ əɎˊɞɘŬɠ ˊŬɟɞɢɐɠ, ůɡɜɐɗɤɠ ŬŰɛɞɨ. Ƀɘ ˊŬɟŬɔɧɛŮɜŮɠ 
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ˊŬɟɞɢɏɠ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ŮˊɎɜɤ ůŰŬ Total Site Profiles ɛɏůŬ Ŭˊɧ Űɖɜ ɆɨɜɗŮŰɖ ȾŬɛˊɨɚɖ 

ɄŬɟŬɔɤɔɐɠ ŪŮɟɛɐɠ ɄŬɟɞɢɐɠ ɐ ɆɨɜɗŮŰɖ ȾŬɛˊɨɚɖ Ʉɖɔɩɜ ɐ Site Source Composite Curve 

(Source CC). Ƀɘ əŬŰŬɜŬɚɘůəɧɛŮɜŮɠ ˊŬɟɞɢɏɠ ŬɜŰɑůŰɞɘɢŬ, ɛɏůŬ Ŭˊɧ Űɖ ɆɨɜɗŮŰɖ ȾŬɛˊɨɚɖ 

ȾŬŰŬɜɎɚɤůɖɠ ŪŮɟɛɐɠ ɄŬɟɞɢɐɠ ɐ ɆɨɜɗŮŰɖɠ ȾŬɛˊɨɚɖɠ ȷˊɞŭŮəŰɩɜ ɐ Site Sink Composite 

Curve (Sink CC). Ƀɘ ŭɨɞ ɆɨɜɗŮŰŮɠ ȾŬɛˊɨɚŮɠ Űɖɠ ȺɔəŬŰɎůŰŬůɖɠ (Site CCs) ŮɑɜŬɘ ŬɜɎɚɞɔŮɠ ɛŮ 

Űɘɠ ɆɨɜɗŮŰŮɠ ȾŬɛˊɨɚŮɠ Űɤɜ ŬɡŰɧɜɞɛɤɜ ŭɘŮɟɔŬůɘɩɜ. ȼ Source CC əŬŰŬůəŮɡɎɕŮŰŬɘ ɝŮəɘɜɩɜŰŬɠ 

Ŭˊɧ Űɞ ɡɣɖɚɧŰŮɟɞ ŭɡɜŬŰɧ ŮˊɑˊŮŭɞ ŬŰɛɞɨ, əŬɘ ɖ ́ ŬɟŬɔɤɔɐ ŬŰɛɞɨ ůŮ əɎɗŮ ŮˊɑˊŮŭɞ 

ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ˊɟɘɜ ɚɖűɗɞɨɜ ɡˊɧɣɖ ŰŬ ŮˊɧɛŮɜŬ ɢŬɛɖɚɧŰŮɟŬ ŮˊɑˊŮŭɞ. ȷɡŰɧ ŭɘŬůűŬɚɑɕŮɘ Űɖ 

ɛɏɔɘůŰɖ Ŭɝɘɞˊɞɑɖůɖ Űɞɡ ɗŮɟɛɞəɟŬůɘŬəɞɨ ŭɡɜŬɛɘəɞɨ Űɤɜ ɖ́ɔɩɜ ɗŮɟɛɧŰɖŰŬɠ. ɇɞ ɡˊɧɚɞɘˊɞ Űɞɡ 

Site Source Profile, Űɞ ɞˊɞɑɞ ŭŮɜ ŮˊɘəŬɚɨˊŰŮŰŬɘ ɛŮ Űɖ Source CC, ŮɝɡˊɖɟŮŰŮɑŰŬɘ Ŭˊɧ ɜŮɟɧ 

ɣɨɝɖɠ, ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɗŬɚŬůůɘɜɧ ɜŮɟɧ. ȼ əŬŰŬůəŮɡɐ Űɖɠ Sink CC ŬəɞɚɞɡɗŮɑ 

ɛɘŬ ůɡɛɛŮŰɟɘəɐ ŭɘŬŭɘəŬůɑŬ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɞ ɢŬɛɖɚɧŰŮɟɞ ŭɡɜŬŰɧ ŮˊɑˊŮŭɞ ŬŰɛɞɨ. ȼ ɢɟɐůɖ 

Űɞɡ ŬŰɛɞɨ ůŮ ŬɡŰɧ Űɞ ŮˊɑˊŮŭɞ ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ˊɟɘɜ ˊɟɞɢɤɟɐůŮɘ ůŰɞ ŮˊɧɛŮɜɞ ɡɣɖɚɧŰŮɟɞ 

ŮˊɑˊŮŭɞ ɗŮɟɛɞəɟŬůɑŬɠ, əŬɘ ůɡɜŮɢɑɕŮŰŬɘ ɏɤɠ ɧŰɞɡ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬŰɛɧɠ ɛŮ Űɞ ɡɣɖɚɧŰŮɟɞ 

ŭɡɜŬŰɧ ŮˊɑˊŮŭɞ. ɀŮŰɎ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ ɆɨɜɗŮŰɤɜ ȾŬɛɡ́ɚɩɜ (Site CC), ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ 

Űɖɠ ŬɜɎəŰɖůɖɠ ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ Űɤɜ ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ, ɖ Source CC ɛŮŰŬŰɞˊɑɕŮŰŬɘ ˊɟɞɠ 

Űɖ Sink CC ɩůŰŮ ɜŬ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ, ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ɧˊɤɠ ůŰɘɠ ɆɨɜɗŮŰŮɠ ȾŬɛˊɨɚŮɠ ůŰɖɜ 

ŬɜɎɚɡůɖ Pinch ůŮ ŮˊɑˊŮŭɞ ŭɘŮɟɔŬůɑŬɠ. ȰŰůɘ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɞɘ ɀŮŰŬŰɞˊɘůɛɏɜŮɠ ɆɨɜɗŮŰŮɠ 

ȾŬɛˊɨɚŮɠ ɐ Site Shifted CC. ȷɡŰɐ ɖ ŮˊɘəŬɚɡˊŰɧɛŮɜɖ ˊŮɟɘɞɢɐ ŬˊŮɘəɞɜɑɕŮɘ Űɖ ůɡɜɞɚɘəɐ ŭɡɜŬŰɐ 

ŬɜɎəŰɖůɖ ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ Űɤɜ ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ Űɖɠ ůɡɜɞɚɘəɐɠ ŮɔəŬŰɎůŰŬůɖɠ. ȼ 

ˊɞůɧŰɖŰŬ Űɖɠ ůɡɜɞɚɘəɐɠ ŬɜɎəŰɖůɖɠ ɗŮɟɛɧŰɖŰŬɠ ɡˊɞŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘəɎɚɡɣɖ ɛŮŰŬɝɨ Űɤɜ 

əŬɛˊɡɚɩɜ. ɆɡɜŮˊɩɠ, ɖ ŬɜɎəŰɖůɖ ɗŮɟɛɧŰɖŰŬɠ ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɞɘ ŭɨɞ əŬɛˊɨɚŮɠ 

ŮűɎˊŰɞɜŰŬɘ əŬɘ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬŰɞˊɘůŰɞɨɜ ˊŮɟŬɘŰɏɟɤ. ȼ ˊŮɟɘɞɢɐ ɧˊɞɡ ɞɘ əŬɛˊɨɚŮɠ 

ŮűɎˊŰɞɜŰŬɘ, ˊɞɡ ůɡɜɐɗɤɠ ˊŮɟɘɞɟɑɕŮŰŬɘ ɛŮŰŬɝɨ ŭɨɞ Ůˊɘˊɏŭɤɜ ŬŰɛɞɨ, ŮɑɜŬɘ ɞ Ⱦɧɛɓɞɠ ȷɜɎůɢŮůɖɠ 

Űɖɠ Ɇɡɜɞɚɘəɐɠ ȺɔəŬŰɎůŰŬůɖɠ (Total Site Pinch) [92].  

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜɎɚɡůɖ. 

 

ȹɘɎɔɟŬɛɛŬ 80: ȹɘɎɔɟŬɛɛŬ Total Site Profiles ɛŬɕɑ ɛŮ ŰŬ Total Site Composite Curves 

ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ Ůɜɩ ɡˊɎɟɢŮɘ ˊŮɟɘɗɩɟɘɞ ɔɘŬ ˊŬɟŬɔɤɔɐ ŬŰɛɞɨ ɡɣɖɚɐɠ ́ ɑŮůɖɠ, ŮˊɘɚɏɔŮŰŬɘ ɖ 

ˊŬɟɎɚŮɘɣɖ ŬɡŰɞɨ Űɞɡ Ůˊɘˊɏŭɞɡ ŬŰɛɞɨ, ɔɘŬ ˊŬɟŬɔɤɔɐ ŬŰɛɞɨ ɛŮůŬɑŬɠ ˊɑŮůɖɠ. ȷɡŰɧ ŭɘɧŰɘ ŭŮɜ 

ɡˊɎɟɢŮɘ əɎˊɞɘŬ ŬɜɎɔəɖ ɔɘŬ ŬŰɛɧ ɡɣɖɚɐɠ ˊɑŮůɖɠ, Ůɜɩ ŭŮɜ ɡˊɎɟɢɞɡɜ əŬɘ ˊŮɟɘɗɩɟɘŬ 

ůɡɛˊŬɟŬɔɤɔɐɠ. ȼ əɎɚɡɣɖ Űɤɜ heat sinks ɛŮ ŬŰɛɧ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ, ŮɑɜŬɘ ɛɖ ŭɡɜŬŰɐ,  əŬɗɩɠ ɞɘ 
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ŬɜɎɔəŮɠ ŮɑɜŬɘ  ůŮ ŮɚŬűɟɩɠ ɛŮɔŬɚɨŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ Ŭˊɧ ŮəŮɑɜɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɝɡˊɖɟŮŰɖɗŮɑ 

Ŭˊɧ ŬŰɛɧ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ. Ⱥˊɞɛɏɜɤɠ ŮˊɘɚɏɔŮŰŬɘ ŬŰɛɧɠ ɛɏůɖɠ ˊɑŮůɖɠ. 

ɄŬɟŬŰɖɟŮɑŰŬɘ ŬəɧɛŬ, ˊɤɠ ɡˊɎɟɢŮɘ ɏɜŬ ɛɘəɟɧ ɛɏɟɞɠ ůŰɞ Site Source Profile, ɧˊɞɡ Űɞ ɜŮɟɧ 

ɣɨɝɖɠ ŭŮɜ ŬɟəŮɑ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɖɠ ŬɜɎɔəɖɠ ɔɘŬ ɣɨɝɖ. ȷɡŰɎ ŰŬ ŭɘŬůŰɐɛŬŰŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ɝŮɢɤɟɘůŰɎ, ŮəŰɧɠ TSHI, ŭɘɧŰɘ ɖ ŬˊŬɑŰɖůɖ ůŮ űɞɟŰɑɞ ŮɑɜŬɘ ɛɘəɟɐ, əŬɘ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ɛɑŬ Ɏɚɚɖ 

ˊŬɟɞɢɐ, Űɞ ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞ ɜŮɟɧ. ȼ ˊŬɟɞɢɐ ŬɡŰɐ ɗŬ ŬɜŬɚɡɗŮɑ ˊŮɟŬɘŰɏɟɤ ůŰɖɜ ůɡɜɏɢŮɘŬ əŬɘ 

ůŰɞ əŮűɎɚŬɘɞ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ, ŬɚɚɎ ɗŬ ůɡɛˊŮɟɘɚɖűɗŮɑ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ əŬɗɩɠ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ, ɡˊɎɟɢŮɘ ŮɜŮɟɔŮɘŬəɐ 

ŬˊŬɑŰɖůɖ ɔɘŬ Űɖɜ ɢɟɐůɖ ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞɡ ɜŮɟɞɨ[97]. Ƀɘ ŬɜɎɔəŮɠ ůŮ ɣɡəŰɘəɐ ŮɜɏɟɔŮɘŬ ɛɏůɤ 

ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞɡ ɜŮɟɞɨ ɡˊɞɚɞɔɑůŰɖəŬɜ ɛɏůɤ ɔɟŬɛɛɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ůŰɞ ŭɘɎɔɟŬɛɛŬ, ɛŮ Űɞɜ 

Űɟɧˊɞ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ȼ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ əŬɘɠ Űɘɠ 

ŮˊɧɛŮɜŮɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ. 

ȷɝɑɕŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ŬəɧɛŬ,  ́ɤɠ ŰŬ ɟŮɨɛŬŰŬ Űɤɜ Site Profiles, ŮɑɜŬɘ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ 

ɏɢŮɘ ˊɟɞəɨɣŮɘ ɛŮŰɎ Űɖɜ ŭɘˊɚɐ ɛŮŰŬŰɧˊɘůɖ (ɇ**), Ůɜɩ ŰŬ ɟŮɨɛŬŰŬ Űɤɜ Site CC ɓɟɑůəɞɜŰŬɘ ůŰɖɜ 

ˊɟŬɔɛŬŰɘəɐ Űɞɡɠ ɗŮɟɛɞəɟŬůɑŬ. Ⱥˊɞɛɏɜɤɠ ɖ ŮˊŬűɐ Űɤɜ Composite Curve ɛŮ ŰŬ ˊɟɞűɑɚ Űɤɜ 

ɟŮɡɛɎŰɤɜ ŮɑɜŬɘ ŮűɘəŰɐ əŬɘ ŬɜŬɔəŬɑŬ ɛɎɚɘůŰŬ, ɔɘŬ Űɖɜ ɛɏɔɘůŰɖ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ, əŬɗɩɠ 

ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɗŬ ŭɘŬűɏɟɞɡɜ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ Űɞɡɠ əŬŰɎ ȹɇmin. 

 

ȹɘɎɔɟŬɛɛŬ 81:ȹɘɎɔɟŬɛɛŬ Total Site Composite Curves ́ɟɘɜ Űɖɜ ɛŮŰŬŰɧˊɘůɖ  

 

ȹɘɎɔɟŬɛɛŬ 82: Shifted Site Composite Curves 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ əŬɘ ɔɘŬ Űɘɠ ɎɚɚŮɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŭɘŬɚɡŰɩɜ əŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ ŭɨɞ ŮɜɧŰɖŰŮɠ. 
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5.2.2 ɀɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ 

ȷɟɢɘəɎ ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ɀɆũ ɔɘŬ Űɖɜ ŭɘŮɟɔŬůɑŬ CCS ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ 

 

ȹɘɎɔɟŬɛɛŬ 83: ɀɆũ ɔɘŬ Űɖɜ ɛɞɜɎŭŬ CCS ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮŰŬɘ ɞ ˊɑɜŬəŬɠ ɛŮ Űɘɠ ˊɖɔɏɠ əŬɘ Űɞɡɠ ŬˊɞŭɏəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ŮɝɎɔŮŰŬɘ 

Ŭˊɧ Űɞ ɀɆũ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. 

ɄɑɜŬəŬɠ 48: Ʉɖɔɏɠ əŬɘ ŬˊɞŭɏəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɖɜ ɛɞɜɎŭŬ CCS ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ 

 T*( C) T**( C) Label ȹȼ(KW) T*( C) T**( C) Label ȹȼ(KW) 

Start 95,7800 90,8 
Source B1 1552,03 

95,78 100,8 
Sink B1 79,20 

End 95,7797 90,8 111,28 116,3 

Start 95,8 90,8 
Source B2 673,07 

111,28 116,3 
Sink B2 1069,47 

End 76,5 71,5 114,02 119,0 

Start 76,5 71,5 
Source B3 256,69 

114,02 119,0 
Sink B3 485,72 

End 69,4 64,4 114,92 119,9 

Start 69,4 64,4 
Source B4 52,32 

124,020 129,020 
Sink B4 3964,25 

End 53,1 48,1 124,024 129,024 

Start 53,1 48,1 
Source B5 163,23 

    

End 52,1 47,1     

Start 52,1 47,1 
Source B6 1228,49 

    

End 44,4 39,4     

Start 44,4 39,4 
Source B7 849,66 

    

End 40,0 35,0     

Start 40,0 35,0 
Source B8 238,41 

    

End 35,0 30,0     

Start 35,0 30,0 
Source B9 128,77 

    

End 25,0 20,0     

Start 25,0 20,0 
Source B10 59,25 

    

End 20,0 15,0     

Start 20,0 15,0 
Source B11 36,43 

    

End 15,0 10,0     

 

ȰˊŮɘŰŬ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɚɏɔɛŬŰɞɠ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŮɝɎɔɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɔɘŬ 

əŬŰŬůəŮɡɐ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ əŬŰŬɟɟɎəŰɖ əŬɘ ɛŮŰɏˊŮɘŰŬ Űɤɜ Site Profiles, ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ 

ŬɜŬɚɨɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ.  
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ȺɘəɧɜŬ 28: ȹɘɎɔɟŬɛɛŬ Grid ɔɘŬ ŰŬ site heat sources & ˊɑɜŬəŬɠ ɡˊɞɚɞɔɘůɛɞɨ ȹȼ əŬɘ ŮɜŮɟɔŮɘŬəɞɨ əŬŰŬɟɟɎəŰɖ 

(MDEA-PZ) 

 

ȺɘəɧɜŬ 29: ȹɘɎɔɟŬɛɛŬ Grid ɔɘŬ ŰŬ site heat sinks & ˊɑɜŬəŬɠ ɡˊɞɚɞɔɘůɛɞɨ ȹȼ əŬɘ ŮɜŮɟɔŮɘŬəɞɨ əŬŰŬɟɟɎəŰɖ (MDEA-

PZ) 

ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɞ ɜŬ ́ŬɟŬŰɖɟɖɗŮɑ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞ Site Sink Profile Ŭˊɧ Űɞ Grid Diagram, ɛɘŬɠ əŬɘ ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŬ 

ŭɘŬɗɏůɘɛŬ ɟŮɨɛŬŰŬ ɤɠ ŬˊɞŭɏəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ. ȷəɞɚɞɡɗŮɑ ɞ ˊɑɜŬəŬɠ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ɔɘŬ ŰŬ 

Total Site Profiles, ́ɞɡ ˊɟɞɏəɡɣŬɜ ɛɏůŬ Ŭˊɧ Űɞɡɠ ŭɨɞ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŮɠ, əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ 

ŭɘɎɔɟŬɛɛŬ. 

 

 

 

Source 

A1

Source 

A2
Source A3

Source 

A4

Source 

A5

Source 

A6

Source 

A7

Source 

A8

Source 

A9

Source 

A10
Source B1

Source 

B2

Source 

B3

Source 

B4

Source 

B5

Source 

B6

Source 

B7

Source 

B8

Source 

B9

Source 

B10

Source 

B11

753,19 1177,30 1167,68 226,84 323,36 2335,05 1045,99 139,10 381,41 79,08 1552,03 673,07 256,69 52,32 163,23 1228,49 849,66 238,41 128,77 59,25 36,43

365,00 22,68 1167,68 22,68 47,55 72,52 65,37 34,78 38,14 14,30 4744795,22 34,99 36,01 3,20 163,22 159,69 194,49 47,68 12,88 11,85 7,29

Interval
ȹɇ 

Interval 

ɆCP 

interval 

(kW/C)

ȹȼ 

interval 

(kW)

sum DH for site 

source profile

Actual 

Temp (°C)
HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT

0 315

1 2,06 365,00 753,18691 |

-753,18691 312,9364742 Ƹ

2 151,04 0 0

-753,18691 161,9

3 51,90 22,68 1177,295166 |

-1930,482076 110 Ƹ

4 1,00 1167,68 1167,683915 |

-3098,165991 109 Ƹ

5 10,00 22,68 226,8391457 |

-3325,005137 99 Ƹ

6 6,80 47,55 323,3636626 |

-3648,368799 92,2 Ƹ

7 1,42 72,52 102,9741165 |

-3751,342916 90,78 |

8 0,00033 4744867,74 1552,054148 | |

-5303,397064 90,7796729 | Ƹ

9 19,24 107,50 2068,147501 | |

-7371,544564 71,54169312 | Ƹ

10 7,13 108,53 773,5640935 | |

-8145,108658 64,414 | Ƹ

11 4,41 75,72 334,2142218 | |

-8479,32288 60 Ƹ |

12 11,94 68,57 818,6478341 | |

-9297,970714 48,061834 | Ƹ

13 1,00 228,59 228,6018247 | |

-9526,572539 47,0617998 | Ƹ

14 3,06 225,06 689,0904656 | |

-10215,663 44 Ƹ |

15 4,00 194,46 777,8497633 | |

-10993,51277 40 Ƹ |

16 0,63 197,83 124,9005166 | |

-11118,41328 39,36863969 | Ƹ

17 4,37 232,63 1016,286463 | |

-12134,69975 35 | Ƹ

18 5,00 85,82 429,1126719 | |

-12563,81242 30 Ƹ Ƹ

19 5,53 27,18 150,2712936 | |

-12714,08371 24,47153924 Ƹ |

20 4,47 12,88 57,57889764 |

-12771,66261 20 Ƹ

21 5,00 11,85 59,25086628 |

-12830,91348 15 Ƹ

22 5,00 7,29 36,42996288 |

-12867,34344 10 Ƹ

Actual Streams

Stream

Heat Flow (kW)

mCP (kW/ ГC)

Sink B1 Sink B2 Sink B3 Sink B4

79,1962 1069,4696 485,7239 3964,2496

5,1104 389,3562 539,6994 1041705,7158

Interval ȹɇ Interval 
ɆCP interval 

(kW/C)

ȹȼ 

interval 

(kW)

sum DH 

for site 

source 

profile

Actual 

Temp (°C)
COLD COLD COLD COLD

129,023806 ƶ

1 0,00380554 1041705,7158 3964,25 5598,639 |

129,02

2 9,09628119 0 0 1634,39

119,923719 ƶ

3 0,89998981 539,6994 485,7239 1634,39 |

119,023729 ƶ

4 2,74676391 389,3562 1069,47 1148,666 |

116,276965 ƶ

5 15,4969651 5,1104 79,19617 79,19617 |

100,78

Actual Streams

Stream

Heat Flow (kW)

mCP (kW/ ГC)
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ɄɑɜŬəŬɠ 49: ȹŮŭɞɛɏɜŬ ɔɘŬ Űa Total Site Profiles 

Site Source Profile Site Sink Profile 

ȹȼ(kW) T**  (  C) ȹȼ(kW) T**  (  C) 

0,00 315,00 0,00 100,78 

-753,19 312,94 79,20 116,28 

-753,19 161,90 1148,67 119,02 

-1930,48 110,00 1634,39 119,92 

-3098,17 109,00 1634,39 129,02 

-3325,01 99,00 5598,64 129,02 

-3648,37 92,20   

-3751,34 90,78   

-5303,40 90,78   

-7371,54 71,54   

-8145,11 64,41   

-8479,32 60,00   

-9297,97 48,06   

-9526,57 47,06   

-10215,66 44,00   

-10993,51 40,00   

-11118,41 39,37   

-12134,70 35,00   

-12563,81 30,00   

-12714,08 24,47   

-12771,66 20,00   

-12830,91 15,00   

-12867,34 10,00   

 

 

ȹɘɎɔɟŬɛɛŬ 84: ȹɘɎɔɟŬɛɛŬ Űɤɜ Total Site Profiles ɛŮ ŮɜŭŮɘəŰɘəɏɠ ɓɞɖɗɖŰɘəɏɠ ˊŬɟɞɢɏɠ (MDEA-PZ) 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɞ ŬŰɛɧɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ ɛˊɞɟŮɑ ɜŬ əŬɚɨɣŮɘ Űɘɠ 

ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ heat sinks, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ. ȷɡŰɧ 

ɞűŮɑɚŮŰŬɘ ůŰɖɜ əŬŰɎ ɚɑɔɞɡɠ ɓŬɗɛɞɨɠ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŬɜŬɓɟŬůŰɐɟŬ 

ůŰɖɜ ůŰɐɚɖ Ŭˊɞɔɨɛɜɤůɖɠ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ɔɘŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ŬˊŬɑŰɖůɖɠ ůŮ 

ɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ. 

ɇɏɚɞɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ Total Site Profiles ɛŬɕɑ ɛŮ ŰŬ Site CC əŬɘ Űɞ ŰŮɚɘəɧ 

ŭɘɎɔɟŬɛɛŬ Űɤɜ Shifted Site CC ɧˊɞɡ űŬɑɜŮŰŬɘ ɖ ŮˊɘəɎɚɡɣɖ Űɞɡɠ.  
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ȹɘɎɔɟŬɛɛŬ 85: ȹɘɎɔɟŬɛɛŬ Total Site Profiles ɛŬɕɑ ɛŮ ŰŬ Total Site Composite Curves (MDEA-PZ) 

 

ȹɘɎɔɟŬɛɛŬ 86: Shifted Site Composite Curves (MDEA-PZ) 

 

5.2.3 ɀɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ K2CO3 

Ƀɛɞɑɤɠ əŬɘ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŮɟɑˊŰɤůɖ, ŬɟɢɘəɎ ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ɀɆũ ɔɘŬ Űɖɜ ŭɘŮɟɔŬůɑŬ 

CCS ɛŮ ŭɘŬɚɨŰɖ K2CO3. 

 

ȹɘɎɔɟŬɛɛŬ 87: ɀɆũ ɔɘŬ Űɖɜ ɛɞɜɎŭŬ CCS ɛŮ ŭɘŬɚɨŰɖ K2CO3 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮŰŬɘ ɞ ˊɑɜŬəŬɠ ɛŮ Űɘɠ ˊɖɔɏɠ əŬɘ Űɞɡɠ ŬˊɞŭɏəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ŮɝɎɔŮŰŬɘ 

Ŭˊɧ Űɞ ɀɆũ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. 
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ɄɑɜŬəŬɠ 50: Ʉɖɔɏɠ əŬɘ ŬˊɞŭɏəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɖɜ ɛɞɜɎŭŬ CCS ɛŮ ŭɘŬɚɨŰɖ K2CO3 

 T*( C) T**( C) Label ȹȼ(KW) T*( C) T**( C) Label ȹȼ(KW) 

Start 109,0 104,0 
Source B1  47,26  

109,00 114,0 
Sink B1 3995,13 

End 99,9 94,9 109,87 114,9 

Start 99,9 94,9 
Source B2  178,41  

    

End 98,8 93,8     

Start 61,9 56,9 
Source B3  568,65  

    

End 61,8 56,8     

Start 58,3 53,3 
Source B4  117,27  

    

End 57,6 52,6     

Start 57,6 52,6 
Source B5  2561,86  

    

End 42,5 37,5     

Start 42,5 37,5 
Source B6  1236,84  

    

End 35,0 30,0     

Start 35,0 30,0 
Source B7  96,46  

    

End 25,0 20,0     

Start 25,0 20,0 
Source B8  43,51  

    

End 20,0 15,0     

Start 20,0 15,0 
Source B9 22,27 

    

End 15,0 10,0     

 

ȰˊŮɘŰŬ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɚɏɔɛŬŰɞɠ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŮɝɎɔɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɔɘŬ 

əŬŰŬůəŮɡɐ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ əŬŰŬɟɟɎəŰɖ əŬɘ ɛŮŰɏˊŮɘŰŬ Űɤɜ Site Profiles.  

 

ȺɘəɧɜŬ 30: ȹɘɎɔɟŬɛɛŬ Grid ɔɘŬ ŰŬ site heat sources & ˊɑɜŬəŬɠ ɡˊɞɚɞɔɘůɛɞɨ ȹȼ əŬɘ ŮɜŮɟɔŮɘŬəɞɨ əŬŰŬɟɟɎəŰɖ 

(K2CO3) 

 

Source 

A1

Source 

A2
Source A3

Source 

A4

Source 

A5

Source 

A6

Source 

A7

Source 

A8

Source 

A9

Source 

A10
Source B1

Source 

B2

Source 

B3

Source 

B4

Source 

B5

Source 

B6

Source 

B7

Source 

B8

Source 

B9

753,19 1177,30 1167,68 226,84 323,36 2335,05 1045,99 139,10 381,41 79,08 51,73 101,53 538,38 207,74 2376,92 1305,71 94,55 42,56 21,31

365,00 22,68 1167,68 22,68 47,55 72,52 65,37 34,78 38,14 14,30 5,21 164,09 8236,05 174,84 171,63 165,14 9,47 8,51 4,26

Interval
ȹɇ 

Interval 

ɆCP 

interval 

(kW/C)

ȹȼ 

interval 

(kW)

sum DH for site 

source profile

Actual 

Temp (°C)
HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT HOT

0 315

1 2,06 365,00 753,18691 |

-753,18691 312,9364742 Ƹ

2 151,04 0 0

-753,18691 161,9

3 51,90 22,68 1177,295166 |

-1930,482076 110 Ƹ

4 1,00 1167,68 1167,683915 |

-3098,165991 109 Ƹ

5 5,00 22,68 113,4195729 |

-3211,585564 104 |

6 5,00 27,90 139,4759185 | |

-3351,061482 99 Ƹ |

7 4,93 52,76 259,9662193 | |

-3611,027702 94,073108 | Ƹ

8 0,61876 211,64 130,9542492 | |

-3741,981951 93,45434808 | Ƹ

9 1,25 47,55 59,64861625 |

-3801,630567 92,2 Ƹ

10 32,20 72,52 2335,046867 |

-6136,677434 60 Ƹ

11 2,70 65,37 176,510141 |

-6313,187575 57,3 |

12 0,07 8301,42 542,6512267 | |

-6855,838801 57,23463152 | Ƹ

13 4,31 65,37 281,8334493 |

-7137,672251 52,923546 |

14 1,19 240,21 285,4166686 | |

-7423,088919 51,73537076 | Ƹ

15 7,74 237,01 1833,345545 | |

-9256,434465 44 Ƹ |

16 4,00 206,41 825,6398176 | |

-10082,07428 40 Ƹ |

17 2,11 209,78 443,3450916 | |

-10525,41937 37,88657 | Ƹ

18 7,89 203,28 1603,214144 | |

-12128,63352 30 Ƹ |

19 0,02 179,45 3,588951146 | |

-12132,22247 29,98 | Ƹ

20 5,51 23,78 130,9837563 | |

-12263,20622 24,47153924 Ƹ |

21 4,47 9,47 42,36337197 |

-12305,5696 20 Ƹ

22 5,00 8,51 42,55825766 |

-12348,12785 15 Ƹ

23 5,00 4,26 21,31366461 |

-12369,44152 10 Ƹ

Stream

Heat Flow (kW)

mCP (kW/ ГC)
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ȺɘəɧɜŬ 31: ȹɘɎɔɟŬɛɛŬ Grid ɔɘŬ ŰŬ site heat sinks & ˊɑɜŬəŬɠ ɡˊɞɚɞɔɘůɛɞɨ ȹȼ əŬɘ ŮɜŮɟɔŮɘŬəɞɨ əŬŰŬɟɟɎəŰɖ (K2CO3) 

ȷəɞɚɞɡɗŮɑ ɞ ˊɑɜŬəŬɠ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ɔɘŬ ŰŬ Total Site Profiles, ́ɞɡ ˊɟɞɏəɡɣŬɜ ɛɏůŬ Ŭˊɧ Űɞɡɠ 

ŭɨɞ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŮɠ, əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ. 

ɄɑɜŬəŬɠ 51: ȹŮŭɞɛɏɜŬ ɔɘŬ Űa Total Site Profiles 

Site Source Profile Site Sink Profile 

ȹȼ(kW) T**  (  C) ȹȼ(kW) T**  (  C) 

0,00 315,00 0,00 114,00 

-753,19 312,94 3995,13 114,87 

-753,19 161,90   

-1930,48 110,00   

-3098,17 109,00   

-3211,59 104,00   

-3351,06 99,00   

-3611,03 94,07   

-3741,98 93,45   

-3801,63 92,20   

-6136,68 60,00   

-6313,19 57,30   

-6855,84 57,23   

-7137,67 52,92   

-7423,09 51,74   

-9256,43 44,00   

-10082,07 40,00   

-10525,42 37,89   

-12128,63 30,00   

-12132,22 29,98   

-12263,21 24,47   

-12305,57 20,00   

-12348,13 15,00   

-12369,44 10,00   

 

Sink B1

3995,127

4584,7887

Interval ȹɇ Interval 
ɆCP interval 

(kW/C)

ȹȼ 

interval 

(kW)

sum DH 

for site 

source 

profile

Actual 

Temp (°C)
COLD

114,871387 ƶ

1 0,87138738 4584,7887 3995,127 3995,127 |

114

Actual Streams

Stream

Heat Flow (kW)

mCP (kW/ ГC)
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ȹɘɎɔɟŬɛɛŬ 88: ȹɘɎɔɟŬɛɛŬ Űɤɜ Total Site Profiles ɛŮ ŮɜŭŮɘəŰɘəɏɠ ɓɞɖɗɖŰɘəɏɠ ˊŬɟɞɢɏɠ (K2CO3) 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɞ ŬŰɛɧɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ ɛˊɞɟŮɑ ɜŬ əŬɚɨɣŮɘ Űɘɠ 

ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ heat sinks. ɇɏɚɞɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ Total Site 

Profiles ɛŬɕɑ ɛŮ ŰŬ Site CC əŬɘ Űɞ ŰŮɚɘəɧ ŭɘɎɔɟŬɛɛŬ Űɤɜ Shifted Site CC.  

 

ȹɘɎɔɟŬɛɛŬ 89: ȹɘɎɔɟŬɛɛŬ Total Site Profiles ɛŬɕɑ ɛŮ ŰŬ Total Site Composite Curves (K2CO3) 

 

 

ȹɘɎɔɟŬɛɛŬ 90: Shifted Site Composite Curves (K2CO3) 
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5.2.4 ȷ́ ɞŰŮɚɏůɛŬŰŬ ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ Ɇɡɜɞɚɘəɐ 

ȷɜɎɚɡůɖɠ ɀɞɜɎŭŬɠ (TSHI) əŬɘ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ Űɟɘɩɜ 

ˊɟɞŰŮɘɜɧɛŮɜɤɜ ɛɞɜɎŭɤɜ 

ȷˊɧ Űɖɜ ůŰɘɔɛɐ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ TSHI əŬɘ ŮɝɐɢɗɖůŬɜ ŰŬ ŬˊŬɟŬɑŰɖŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ, ŮˊɧɛŮɜɞ ŮɑɜŬɘ ɖ ŮɝŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ ŬɡŰɎ əŬɘ ɖ ŮɟɛɖɜŮɑŬ Űɞɡɠ. 

ȷˊɧ Űɖɜ ŮˊɘəɎɚɡɣɖ Űɤɜ Shifted Composite Curves, ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ˊɧůɖ Ŭˊɧ Űɖɜ 

ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɘɠ ˊɖɔɏɠ ɗŮɟɛɧŰɖŰŬɠ Űɤɜ ŭɨɞ ŭɘŮɟɔŬůɘɩɜ, ɛˊɞɟŮɑ ɜŬ 

ŬɝɘɞˊɞɘɖɗŮɑ Ŭˊɧ Űɘɠ ŭŮɝŬɛŮɜɏɠ ɗŮɟɛɧŰɖŰŬɠ. ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ ɓɞɖɗɖŰɘəɏɠ ˊŬɟɞɢɏɠ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ˊŬɟɎɔɞɜŰŬɘ (steam mains) əŬɘ ɞɘ ŰŮɚɘəɏɠ ŬɜɎɔəŮɠ ůŮ ɗŮɟɛɐ əŬɘ 

ɣɡɢɟɐ ˊŬɟɞɢɐ Űɞɡ ˊɚɞɑɞɡ ɛŮ ůɨůŰɖɛŬ CCS.  

ɄɑɜŬəŬɠ 52: Ɇɨɔəɟɘůɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ Űɞɡ ˊɚɞɑɞɡ ɛŮ ŭɘŬűɞɟŮŰɘəɎ ůɡůŰɐɛŬŰŬ CCS 

  MEA CCS MDEA -PZ CCS K 2CO3 CCS 

Utilities  
Source 

(kW) 

Sink 

(kW) 

Actual 

Needs 

Source 

(kW) 

Sink 

(kW) 

Actual 

Needs 

Source 

(kW) 

Sink 

(kW) 

Actual 

Needs 

MP steam 753,19 5753,76 5000,57 753,19 0,00 -753,19 753,19 0,00 -753,19 

LP steam 723,61 0,00 0,00 723,61 5598,64 4875,03 723,61 3995,13 3271,51 

Cooling Water 11494,13 0,00 12217,74 11294,86 0,00 11294,86 10828,77 0,00 10828,77 

Cooling utility at  

ɇ** = 8  C 
108,10 0,00 108,10 95,68 0,00 95,68 63,87 0,00 63,87 

Total cooling needs 

(kW) 
    12325,84     11390,54     10892,64 

Total heating needs 

(kW) 
    5000,57     4121,84     2518,32 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɛɞɜɎŭŬɠ MEA-CCS ɞ ŬŰɛɧɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ůŰɞ 

ůɨůŰɖɛŬ ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ, ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ Ŭˊɧ əɎˊɞɘŬ ŭŮɝŬɛŮɜɐ ŮɜɏɟɔŮɘŬɠ, 

Ůˊɞɛɏɜɤɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɣɡɢɗŮɑ ɛŮ Űɖɜ ɢɟɐůɖ ɜŮɟɞɨ ɣɨɝɖɠ. Ⱥˊɞɛɏɜɤɠ Űɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ŬŰɛɧ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ űɞɟŰɑɞ Űɞ ɞˊɞɑɞ ˊɟɏˊŮɘ ɜŬ ɣɡɢɗŮɑ ɛŮ 

Űɖɜ ɢɟɐůɖ ɜŮɟɞɨ ɣɨɝɖɠ. Ƀ ŬŰɛɧɠ ɛɏůɖɠ ˊɑŮůɖɠ ɧɛɤɠ ŬɝɘɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ əɎɚɡɣɖ ɛɏɟɞɡɠ Űɤɜ 

ŬɜŬɔəɩɜ Űɖɠ ŭŮɝŬɛŮɜɐɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ ɏŰůɘ ɛŮɘɩɜŮŰŬɘ ɖ ˊɟŬɔɛŬŰɘəɐ ŬˊŬɑŰɖůɖ ůŮ kW. ɆŰɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ ŭɘŬɚɡŰɩɜ MDEA-PZ əŬɘ K2CO3 ɞ ŬŰɛɧɠ ɛɏůɖɠ ́ɑŮůɖɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɛˊɞɟŮɑ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ əɎɚɡɣɖ ɛɏɟɞɡɠ Űɖɠ ŬɜɎɔəɖɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ ɗŮɟɛɧŰɖŰŬɠ ůŮ ŬŰɛɧ 

ɢŬɛɖɚɐɠ ˊɑŮůɖɠ, ɔɘŬ ŬɡŰɧ əŬɘ Űɞ ŬɟɜɖŰɘəɧ ˊɟɧůɖɛɞ ůŰɖɜ ůŰɐɚɖ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ŮɜŮɟɔŮɘŬəɩɜ 

ŬɜŬɔəɩɜ, əŬɗɩɠ ŭŮɜ ɡˊɎɟɢŮɘ ŬˊŬɑŰɖůɖ ɔɘŬ MP steam. Ƀɛɞɑɤɠ, ɞ ŬŰɛɧɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ 

ŬɝɘɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ŬˊŬɑŰɖůɖɠ ůŮ ŬŰɛɧ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ. ȷəɧɛŬ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɡˊɎɟɢŮɘ ŬɜɎɔəɖ ɣɨɝɖɠ ˊɞɡ ŭŮɜ ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ Ŭˊɧ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ 

əŬɘ ɔɘŬ ŬɡŰɧ ˊɟɞůŰɏɗɖəŮ ɛɑŬ ŬəɧɛŬ ɓɞɖɗɖŰɘəɐ ˊŬɟɞɢɐ, Űɞ ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞ ɜŮɟɧ. ɆŰɖɜ 

ɛɏɗɞŭɞ Űɞɡ Ⱦɧɛɓɞɡ ȷɜɎůɢŮůɖɠ, ɗŮɤɟŮɑŰŬɘ ˊɤɠ ɧɚŬ ŰŬ ɟŮɨɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŮɜŬɚɚɎɝɞɡɜ 

ɗŮɟɛɧŰɖŰŬ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɏŰůɘ ŮɑɢŮ ɗŮɤɟɖɗŮɑ ˊɤɠ ŰŬ ɟŮɨɛŬŰŬ ŬŮɟɘɞˊɞɑɖůɖɠ Űɞɡ LNG 

ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ˊŬɟɞɢɐ ɣɨɝɖɠ, ɧˊɤɠ əŬɘ ŮɑɢŮ ŬɜŬɚɡɗŮɑ. ɆŰɖɜ Ɇɡɜɞɚɘəɐ ȷɜɎɚɡůɖ ɀɞɜɎŭŬɠ, 

ɧˊɤɠ əŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ŬɡŰɐ ɖ ɗŮɩɟɖůɖ ŭŮɜ ɘůɢɨŮɘ. ɇŬ ɟŮɨɛŬŰŬ ŬɡŰɎ 

ŮˊŮɘŭɐ ŬˊɞŰŮɚɞɨůŬɜ ɛɏɟɞɠ Ůɜɧɠ heat pocket, ŬɝɘɞˊɞɘɐɗɖəŬɜ ɔɘŬ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ 

ŮˊɑˊŮŭɞ Űɖɠ ŭɘŮɟɔŬůɑŬɠ (ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ) ɧˊɞɡ ŮɑɜŬɘ ˊɘɞ ŮűɘəŰɧ. ȰŰůɘ, ŭŮɜ ɐŰŬɜ 
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ŭɡɜŬŰɧ ɜŬ ˊŬɟɏɢɞɡɜ ɣɨɝɖ ůŮ ŬɡŰɧ Űɞ ɟŮɨɛŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ CCS ́ ɞɡ ŬˊŬɘŰɞɨůŮ ɣɨɝɖ ůŮ 

ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ. ȳůɞɜ ŬűɞɟɎ Űɘɠ ůɡɜɞɚɘəɏɠ ŮɜŮɟɔŮɘŬəɏɠ əŬŰŬɜŬɚɩůŮɘɠ, ɧˊɤɠ əŬɘ ɛŮ 

Űɖɜ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɞɡ əɧɛɓɞɡ ŬɜɎůɢŮůɖɠ, ɖ ɛɞɜɎŭŬ CCS ɛŮ ŭɘŬɚɨŰɖ 

K2CO3 ŮɑɜŬɘ ŮəŮɑɜɖ ɛŮ Űɘɠ ɢŬɛɖɚɧŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ ůŮ ŮɜɏɟɔŮɘŬ ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ Űɖɜ ɛɞɜɎŭŬ 

ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ əŬɘ Űɖɜ ɢŮɘɟɧŰŮɟɖ Ŭˊɧŭɞůɖ ɛŮŰŬɝɨ Űɤɜ Űɟɘɩɜ ɏɢŮɘ ɖ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ 

ɀȺȷ. ȷɡŰɧ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ŬəɧɛŬ, ŮɑɜŬɘ ŮəŮɑɜɞ ˊɞɡ ɏɢŮɘ ŬɜŬɚɡɗŮɑ əŬɘ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ 

ŮɜɧŰɖŰŮɠ, ɧŰɘ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 

ŮəŮɑɜŮɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ əŬŰɎ Űɖɜ Pinch Analysis. Ⱥˊɞɛɏɜɤɠ, Űɞ ˊɟŬɔɛŬŰɘəɧ ˊɞůɞůŰɧ Űɤɜ 

Ůəˊɞɛˊɩɜ CO2 ́ ɞɡ ŬˊɞűŮɨɔŮŰŬɘ ɜŬ Ůəɚɡɗɞɨɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ (CO2 avoidance) ŮɑɜŬɘ əŬɘ 

ŮəŮɑɜɞ ɛɘəɟɧŰŮɟɞ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ CO2 avoidance ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ˊŬɟɧɛɞɘŬ ŭɘŬŭɘəŬůɑŬ 

ɧˊɤɠ əŬɘ ůŰɖɜ Pinch Analysis ɛŮ ɛɑŬ ˊɟɞůɗɐəɖ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ɧůɞɜ ŬűɞɟɎ Űɘɠ ŬɜɎɔəŮɠ ůŮ 

ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞ ɜŮɟɧ. ȷɡŰɧ ˊŬɟɏɢŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ ůŰɞɡɠ 5C əŬɘ ɛˊɞɟŮɑ ɜŬ ɗŮɟɛŬɜɗŮɑ ɛɏɢɟɘ 

əŬɘ Űɞɡɠ 15C, əŬɘ Űɞ əɧůŰɞɠ Űɞɡ ůŮ ŮɜɏɟɔŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ [97]:  

ȼ ɣɨɝɖ ůŮ ŰɏŰɞɘŬ ɗŮɟɛɞəɟŬůɑŬ ŬˊŬɘŰŮɑ əŬŰŬɜɎɚɤůɖ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɖɜ ŮɚɎŰŰɤůɖ 

Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɣɡəŰɘəɞɨ ɛɏůɞɡ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ɢɟɐůɖ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ, ˊɞɡ 

ˊŬɟɏɢŮŰŬɘ ˊɟŬəŰɘəɎ ɛŮ ɛɖŭŮɜɘəɧ ŮɜŮɟɔŮɘŬəɧ əɧůŰɞɠ, ɛɏůŬ Ŭˊɧ Űɞ ballast water system Űɞɡ 

ˊɚɞɑɞɡ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɞɨŰɤɠ ɐ Ɏɚɚɤɠ. ȼ əŬŰŬɜɎɚɤůɖ ŬɡŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ 

Űɞ ɗŮɟɛɘəɧ űɞɟŰɑɞ Űɞ ɞˊɞɑɞ ˊɟɏˊŮɘ ɜŬ ɣɡɢɗŮɑ Ŭˊɧ Űɖɜ ˊŬɟɞɢɐ, ɛŮ ɏɜŬɜ ůɡɜŰŮɚŮůŰɐ ɛŮŰŬŰɟɞˊɐɠ 

ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɞ ɏɟɔɞ çMinimal Environmental Footprint LNG Propelled ROPAX 

Designè əŬɘ ŮɑɜŬɘ ɑůɞɠ ɛŮ 1,03. ȹɖɚŬŭɐ ɔɘŬ əɎɗŮ 1kW ɣɨɝɖɠ ɛŮ ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞ ɜŮɟɧ, 

ŬˊŬɘŰɞɨɜŰŬɘ 1,03kW ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ [30]. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɖ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ 

ˊɟɞůŰɑɗŮŰŬɘ ɛŮ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɘůɞŭɨɜŬɛɖ 

əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ɧˊɤɠ ɏɢŮɘ ŬɜŬɚɡɗŮɑ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ əŬɘ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŮəŮɑɜŬ ˊɞɡ ŮɑɢŬɜ ŮɝŬɢɗŮɑ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ Pinch 

Analysis. 

ɄɑɜŬəŬɠ 53: ȺɜŮɟɔŮɘŬəɐ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ůɡůŰɖɛɎŰɤɜ əŬɘ ˊɟŬɔɛŬŰɘəɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ 

ŭɏůɛŮɡůɖɠ CO2 (CO2 avoidance) 

 
 

Extra 

Heating 

(kW) 

Cooling (kW) Extra 

electricity 

needs 

Fuel 

consumption 

(kg/hr) 

Extra fuel 

consumption 

(%) 

Capture 

rate 

(%) 

CO2 

avoidance 

(%) 
Chilled 

Water 
Sea Water 

 Base Case 0,00 - 7629,00 0,00 1500,00 0,0% 0% 0,0% 

No heat 

integration 

MEA CCS 5753,76 108,10 13079,03 508,34 2475,41 65,0% 92,56% 56,1% 

MDEA-PZ 

CCS 

5598,64 95,68 12867,34 495,55 2396,91 59,8% 
92,50% 

57,9% 

K2CO3 CCS 3995,13 63,87 12501,53 462,79 2188,51 45,9% 85,9% 58,9% 

Pinch 

Analysis 

MEA CCS 4118,17 - 11443,44 397,00 2203,30 46,9% 92,56% 63,0% 

MDEA-PZ 

CCS 
2360,59 - 9629,30 400,00 1908,48 27,2% 92,50% 72,7% 

K2CO3 CCS 783,54 - 9289,95 425,14 1688,27 12,6% 85,9% 76,3% 

Total Site 

Heat 

integration 

MEA CCS 5000,57 108,10 12217,74 508,34 2358,09 57,2% 92,56% 58,9% 

MDEA-PZ 

CCS 
4121,84 95,68 11294,86 495,55 2219,22 47,9% 92,50% 62,5% 

K2CO3 CCS 2518,32 63,87 10828,77 462,79 1964,35 31,0% 85,9% 65,6% 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɖ ɛɏɗɞŭɞɠ Pinch analysis ɡˊŮɟŮəŰɘɛɎ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ŮɜŮɟɔŮɘŬəɐɠ 

ɞɚɞəɚɐɟɤůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ TSHI, ůŰɖɜ ɞˊɞɑŬ ɞɘ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ ŮɑɜŬɘ ŬɡɝɖɛɏɜŮɠ 

əŬɘ ɞɘ Űɘɛɏɠ Űɞɡ CO2 avoidance ɛŮɘɤɛɏɜŮɠ. ȼ ɛŮɔŬɚɨŰŮɟɖ ɛŮɑɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰŬ ůɡůŰɐɛŬŰŬ 

ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ əŬɘ K2CO3 , ɧˊɞɡ ɛŮŰŬɝɨ Űɖɠ ɛŮɗɧŭɞɡ pinch analysis əŬɘ Űɖɠ TSHI 
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ɡˊɎɟɢŮɘ Ŭˊɧəɚɘůɖ ˊɎɜɤ Ŭˊɧ 10% ůŰɞ CO2 avoidance, Ŭəɟɘɓɩɠ ŭɘɧŰɘ ɖ ˊɟŬɔɛŬŰɘəɐ ˊɞůɧŰɖŰŬ 

ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɜŬɚɚŬɢɗŮɑ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŭɘŮɟɔŬůɘɩɜ, ŮɑɜŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ 

ŬɟəŮŰɎ ɛɘəɟɧŰŮɟɖ. ɇɞ ůɡɜɞɚɘəɧ ɧɛɤɠ CO2 avoidance ́ ŬɟŬɛɏɜŮɘ əŬɘɠ ůŰɘɠ ŰɟŮɑɠ ˊŮɟɘˊŰɩůŮɘɠ 

ˊɎɜɤ Ŭˊɧ Űɞ 50% əŬɘ ɛɎɚɘůŰŬ əɞɜŰɎ ůŰɞ 60%, ɡˊŮɟɓŬɑɜɞɜŰɎɠ Űɞ əɘɧɚŬɠ. ɇɞ ůɨůŰɖɛŬ ɛŮ 

ŭɘŬɚɨŰɖ K2CO3 ŬˊɞŭŮɘəɜɨŮŰŬɘ Ůə ɜɏɞɡ Űɞ ˊɘɞ ŬˊɞŭɞŰɘəɧ ɧůɞɜ ŬűɞɟɎ Űɘɠ ŮɜŮɟɔŮɘŬəɏɠ 

ŬˊŬɘŰɐůŮɘɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ, Űɞ ˊɘɞ ŬˊɞŭɞŰɘəɧ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŭɏůɛŮɡůɖ Ůəˊɞɛˊɩɜ CO2. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ŮűŬɟɛɞůŰŮɑ əŬɛɑŬ ɛɏɗɞŭɞɠ ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ, ɞɘ Űɘɛɏɠ Űɞɡ 

CO2 avoidance ́ ŬɟŬɛɏɜɞɡɜ ůŮ ŮˊɑˊŮŭɞ ˊɎɜɤ Űɞɡ 50%, ŰŬ ɞˊɞɑŬ əɟɑɜɞɜŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ, 

ɄŬɟɧɚŬ ŬɡŰɎ, ɞɘ ŬɜɎɔəŮɠ ɗɏɟɛŬɜůɖɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ CCS, ŬɡɝɎɜɞɜŰŬɘ Ŭˊɧ 13,1 ɏɤɠ 36,9%, 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ɧŰŬɜ ŮűŬɟɛɧɕŮŰŬɘ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ TSHI. ȷɡŰɧ ɞŭɖɔŮɑ 

ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ɛŮ Űɖ ɛɏɗɞŭɞ 

TSHI, Ŭˊɧ 6,8 ɏɤɠ 15,9% ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɨůŰɖɛŬ. ȷəɧɛŬ, Űɞ CO2 avoided ɛŮɘɩɜŮŰŬɘ Ŭˊɧ 2,8 

ɏɤɠ 6,9% ŬɜɎɚɞɔŬ Űɖɜ ˊŮɟɑˊŰɤůɖ. ȷˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊɑɜŬəŬ, ɖ ɛɏɗɞŭɞɠ CCS ɛŮ ŭɘŬɚɨŰɖ 

K2CO3 ŮɑɜŬɘ ŮəŮɑɜɖ ˊɞɡ ɏɢŮɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɞűɏɚɖ Ůɝɞɘəɞɜɧɛɖůɖɠ Ŭˊɧ Űɖɜ ŮɜŮɟɔŮɘŬəɐ 

ɞɚɞəɚɐɟɤůɖ, Ůɜɩ ɖ ɛɏɗɞŭɞɠ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ ŰŬ ɚɘɔɧŰŮɟŬ, əŬɗɩɠ ŭŮɜ ɡˊɎɟɢɞɡɜ ˊɞɚɚɎ 

ˊŮɟɘɗɩɟɘŬ ɔɘŬ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ ɛŮ Űɞ ɡˊɎɟɢɞɜ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ. ȿɧɔɤ 

Űɤɜ Ŭɡɝɖɛɏɜɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ Ůɝɧŭɤɜ ˊɞɡ ɗŬ ˊɟɞəɨɣɞɡɜ ŮɎɜ ŰŬ ůɡůŰɐɛŬŰŬ ŭŮɜ ɞɚɞəɚɖɟɤɗɞɨɜ 

ŮɜŮɟɔŮɘŬəɎ, ɗŮɤɟŮɑŰŬɘ ˊɤɠ ɧɚŬ ŰŬ ůɡůŰɐɛŬŰŬ əŬŰɎ Űɖɜ ŮɔəŬŰɎůŰŬůɖ, ɗŬ ɞɚɞəɚɖɟɤɗɞɨɜ 

ŮɜŮɟɔŮɘŬəɎ ɛŮ Űɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ.  

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ůŰɞ əŮűɎɚŬɘɞ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ, ɗŬ ŬɜŬɚɡɗɞɨɜ ŰŬ əɧůŰɖ Ůɜɧɠ 

ůɡůŰɐɛŬŰɞɠ CCS, ɧˊɤɠ Űɞ əɧůŰɞɠ Ůɝɞˊɚɘůɛɞɨ, Űɞ ˊɎɔɘɞ əŬɘ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊɟɞɥɧɜŰɞɠ, əŬɘ 

ɗŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ əɧůŰɞɠ ŬɜɎ Űɧɜɞ CO2 ́ ɞɡ ŭŮůɛŮɨŮŰŬɘ Ŭˊɧ Űɞ əɎɗŮ ůɨůŰɖɛŬ. ɀŮ ŬɡŰɧ Űɞɜ 

Űɟɧˊɞ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ ˊɘɞ ůɨůŰɖɛŬ ŮɑɜŬɘ Űɞ ˊɘɞ ɞɘəɞɜɞɛɘəɎ ůɡɛűɏɟɞɜ ɔɘŬ Űɖɜ ɢɟɐůɖ ŮˊɎɜɤ ůŮ 

ɏɜŬ ́ɚɞɑɞ ROPAX. 
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6. ȾɞůŰɞɚɧɔɖůɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ əŬɘ ɞɘəɞɜɞɛɘəɐ 

Ŭɝɘɞɚɧɔɖůɖ 

6.1 ȾɞůŰɞɚɧɔɖůɖ ɓŬůɘəɞɨ Ůɝɞˊɚɘůɛɞɨ 

ȼ əɞůŰɞɚɧɔɖůɖ Űɞɡ ɓŬůɘəɞɨ Ůɝɞˊɚɘůɛɞɨ Űɤɜ ɛɞɜɎŭɤɜ ŭɏůɛŮɡůɖɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ Űɞɡ 

ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɧůŰɞɡɠ ŬɔɞɟɎɠ free on 

board (f.o.b). ɆɨɛűɤɜŬ ɛŮ Űɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ, f.o.b. ɞɟɑɕŮŰŬɘ Űɞ əɧůŰɞɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ 

ˊŬɟŬŭɞŰɏɞɡ (űɞɟŰɤɛɏɜɞɡ) ůŮ ɛɏůɞ ɛŮŰŬűɞɟɎɠ əŬɘ ůŰɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ Űɞɡ əŬŰŬůəŮɡŬůŰɐ. 

ɀɑŬ Ŭˊɧ Űɘɠ ɓŬůɘəɧŰŮɟŮɠ ɛŮɗɧŭɞɡɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ əɧůŰɞɡɠ ŬɔɞɟɎɠ əŬɘ ɛŮŰɏˊŮɘŰŬ, əɧůŰɞɡɠ 

ŮɔəŬŰŮůŰɖɛɏɜɞɡ Ůɝɞˊɚɘůɛɞɨ, ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Guthrie, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ ŭɘŮɗɜɩɠ 

ŬɜŬɔɜɤɟɘůɛɏɜɖ ˊɟŬəŰɘəɐ, əŬŰɎɚɚɖɚɖ ɔɘŬ Űɞ ůŰɎŭɘɞ Űɞɡ ˊɟɞəŬŰŬɟəŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ əŬɗɩɠ 

əŬɘ ɔɘŬ ɛŮɚɏŰŮɠ ůəɞˊɘɛɧŰɖŰŬɠ. [97] 

ɇɞ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ɧɚŬ ŰŬ ɛɏɚɖ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ŮɑɜŬɘ ɞ ŬɜɞɝŮɑŭɤŰɞɠ 

ɢɎɚɡɓŬɠ 304 ɐ 316 ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŭŮɜ ɡˊɐɟɢŬɜ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ 1ɖ 

ˊŮɟɑˊŰɤůɖ. Ƀ ŬɜɞɝŮɑŭɤŰɞɠ ɢɎɚɡɓŬɠ ŭɘŬəɟɑɜŮŰŬɘ Ŭˊɧ ɡɣɖɚɐ ŬɜŰɞɢɐ ůŰɖɜ ŭɘɎɓɟɤůɖ, ˊɞɡ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɚɧɔɤ Űɖɠ ˊŬɟɞɡůɑŬɠ Ŭɛɘɜɩɜ ůŰɖɜ ŭɘŮɟɔŬůɑŬ, ŬɚɚɎ əŬɘ ɚɧɔɤ Űɖɠ Ůɜɑůɢɡůɖɠ Űɤɜ 

űŬɘɜɞɛɏɜɤɜ ŭɘɎɓɟɤůɖɠ Ůűɧůɞɜ ɞ Ůɝɞˊɚɘůɛɧɠ ɗŬ ŮɔəŬŰŬůŰŬɗŮɑ ŮˊɎɜɤ ůŰɞ əŬŰɎůŰɟɤɛŬ Űɞɡ 

ˊɚɞɑɞɡ, ůŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ.[97] ɆŰɖɜ ɞɘəɞɜɞɛɘəɐ Ŭɝɘɞɚɧɔɖůɖ ŭŮɜ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ůŰɐɚɖ 

ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ əŬɡůŬŮɟɑɤɜ (scrubber) ɧˊɞɡ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɗɩɠ ŭŮɜ ŬˊɞŰɏɚŮůŮ 

ŬɜŰɘəŮɑɛŮɜɞ Űɞɡ ůɢŮŭɘŬůɛɞɨ, ŬɚɚɎ əŬɘ ɔɘŬŰɑ ůŰɞ ɎɛŮůɞ ɛɏɚɚɞɜ ɗŬ ŮɑɜŬɘ ɧɚŬ ŰŬ ˊɚɞɑŬ 

ŮɝɞˊɚɘůɛɏɜŬ ɛŮ scrubbers ɚɧɔɤ Űɤɜ əŬɜɞɜɘůɛɩɜ ˊɞɡ ɏɢɞɡɜ ŮˊɘɓɚɖɗŮɑ Ŭˊɧ Űɞ 2020 [6] 

ȺˊŮɘŭɐ Űɞ əɧůŰɞɠ f.o.b ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ ɏɜŬ ɏŰɞɠ ŬɜŬűɞɟɎɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŬɜŬɔɤɔɐ Űɞɡ 

əɧůŰɞɡɠ ůŰɞ ɏŰɞɠ 2024. ȷɡŰɧ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ůɢɏůɖ 6.1: 

 ὅȟ ᶻ ȟ  φȢρ 

ȳˊɞɡ: 

ὅȟ : ɇɞ əɧůŰɞɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ Űɞ 2024 

ὅὉὖὅὍ: ȾɧůŰɞɠ Ůɝɞˊɚɘůɛɞɨ Űɞ ɏŰɞɠ ŬɜŬűɞɟɎɠ t0  

ὅȟ: ɇɞ əɧůŰɞɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ Űɞ ɏŰɞɠ ŬɜŬűɞɟɎɠ t0 

ὅὉὖὅὍ: ɇɘɛɐ ŭŮɑəŰɖ Chemical Engineering Plant Cost Index Űɞ ɏŰɞɠ ŬɜŬűɞɟɎɠ t0 

ȼ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ ὅὉὖὅὍ ŮɑɜŬɘ ɑůɖ ɛŮ 800,03, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ Űɞɜ ɛɏůɞ ɧɟɞ ɔɘŬ Űɞɡɠ 
ɛɐɜŮɠ ɀɎɟŰɘɞ ɏɤɠ ɀɎɥɞ Űɞɡ 2024 [98]. ȺˊŮɘŭɐ ɞɘ ŮɝɘůɩůŮɘɠ Űɖɠ ɛŮɗɧŭɞɡ Guthrie ɡˊɞɚɞɔɑɕɞɡɜ 

Űɞ əɧůŰɞɠ ůŮ ŬɛŮɟɘəɎɜɘəŬ ŭɞɚɎɟɘŬ ($), ŮɑɜŬɘ ŬɜɎɔəɖ ɖ ɛŮŰŬŰɟɞˊɐ Űɞɡ ůŮ Ůɡɟɩ. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ɛŮŰŬŰɟɞˊɐɠ ŭɞɚŬɟɑɞɡ ůŮ Ůɡɟɩ ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɞ ɛɏůɞɠ ɧɟɞɠ Űɞɡ ŮɝŬɛɐɜɞɡ Ŭˊɧ 06/2024 ɏɤɠ 

12/2024 əŬɘ ɑůɞ ɛŮ 0.9204[99]. 

 

6.1.1 ȾɞůŰɞɚɧɔɖůɖ ŬɜŰɚɘɩɜ 

Ƀɘ ŬɜŰɚɑŮɠ ŬˊɞŰŮɚɞɨɜ Ŭˊɧ Űɞ ˊɘɞ ůɡɜɖɗɘůɛɏɜŬ əŬɘ əɨɟɘŬ ɛɏɟɖ ɛɖɢŬɜɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ. ɇɞ 

əɧůŰɞɠ Űɖɠ ŬɜŰɚɑŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Űɞ ɎɗɟɞɘůɛŬ Űɞɡ əɧůŰɞɡɠ ŬɔɞɟɎɠ Űɖɠ űɡɔɧəŮɜŰɟɖɠ ŬɜŰɚɑŬɠ 

əŬɘ Űɞɡ ɖɚŮəŰɟɘəɞɨ əɘɜɖŰɐɟŬ. Ƀɘ ŮɝɘůɩůŮɘɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɧůŰɞɡɠ Űɞɡ əɘɜɖŰɐɟŬ əŬɘ 

Űɖɠ ŬɜŰɚɑŬɠ, Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ɚɞɔɘəɐ Űɤɜ ŮɝɘůɩůŮɤɜ ˊɞɡ ŮɑɢŬɜ ˊɟɞŰŬɗŮɑ Ŭˊɧ Űɞɜ Guthrie əŬɘ 
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ˊɟɞŰɎɗɖəŬɜ Ŭˊɧ Űɞɡɠ Mullet,Corripio əŬɘ Evans Űɞ 1981 əŬɘ ɢɟɐɕɞɡɜ ŮɡɟŮɑŬɠ Ŭˊɞŭɞɢɐɠ. ɇɞ 

əɧůŰɞɠ f.o.b Űɖɠ ŬɜŰɚɑŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 6.2 [97]. 

ὅὸ Ὂ Ὂz ὅzȟ   φȢς 

ȳˊɞɡ:  

FT: ɆɡɜŰŮɚŮůŰɐɠ ŭɘɧɟɗɤůɖɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ əŬɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

ɓŬɗɛɑŭɤɜ  

Fm: ɆɡɜŰŮɚŮůŰɐɠ ɡɚɘəɞɨ, ɑůɞɠ ɛŮ 2 ɔɘŬ SS304 

CP,pump0 : ȷɟɢɘəɧ əɧůŰɞɠ ŬɜŰɚɑŬɠ ůŮ $ Űɞ 1979 

ɇɞ Ŭɟɢɘəɧ əɧůŰɞɠ CP,pump0 ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

ὅȟ ÅØÐχȢςςστ  πȢστυρ zÌÎὛ  πȢπυρω z ÌÎὛ   φȢσ  

ȼ ˊŬɟɎɛŮŰɟɞɠ S ɞɜɞɛɎɕŮŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɏɔŮɗɞɠ Űɖɠ ŬɜŰɚɑŬɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

Ůɝɑůɤůɖ: 

Ὓ ὗ ЍzῳὬφȢτ 

ȳˊɞɡ:  

Q: ɃɔəɞɛŮŰɟɘəɐ ˊŬɟɞɢɐ ůŰɖɜ ŬɜŰɚɑŬ ůŮ m3/s  

ȹh: ɀŬɜɞɛŮŰɟɘəɧ ɨɣɞɠ ŬɜŰɚɑŬɠ ůŮ m2/s2  

Ƀ ůɡɜŰŮɚŮůŰɐɠ FT ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ əŬɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɓŬɗɛɑŭɤɜ. ũɘŬ 

ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ 3550 rpm ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

Ὂ ÅØÐπȢτφρς  πȢρψχς zÌÎὛ  πȢπςυσ z ÌÎὛ φȢυ 

ȼ f.o.b Űɘɛɐ Űɞɡ ɖɚŮəŰɟɘəɞɨ əɘɜɖŰɐɟŬ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

ὅȟ ÅØÐὃ  ὄ zÌÎ
ȟ

 ὅ z ÌÎ
χτυȟχ

φȢφ 

ȳˊɞɡ: 

Ʌȸ: ȾŬŰŬɜɎɚɤůɖ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ ůŮ Watt 

A, B, C: ɆŰŬɗŮɟɏɠ ɞɘ Űɘɛɏɠ Űɤɜ ɞˊɞɑɤɜ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ ́ŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

ɄɑɜŬəŬɠ 54: ɇɘɛɏɠ ůŰŬɗŮɟɩɜ Űɖɠ Ůɝɑůɤůɖɠ 8.6[97] 

ɇŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ (rpm) A B C Ⱥɨɟɞɠ ȺűŬɟɛɞɔɐɠ (hp) 

3600 
5.1058 0.03316 0.15374 1-7.5 

3.8544 0.83311 0.02399 7.5-250 

1800 4.9687 -0.0093 0.22616 7.5-250 

1200 
5.1532 0.28931 0.14357 1-7.5 

5.3858 0.31004 0.07406 7.5-350 

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ́ ŬɟŬɗɏŰɞɜŰŬɘ ŰŬ ůɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɜŰɚɘɩɜ ɔɘŬ Űɘɠ ɛɞɜɎŭŮɠ 

ŭɏůɛŮɡůɖɠ CO2, ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ, əŬɘ ŰŬ əɧůŰɖ Űɞɡɠ. 
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ɄɑɜŬəŬɠ 55: ɆɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ əɧůŰɖ ŬɜŰɚɘɩɜ ɛɞɜɎŭŬɠ ŭɏůɛŮɡůɖɠ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

PUMP 1 

Pb (hp) Pb (Watt) Cp,motor 2024 Total Cost 

2,66 1981,49 608,57 ú 

11.232,48 ú ȹh (m2/s2) Q (m3/s) S Ft Fm Cp,pump 2024 

5,39 0,028 0,06 2,19 2,00 10.623,91 ú 

 

Ƀɘ ŭɨɞ ɎɚɚŮɠ ŬɜŰɚɑŮɠ ˊɞɡ ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ůŰɞ ˊɟɧɔɟŬɛɛŬ Aspen Plus ɏɢɞɡɜ ˊɞɚɨ ɛɘəɟɐ ɘůɢɨ 

əŬɘ ɓɟɑůəɞɜŰŬɘ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Űɤɜ ŮɝɘůɩůŮɤɜ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ əɧůŰɞɡɠ ( Pb < 1bhp ). 

Ⱥˊɞɛɏɜɤɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ əŬɘ Űɖɜ ɛɘəɟɐ ɞɔəɞɛŮŰɟɘəɐ ˊŬɟɞɢɐ ˊɞɡ əŬɚɞɨɜŰŬɘ ɜŬ 

əŬɚɨɣɞɡɜ, ŮˊɘɚɏɔŮŰŬɘ ŮɜŬɚɚŬəŰɘəɎ, ŰŬ ŭɞɢŮɑŬ ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ŬɜŰɚɞɨɛŮɜɤɜ ɡɔɟɩɜ 

(ŬɜŬˊɚɐɟɤůɖ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ əŬɘ ŭɘŬɚɨŰɖ) ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ˊɑŮůɖ ůɢŮŭɘŬůɛɞɨ Űɖɠ 

ŬɜŰɚɑŬɠ. ȺˊŮɘŭɐ ɞɘ ŬɜŰɚɑŮɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ůɢŮŭɧɜ ŬɛŮɚɖŰɏɞ ˊɞůɞůŰɧ Űɞɡ ůɡɜɞɚɘəɞɨ əɧůŰɞɡɠ 

Ůɝɞˊɚɘůɛɞɨ, ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŬɡŰɐ ɖ ɡˊɧɗŮůɖ əŬɘ ɧˊɞɘɞ ůűɎɚɛŬ ŮɜŭŮɢɞɛɏɜɤɠ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɜŬ ɛɖɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɘɜ, əŬɗɩɠ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɞ ŰŮɚɘəɧ 

ŬˊɞŰɏɚŮůɛŬ. ȼ ɑŭɘŬ ɡˊɧɗŮůɖ ɡɘɞɗŮŰŮɑŰŬɘ əŬɘ ɔɘŬ Űɖɜ əɞůŰɞɚɧɔɖůɖ Űɤɜ Ɏɚɚɤɜ ŭɨɞ 

ůɡůŰɖɛɎŰɤɜ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ůŰɖɜ ŭɘɎŰŬɝɖ ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ ɜŬ ɛɖɜ ɢɟŮɘɎɕŮŰŬɘ 

ɡˊɞɚɞɔɘůŰŮɑ ůŰɞ əɧůŰɞɠ Ůɝɞˊɚɘůɛɞɨ əɎˊɞɘŬ ŬɜŰɚɑŬ əŬɗɩɠ əŬɘ ɞɘ ŭɨɞ ůŰɐɚŮɠ ɚŮɘŰɞɡɟɔɞɨɜ ůŰɖɜ 

ɑŭɘŬ ˊɑŮůɖ. ȳůɞɜ ŬűɞɟɎ Űɖɜ ŭɘɎŰŬɝɖ ɛŮ ŭɘŬɚɨŰɖ K2CO3, ɖ ŬɜŰɚɑŬ ˊɞɡ əɞůŰɞɚɞɔŮɑŰŬɘ ŮɑɜŬɘ 

ŮəŮɑɜɖ ˊɞɡ ŬűɞɟɎ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɑŮůɖɠ Űɞɡ ˊŰɤɢɞɨ ůŮ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ ɟŮɨɛŬŰɞɠ 

ŭɘŬɚɨŰɖ, ˊɑůɤ ůŰɖɜ ůŰɐɚɖ Ŭˊɞɟɟɧűɖůɖɠ. 

ɄɑɜŬəŬɠ 56: ɆɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ əɧůŰɖ ŬɜŰɚɘɩɜ ɛɞɜɎŭŬɠ ŭɏůɛŮɡůɖɠ ɛŮ ŭɘŬɚɨŰɖ K2CO3 

PUMP 1 

Pb (hp) Pb (Watt) Cp,motor 2024 Ɇɡɜɞɚɘəɧ əɧůŰɞɠ 

10,75 8015,65  1.205,03 ú 

11.968,44 ú ȹh (m2/s2) Q (m3/s) S Ft Fm Cp,pump 2024 

14,91 0,028 0,11 2,12 2,00 10.763,41 ú 

 

6.1.2 ȾɞůŰɞɚɧɔɖůɖ ůɡɛˊɘŮůŰɩɜ 

ɇɞ əɧůŰɞɠ f.o.b Űɤɜ ůɡɛˊɘŮůŰɩɜ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ ůɡɛˊɑŮůɖ Űɞɡ ŭŮůɛŮɡɛɏɜɞɡ CO2 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 6.7 [97]: 

ὅ ͽ Ὂẗυρυὖ Ȣ ȟσπὦὬὴ ὖ ρππππὦὬὴ  φȢχ 

ȳˊɞɡ: 

ὅ ͽ : ɇɞ əɧůŰɞɠ Ůɜɧɠ ůɡɛˊɘŮůŰɐ ůŮ $ Űɞ ɏŰɞɠ 1968 

Fd: ɆɡɜŰŮɚŮůŰɐɠ ŭɘɧɟɗɤůɖɠ, ɑůɞɠ ɛŮ 1 ɔɘŬ űɡɔɞəŮɜŰɟɘəɞɨɠ ůɡɛˊɘŮůŰɏɠ 

P: Ƚůɢɨɠ ůɡɛˊɘŮůŰɐ ůŮ bhp K2CO3 

Ƀ Űɨˊɞɠ ůɡɛˊɘŮůŰɐ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ŮɑɜŬɘ ɞ űɡɔɞəŮɜŰɟɘəɧɠ ůɡɛˊɘŮůŰɐɠ əŬɘ Űɞ əɧůŰɞɠ Űɖɠ 

Ůɝɑůɤůɖɠ  ŬűɞɟɎ ůɡɛˊɘŮůŰɐ əŬŰŬůəŮɡŬůɛɏɜɞ Ŭˊɧ əɞɘɜɧ ɢɎɚɡɓŬ (CS) əŬɘ ɛɏɔɘůŰɖ ˊɑŮůɖ 

ɚŮɘŰɞɡɟɔɑŬɠ 70bar. ũɑɜŮŰŬɘ ɖ ɡˊɧɗŮůɖ ˊɤɠ ɖ Ůɝɑůɤůɖ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ əŬɘ ɔɘŬ Űɞɜ ŰɟɑŰɞ 

ůɡɛˊɘŮůŰɐ Űɖɠ ŭɘɎŰŬɝɖɠ ůɡɛˊɑŮůɖɠ, ɞ ɞˊɞɑɞɠ ɚŮɘŰɞɡɟɔŮɑ ůŮ ˊɑŮůɖ 100bar. ȼ Űɘɛɐ Űɖɠ ɘůɢɨɞɠ 

Űɞɡ əɎɗŮ ůɡɛˊɘŮůŰɐ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ůŰɞ Aspen Plus, əŬɘ Űɞ əɧůŰɞɠ ɔɘŬ əɎɗŮ 

ɛɞɜɎŭŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɡɠ ˊŬɟŬəɎŰɤ ɑ́ɜŬəŮɠ. 
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ɄɑɜŬəŬɠ 57: ȾɧůŰɞɠ ůɡɛˊɘŮůŰɩɜ Űɤɜ ɛɞɜɎŭɤɜ 

  Fd P (bhp) Cp0(1968) ($) Cp2024 ($) Cp2024(ú) 

MEA 

COMP1 1,00 200,93 39.839,30 280.570,16 258.124,55 

COMP2 1,00 72,90 17.347,36 122.169,61 112.396,05 

COMP3 1,00 265,30 50.034,62 352.371,17 324.181,48 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 694.702,07 ú 

MDEA-PZ 

COMP1 1,00 200,05 39.694,82 279.552,63 257.188,42 

COMP2 1,00 71,26 17.026,57 119.910,45 110.317,61 

COMP3 1,00 272,72 51.179,92 360.436,98 331.602,02 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 699.108,06 ú 

K2CO3 

COMP1 1,00 201,22 39.885,38 280.894,65 258.423,08 

COMP2 1,00 126,02 27.174,94 191.380,76 176.070,30 

COMP3 1,00 250,77 47.776,73 336.469,85 309.552,26 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 744.045,64 ú 

 

6.1.3 ȾɞůŰɞɚɧɔɖůɖ ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ 

ɇɞ f.o.b əɧůŰɞɠ ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ əŮɚɨűɞɡɠ-Ŭɡɚɩɜ ůŮ $ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ [97]: 

ὅ ͽ Ὂ Ὂ  Ὂ ὅ ͽ φȢψ 

ȳˊɞɡ: 

¶ FD: ɆɡɜŰŮɚŮůŰɐɠ ŭɘɧɟɗɤůɖɠ, Ŭˊɧ Űɞ Ůɑŭɞɠ Űɞɡ ŮɜŬɚɚɎəŰɖ əŮɚɨűɞɡɠ-Ŭɡɚɩɜ 

¶ FP: ɆɡɜŰŮɚŮůŰɐɠ ˊɑŮůɖɠ, ɛŮ ɓɎůɖ ɛɞɜɎŭŮɠ bar 

¶ FD: ɆɡɜŰŮɚŮůŰɐɠ ɡɚɘəɞɨ 

¶ ὅ ͽ : ȷɟɢɘəɧ əɧůŰɞɠ ŮɜŬɚɚɎəŰɖ ůŮ $ Űɞ 1968 

ɇɞ Ŭɟɢɘəɧ əɧůŰɞɠ ὅ ͽ  ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ : 

ὅ ͽ τχχὃȢȟρπά ὃ ρπππά φȢω 

ȳˊɞɡ: 

¶ A: ȺɛɓŬŭɧ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ŮɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ ůŮ m2  

ȼ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɘůɢɨŮɘ ɔɘŬ ŮɜŬɚɚɎəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ əŮɚɨűɞɡɠ-Ŭɡɚɩɜ Űɨˊɞɡ floating head, 

əŬŰŬůəŮɡŬůɛɏɜɞɡɠ Ŭˊɧ CS əŬɘ ɔɘŬ ˊɘɏůŮɘɠ ˊɞɡ ŭŮɜ ɝŮˊŮɟɜɞɨɜ ŰŬ 10bar. 

ȳɚɞɘ ɞɘ ŮɜŬɚɚɎəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ ůŰɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ɗŮɤɟɞɨɜŰŬɘ əŬɘ ɞɟɑɕɞɜŰŬɘ ɤɠ ŮɜŬɚɚɎəŰŮɠ 

Űɨˊɞɡ əŮɚɨűɞɡɠ Ŭɡɚɩɜ əŬɘ ŮɑɜŬɘ Ůɝô ɞɚɞəɚɐɟɞɡ əŬŰŬůəŮɡŬůɛɏɜɞɘ Ŭˊɧ SS304. 

ũɘŬ Űɞɡɠ ŮɜŬɚɚɎəŰŮɠ ˊɞɡ ɏɢɞɡɜ ɞɟɘůŰŮɑ ɤɠ Heater Blocks (shortcut) əŬɗɩɠ əŬɘ ɞɘ ŬɜŬɓɟŬůŰɐɟŮɠ 

əŬɘ ɣɡəŰɐɟŮɠ ůŰɘɠ ůŰɐɚŮɠ Ŭˊɞɔɨɛɜɤůɖɠ, Űɞ ŮɛɓŬŭɧɜ ŮˊɘűɎɜŮɘŬɠ ŮɜŬɚɚŬɔɐɠ ɚŬɛɓɎɜŮŰŬɘ ɛɏůŬ 

Ŭˊɧ Űɞ Aspen Process Economic Analyzer (APEA), Ůűɧůɞɜ ɏɢɞɡɜ ɞɟɘůŰŮɑ ůɤůŰɎ ɞɘ ɓɞɖɗɖŰɘəɏɠ 

ˊŬɟɞɢɏɠ ˊɞɡ ɏɢɞɡɜ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ ůɡɜɞɚɘəɐɠ ɛɞɜɎŭŬɠ, Ůɜɩ ɔɘŬ 

Űɞɡɠ ŮɜŬɚɚɎəŰŮɠ HeatX Block Űɞ ŮɛɓŬŭɧɜ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ. 
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ əɎˊɞɘɞɠ ŮɜŬɚɚɎəŰɖɠ ɓɟɑůəŮŰŬɘ ŮəŰɧɠ ɞɟɑɤɜ Űɖɠ Ůɝɑůɤůɖɠ, Ŭɜ Űɞ ŮɛɓŬŭɧɜ 

ɝŮˊŮɟɜɎŮɘ Űɞ Ɏɜɤ ɧɟɘɞ, ɞ ůɡɔəŮəɟɘɛɏɜɞɠ ŮɜŬɚɚɎəŰɖɠ əɞůŰɞɚɞɔŮɑŰŬɘ ɤɠ ŭɨɞ ɝŮɢɤɟɘůŰɞɨɠ, ɧˊɞɡ 

Űɞ ŮɛɓŬŭɧ Űɞɡ Ůɜɧɠ ŮɑɜŬɘ 1000m2 əŬɘ Űɞɡ ŭŮɡŰɏɟɞɡ Űɞ ŬɟɢɘəɎ ɡˊɞɚɞɔɘůɛɏɜɞ ŮɛɓŬŭɧ ŮˊɘűɎɜŮɘŬɠ 

ŮɜŬɚɚŬɔɐɠ, ɛŮɑɞɜ ŰŬ 1000m2 Űɞɡ ˊɟɩŰɞɡ ŮɜŬɚɚɎəŰɖ. 

ũɘŬ Űɞɡɠ ŮɜŬɚɚɎəŰŮɠ ˊɞɡ ɖ ŮˊɘűɎɜŮɘŬ ŮɜŬɚɚŬɔɐɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Űɤɜ 10m2, ɔɑɜŮŰŬɘ ɖ ɡˊɧɗŮůɖ 

ˊɤɠ ɖ Ůɝɑůɤůɖ ɘůɢɨŮɘ ŬɡŰɞɨůɘŬ. ȷəɧɛŬ, ɔɘŬ Űɞɡɠ ŭɨɞ ŮɜŬɚɚɎəŰŮɠ ůŰɖɜ ɛɞɜɎŭŬ ůɡɛˊɑŮůɖɠ CO2 

ɧˊɞɡ ɖ ˊɑŮůɖ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ ŰŬ 100bar, ɚŬɛɓɎɜŮŰŬɘ ůɡɜŰŮɚŮůŰɐɠ ŭɘɧɟɗɤůɖɠ FP ɑůɞɠ ɛŮ 0,55, 

Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 69bar. 

Ƀɘ Űɘɛɏɠ Űɤɜ ůɢŮŭɘŬůŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, Űɤɜ ˊŬɟŬɛɏŰɟɤɜ, Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ 

əŬɘ Űɞ əɧůŰɞɠ Űɤɜ ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ ɓɟɑůəŮŰŬɘ ůŰɞɡɠ ˊɑɜŬəŮɠ: 

ɄɑɜŬəŬɠ 58: ȾɧůŰɞɠ ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ ɛɞɜɎŭŬɠ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

   A (m2) P (bar) Fm Fp Fd Cp0(1968) Cp1968 Cp2024(ú) 

Carbon 

Capture 

HEATX 
shell & tube 

floating head 
374,17 2,5 3,75 0 1 $22.439,67 $84.148,75 545.211,81 ú 

HX1 
shell & tube 

floating head 
64,90 2 3,26 0 1 $7.185,79 $23.425,68 151.778,30 ú 

HX2 
shell & tube 

floating head 
50,77 2 3,26 0 1 $6.125,59 $19.969,41 129.384,67 ú 

CONDENSER shell & tube 9,23 2 3,1 0 1 $2.021,84 $6.267,71 40.609,39 ú 

REBOILER 

(KETTLE) 
kettle 

reboiler 
104,05 2 3,75 0 1,35 $9.766,12 $9.440,98 320.335,17 ú 

Storage 

HX1 
shell & tube 

floating head 
10,91 10 3,1 0 1 $2.254,61 $6.989,30 45.284,64 ú 

HX2 
shell & tube 

floating head 
2,62 20 3,1 0,1 1 $892,40 $3.043,08 19.716,57 ú 

HX3 
shell & tube 

floating head 
11,78 100 3,1 0,55 1 $2.370,62 $11.390,85 73.802,92 ú 

HX4 
shell & tube 

floating head 
0,45 100 3,1 0,55 1 $281,95 $1.354,78 8.777,81 ú 

Ɇɡɜɞɚɘəɧ əɧůŰɞɠ 1.334.901,29 ú 

 

ɄɑɜŬəŬɠ 59: ȾɧůŰɞɠ ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ ɛɞɜɎŭŬɠ ɛŮ ŭɘŬɚɨŰɖ ɀDȺȷ-PZ 

   A (m2) P (bar) Fm Fp Fd Cp0(1968) Cp1968 Cp2024(ú) 

Carbon 

Capture 

HX  
shell & tube 

floating head  

1000,00 2,5 4,5 0 1 $42.512,67 $191.307,01 1.239.505,54 ú 

63,53 2 3,26 0 1 $7.087,12 $23.104,00 149.694,12 ú 

HX1 
shell & tube 

floating head 
113,66 2 3,75 0 1 $10.343,21 $38.787,03 251.306,74 ú 

COOLER1 
shell & tube 

floating head 
32,84 2 3,1 0 1 $4.615,32 $14.307,49 92.700,26 ú 

COOLER2 
shell & tube 

floating head 
68,13 2 3,26 0 1 $7.416,55 $32.640,23 211.480,72 ú 

COOLER3 
shell & tube 

floating head 
22,89 2 3,1 0 1 $3.649,55 $11.313,59 73.302,37 ú 

CONDENSER shell & tube 15,31 2 3,1 0 1 $2.809,71 $8.710,10 56.433,99 ú 

REBOILER 

(KETTLE) 
kettle 

reboiler 
68,01 2 3,26 0 1.35 $7.407,76 $24.149,30 156.466,75 ú 

Storage 

HX1 
shell & tube 

floating head 
3,53 10 3,1 0 1 $1.082,95 $3.357,16 21.751,52 ú 

HX2 
shell & tube 

floating head 
7,34 20 3,1 0,1 1 $1.743,23 $5.944,41 38.514,71 ú 

HX3 
shell & tube 

floating head 
11,61 100 3,1 0,55 1 $2.348,37 $11.283,94 73.110,26 ú 

HX4 
shell & tube 

floating head 
0,92 100 3,1 0,55 1 $451,69 $2.170,36 14.062,10 ú 

Ɇɡɜɞɚɘəɧ əɧůŰɞɠ 2.378.329,08 ú 
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ɄɑɜŬəŬɠ 60: ȾɧůŰɞɠ ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ ɛɞɜɎŭŬɠ ɛŮ ŭɘŬɚɨŰɖ K2CO3 

   A (m2) P (bar) Fm Fp Fd Cp0(1968) Cp1968 Cp2024(ú) 

Carbon 

Capture 

HX1 shell & tube 

floating head 
657,38 1 3,75 0 1 $32.366,90 $145.651,06 943.694,06 ú 

COOLER1 shell & tube 

floating head 
140,23 1 3,26 0 1 $11.856,87 $44.463,28 288.083,96 ú 

COOLER2 shell & tube 

floating head 
10,08 1 3,26 0 1 $2.142,14 $6.640,63 43.025,57 ú 

CONDENSER shell & tube 9,18 1 3,1 0 1 $2.014,98 $6.246,44 40.471,58 ú 

REBOILER 

(KETTLE) 

kettle 

reboiler 
168,05 1 3,75 0 1,35 $13.336,76 $67.517,36 437.454,65 ú 

Storage 

HX1 
shell & tube 

floating head 
3,48 6 3,1 0 1 $1.073,13 $3.326,71 21.554,26 ú 

HX2 
shell & tube 

floating head 
8,03 20 3,1 0,1 1 $1.846,81 $6.297,62 40.803,17 ú 

HX3 
shell & tube 

floating head 
10,67 100 3,1 0,55 1 $2.221,79 $10.675,70 69.169,36 ú 

HX4 
shell & tube 

floating head 
0,87 100 3,1 0,55 1 $434,71 $2.088,80 13.533,64 ú 

Ɇɡɜɞɚɘəɧ əɧůŰɞɠ 1.897.790,25 ú 

 

6.1.4 ȾɞůŰɞɚɧɔɖůɖ ŭɞɢŮɑɤɜ ˊɑŮůɖɠ 

ɇŬ ŭɞɢŮɑŬ ˊɑŮůɖɠ əɞůŰɞɚɞɔɞɨɜŰŬɘ ɧˊɤɠ əŬɘ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɛɏɟɖ Űɞɡ ɛɖɢŬɜɞɚɞɔɘəɞɨ 

Ůɝɞˊɚɘůɛɞɨ, ŭɖɚŬŭɐ Ůˊɑ Űɞ ˊɚŮɑůŰɤɜ, ɛŮ ɓɎůɖ Űɖɜ ɛɏɗɞŭɞ Guthrie [97]. ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ 

ɡˊɎɔɞɜŰŬɘ ŰŬ ŭɞɢŮɑŬ ŭɘŬɢɤɟɘůɛɞɨ Űɨˊɞɡ flash, ɞɘ ůŰɐɚŮɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ŭˊɞɔɨɛɜɤůɖɠ, ɞɘ 

ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ˊɟɩŰɤɜ ɡɚɩɜ ŬɚɚɎ Űɞɡ ŭŮůɛŮɡɛɏɜɞɡ əŬɘ ůɡɛˊɘŮůɛɏɜɞɡ CO2.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɞɢŮɑɤɜ flash əŬɘ Űɤɜ ůŰɖɚɩɜ, ŮűŬɟɛɧɕɞɜŰŬɘ ɞɘ ŮɝɘůɩůŮɘɠ Űɤɜ 

Mullet,Corripio əŬɘ Evans, Ůɜɩ ɔɘŬ Űɘɠ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ Űɞ əɧůŰɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ˊɟɞůŮɔɔɘůŰɘəɎ, ɛŮ ɓɎůɖ Űɞ əɧůŰɞɠ ɑŭɘɞɡ Űɨˊɞɡ ŭŮɝŬɛŮɜɩɜ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ əŮűɎɚŬɘɞ 

3.3 Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ [97]. 

Ʉɘɞ ŬɜŬɚɡŰɘəɎ, Űɞ f.o.b əɧůŰɞɠ Űɤɜ ŭɞɢŮɑɤɜ ŭɘŬɢɤɟɘůɛɞɨ Űɨˊɞɡ flash ůŮ ŭɞɚɎɟɘŬ, ɛŮ ɏŰɞɠ 

ŬɜŬűɞɟɎɠ Űɞ 1979 ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ  ɔɘŬ Űɞ əɏɚɡűɞɠ əŬɘ Űɖɜ Ůɝɑůɤůɖ  ˊɞɡ ŬűɞɟɎ Űɘɠ 

ˊɚŬŰűɧɟɛŮɠ əŬɘ Űɘɠ ůəɎɚŮɠ: 

 

ὅ ͽ ÅØÐψȢφ πȢςρφυρÌÎὡ πȢπτυχφÌÎὡ ȟ

σφωὯὫ ὡ τρυπππὯὫφȢω 

 

ὅ ρπρχὈȢ ὌȢ ȟπȢωςά Ὀ σȢφφάφȢρπ 

 

ȳˊɞɡ W ŮɑɜŬɘ Űɞ ɓɎɟɞɠ Űɞɡ ŭɞɢŮɑɞɡ ˊɑŮůɖɠ ůŮ əɘɚɎ (kg), D ɖ ŮůɤŰŮɟɘəɐ ŭɘɎɛŮŰɟɞɠ ůŮ ɛɏŰɟŬ 

(m) əŬɘ ȼ Űɞ ɨɣɞɠ Ůˊɑůɖɠ ůŮ ɛɏŰɟŬ (m), Ůɜɩ Ŭűɞɟɞɨɜ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ əɞɘɜɧɠ ɢɎɚɡɓŬ (CS). 

ȼ Űɘɛɐ Űɞɡ CEPCI ɔɘŬ Űɞ 1979 ɞɟɑɕŮŰŬɘ ɑůɖ ɛŮ 238,7 [97]. 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ŭɞɢŮɑɞɡ ɢɟŮɘɎɕŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ˊɎɢɞɡɠ Űɞɡ 

əŮɚɨűɞɡɠ. Ƀ Guthrie ́ɟɧŰŮɘɜŮ ɛɑŬ ŬˊɚɞɡůŰŮɡɛɏɜɖ Ůɝɑůɤůɖ, ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ́ɤɠ Űɞ ŭɞɢŮɑɞ 

ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɞ Ŭˊɧ ɢɎɚɡɓŬ əŬɘ ɖ ˊɑŮůɖ Űɞɡ ŭŮɜ ɝŮˊŮɟɜɎ ŰŬ 3,5bar. ɀŮ Űɖɜ ɢɟɐůɖ Űɖɠ 

Ůɝɑůɤůɖɠ  ɔɑɜŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ŭɞɢŮɑɞɡ ˊɑŮůɖɠ. 
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ὡ
ὡ ρυυȢφὈὌ πȢψρςὈȟױὈ ρȢυχױmȟ

ὡ τωȢτὈὈ ρȢυχὌ πȢψρςὈȟױὈ ρȢυχױmȢ
φȢρρ 

ȺˊŮɘŭɐ ɧɛɤɠ ɖ əɞůŰɞɚɧɔɖůɖ ˊɟɏˊŮɘ ɜŬ ŬɜŬɢɗŮɑ ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ, Űɞ f.o.b. 

əɧůŰɞɠ ůŮ ŭɞɚɎɟɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ ɔɘŬ Űɞ ɡɚɘəɧ 

əŬŰŬůəŮɡɐɠ əŬɘ Űɖɜ ˊɑŮůɖ ɚŮɘŰɞɡɟɔɑŬɠ, ɧˊɤɠ əŬɘ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ əŬŰɖɔɞɟɑŮɠ Ůɝɞˊɚɘůɛɞɨ, 

Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

ὅ ͽ ὊὊᶻὅ ͽ ὅ  φȢρς 

ɆŰɞɡɠ ŮˊɧɛŮɜɞɡɠ ́ɑɜŬəŮɠ ́ ŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ůɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɞɘ Űɘɛɏɠ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ əŬɘ Űɞ əɧůŰɞɠ Űɤɜ ŭɞɢŮɑɤɜ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ɛɞɜɎŭɤɜ ŭɏůɛŮɡůɖɠ əŬɘ 

ůɡɛˊɑŮůɖɠ CO2. 

ɄɑɜŬəŬɠ 61:ɆɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɘɛɏɠ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ əŬɘ əɧůŰɞɠ Űɤɜ ŭɞɢŮɑɤɜ ŭɘŬɢɤɟɘůɛɞɨ Űɖɠ 

ɛɞɜɎŭŬɠ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ 

 Flash1 (MEA CC) Flash1 Flash2 

H (m) 3,6576 3,6576 3,6576 

D (m) 0,9144 0,9144 1,0668 

P (bar) 2 20 22 

Fp 1 1,2 1,35 

Fm 3,67 3,67 3,67 

W (D<1,57m) in kg 626,05 626,05 750,93 

Cp0 (1979) (D<1,57m) in $ 8984,84 8984,84 9629,82 

Cp0 (1979) stairs & platforms in $ 2380,49 2380,49 2667,97 

Cp0tot (1979)in $ 11365,33 11365,33 12297,79 

Cptot (1979)in $ 41710,77 50052,92 60929,40 

Cp(2024)in $ 139798,94 167758,72 204212,61 

Cp (2024) ú 128.615,02 ú 154.338,03 ú 187.875,60 ú 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 470.828,65 ú 

 

ɄɑɜŬəŬɠ 62:ɆɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɘɛɏɠ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ əŬɘ əɧůŰɞɠ Űɤɜ ŭɞɢŮɑɤɜ ŭɘŬɢɤɟɘůɛɞɨ Űɖɠ 

ɛɞɜɎŭŬɠ ɛŮ ŭɘŬɚɨŰɖ ɀDȺȷ-PZ 

 Flash1 (MEA CC) Flash1 Flash2 Flash3 

H (m) 3,6576 3,6576 3,6576 3,6576 

D (m) 0,9144 0,9144 0,9144 1,0668 

P (bar) 2 10 20 22 

Fp 1 1,15 1,2 1,35 

Fm 3,67 3,67 3,67 3,67 

W (D<1,57m) in kg 626,05 626,05 626,05 750,93 

Cp0 (1979) 

(D<1,57m) in $ 
8984,84 8984,84 8984,84 9629,82 

Cp0 (1979) stairs 

& platforms in $ 
2380,49 2380,49 2380,49 2667,97 

Cp0tot (1979)in $ 11365,33 11365,33 11365,33 12297,79 

Cptot (1979)in $ 41710,77 47967,39 50052,92 60929,40 

Cp(2024)in $ 139798,94 160768,78 167758,72 204212,61 

Cp (2024) ú 128.615,02 ú 147.907,27 ú 154.338,03 ú 187.875,60 ú 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 618.735,92 ú 
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ɄɑɜŬəŬɠ 63:ɆɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɘɛɏɠ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ əŬɘ əɧůŰɞɠ Űɤɜ ŭɞɢŮɑɤɜ ŭɘŬɢɤɟɘůɛɞɨ Űɖɠ 

ɛɞɜɎŭŬɠ ɛŮ ŭɘŬɚɨŰɖ K2CO3 

 Flash1 (MEA CC) 
Flash2 

(MEA CC) 
Flash1 Flash2 Flash3 

H (m) 3,6576 3,81 3,81 3,81 3,81 

D (m) 1,0668 2,8956 1,0668 1,0668 1,0668 

P (bar) 1 3 10 20 22 

Fp 1 1 1,15 1,2 1,35 

Fm 3,67 3,67 3,67 3,67 3,67 

W (D<1,57m) in 

kg 
750,93 3935,61 776,23 776,23 776,23 

Cp0 (1979) 

(D<1,57m) in $ 
9629,82 20813,37 9755,38 9755,38 9755,38 

Cp0 (1979) stairs 

& platforms in $ 
2667,97 5747,03 2746,07 2746,07 2746,07 

Cp0tot (1979)in $ 12297,79 26560,41 12501,46 12501,46 12501,46 

Cptot (1979)in $ 45132,89 97476,70 52762,40 55056,42 61938,47 

Cp(2024)in $ 151268,60 326705,54 176839,88 184528,57 207594,64 

Cp (2024) ú 139.167,11 ú 300.569,09 ú 162.692,69 ú 169.766,28 ú 190.987,07 ú 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 963.182,25 ú 

 

ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ MDEA-PZ əŬɘ K2CO3 əɟɑɗɖəŮ ɗŮɛɘŰɐ ɖ ˊɟɞůɗɐəɖ Ůɜɧɠ ŬəɧɛŬ ŭɞɢŮɑɞɡ flash 

ůŰɖ ŭɘɎŰŬɝɖ ůɡɛˊɑŮůɖɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ Űɞɡ CO2, ɛŮ ůəɞˊɧ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ ˊŮɟŬɘŰɏɟɤ 

ɡɔɟŬůɑŬɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨůŮ warnings ůŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ůɡɛˊɘŮůŰɏɠ. ɇɞ Ůˊɘˊɚɏɞɜ ˊɞůɞůŰɧ Űɞɡ 

ɜŮɟɞɨ ůŰɞ ɟŮɨɛŬ CO2 PROD, ɐŰŬɜ ůɢŮŭɧɜ ˊŬɜɞɛɞɘɧŰɡˊɞ ɛŮ ŮəŮɑɜɞ Űɖɠ ɛɞɜɎŭŬɠ MEA, ŬɚɚɎ 

ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŬəɧɛŬ əŬɘ ɖ ˊŬɟŬɛɘəɟɐ Ŭɨɝɖůɖ ůŰɖɜ ɡɔɟŬůɑŬ, ŮɑɜŬɘ 

ɘəŬɜɐ ɔɘŬ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ŭɘŮɟɔŬůɑŬ. 

ũɘŬ Űɘɠ ůŰɐɚŮɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ŭˊɞɔɨɛɜɤůɖɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ Ůɝɑůɤůɖ  ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɓɎɟɞɡɠ, əŬɘ ɖ Ůɝɑůɤůɖ Űɞɡ əɧůŰɞɡɠ Űɖɠ ůəɎɚŬɠ əŬɘ Űɖɠ ˊɚŬŰűɧɟɛŬɠ, ɧˊɤɠ 

ůŰŬ ŭɞɢŮɑŬ flash, ŬɚɚɎ ɡˊɎɟɢŮɘ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɖɜ Ůɝɑůɤůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ f.o.b əɧůŰɞɡɠ 

Űɞɡ əŮɚɨűɞɡɠ:  

ὅ ͽ Ὡ
Ȣ   Ȣ  ẗ  Ȣ  ẗ

ρπρχẗὈ Ȣ ẗὌ Ȣ  φȢρσ 

ȼ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɘůɢɨŮɘ ɔɘŬ 1930 kg Ò W Ò 445000 kg əŬɘ ɔɘŬ əŬŰŬůəŮɡɐ Ŭˊɧ əɞɘɜɧ 

ɢɎɚɡɓŬ, Ůɜɩ ŭŮɜ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɠ Űɞ əɧůŰɞɠ Űɤɜ ŭɑůəɤɜ ɐ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ. ɇɞ 

ŭŮɨŰŮɟɞ ůəɏɚɞɠ Űɖɠ Ůɝɑůɤůɖɠ ŮɑɜŬɘ ɑŭɘɞ ɛŮ Űɖɜ Ůɝɑůɤůɖ  ˊɞɡ ŬűɞɟɎ Űɞ əɧůŰɞɠ ɔɘŬ Űɖɜ 

ˊɚŬŰűɧɟɛŬ əŬɘ Űɘɠ ůəɎɚŮɠ. ɆŰɖɜ ŭɘŬŭɘəŬůɑŬ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ ŬɡŰɧ Űɞ ůəɏɚɞɠ ɗŬ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ɝŮɢɤɟɘůŰɎ ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŮɛűŬɜɐɠ ɖ ŭɘɎəɟɘůɖ Űɞɡ əɧůŰɞɡɠ. ȳˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, Űɞ 

ˊɟŬɔɛŬŰɘəɧ əɧůŰɞɠ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ. ȷəɧɛŬ, 

ɖ ůɡɔəŮəɟɘɛɏɜɖ Ůɝɑůɤůɖ ŭŮɜ ɚŬɛɓɎɜŮɘ ɡˊɧɣɘɜ Űɞ əɧůŰɞɠ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ. ɇɞ əɧůŰɞɠ 

Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ɡˊɞɚɞɔɑɕŮŰŬɘ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ Űɞɜ ɧɔəɞ Űɞɜ ɞˊɞɑɞ əŬŰŬɚŬɛɓɎɜŮɘ 

ůŰɖɜ ůŰɐɚɖ, ɛŮ Űɖɜ Űɘɛɐ Űɞɡ ɡɚɘəɞɨ ŬɜɎ əɡɓɘəɧ ɛɏŰɟɞ. ɇɞ əɧůŰɞɠ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ əɧůŰɞɠ Űɖɠ ůŰɐɚɖɠ, ɛŮŰɎ Űɖɜ ŬɜŬɔɤɔɐ Űɞɡ əɧůŰɞɡɠ Űɞɡ əŮɚɨűɞɡɠ 

əŬɘ Űɖɠ ˊɚŬŰűɧɟɛŬɠ Űɖɠ ůŰɞ ɏŰɞɠ 2024. ɇŬ ˊɚɖɟɤŰɘəɎ ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

əɞůŰɞɚɞɔɞɨɜŰŬɘ ɛŮ ɓɎůɖ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ SULZER BX, Űɞ ɞˊɞɑɞ ŮɛűŬɜɑɕŮɘ ɛŮɔɎɚɖ 

ɞɛɞɘɧŰɖŰŬ ɛŮ Űɖɜ ůŮɘɟɎ MELLAPAKÈ Űɖɠ ɑŭɘŬɠ ŮŰŬɘɟŮɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɛɞɜɎŭŬ 

ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ əŬɘ K2CO3 ŬɚɚɎ əŬɘ Űɞ Flexipac Űɖɠ Koch ́ɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɛɞɜɎŭŬ 

ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ. ɇɞ əɧůŰɞɠ ŬɜɎ əɡɓɘəɧ ɛɏŰɟɞ ɗŮɤɟŮɑŰŬɘ ɑůɞ ɛŮ 2000$ [100]. 
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ɇŬ ůɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɞɘ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ əŬɘ Űɞ əɧůŰɞɠ Űɤɜ 

ůŰɖɚɩɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ɑ́ɜŬəŬ. 

 

ɄɑɜŬəŬɠ 64: ɆɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɘɛɏɠ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ əŬɘ əɧůŰɞɠ Űɤɜ ůŰɖɚɩɜ Űɖɠ ɛɞɜɎŭŬɠ ɛŮ 

ŭɘŬɚɨŰɖ ɀȺȷ 

ɆŰɐɚŮɠ Ŭˊɞɟɟɧűɖůɖɠ-Ůəɟɧűɖůɖɠ 
 Absorber Stripper 

H (m) 16,31 14,33 

H packing (m) 12,04 10,06 

Cost of packing ($/m3) 2000,00 2000,00 

D (m) 2,90 1,37 

P (bar) 2,00 2,00 

Fp 1 1 

Fm 3,67 3,67 

W  (in kg) 11918,21 3295,08 

Cp0 (1979) in $ 38784,91 17466,12 

Cp0(1979) stairs & platforms $ 16061,03 8433,37 

Cost of packing $ 15856,64 29723,76 

Cp0tot (1979) $ 54845,95 25899,49 

Cp0 2024 $ 342388,79 116529,18 

Cp 2024 $ 1256566,86 427662,10 

Cp 2024 ú 1.156.041,51 ú 393.449,13 ú 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 1.549.490,65 ú 

 

ɄɑɜŬəŬɠ 65: ɆɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɘɛɏɠ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ əŬɘ əɧůŰɞɠ Űɤɜ ůŰɖɚɩɜ Űɖɠ ɛɞɜɎŭŬɠ ɛŮ 

ŭɘŬɚɨŰɖ ɀDȺȷ-PZ 

ɆŰɐɚŮɠ Ŭˊɞɟɟɧűɖůɖɠ-Ůəɟɧűɖůɖɠ 
 Absorber Stripper 

H (m) 16,31 14,33 

H packing (m) 12,04 10,06 

Cost of packing ($/m3) 2000,00 2000,00 

D (m) 3,20 1,22 

P (bar) 2,00 2,00 

Fp 1 1 

Fm 3,67 3,67 

W  (in kg) 14258,53 2905,48 

Cp0 (1979) in $ 43611,31 16220,27 

Cp0(1979) stairs & platforms $ 17295,01 7729,81 

Cost of packing $ 193704,83 23485,44 

Cp0tot (1979) $ 60906,32 23950,08 

Cp0 2024 $ 397840,09 103757,17 

Cp 2024 $ 1460073,13 380788,82 

Cp 2024 ú 1.343.267,28 ú 350.325,71 ú 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 1.693.592,99 ú 
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ɄɑɜŬəŬɠ 66: ɆɢŮŭɘŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɘɛɏɠ ůɡɜŰŮɚŮůŰɩɜ ŭɘɧɟɗɤůɖɠ əŬɘ əɧůŰɞɠ Űɤɜ ůŰɖɚɩɜ Űɖɠ ɛɞɜɎŭŬɠ ɛŮ 

ŭɘŬɚɨŰɖ K2CO3 

ɆŰɐɚŮɠ Ŭˊɞɟɟɧűɖůɖɠ-Ůəɟɧűɖůɖɠ 
 Absorber Stripper 

H (m) 13,87 9,75 

H packing (m) 10,06 6,10 

Cost of packing ($/m3) 2000,00 2000,00 

D (m) 3,05 1,37 

P (bar) 3,00 1,00 

Fp 1 1 

Fm 3,67 3,67 

W  (in kg) 11364,17 2319,32 

Cp0 (1979) in $ 37605,08 14233,02 

Cp0(1979) stairs & platforms $ 14877,44 6426,81 

Cost of packing $ 146784,00 18014,40 

Cp0tot (1979) $ 52482,53 20659,83 

Cp0 2024 $ 322685,85 87258,44 

Cp 2024 $ 1184257,07 320238,48 

Cp 2024 ú 1.089.516,50 ú 294.619,40 ú 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 1.384.135,90 ú 

 

ɇɞ əɧůŰɞɠ Űɤɜ ůŰɖɚɩɜ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ŭˊɞɔɨɛɜɤůɖɠ ŮɝŬɟŰɎŰŬɘ Ůɝô ɞɚɞəɚɐɟɞɡ Ŭˊɧ Űɘɠ 

ŭɘŬůŰɎůŮɘɠ Űɖɠ ůŰɐɚɖɠ, ɞɘ ɞˊɞɑŮɠ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əɎɗŮ ŭɘŮɟɔŬůɑŬɠ. Ƀ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ əɧůŰɞɡɠ Űɤɜ ŭɞɢŮɑɤɜ ŬˊɞɗɐəŮɡůɖɠ ɔɑɜŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭŮŭɞɛɏɜŬ 

əɧůŰɞɡɠ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ. ȼ ůɢɏůɖ ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ 

əɧůŰɞɡɠ ŮɑɜŬɘ ɖ Ůɝɑůɤůɖ : 

#
#ȟ

8
8z φȢρτ 

ȳˊɞɡ ɉ ŮɑɜŬɘ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɏɔŮɗɞɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ, ɤɠ ˊɟɞɠ Űɞ ɞˊɞɑɞ ŮəűɟɎɕŮŰŬɘ Űɞ 

əɧůŰɞɠ, Űɞ Ŭ ŭɖɚɩɜŮɘɠ ɛɑŬ ŭŮŭɞɛɏɜɖ Űɘɛɐ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ɛŮɔɏɗɞɡɠ ŬɡŰɞɨ (ɉŬ) ɔɘŬ Űɖɜ 

ɞˊɞɑŬ Űɞ ŬɜŰɑůŰɞɘɢɞ əɧůŰɞɠ ŬɔɞɟɎɠ ŮɑɜŬɘ ɔɜɤůŰɧ (Cp,Ŭ) əŬɘ Űɞ n ŮɑɜŬɘ ɞ ŮəɗɏŰɖɠ ɞ ɞˊɞɑɞɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ Ůɝɞˊɚɘůɛɞɨ, ȼ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɗŬ ˊɟɏˊŮɘ ɛŮ Űɖɜ ůŮɘɟɎ Űɖɠ ɜŬ 

ŬɜŬɢɗŮɑ ɛŮ ɓɎůɖ Űɖɜ Ůɝɑůɤůɖ  ůŮ əɧůŰɞɠ Ůɝɞˊɚɘůɛɞɨ ɔɘŬ Űɞ 2024. ȼ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ŬˊɞŰŮɚŮɑ 

ɛɑŬ ɔŮɜɑəŮɡůɖ Űɤɜ ůɢɏůŮɤɜ ˊɟɞůŮɔɔɘůŰɘəɐɠ ˊŮɟɘɔɟŬűɐɠ əɧůŰɞɡɠ Űɖɠ ɛŮɗɧŭɞɡ Guthrie [97]. 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ɑ́ɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɛŮŰŬɓɚɖŰɩɜ ɞɘ ɞˊɞɑŮɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɧůŰɞɡɠ Űɤɜ ŭɞɢŮɑɤɜ ŬˊɞɗɐəŮɡůɖɠ. 

ɄɑɜŬəŬɠ 67: ȹŮŭɞɛɏɜŬ əɧůŰɞɡɠ ŬɔɞɟɎɠ ɔɘŬ ɛŮɟɘəɞɨɠ Űɨˊɞɡɠ Ůɝɞˊɚɘůɛɞɨ 

ɇɨˊɞɠ Ⱥɝɞˊɚɘůɛɞɨ ɉŬ ɀɞɜɎŭŮɠ Cp,Ŭ ($) 
Ⱥɨɟɞɠ 

ȺűŬɟɛɞɔɐɠ 
n CEPCI 

ɃɟɘɕɧɜŰɘɞ ŭɞɢŮɑɞ ˊɑŮůɖɠ 11,4bar 3.8 m3 6300 0.4-302 0.62 370 

Ⱦɡɚɘɜŭɟɘəɧ, ŬŰɛɞůűŬɘɟɘəɧ, 

əŬŰŬəɧɟɡűɞ, ŭɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ 
3.8 m3 4700 0,4-151 0.3  

 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɧɔəɞɡ Űɞɡ ŭɞɢŮɑɞɡ, ɢɟŮɘɎɕŮŰŬɘ ɖ ɛŬɕɘəɐ ˊŬɟɞɢɐ Űɞɡ əɎɗŮ ɟŮɨɛŬŰɞɠ, ɖ 

ˊɡəɜɧŰɖŰɎ əŬɘ ɞ ůɡɜɞɚɘəɧɠ ɢɟɧɜɞɠ ŰŬɝɘŭɘɞɨ, əŬɗɩɠ ŬɡŰɧ ɗŬ ŮɑɜŬɘ Űɞ ŭɘɎůŰɖɛŬ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ 

ɎɟŬ ŬɡŰɏɠ ɗŬ ŮɑɜŬɘ ɞɘ ŬɜɎɔəŮɠ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑ ɞ ůɢŮŭɘŬůɛɧɠ. ɋɠ ɢɟɧɜɞɠ ŰŬɝɘŭɘɞɨ 
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ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ŭɘˊɚɎůɘɞɠ Űɤɜ ŭŮəŬŰɟɘɩɜ ɤɟɩɜ ˊɞɡ ɏɢŮɘ ɞɟɘůŰŮɑ ˊɟɞɖɔɞɡɛɏɜɤɠ, Ůűɧůɞɜ ŭŮɜ 

ɡˊɎɟɢɞɡɜ ɡˊɞŭɞɛɏɠ ůŰŬ ɜɖůɘɤŰɘəɎ ɚɘɛɎɜɘŬ ɔɘŬ Űɞɜ ŬɜŮűɞŭɘŬůɛɧ əŬɘ Űɖɜ ŬˊɞŭɏůɛŮɡůɖ Űɞɡ 

CO2. ȺɎɜ ɞɘ ŬɜɎɔəŮɠ ůɢŮŭɘŬůɛɞɨ ɔɘŬ ɛɑŬ ŭŮɝŬɛŮɜɐ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ ŮɚɎɢɘůŰɞ ɧɟɘɞ ŮűŬɟɛɞɔɐɠ 

Űɖɠ Ůɝɑůɤůɖɠ ɡˊɞɚɞɔɘůɛɞɨ əɧůŰɞɡɠ, ŰɧŰŮ ɤɠ ɧɔəɞɠ ůɢŮŭɘŬůɛɞɨ ɞɟɑɕŮŰŬɘ Űɞ ŮɚɎɢɘůŰɞ ɧɟɘɞ Űɖɠ 

ŮűŬɟɛɞɔɐɠ Űɖɠ Ůɝɑůɤůɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ əɧůŰɞɡɠ Űɤɜ ŭɞɢŮɑɤɜ ŬˊɞɗɐəŮɡůɖɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

 

ɄɑɜŬəŬɠ 68: ȾɧůŰɞɠ ŭŮɝŬɛŮɜɩɜ ŬˊɞɗɐəŮɡůɖɠ CO2 əŬɘ ˊɟɩŰɤɜ ɡɚɩɜ ɛɞɜɎŭɤɜ 

  ȾɧůŰɞɠ 

ŭŮɝŬɛŮɜɐɠ ($) 

ȳɔəɞɠ 

ɆɢŮŭɘŬůɛɞɨ (m3) 

ȷˊŬɘŰɞɨɛŮɜɞɠ 

ɧɔəɞɠ (m3) 
ɄŬɟɞɢɐ (kg/h) 

ɄɡəɜɧŰɖŰŬ 

(kg/m3) 
ȹɘɎɟəŮɘŬ (h) 

MEA 

CO2 tank 502696,96 96,90 96,90 3770,51 1011,68 26 

MEA tank 13328,13 0,40 0,17 6,60 1031,28 26 

Process water tank 52028,80 37,47 37,47 1436,93 997,17 26 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ ú 522.609,58 ú      

MDEA-

PZ 

CO2 tank 502729,63 96,91 96,91 3770,90 1011,68 26 

MDEA tank 13328,13 0,40 0,002 0,09 1031,28 26 

PZ tank 13328,13 0,40 0,002 0,08 1031,28 26 

Process water tank 13602,63 0,43 0,43 16,42 997,17 26 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ ú 499.549,44 ú      

K2CO3 
CO2 tank 300298,53 89,93 89,93 3499,10 1011,68 26 

Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ ú 276.274,65 ú      

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ K2CO3, Ŭˊɧ Űɞɜ ůɢŮŭɘŬůɛɧ ŭŮɜ ˊɟɞəɨˊŰŮɘ ɖ ŬɜɎɔəɖ ɔɘŬ Űɖɜ 

ŬɜŬˊɚɐɟɤůɖ əɎˊɞɘɞɡ ůɡůŰŬŰɘəɞɨ, əŬɗɩɠ Űɞ ɜŮɟɧ ŭɘŮɟɔŬůɑŬɠ ˊŬɟŬɛɏɜŮɘ ɛɏůŬ ůŰɞ ůɨůŰɖɛŬ əŬɘ 

ŬɜŬəɡəɚɩɜŮŰŬɘ, əŬɘ ɞ ŭɘŬɚɨŰɖɠ ŮɑɜŬɘ ůŰŬɗŮɟɧ ɎɚŬɠ Űɞ ɞˊɞɑɞ ŭŮɜ ŮɝŬŰɛɑɕŮŰŬɘ. ȷəɧɛŬ əŬɘ ɔɘŬ 

Űɞɡɠ Ɏɚɚɞɡɠ Űɨˊɞɡɠ ŭɘŬɚɡŰɩɜ, ɡˊɎɟɢɞɡɜ ɛŮɚɏŰŮɠ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ ˊɤɠ Űɞ 

ůɨůŰɖɛŬ CCS ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ŬɜŬəɡəɚɞűɞɟɧɜŰŬɠ ˊɚɐɟɤɠ Űɞ ɜŮɟɧ ŭɘŮɟɔŬůɑŬɠ ɢɤɟɑɠ 

ɜŬ ɢɟŮɘɎɕŮŰŬɘ ŮɝɤŰŮɟɘəɐ ˊŬɟɞɢɐ[101]. ūɡůɘəɎ, ŬɜɎ ůɡɔəŮəɟɘɛɏɜŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ ɗŬ 

ɢɟŮɘɎɕŮŰŬɘ ɞɚɘəɐ ŬɚɚŬɔɐ Űɞɡ ɟŮɡůŰɞɨ ŭɘŬɚɨŰɖ ɚɧɔɤ ŬɜŬˊɧűŮɡəŰɖɠ ɡˊɞɓɎɗɛɘůɖɠ, əɎŰɘ ˊɞɡ 

ɧɛɤɠ ɗŬ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ˊŮɟɘˊŰɩůŮɘɠ.  

6.1.5 Ɉˊɞɚɞɔɘůɛɧɠ Ɇɡɜɞɚɘəɞɨ əɧůŰɞɡɠ Ůɝɞˊɚɘůɛɞɨ ŮɔəŬŰɎůŰŬůɖɠ 

ȷɗɟɞɑɕɞɜŰŬɠ ŰŬ əɧůŰɖ f.o.b Űɤɜ Ůˊɘɛɏɟɞɡɠ Űɨˊɤɜ Ůɝɞˊɚɘůɛɞɨ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ, 

ˊɟɞəɨˊŰɞɡɜ ŰŬ əɧůŰɖ Űɞɡ ɓŬůɘəɞɨ Ůɝɞˊɚɘůɛɞɨ Űɖɠ ůɡɜɞɚɘəɐɠ ɛɞɜɎŭŬɠ. ɆŰɞɜ ŮˊɧɛŮɜɞ ˊɑɜŬəŬ  

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɔəŮɜŰɟɤɛɏɜŬ ŰŬ Ůˊɘɛɏɟɞɡɠ əɧůŰɖ ɔɘŬ əɎɗŮ ɛɞɜɎŭŬ, əŬɘ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞˊŰɘəɎ ɖ ůɡɜŮɘůűɞɟɎ Űɞɡ əɎɗŮ Űɨˊɞɡ Ůɝɞˊɚɘůɛɞɨ ůŰɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ŬɔɞɟɎɠ 

ůŮ ú əŬɘ ůŮ ˊɞůɞůŰɘŬɑŬ ɓɎůɖ. 

ɄɑɜŬəŬɠ 69:Ɇɡɜɞɚɘəɧ əɧůŰɞɠ Ůɝɞˊɚɘůɛɞɨ ɛɞɜɎŭɤɜ 

 ɀȺȷ CCS MDEA-PZ CCS K2CO3 

ȾŬŰɖɔɞɟɑŬ Ůɝɞˊɚɘůɛɞɨ Cp 2024 (ú) %Cptot Cp 2024 (ú) %Cptot Cp 2024 (ú) %Cptot 

ɆɡɛˊɘŮůŰɏɠ 694.702,07 ú 15,12% 699.108,06 ú 11,87% 744.045,64 ú 14,10% 

ȷɜŰɚɑŮɠ 22.464,95 ú 0,49% -  11.968,44 ú 0,23% 

ȺɜŬɚɚɎəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ 1.334.901,29 ú 29,05% 2.378.329,08 ú 40,38% 1.897.790,25 ú 35,96% 

ɆŰɐɚŮɠ Ŭˊɞɟɟɧűɖůɖɠ & 

Ůəɟɧűɖůɖɠ 
1.549.490,65 ú 33,72% 1.693.592,99 ú 28,76% 1.384.135,90 ú 26,23% 

ȹɞɢŮɑŬ ŭɘŬɢɤɟɘůɛɞɨ & 

ŬˊɞɗɐəŮɡůɖɠ 
993.438,23 ú 21,62% 1.118.285,37 ú 18,99% 1.239.456,90 ú 23,49% 

Ɇɡɜɞɚɘəɧ əɧůŰɞɠ ú 4.594.997,19ú  5.889.315,50ú  5.277.397,12ú  
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ȹɘɎɔɟŬɛɛŬ 91: ɆɡɜŮɘůűɞɟɎ (%) ůŰɞ ůɡɜɞɚɘəɧ f.o.b əɧůŰɞɠ ŬɔɞɟɎɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ Ůɝɞˊɚɘůɛɞɨ 

 
ȹɘɎɔɟŬɛɛŬ 92: ȺəŰɘɛɩɛŮɜɞ əɧůŰɞɠ ŬɔɞɟɎɠ Ůɝɞˊɚɘůɛɞɨ f.o.b 

ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɖ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ ɏɢŮɘ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟɞ əɧůŰɞɠ ŬɔɞɟɎɠ 

Ůɝɞˊɚɘůɛɞɨ, Űɞ ɞˊɞɑɞ ɞűŮɑɚŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɞ əɧůŰɞɠ Űɤɜ ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ, Ůɜɩ 

ŭŮɡŰŮɟŮɨɞɡůŬ Ůˊɘɟɟɞɐ ɏɢŮɘ Űɞ əɧůŰɞɠ Űɤɜ ůŰɖɚɩɜ əŬɘ Űɤɜ ŭɞɢŮɑɤɜ ŭɘŬɢɤɟɘůɛɞɨ əŬɘ 

ŬˊɞɗɐəŮɡůɖɠ. ɇɞ əɧůŰɞɠ ŬɔɞɟɎɠ Űɤɜ ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ ůɨůŰɖɛŬ ɛŮ ŭɘŬɚɨŰɖ Űɞ 

ɛɑɔɛŬ MDEA-PZ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟɞ Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ, ŬɚɚɎ əŬɘ 

ɛŮ Űɞ K2CO3. ȷɡŰɧ ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ɑ́ɜŬəŬ, ɞűŮɑɚŮŰŬɘ əɡɟɑɤɠ ůŰɞ əɧůŰɞɠ ŬɔɞɟɎɠ Űɞɡ 

ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ HX. Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ ŮɜŬɚɚɎəŰɖɠ ůŮ ɧɚŮɠ Űɘɠ ɛɞɜɎŭŮɠ ŮˊɘŰŮɚŮɑ Űɖɜ 

ŮɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɞɡ ˊŰɤɢɞɨ ɟŮɨɛŬŰɞɠ ŭɘŬɚɨŰɖ ůŮ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ (lean 

solvent) ˊɞɡ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ ŬˊɞɔɡɛɜɤŰɐ, əŬɘ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ˊɚɞɨůɘŬ ůŮ ŭɘɞɝŮɑŭɘɞ Űɞɡ 

ɎɜɗɟŬəŬ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŮ ŬɡŰɧɜ (rich solvent). ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ ɚɞɘˊɧɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

ŮɜŬɚɚŬɔɐɠ əŬɘ Ůˊɞɛɏɜɤɠ ůŰɞ əɧůŰɞɠ, ɞűŮɑɚŮŰŬɘ ůŰɖɜ ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ ŭɘŬɚɨŰɖ 

ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ əɡəɚɞűɞɟŮɑ ůŰɞ ůɨůŰɖɛŬ ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ, ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ 

ŬˊŬɘŰɞɨɛŮɜɖ Ŭˊɧŭɞůɖ ŭɏůɛŮɡůɖɠ CO2. ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɞ əɧůŰɞɠ ˊɞɡ ɡˊɎɟɢŮɘ ůŰŬ ŭɞɢŮɑŬ 

ˊɑŮůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬůŰɎůŮɘɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ůŰɖɚɩɜ, əŬɘ ůŰɞɜ 

ŭɘŬűɞɟŮŰɘəɧ Ŭɟɘɗɛɧ Űɤɜ ŭɞɢŮɑɤɜ flash əŬɘ ŬˊɞɗɐəŮɡůɖɠ. ɄŬɟŬŰɖɟŮɑŰŬɘ ŬəɧɛŬ, ˊɤɠ ůŰŬ 

ůɡůŰɐɛŬŰŬ ɧˊɞɡ ɖ ŭɏůɛŮɡůɖ Űɞɡ CO2 ɔɑɜŮŰŬɘ ɛŮ ŬɛɑɜŮɠ, Űɞ əɧůŰɞɠ Űɤɜ ůɡɛˊɘŮůŰɩɜ ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊɞ, Ůűɧůɞɜ əŬɘ ɖ Ŭˊɧŭɞůɖ Űɖɠ ŭɏůɛŮɡůɖɠ əŬɘ ɞɘ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊŮɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŬɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ, Űɞ əɧůŰɞɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ŮɑɜŬɘ 

Ŭɡɝɖɛɏɜɞ ˊŬɟɧɚɞ ˊɞɡ ɖ ůɡɜɞɚɘəɐ ˊɞůɧŰɖŰŬ Űɞɡ CO2 ́ ɞɡ ŭŮůɛŮɨŮŰŬɘ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ. ȷɡŰɧ 
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ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɢŬɛɖɚɧŰŮɟɖ ˊɑŮůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŬˊɞɔɡɛɜɤŰɐ, ˊɞɡ ɞŭɖɔŮɑ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ 

əɧůŰɞɡɠ ůŰɞ ŰɛɐɛŬ Űɖɠ ůɡɛˊɑŮůɖɠ. 

6.2 ɄɎɔɘɞ əɧůŰɞɠ əŬɘ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ 

6.2.1 Ɇɡɜɞɚɘəɧ ɄɎɔɘɞ ȾɧůŰɞɠ 

ɀŮŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɧůŰɞɡɠ ŬɔɞɟɎɠ f.o.b Űɞɡ Ůɝɞˊɚɘůɛɞɨ ɐ Total Equipment Cost 

(TEC), ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ əɧůŰɞɠ ˊŬɔɑɞɡ əŮűŬɚŬɑɞɡ ɐ Fixed Capital Cost (FCI) Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ 

Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ůɡɜɞɚɘəɞɨ ́ Ŭɔɑɞɡ əɧůŰɞɡɠ ɐ CAPEX (Capital Expenditure) ɛɑŬɠ 

ŮɔəŬŰɎůŰŬůɖɠ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ FCI ɔɑɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ Űɤɜ Peters & 

Timmerhaus [97], [102], ɧˊɞɡ ɖ ŬɜɎɚɡůɖ Űɞɡ əɧůŰɞɡɠ ˊŬɔɑɞɡ əŮűŬɚŬɑɞɡ ɔɑɜŮŰŬɘ ɛŮ Űɞɜ 

ŭɘŬɢɤɟɘůɛɧ Űɞɡ ůŮ ɎɛŮůɞ əɧůŰɞɠ ɐ DC (Direct Cost) əŬɘ ɏɛɛŮůɞ əɧůŰɞɠ ɐ IC (Indirect Cost) 

əŬɘ Űɖɜ ɛŮŰɏˊŮɘŰŬ ɢɟɐůɖ ˊɞůɞůŰɩɜ Űɞɡ TEC ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɧůŰɞɡɠ Űɖɠ əɎɗŮ 

əŬŰɖɔɞɟɑŬɠ.  

ȰɜŬ əɧůŰɞɠ Űɞ ɞˊɞɑɞ ŭŮɜ ŬɜŬɚɨɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ əŬɘ ůɡɜŮɘůűɏɟŮɘ ůŰɞ CAPEX, ŮɑɜŬɘ Űɞ 

Ŭɟɢɘəɧ əɧůŰɞɠ ˊɚɐɟɤůɖɠ Űɤɜ ůŰɖɚɩɜ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ŭˊɞɔɨɛɜɤůɖɠ ɛɏɢɟɘ ɜŬ űŰɎůŮɘ ɖ 

ɛɞɜɎŭŬ ůŰɖɜ ɛɧɜɘɛɖ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ. Ƀɘ ůŰɐɚŮɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ŭˊɞɔɨɛɜɤůɖɠ 

ɔŮɛɑɕɞɡɜ ɛŮ 30%wt.. ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ Ůɜɧɠ Ůə Űɤɜ Űɟɘɩɜ ŭɘŬɚɡŰɩɜ, Ůˊɞɛɏɜɤɠ ˊɟɏˊŮɘ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɞ ɧɔəɞɠ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ ůŮ əɎɗŮ ůŰɐɚɖ. ȰˊŮɘŰŬ, ɞ ɧɔəɞɠ 

ŬɡŰɧɠ ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɛŮ Űɞ əɚɎůɛŬ əŮɜɞɨ ɢɩɟɞɡ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ɩůŰŮ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɞ ˊɟŬɔɛŬŰɘəɧɠ ɧɔəɞɠ ˊɞɡ ɗŬ əŬŰŬɚŬɛɓɎɜŮɘ Űɞ ɟŮɡůŰɧ ŮɜŰɧɠ Űɖɠ ůŰɐɚɖɠ. ɇɏɚɞɠ, ɛŮ 

ɓɎůɖ Űɖɜ Űɘɛɐ ŬɜɎ kg ɐ ŬɜɎ ton Űɞɡ ŭɘŬɚɨŰɖ əŬɘ Űɞɡ ɜŮɟɞɨ ŭɘŮɟɔŬůɑŬɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ŰŮɚɘəɧ 

əɧůŰɞɠ ˊɚɐɟɤůɖɠ. ɆɖɛŬɜŰɘəɧ ŮɑɜŬɘ ɜŬ ɔɑɜŮɘ ɖ ˊɟɩŰŬ ɖ ɛŮŰŬŰɟɞˊɐ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ 

ˊɡəɜɧŰɖŰŬɠ. Ƀɘ Űɘɛɏɠ Űɤɜ ɢɖɛɘəɩɜ Ůɘŭɩɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

ɄɑɜŬəŬɠ 70: ɇɘɛɏɠ ɢɖɛɘəɩɜ Ůɘŭɩɜ 

ɀȺȷ ($/ton)[103] MDEA ($/ton) [104] PZ ($/ton)[104] K2CO3 ($/ton)[105] 
ɁŮɟɧ ŭɘŮɟɔŬůɑŬɠ 

($/m3)[97] 

1320 1700 2160 1300 1 

 

Ƀɘ ˊɡəɜɧŰɖŰŮɠ Űɞɡ əɎɗŮ ɟŮɨɛŬŰɞɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ Aspen 

Plus. ɇɞ əɚɎůɛŬ əŮɜɞɨ ɢɩɟɞɡ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ŮɑɜŬɘ ɑůɞ ɛŮ 0,9[102]. ɇɞ əɧůŰɞɠ Ŭɟɢɘəɧ 

əɧůŰɞɠ ˊɚɐɟɤůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ́ŬɟŬəɎŰɤ ́ɑɜŬəŬ : 

ɄɑɜŬəŬɠ 71: ȾɧůŰɞɠ Ŭɟɢɘəɐɠ ˊɚɐɟɤůɖɠ ůŰɖɚɩɜ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ŭˊɞɔɨɛɜɤůɖɠ 

ɀɞɜɎŭŬ ɆŰɐɚɖ ȾŮɜɧɠ ɧɔəɞɠ m3 
ȾɧůŰɞɠ Ŭɟɢɘəɐɠ 

ˊɚɐɟɤůɖɠ (ú) 
Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 

ˊɚɐɟɤůɖɠ(ú) 

ɀȺȷ 
Absorber 71,35 26.384,55 ú 31.330,44 ú 

Stripper 13,38 4.945,89 ú  

ɀDȺȷ-PZ 
Absorber 87,17 44.004,48 ú 49.339,73 ú 

Stripper 10,57 5.335,25 ú  

K2CO3 
Absorber 66,05 30.891,05 ú 34.682,23 ú 

Stripper 8,11 3.791,17 ú  

 

ȰˊŮɘŰŬ əŬɘ Ŭˊɧ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɧůŰɞɡɠ ˊɚɐɟɤůɖɠ, ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ FCI əŬɘ Ůɜ 

ůɡɜŮɢŮɑŬ Űɞ CAPEX. ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɞɘ ɛɞɜɎŭŮɠ 

ůɢŮŭɘɎɕɞɜŰŬɘ ɛŮ ůəɞˊɧ ɜŬ ŮɔəŬŰŬůŰŬɗɞɨɜ ŮˊɎɜɤ ůŮ ˊɚɞɑɞ. Ⱥˊɞɛɏɜɤɠ ŰŬ əɧůŰɖ ɔɘŬ əŰɑɟɘŬ əŬɘ 
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ɞɘəɧˊŮŭɞ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ. ɄŬɟɧɚŬ ŬɡŰɎ, ůɖɛŬɜŰɘəɧ ɗŬ ŮɑɜŬɘ Űɞ əɧůŰɞɠ ɔɘŬ Űɖɜ 

ɓŮɚŰɑɤůɖ əŬɘ Űɟɞˊɞˊɞɑɖůɖ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ əŬɘ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ɓɞɖɗɖŰɘəɩɜ 

ˊŬɟɞɢɩɜ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ Douglas, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊŮəŰɎůŮɤɜ ůŮ ɡˊɎɟɢɞɡůŮɠ ɛɞɜɎŭŮɠ, 

Űɞ əɧůŰɞɠ Űɤɜ ŰɟɞˊɞˊɞɘɐůŮɤɜ ɐ ɓŮɚŰɘɩůŮɤɜ Űɤɜ OSBL (Outside Battery Limits) ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɚŬɛɓɎɜŮŰŬɘ 45% Űɞɡ əɧůŰɞɡɠ Ůɝɞˊɚɘůɛɞɨ ɔɘŬ Űɘɠ ISBL (Inside Battery Limits ŮɔəŬŰŬůŰɎůŮɘɠ. 

ȷəɧɛŬ, Űɞ əŮűɎɚŬɘɞ əɑɜɖůɖɠ ɗŮɤɟŮɑŰŬɘ ɑůɞ ɛŮ 10% Űɞɡ FCI [97]. 

ɇɞ FCI ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 6.15: 

ὊὅὍ ὅ ȟ πȢρυὊὅὍ  φȢρυ 

ȳˊɞɡ: 

ὅ ȟ : ȺɑɜŬɘ Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ŮɔəŬŰŮůŰɖɛɏɜɞɡ Ůɝɞˊɚɘůɛɞɨ, ˊɞɡ ɢɤɟɑɕŮŰŬɘ ůŮ DC əŬɘ IC 

ɇɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ, πȢρυὊὅὍ, ŬˊɞŰŮɚŮɑ Űɞɜ ɧɟɞ ˊɞɡ ŬűɞɟɎ ɧɚŬ ŰŬ ŬˊɟɧɓɚŮˊŰŬ 

ɏɝɞŭŬ ́ɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣɞɡɜ. 

ȾŬɘ Ůűɧůɞɜ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ Ůɝô Ŭɟɢɐɠ ɖ Űɘɛɐ Űɞɡ FCI, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ: 

ὊὅὍ
Ὀὅ Ὅὅ

πȢψυ
φȢρφ 

ȳˊɞɡ Űɞ ICô ŮɑɜŬɘ Űɞ ɏɛɛŮůɞ əɧůŰɞɠ ˊɚɖɜ Űɤɜ ŬˊɟɞɓɚɏˊŰɤɜ.  

ɇɞ ůɡɜɞɚɘəɧ ˊɎɔɘɞ əɧůŰɞɠ əŬɘ Űɞ əɧůŰɞɠ ˊŬɔɑɞɡ əŮűŬɚŬɑɞɡ ɔɘŬ Űɘɠ ŰɟŮɑɠ ɛɞɜɎŭŮɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ́ŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

ɄɑɜŬəŬɠ 72: ȷɜɎɚɡůɖ əɧůŰɞɡɠ ˊŬɔɑɞɡ əŮűŬɚŬɑɞɡ ɔɘŬ Űɘɠ ŰɟŮɑɠ ɛɞɜɎŭŮɠ 

 % of cost 
Cost for MEA CCS 

(ú) 
Cost for MDEA-PZ 

CCS (ú) 

Cost for K2CO3 CCS 

(ú) 

Ⱦ
ɧ
ů
Ű
ɞ
ɠ
 
ˊ
Ŭ
ɔ
ɑ
ɞ
ɡ
 
ə
Ů
ű
Ŭ
ɚ
Ŭ
ɑ
ɞ
ɡ
 

F
C
I 

A
)
 
ȯ
ɛ
Ů
ů
ɞ
 
ə
ɧ
ů
Ű
ɞ
ɠ
 

D
C 

1) Onsite 

Ɇɡɜɞɚɘəɧ əɧůŰɞɠ ŬɔɞɟɎɠ 

Ůɝɞˊɚɘůɛɞɨ (ɆCp or TEC) 
100% Cp 

4.594.997,19 ú 5.889.315,50 ú 5.277.397,12 ú 

ȺɔəŬŰɎůŰŬůɖ Ůɝɞˊɚɘůɛɞɨ 55% Cp 
2.527.248,46 ú 3.239.123,52 ú 2.902.568,42 ú 

ȷɡŰɧɛŬŰɞɠ ɏɚŮɔɢɞɠ əŬɘ 

ɧɟɔŬɜŬ 
25% Cp 

1.148.749,30 ú 1.472.328,87 ú 1.319.349,28 ú 

ɆɤɚɖɜɩůŮɘɠ 35% Cp 
1.608.249,02 ú 2.061.260,42 ú 1.847.088,99 ú 

ȼɚŮəŰɟɞɚɞɔɘəɧɠ 

Ůɝɞˊɚɘůɛɧɠ 
20% Cp 

918.999,44 ú 1.177.863,10 ú 1.055.479,42 ú 

2) Offsite 

ȾŰɑɟɘŬ - - 
- - 

ȸŮɚŰɑɤůɖ ɞɘəɞˊɏŭɞɡ & 

ŮɔəŬŰɎůŰŬůɖ ɓɞɖɗɖŰɘəɩɜ 

ˊŬɟɞɢɩɜ 

45% Cp 2.067.748,74 ú 2.650.191,97 ú 2.374.828,71 ú 

ɃɘəɧˊŮŭɞ - - 
- - 

Ɇɡɜɞɚɘəɧ ɎɛŮůɞ əɧůŰɞɠ 
12.865.992,14 ú 16.490.083,40 ú 14.776.711,95 ú 

ȸ) ȰɛɛŮůɞ əɧůŰɞɠ IC 

ɀŮɚɏŰɖ əŬɘ ŮˊɑɓɚŮɣɖ 15% DC 
1.929.898,82 ú 2.473.512,51 ú 2.216.506,79 ú 

ȰɝɞŭŬ ŬɜŮɔɏɟůŮɤɠ əŬɘ 

Ŭɛɞɘɓɐ ŮɟɔɞɚɎɓɞɡ 
10% DC 

1.286.599,21 ú 1.649.008,34 ú 1.477.671,19 ú 

ȷˊɟɧɓɚŮˊŰŬ 15% FCI 
2.838.086,50 ú 3.637.518,40 ú 3.259.568,81 ú 
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Ɇɡɜɞɚɘəɧ ɏɛɛŮůɞ əɧůŰɞɠ 
6.054.584,54 ú 7.760.039,25 ú 6.953.746,80 ú 

ȾɧůŰɞɠ ˊŬɔɑɞɡ əŮűŬɚŬɑɞɡ (FCI) 
18.920.576,68 ú 24.250.122,64 ú 21.730.458,74 ú 

ȾŮűɎɚŬɘɞ əɑɜɖůɖɠ 
1.892.057,67 ú 2.425.012,26 ú 2.173.045,87 ú 

ȾɧůŰɞɠ ˊɚɐɟɤůɖɠ ůŰɐɚɖɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ůəɟɧűɖůɖɠ 
31.330,44 ú 49.339,73 ú 34.682,23 ú 

CAPEX 
20.843.964,78 ú 26.724.474,64 ú 23.938.186,84 ú 

 

ȳˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, Űɞ ůɡɜɞɚɘəɧ ˊɎɔɘɞ əɧůŰɞɠ əŬɘ əɧůŰɞɠ ˊŬɔɑɞɡ əŮűŬɚŬɑɞɡ Ŭəɞɚɞɡɗɞɨɜ 

Űɖɜ ŰɎůɖ Űɞɡ əɧůŰɞɡɠ Ůɝɞˊɚɘůɛɞɨ. ȼ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ ŮɑɜŬɘ ɖ ˊɘɞ ɞɘəɞɜɞɛɘəɐ, 

ŬəɞɚɞɡɗŮɑ ɖ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ K2CO3, əŬɘ Űɏɚɞɠ ɖ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ MDEA-PZ. ȼ 

Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɖɠ űɗɖɜɧŰŮɟɖɠ əŬɘ ŬəɟɘɓɧŰŮɟɖɠ ɛɞɜɎŭŬɠ ŬɔɔɑɕŮɘ ŰŬ ɏɝɘ ŮəŬŰɞɛɛɨɟɘŬ Ůɡɟɩ. 

ȼ Ŭˊɧəɚɘůɖ ŬɡŰɐ ɞűŮɑɚŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰŬ ɎɛŮůŬ əɧůŰɖ, ŭɖɚŬŭɐ ŮəŮɑɜŬ ˊɞɡ ŮɑɜŬɘ ɎɛŮůŬ 

ŮɝŬɟŰɩɛŮɜŬ Ŭˊɧ Űɞ əɧůŰɞɠ ŬɔɞɟɎɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ. 

6.2.2 Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ ɄŬɟŬɔɤɔɐɠ 

ɇɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ  ɐ TPC (Total Product Cost) ɛˊɞɟŮɑ ɜŬ ŬɜŬɚɡɗŮɑ ůŰɘɠ Ůɝɐɠ 

əŬŰɖɔɞɟɑŮɠ: 

¶ ȯɛŮůŬ əɧůŰɖ ɐ DC (Direct Cost) 

¶ ɄɎɔɘŮɠ ȹŬˊɎɜŮɠ ɐ ůŰŬɗŮɟɎ əɧůŰɖ (FC ɐ Fixed Cost) 

¶ ũŮɜɘəɎ ɏɝɞŭŬ ɐ GE (General Expenses) 

ɇŬ ɎɛŮůŬ əɧůŰɖ Ŭűɞɟɞɨɜ ŰŬ əɧůŰɖ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŮɝŬɟŰɩɛŮɜŬ Űɞɡ ɨɣɞɡɠ ˊŬɟŬɔɤɔɐɠ Ůɜɩ ɞɘ 

ˊɎɔɘŮɠ ŭŬˊɎɜŮɠ ɛŮ ɧůŬ ŭŮɜ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ɨɣɞɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ. ɇŬ ŭɨɞ əɧůŰɖ ŬɡŰɎ 

ůɡɜɗɏŰɞɡɜ Űɞ əɧůŰɞɠ ɓɘɞɛɖɢŬɜɞˊɞɑɖůɖɠ (manufacturing cost) ɐ Ŭɚɚɘɩɠ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ 

/́ ŬɟŬɔɤɔɐɠ əŬɘ ɛŮ Űɖɜ ůŮɘɟɎ Űɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬɘɟŮɗŮɑ ůŮ ɛŮŰŬɓɚɖŰɧ ɐ ůŰŬɗŮɟɧ əɧůŰɞɠ [97], 

[102]. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ TPC ́ ɟɏˊŮɘ ˊɟɩŰŬ ɜŬ ɓɟŮɗɞɨɜ ŰŬ əɧůŰɖ Űɤɜ ˊɟɩŰɤɜ ɡɚɩɜ, 

ɎɛŮůɖɠ ŮɟɔŬůɑŬɠ, ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ əŬɘ ŬˊɞůɓɏůŮɤɜ. ɇŬ ɡˊɧɚɞɘˊŬ əɧůŰɖ ˊɟɞəɨˊŰɞɡɜ 

ˊɟɞůŮɔɔɘůŰɘəɎ ɤɠ ˊɞůɞůŰɧ əɎˊɞɘŬɠ Ɏɚɚɖɠ əŬŰɖɔɞɟɑŬɠ əɧůŰɞɡɠ, ɧˊɤɠ əŬɘ ůŰɞɜ ɑ́ɜŬəŬ  ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ˊŬɔɑɞɡ əɧůŰɞɡɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ɞɘəɞɜɞɛɘəɐ ŬɜɎɚɡůɖ, ɗŮɤɟŮɑŰŬɘ ˊɤɠ Űɞ 

ŭŮůɛŮɡɧɛŮɜɞ ɛɑɔɛŬ CO2 ŭŮɜ ɏɢŮɘ əŬɛɑŬ ɞɘəɞɜɞɛɘəɐ ŬɝɑŬ, ɔɘŬ ůəɞˊɞɨɠ ůɨɔəɟɘůɖɠ ɛŮ ɛŮɚɏŰŮɠ 

Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ [59]. 

6.2.2.1 ȾɧůŰɞɠ ɎɛŮůɖɠ ŮɟɔŬůɑŬɠ 

ũɘŬ Űɖ ŮɨɟŮůɖ Űɞɡ əɧůŰɞɡɠ ɎɛŮůɖɠ ŮɟɔŬůɑŬɠ ˊɟɏˊŮɘ ŬɟɢɘəɎ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ŬɜɎɔəŮɠ ůŮ 

ɩɟŮɠ ŮɟɔŬůɑŬɠ əŬɘ ůŮ ŮɟɔŬɕɞɛɏɜɞɡɠ. Ƀɘ ŮŰɐůɘŮɠ ɩɟŮɠ ˊɚŮɨůɖɠ Űɞɡ ˊɚɞɑɞɡ ŮɑɜŬɘ ɑůŮɠ ɛŮ 5686, 

Űɞ ɞˊɞɑɞ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 4,55 ɖɛɏɟŮɠ ɚŮɘŰɞɡɟɔɑŬɠ (ˊɚŮɨůɖɠ) ŬɜɎ ŮɓŭɞɛɎŭŬ [47]. ȺɎɜ ɡˊɞŰŮɗŮɑ 

ˊɤɠ ɞ əɎɗŮ ŮɟɔŬɕɧɛŮɜɞɠ ŮɟɔɎɕŮŰŬɘ 40 ɩɟŮɠ Űɖɜ ŮɓŭɞɛɎŭŬ, ŰɧŰŮ ɢɟŮɘɎɕɞɜŰŬɘ 3 ŮɟɔŬɕɧɛŮɜɞɘ ɔɘŬ 

Űɖɜ ́ ɚɐɟɖ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ. ȷɡŰɧ ˊɟɞəɨˊŰŮɘ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ Űɘɠ ɖɛɏɟŮɠ ɚŮɘŰɞɡɟɔɑŬɠ 

(ˊɚŮɨůɖɠ) Ůˊɑ 24 ɩɟŮɠ, Űɖɠ ɖɛɏɟŬɠ, əŬɘ ŭɘŬɘɟɩɜŰŬɠ ŭɘɎ 40 ɩɟŮɠ ŮɓŭɞɛŬŭɘŬɑŬɠ ŮɟɔŬůɑŬɠ. Ƀɘ 

ɖɛɏɟŮɠ ˊɚŮɨůɖɠ ɗŮɤɟɞɨɜŰŬɘ 5 ɔɘŬ ɚɧɔɞɡɠ ŬůűɎɚŮɘŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. Ⱥˊɞɛɏɜɤɠ ɔɘŬ Űɖɜ 

əɎɚɡɣɖ Ůɜɧɠ ˊɧůŰɞɡ ɢɟŮɘɎɕɞɜŰŬɘ 3 ŮɟɔŬɕɧɛŮɜɞɘ ŬɜɎ ŮɓŭɞɛɎŭŬ. ȺűŬɟɛɧɕɞɜŰŬɠ Űɖɜ ɛɏɗɞŭɞ 

Ulrich ́ɟɞəɨˊŰŮɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮɟɔŬɕɞɛɏɜɤɜ ŬɜɎ ɓɎɟŭɘŬ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŬɜɎɔəŮɠ Űɘɠ ɛɞɜɎŭŬɠ 

[97], [106]. ȷəɧɛɖ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ŮɟɔŬɚŮɑɞ ɡˊɞɚɞɔɘůɛɞɨ ɛɘůɗɞŭɞůɑŬɠ Űɖɠ Eurostat, 

ɡˊɞɚɞɔɑůŰɖəŮ Űɞ ŮŰɐůɘɞ əɧůŰɞɠ Ůɜɧɠ ŮɝŮɘŭɘəŮɡɛɏɜɞɡ ɛɖɢŬɜɘəɞɨ ɔɘŬ Űɞɜ əɚɎŭɞ Űɖɠ ɜŬɡŰɘɚɑŬɠ, 

ůŰɖɜ ȺɚɚɎŭŬ, ůŰŬ 33.516ú [106]. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 
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ɄɑɜŬəŬɠ 73: ȾɧůŰɞɠ ɎɛŮůɖɠ ŮɟɔŬůɑŬɠ ɛɞɜɎŭɤɜ 

  MEA CCS MDEA-PZ CCS K2CO3 CCS 

ɆŰɞɘɢŮɑɞ Ůɝɞˊɚɘůɛɞɨ 
ȷˊŬɘŰɞɨɛŮɜɞɘ 

ŮɟɔŬɕɧɛŮɜɞɘ/ɓɎɟŭɘŬ 

ȷɟɘɗɛɧɠ 

ůŰɞɘɢŮɑɤɜ 
Ɂ 

ȷɟɘɗɛɧɠ 

ůŰɞɘɢŮɑɤɜ 
Ɂ 

ȷɟɘɗɛɧɠ 

ůŰɞɘɢŮɑɤɜ 
Ɂ 

ȷɜŰɚɑŮɠ 0 3 0 0 0 1 0 

ɆɡɛˊɘŮůŰɏɠ/ůŰɟɧɓɘɚɞɘ 0,1 3 0,3 3 0,3 3 0,3 

ȺɜŬɚɚɎəŰŮɠ 

ɗŮɟɛɧŰɖŰŬɠ 
0,05 9 0,45 11 0,55 9 0,45 

ɆŰɐɚŮɠ 0,3 2 0,6 2 0,6 2 0,6 

ȹɞɢŮɑŬ ˊɑŮůɖɠ 0,1 3 0,3 4 0,4 5 0,5 

ȹŮɝŬɛŮɜɏɠ (ŭɞɢŮɑŬ 
ŬˊɞɗɐəŮɡůɖɠ) 

0 3 0 4 0 1 0 

ȺɟɔŬɕɧɛŮɜɞɘ ŬɜɎ ɓɎɟŭɘŬ 1,65 1,85 1,85 

ȺɟɔŬɕɧɛŮɜɞɘ ůɡɜɞɚɘəɎ 4,95 5,55 5,55 

ȾɧůŰɞɠ (ú/year) 167.580,00 ú 201.096,00 ú 201.096,00 ú 

 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŮŰɐůɘɞɡ əɧůŰɞɡɠ ŮɟɔŬůɑŬɠ, ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɞ ŮŰɐůɘɞɠ ɛɘůɗɧɠ Űɞɡ 

Ůɜɧɠ ŮɟɔŬɕɞɛɏɜɞɡ ɛŮ Űɞɜ ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ Űɤɜ ŮɟɔŬɕɞɛɏɜɤɜ, ůŰɟɞɔɔɡɚɞˊɞɘɖɛɏɜɞ ůŰɞɜ Ŭɛɏůɤɠ 

ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ. 

6.2.2.2 Ɉˊɞɚɞɔɘůɛɧɠ əɧůŰɞɡɠ ˊɟɩŰɤɜ ɡɚɩɜ əŬɘ əŬɡůɑɛɞɡ 

Ƀɘ ˊɟɩŰŮɠ ɨɚŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ əɎɗŮ ɛɞɜɎŭŬ ŮɑɜŬɘ ɞ ŮəɎůŰɞŰŮ ŭɘŬɚɨŰɖɠ əŬɘ Űɞ ɜŮɟɧ 

ŭɘŮɟɔŬůɑŬɠ. Ƀɘ Űɘɛɏɠ Űɞɡɠ ŬɜɎ ɛɞɜɎŭŬ ɓɎɟɞɡɠ ɏɢɞɡɜ ˊŬɟɞɡůɘŬůŰŮɑ ˊɟɞɖɔɞɡɛɏɜɤɠ, əŬɘ ɞɘ Űɘɛɏɠ 

Űɖɠ ɛŬɕɘəɐɠ ˊŬɟɞɢɐɠ ɔɘŬ Űɞ əɎɗŮ ɟŮɨɛŬ ůŮ əɎɗŮ ɛɞɜɎŭŬ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ 

ůŰɞ Aspen Plus. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ K2CO3 ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ˊɟɞɖɔɞɡɛɏɜɤɠ 

ŭŮɜ ɢɟŮɘɎɕɞɜŰŬɘ ˊŬɟɞɢɏɠ ˊɟɩŰɤɜ ɡɚɩɜ ́ɚɖɜ Űɞɡ əŬɡůɑɛɞɡ.  

ȼ ́ ɟɩŰɖ ɨɚɖ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ůɡɜŮɘůűɞɟɎ ůŰɞ əɧůŰɞɠ Űɤɜ ˊɟɩŰɤɜ ɡɚɩɜ, ŮɑɜŬɘ Űɞ əɧůŰɞɠ 

Űɞɡ Ůˊɘˊɚɏɞɜ əŬɡůɑɛɞɡ LNG ́ɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŭɏůɛŮɡůɖɠ əŬɘ 

ůɡɛˊɑŮůɖɠ Űɞɡ CO2. ɆŰɞ əŮűɎɚŬɘɞ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ ůɡɜɞɚɘəɐɠ ɛɞɜɎŭŬɠ 

ɡˊɞɚɞɔɑůŰɖəŮ ɛŮ ɓɎůɖ Űɘɠ Ůˊɘˊɚɏɞɜ ŬɜɎɔəŮɠ ɔɘŬ ɗŮɟɛɐ ˊŬɟɞɢɐ əŬɘ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ, ˊɧůɞ 

Ůˊɘˊɚɏɞɜ əŬɨůɘɛɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ. Ⱥŭɩ ůɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŮɝɐɢɗɖůŬɜ Ŭˊɧ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ Total Site. 

ũɑɜŮŰŬɘ ɖ ɡˊɧɗŮůɖ ˊɤɠ ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ˊɚɞɑɞɡ ɛˊɞɟɞɨɜ ɜŬ 

əŬɚɨɣɞɡɜ Űɞ Ůˊɘˊɚɏɞɜ ŬɡŰɧ űɞɟŰɑɞ ɢɤɟɑɠ ɜŬ ɔɑɜŮɘ ˊɟɞůɗɐəɖ əɎˊɞɘɞɡ ůɡɛˊɚɖɟɤɛŬŰɘəɞɨ 

əŬɡůŰɐɟŬ/ɛɖɢŬɜɐɠ. ȷɡŰɧ ɗŬ ɔɑɜŮɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ űɞɟŰɑɞɡ ůŰɘɠ ɐŭɖ ɡˊɎɟɢɞɡůŮɠ ɛɖɢŬɜɏɠ, 

ɞɘ ɞˊɞɑŮɠ ɗŬ ɢɟŮɘŬůŰŮɑ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ ɡɣɖɚɧŰŮɟɞ ŮˊɑˊŮŭɞ ŭɡɜŬɛɘəɧŰɖŰŬɠ. ȺɑɜŬɘ ɔɜɤůŰɧ 

ˊɤɠ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ́ ɚɞɑŬ əŬŰɎ Űɖɜ ˊɚŮɨůɖ ɚŮɘŰɞɡɟɔɞɨɜ Űɘɠ ɛɖɢŬɜɏɠ Űɞɡɠ ůŮ ɏɜŬ ɛɏɟɞɠ Űɖɠ 

ŭɡɜŬɛɘəɧŰɖŰɎɠ Űɞɡɠ, ˊɞɚɚɏɠ űɞɟɏɠ ŬűɐɜɞɜŰŬɠ əɎˊɞɘŬ ŮəŰɧɠ ɚŮɘŰɞɡɟɔɑŬɠ [47]. ȼ Űɘɛɐ Űɞɡ LNG 

ŮɑɜŬɘ ɑůɖ ɛŮ 400ú/ton [32]. ɇŬ əɧůŰɖ Űɤɜ ˊɟɩŰɤɜ ɡɚɩɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ  : 
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ɄɑɜŬəŬɠ 74: ȾɧůŰɞɠ ˊɟɩŰɤɜ ɡɚɩɜ əŬɘ əŬɡůɑɛɞɡ ɛɞɜɎŭɤɜ 

  Consumption 

(ton/year) 
Cost ($/ton) Cost (ú/year ) 

ɀȺȷ 

ɀȺȷ 37,52 1320,00 45.567,73 ú 

Process water 8168,35 1,00 7.514,88 ú 

LNG 4879,46 400 1.951.782,13 ú 

Ɇɡɜɞɚɘəɧ əɧůŰɞɠ 2.004.864,74 ú 

MDEA-PZ 

ɀDȺȷ 0,49 1700,00 761,68 ú 

Process water 93,37 1,00 85,90 ú 

PZ 0,45 2160 884,35 ú 

LNG 4089,80 400 1.635.918,58 ú 

Ɇɡɜɞɚɘəɧ əɧůŰɞɠ 1.637.650,51 ú 

K2CO3 

K2CO3 0 1700,00 0 

Process water 0 1,00 0 

LNG 2640,48 400 1.056.193,84 ú 

Ɇɡɜɞɚɘəɧ əɧůŰɞɠ 1.056.193,84 ú 

 

6.2.2.3 Ɉˊɞɚɞɔɘůɛɧɠ əɧůŰɞɡɠ ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ 

Ƀɘ ɓɞɖɗɖŰɘəɏɠ ˊŬɟɞɢɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ɧˊɤɠ ŬɜŬɚɨɗɖəŮ əŬɘ ůŰɞ əŮűɎɚŬɘɞ Űɖɠ 

ŮɜŮɟɔŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ, ŮɑɜŬɘ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɜŮɟɧ ɣɨɝɖɠ, Űɞ 

ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞ ɜŮɟɧ, ɞ ŬŰɛɧɠ ɢŬɛɖɚɐɠ əŬɘ ɛŮůŬɑŬɠ ˊɑŮůɖɠ əŬɘ ɞ ɖɚŮəŰɟɘůɛɧɠ. Ƀɘ ɗŮɟɛɏɠ 

ˊŬɟɞɢɏɠ əŬɘ ɞ ɖɚŮəŰɟɘůɛɧɠ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ Űɖɜ Ůˊɘˊɚɏɞɜ əŬɨůɖ əŬɡůɑɛɞɡ LNG əŬɘ ɞɘ 

ŬəɟɘɓŮɑɠ ŬɜɎɔəŮɠ Űɖɠ əɎɗŮ ˊŬɟɞɢɐɠ ɏɢɞɡɜ ŬɜŬɚɡɗŮɑ ůŰɞ əŮűɎɚŬɘɞ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ɞɚɞəɚɐɟɤůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ɛɏɗɞŭɞ 

TSHI ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ. Ⱥˊɞɛɏɜɤɠ Űɞ əɧůŰɞɠ Űɤɜ ɗŮɟɛɩɜ ˊŬɟɞɢɩɜ, 

ŬɜɎɔŮŰŬɘ ůŰɞ əɧůŰɞɠ Űɞɡ Ůˊɘˊɚɏɞɜ əŬɡůɑɛɞɡ ˊɞɡ ˊɟɏˊŮɘ ɜŬ əŬŰŬɜŬɚɩůŮɘ Űɞ ˊɚɞɑɞ.  

ȳůɞɜ ŬűɞɟɎ Űɘɠ ɣɡɢɟɏɠ ˊŬɟɞɢɏɠ, Űɞ əɨɟɘɞ ɛɏɟɞɠ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ, əŬɘ 

ɡˊɎɟɢŮɘ ɛɑŬ ɛɘəɟɐ ŬɜɎɔəɖ ɔɘŬ ɢɟɐůɖ ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞɡ ɜŮɟɞɨ, ɔɘŬ Űɖɜ ŮɚɎŰŰɤůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ Ŭɏɟɘɞɡ ɟŮɨɛŬŰɞɠ əɞɟɡűɐɠ Űɖɠ ůŰɐɚɖɠ Ŭˊɞɔɨɛɜɤůɖɠ.  

ɇɞ əɧůŰɞɠ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ Ulrich[107], [108], 

əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɖɜ Ůɝɑůɤůɖ 6.17: 

#Ó×  πȢππρυ φȢπɕρπȤυɕÑȤπȢφ ȟ πȟππρÑ ρȟ  φȢρχ 

ȳˊɞɡ: 

Csw: ɇɞ əɧůŰɞɠ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ůŮ $/m3 

q: ȼ ɞɔəɞɛŮŰɟɘəɐ ˊŬɟɞɢɐ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ůŮ m3/s 

ɇɞ əɧůŰɞɠ Űɞɡ ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞɡ ɜŮɟɞɨ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɑůɞ ɛŮ 0,185 

$/ton[97] 

Ⱥˊɞɛɏɜɤɠ ɧˊɤɠ ŮɑɜŬɘ ŮɛűŬɜɏɠ, Űɞ əɧůŰɞɠ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ɤɠ ɣɡəŰɘəɧ ɛɏůɞ 

ɛŮŰŬɓɎɚɚŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ˊŬɟɞɢɐ. ȼ ŬɜɎɔəɖ ɔɘŬ ɣɡɢɟɐ ˊŬɟɞɢɐ ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊɖ ůŮ ɧɚŮɠ Űɘɠ ɛɞɜɎŭŮɠ, Ůˊɞɛɏɜɤɠ əŬɘ ɖ Űɘɛɐ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ 

Űɤɜ 0,0152 $/ m3. ȼ ŬɜŬɔəŬɑŬ ɛŬɕɘəɐ ɟɞɐ Űɖɠ əɎɗŮ ɣɡɢɟɐɠ ˊŬɟɞɢɐɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ɔɜɤůŰɐ ůɢɏůɖ: 

ά   
ȟᶻ

φȢρψ  
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Q: ɊɡəŰɘəɐ ŬˊŬɑŰɖůɖ ŮɜŬɚɚɎəŰɖ ůŮ kW  

Cp,w: Ⱥɘŭɘəɐ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ ɜŮɟɞɨ ůŮ kJ/kgK  

ȹT: ŪŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ ɜŮɟɞɨ ůŮ K 

ũɘŬ Űɖɜ Ůɘŭɘəɐ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ, ɔɑɜŮŰŬɘ ɖ ˊŬɟŬŭɞɢɐ ɧŰɘ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ əŬŰɎ Űɖ 

ɛŮŰŬɓɞɚɐ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɜŮɟɞɨ. ɇɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ɏɢŮɘ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ 

15 əŬɘ 35 ɓŬɗɛɞɨɠ əŮɚůɑɞɡ əŬɘ Űɞ ŮɚŬűɟɩɠ ɣɡɔɛɏɜɞ ɜŮɟɧ 5 əŬɘ 15 ɓŬɗɛɞɨɠ əŮɚůɑɞɡ 

ŬɜŰɑůŰɞɘɢŬ[97]. Ƀɘ ɗŮɟɛɞəɟŬůɑŮɠ Ůɝɧŭɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ɗŮɟɛɞəɟŬůɑŬ 

Ůɝɧŭɞɡ. ɆŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ ůɡɜɞɣɑɕɞɜŰŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɣɡɢɟɩɜ ɓɞɖɗɖŰɘəɩɜ ˊŬɟɞɢɩɜ 

Ŭˊɧ ŭŮŭɞɛɏɜŬ Űɖɠ ɜŬɡŰɘɚɑŬɠ [47] əŬɘ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ [93] əŬɘ ŰŬ əɧůŰɖ Űɞɡɠ. 

ɄɑɜŬəŬɠ 75: ȽŭɘɧŰɖŰŮɠ ɗŬɚŬůůɘɜɞɨ əŬɘ űɟɏůəɞɡ ɜŮɟɞɨ 

 Cp (kcal/kgC) Cp (kj/kgK) Density (kg/m3) 

Sea water 0,94 3,93296 1023,6 

Fresh water 1 4,184 1000 

 

ɄɑɜŬəŬɠ 76: ȾɧůŰɞɠ ɣɡəŰɘəɩɜ ˊŬɟɞɢɩɜ ɛɞɜɎŭɤɜ 

  Usage (kg/hr) Usage (m3/year) COST (ú/year) 
Ɇɡɜɞɚɘəɧ ȾɧůŰɞɠ 

(ú/year) 

ɀȺȷ 
Sea water 5,59E+05 3,11E+06 43.399,52 ú 

48.035,52 ú 
Chilled Water 4,79E+03 2,72E+04 4.636,00 ú 

MDEA-PZ 
Sea water 5,17E+05 2,87E+06 40.145,00 ú 

44.128,87 ú 
Chilled Water 4,12E+03 2,34E+04 3.983,88 ú 

K2CO3 
Sea water 4,96E+05 2,75E+06 38.501,02 ú 

41.240,25 ú 
Chilled Water 2,83E+03 1,61E+04 2.739,23 ú 

 

6.2.2.4 ȷˊɞůɓɏůŮɘɠ 

Ƀɘ ŬˊɞůɓɏůŮɘɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ɚɞɔɘůŰɘəɧ ɛɏɔŮɗɞɠ Űɞ ɞˊɞɑɞ ɧɛɤɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ TPC. ɋɠ ŬˊɧůɓŮůɖ ɞɟɑɕŮŰŬɘ ɖ ɛŮɑɤůɖ Űɖɠ ŬɝɑŬɠ Űɤɜ 

ˊŬɔɑɤɜ ůŰɞɘɢŮɑɤɜ ɛɑŬɠ ɛɞɜɎŭŬɠ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ. ɀɑŬ Ŭˊɚɐ ŮəŰɑɛɖůɖ ɗŬ ɛˊɞɟɞɨůŮ 

ɜŬ ŮɑɜŬɘ ɧŰɘ ɞɘ ŬˊɞůɓɏůŮɘɠ ŮɑɜŬɘ ɑůŮɠ ɛŮ 10% Űɞɡ əɧůŰɞɡɠ ˊŬɔɑɞɡ əŮűŬɚŬɑɞɡ ŮŰɖůɑɤɠ. ɆŮ 

ˊŬɟɧɛɞɘɞ ŬˊɞŰɏɚŮůɛŬ əŬŰŬɚɐɔŮɘ əŬɜŮɑɠ əŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɔɟŬɛɛɘəɐɠ ɛŮɗɧŭɞɡ ɡˊɞɚɞɔɘůɛɞɨ 

Űɤɜ ŬˊɞůɓɏůŮɤɜ ˊɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 6.19 [97]: 

Ὀ
Ὀὅ Ὓ

ὔ
φȢρω 

ȳˊɞɡ: 

DC: ɇɞ ůɡɜɞɚɘəɧ ˊɞůɧ ŬˊɧůɓŮůɖɠ ůŮ ú, ɑůɞ ɛŮ Űɞ FCI 

S: ȼ ɡˊɞɚŮɘɛɛŬŰɘəɐ ŬɝɑŬ ůŮ ú, ůɡɜɐɗɤɠ 0 

Ɂ: ɇŬ ɏŰɖ ŬˊɧůɓŮůɖɠ, ůɡɜɐɗɤɠ 10 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŮŰɐůɘŮɠ ŬˊɞůɓɏůŮɘɠ ɔɘŬ Űɘɠ ŰɟŮɘɠ 

ɛɞɜɎŭŮɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ : 
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ɄɑɜŬəŬɠ 77: ȺŰɐůɘŮɠ ŬˊɞůɓɏůŮɘɠ ɛɞɜɎŭɤɜ 

MEA CCS MDEA-PZ CCS K2CO3 CCS 

1.892.057,67 ú 2.425.012,26 ú 2.173.045,87 ú 

 

6.2.2.5 Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜɞɚɘəɞɨ əɧůŰɞɡɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ 

ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

Ƀɛɞɑɤɠ ɛŮ Űɞ ůɡɜɞɚɘəɧ ˊɎɔɘɞ əɧůŰɞɠ, ɏŰůɘ əŬɘ ůŰɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ŮˊŮɘŭɐ ɛŮɟɘəɎ 

əɧůŰɖ ŮəűɟɎɕɞɜŰŬɘ ɤɠ ˊɞůɞůŰɧ Űɞɡ TPC, ɡˊɞɚɞɔɑɕŮŰŬɘ Ůɝ Ŭɟɢɐɠ Űɞ TPC ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ 

Ůɝɑůɤůɖ: 

 ὖὅ Ὀὅ Ὂὅ πȢρz ὝὖὅπȢρz ὝὖὅπȢπυzὝὖὅπȢπσzὝὖὅᵼ 

Ὕὖὅ
Ὀὅ Ὂὅ

πȢχς
φȢςπ 

ȳˊɞɡ: 

Ὀὅ:  ɇɞ ůɡɜɞɚɘəɧ ɎɛŮůɞ əɧůŰɞɠ ˊɟɞɥɧɜŰɞɠ ɢɤɟɑɠ ŰŬ ŭɘəŬɘɩɛŬŰŬ ŮɡɟŮůɘŰŮɢɜɑŬɠ 

FC: Ɇɡɜɞɚɘəɧ ůŰŬɗŮɟɧ əɧůŰɞɠ ˊɟɞɥɧɜŰɞɠ, ɢɤɟɑɠ ɜŬ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞɘ ŮˊɘɓŬɟɨɜůŮɘɠ 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ əŬŰɖɔɞɟɑŮɠ əɧůŰɞɡɠ, ŰŬ ˊɞůɞůŰɎ 

ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ əɎɗŮ ɛɑŬɠ əŬɘ ŰŬ əɧůŰɖ ůŮ ú ŬɜŬɚɡŰɘəɎ [97] : 

ɄɑɜŬəŬɠ 78: Ɇɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ɛɞɜɎŭɤɜ ŭɏůɛŮɡůɖɠ CO2 

    MEA CCS MDEA-PZ CCS K2CO3 CCS 

     Cost ( ú/year )  Cost ( ú/year )  Cost ( ú/year ) 

Ɇ
ɡ
ɜ
ɞ
ɚ
ɘ
ə
ɧ
 
Ⱦ
ɧ
ů
Ű
ɞ
ɠ
 
Ʉ
Ŭ
ɟ
Ŭ
ɔ
ɤ
ɔ
ɐ
ɠ
 
(

T
P
C
)

 

1
,
 
Ⱦ
ɧ
ů
Ű
ɞ
ɠ
 
ȸ
ɘ
ɞ
ɛ
ɖ
ɢ
Ŭ
ɜ
ɞ
ˊ
ɞ
ɑ
ɖ
ů
ɖ
ɠ
 
(

O
P
E
X
)

 

ȯɛŮůŬ 

ȾɧůŰɖ (DC) 

ɄɟɩŰŮɠ 

ɨɚŮɠ (CRM) 

MEA MAKEUP 45.568 ú 

MDEA 

MAKEUP 
762 ú 

K2CO3 

MAKEUP 
0 

PZ 

MAKEUP 
884 ú 

PROCESS WATER 

MAKEUP 
7.515 ú 86 ú 0 ú 

LNG FUEL EXTRA 

COST FOR HEAT 

GENERATION & 

ELECTRICITY 

1.951.782 ú 1.635.919 ú 1.056.194 ú 

ȸɞɖɗɖŰɘəɏɠ 

ɄŬɟɞɢɏɠ 

(Cut) 

SEA WATER 43.400 ú 40.145 ú 38.501 ú 

CHILLED WATER 4.636 ú 3.984 ú 2.739 ú 

ȯɛŮůɖ ŮɟɔŬůɑŬ (COL) 167.580 ú 201.096 ú 201.096 ú 

ȺˊŮɝŮɟɔŬůɑŬ ŬˊɞɓɚɐŰɤɜ (CWT) - - - 

ȺˊɑɓɚŮɣɖ ɎɛŮůɖɠ ŮɟɔŬůɑŬɠ 

(0,15*COL) 
25.137 ú 30.164 ú 30.164 ú 

ɆɡɜŰɐɟɖůɖ əŬɘ ŮˊɘůəŮɡɏɠ (0,06* 

FCI) 
1.135.235 ú 1.455.007 ú 1.303.828 ú 

ɄɟɞɛɐɗŮɘŮɠ ɚŮɘŰɞɡɟɔɑŬɠ (0,01*FCI) 189.206 ú 242.501 ú 217.305 ú 

ȾɧůŰɞɠ ŮɟɔŬůŰɖɟɑɞɡ (0,15*COL) 25.137 ú 30.164 ú 30.164 ú 

ȹɘəŬɘɩɛŬŰŬ ŮɡɟŮůɘŰŮɢɜɑŬɠ 

(0,03*TPC) 
260.170 ú 293.155 ú 246.761 ú 

DC (DIRECT COST) 3.855.364 ú 3.933.868 ú 3.126.752 ú 

ɆŰŬɗŮɟɎ 

ȾɧůŰɖ (FC) 

ȷˊɧůɓŮůɖ (0,1*FCI) 1.892.058 ú 2.425.012 ú 2.173.046 ú 

ūɧɟɞɘ (0,03*FCI) 567.617 ú 727.504 ú 651.914 ú 

ȷůűɎɚŮɘŬ (0,01*FCI) 189.206 ú 242.501 ú 217.305 ú 



157 

 

FC 2.648.881 ú 3.395.017 ú 3.042.264 ú 

ȺˊɘɓŬɟɨɜůŮɘɠ (0,1*TPC) 867.233 ú 977.185 ú 822.535 ú 

ũŮɜɘəɎ 

ɏɝɞŭŬ (GE) 

ȹɘɞɘəɖŰɘəɎ ɏɝɞŭŬ (0,04*TPC) - - - 

ɄɤɚɐůŮɘɠ əŬɘ ŭɘŬɜɞɛɐ (0,1*TPC) 867.233 ú 977.185 ú 822.535 ú 

ȰɟŮɡɜŬ əŬɘ ŬɜɎˊŰɡɝɖ (0,05*TPC) 433.616 ú 488.592 ú 411.268 ú 

GE 1.300.849 ú 1.465.777 ú 1.233.803 ú 

TPC 8.672.327 ú 9.771.847 ú 8.225.354 ú 

 

ȷəɧɛŬ, ŮɝɎɔɞɜŰŬɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɑ́ɜŬəŬ ŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ. 

 
ȹɘɎɔɟŬɛɛŬ 93: ɆɡɜŮɘůűɞɟɎ Űɤɜ əŬŰɖɔɞɟɘɩɜ əɧůŰɞɡɠ ůŰɞ TPC 

 
ȹɘɎɔɟŬɛɛŬ 94: ɄɞůɞůŰɘŬɑŬ ůɡɜŮɘůűɞɟɎ Űɤɜ əŬŰɖɔɞɟɘɩɜ əɧůŰɞɡɠ ůŰɞ TPC 

 
ȹɘɎɔɟŬɛɛŬ 95: ȷɜŬɚɡŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɖɠ ůɡɜŮɘůűɞɟɎɠ əɎɗŮ əŬŰɖɔɞɟɑŬɠ əɧůŰɞɡɠ ůŰɞ TPC 
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ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ˊɟɞɥɧɜŰɞɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɛɞɜɎŭŬɠ ɛŮ 

ŭɘŬɚɨŰɖ MDEA-PZ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟɞ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŭɨɞ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ. ȷˊɧ 

ŰŬ ́ ŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ, ɛˊɞɟŮɑ ɜŬ ŮɝŬɢɗŮɑ Űɞ ůɡɛˊɏɟŬůɛŬ ˊɤɠ ɖ əŬŰɖɔɞɟɑŬ əɧůŰɞɡɠ ˊɞɡ 

ůɡɜŮɘůűɏɟŮɘ ˊŮɟɘůůɧŰŮɟɞ ůŰɖɜ ŭɘŬűɞɟɎ ŬɡŰɐ, ŮɑɜŬɘ ɖ əŬŰɖɔɞɟɑŬ Űɞɡ ůŰŬɗŮɟɞɨ əɧůŰɞɡɠ (FC). 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŰŬ əɧůŰɖ Űɤɜ ŬˊɞůɓɏůŮɤɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

Űɞɡ ŭɘŬɚɨŰɖ MDEA-PZ ůŮ ůɢɏůɖ ɛŮ ŮəŮɑɜɖ ɛŮ ŭɘŬɚɨŰɖ MEA.  

ȷəɧɛŬ, Űɞ TPC ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ  ŭɘŬɚɨŰɖ K2CO3 ŮɑɜŬɘ Űɞ ɢŬɛɖɚɧŰŮɟɞ Ůə Űɤɜ Űɟɘɩɜ. 

ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɛɘəɟɧŰŮɟɞ DC ɔɘŬ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɘɠ 

ůɖɛŬɜŰɘəɎ ɢŬɛɖɚɧŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ɛɞɜɎŭŬɠ ůŮ ŮɜɏɟɔŮɘŬ, əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ůŮ əŬɨůɘɛɞ 

LNG, ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ́ ɟɞɥɧɜŰɞɠ ˊŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŬˊŬɘŰŮɑŰŬɘ 

ɛŮɔŬɚɨŰŮɟɞ (CAPEX) ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ɛɞɜɎŭŬ ɛŮ ŭɘŬɚɨŰɖ ɀȺȷ. ȼ ŮˊɑŭɟŬůɖ Ůɜɧɠ 

ɚɞɔɘůŰɘəɞɨ ɛŮɔɏɗɞɡɠ ůŰɞ ˊɟŬɔɛŬŰɘəɧ əɧůŰɞɠ ŭɏůɛŮɡůɖɠ CO2 ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ Űɖɜ ŬɜɎɔəɖ ŭɘŬűɞɟŮŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ TPC, ɏŰůɘ ɩůŰŮ ɜŬ 

ŮɝŬɢɗŮɑ ɛɑŬ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ ú/ton ɘůɞŭɨɜŬɛɞɡ ŭŮůɛŮɡɛɏɜɞɡ CO2 ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑ Űɞ ɓŬůɘəɧ 

ŭŮɑəŰɖ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŭɏůɛŮɡůɖɠ, ůɡɛˊɑŮůɖɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ 

Űɞɡ ɎɜɗɟŬəŬ. ȷɡŰɧ ŭɘɧŰɘ Űɞ ɨɣɞɠ Űɞɡ CAPEX ɐ Űɞɡ TPC ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɧ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ 

ɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ CCS. ɆŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ [23], [32], [59] ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ 

TPC ɐ TAC (Total Annual Cost) ɔɘŬ ůɡůŰɐɛŬŰŬ ŭɏůɛŮɡůɖɠ, əŬɘ ůɡɛˊɑŮůɖɠ CO2, ɡˊɞɚɞɔɑɕŮŰŬɘ 

Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ŮɝɘůɩůŮɘɠ:  

ὝὃὅὃὅὃὖὉὢὊὕὖὉὢὠὕὖὉὢφȢςρ 

ὃὅὃὖὉὢὅὃὖὉὢzὅὙὊφȢςς 

ὅὙὊ
ὭὭ ρ

Ὥ ρ ρ
φȢςσ 

ȳˊɞɡ: 

ACAPEX: ȺɑɜŬɘ Űɞ CAPEX ŮəűɟŬůɛɏɜɞ ůŮ ŮŰɐůɘŬ ɓɎůɖ 

FOPEX: ȺɑɜŬɘ Űɞ ůŰŬɗŮɟɧ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ (Fixed Operational Expenditure) 

VOPEX: ȺɑɜŬɘ Űɞ ɛŮŰŬɓɚɖŰɧ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ (Variable Operational Expenditure) 

CRF: ȺɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬɜɎəŰɖůɖɠ əŮűŬɚŬɑɞɡ (capital recovery factor) 

i: ɇɞ ŮˊɘŰɧəɘɞ, Űɞ ɞˊɞɑɞ ɗŮɤɟŮɑŰŬɘ ɑůɞ ɛŮ 8% 

n: ȼ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ, ɑůɖ ɛŮ 25 ɢɟɧɜɘŬ. 

ɇɞ VOPEX ́ ŮɟɘɚŬɛɓɎɜŮɘ Űɞ əɧůŰɞɠ əŬŰŬɜɎɚɤůɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ ŬɜŰɚɑŮɠ & 

ůɡɛˊɘŮůŰɏɠ, Űɞ əɧůŰɞɠ Űɞɡ ŬŰɛɞɨ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ Ůˊɘˊɚɏɞɜ ŬɜŬɔəɩɜ ůŮ ɗŮɟɛɐ ˊŬɟɞɢɐ, Űɞ 

əɧůŰɞɠ Űɤɜ ɓɞɖɗɖŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɣɨɝɖɠ əŬɘ Űɞ əɧůŰɞɠ ŬɜŬˊɚɐɟɤůɖɠ Űɞɡ ŭɘŬɚɨŰɖ. ȳˊɤɠ 

ɏɢŮɘ ŭɘŮɡəɟɘɜɘůŰŮɑ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɖ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ əŬɘ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ Ŭˊɧ 

Űɖ ŭɘŬŭɘəŬůɑŬ ŭɏůɛŮɡůɖɠ ɎɜɗɟŬəŬ ˊŬɟɏɢɞɜŰŬɜ Ŭˊɧ Űɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ Űɞɡ ˊɚɞɑɞɡ əŬɘ 

Ůˊɞɛɏɜɤɠ ŰŬ əɧůŰɖ Űɞɡɠ ŬɜɎɔɞɜŰŬɘ ůŮ əɧůŰɞɠ əŬɡůɑɛɞɡ. ɇɞ FOPEX ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ əɧůŰɞɠ 

ůɡɜŰɐɟɖůɖɠ, ŰŬ ɔŮɜɘəɎ ɏɝɞŭŬ, Űɞ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ɎɚɚŬ ůŰŬɗŮɟɎ əɧůŰɖ ɔɘŬ Űɖ ɛɞɜɎŭŬ, 

ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ Ŭɜ ɚŮɘŰɞɡɟɔŮɑ ůŮ ɛŮɘɤɛɏɜɖ ɐ ˊɚɐɟɖ ŭɡɜŬɛɘəɧŰɖŰŬ ɐ ŮɑɜŬɘ ůŮ ŬɜŬůŰɞɚɐ 

ɚŮɘŰɞɡɟɔɑŬɠ. ɇɞ FOPEX ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ŬˊɚɎ ɛŮ Űɖɜ ůɢɏůɖ 6.24: 

 

ὊὕὖὉὢπȟπσὅὃὖὉὢφȢςτ 
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ȰˊŮɘŰŬ, ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ əɧůŰɞɠ ŭɏůɛŮɡůɖɠ əŬɘ ůɡɛˊɑŮůɖɠ Űɞɡ CO2 ŬɜɎ Űɧɜɞ 

ŭŮůɛŮɡɧɛŮɜɞɡ CO2 Ŭˊɧ Űɖɜ ůɢɏůɖ: 

ὅ ȟ

Ὕὃὅ

ὅὕȟ
  φȢςυ 

ȳˊɞɡ: 

#/ȟ : ȺɑɜŬɘ ɖ ůɡɜɞɚɘəɐ ŭŮůɛŮɡɧɛŮɜɖ ˊɞůɧŰɖŰŬ CO2 ůŮ ton/year 

ɆŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ TAC 

ɛŮ Űɖɜ ŭŮɨŰŮɟɖ ɛɏɗɞŭɞ əŬɗɩɠ əŬɘ Űɞɡ ŭŮɑəŰɖ CCO2,capt . 

ɄɑɜŬəŬɠ 79: Ɇɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ɛɞɜɎŭɤɜ ŭɏůɛŮɡůɖɠ CO2 (2ɖ ɛɏɗɞŭɞɠ) 

 MEA CCS MDEA-PZ CCS K2CO3 CCS 

CAPEX ( ú/year ) 20.843.964,78 ú 26.724.474,64 ú 23.938.186,84 ú 

Annualized CAPEX  ( ú/year) =CRF*CAPEX 1.455.053,34 ú 1.865.553,72 ú 1.671.051,51 ú 

Fixed OPEX ( ú/year) =0,03*CAPEX 625.318,94 ú 801.734,24 ú 718.145,61 ú 

VARIABLE OPEX ( ú/year) 

Solvent makeup 45.567,73 ú 1.646,03 ú 0,00 ú 

PROCESS WATER MAKEUP 7.514,88 ú 85,90 ú 0,00 ú 

LNG FUEL EXTRA 

COST FOR 

HEAT GENERATION 

& ELECTRICITY 

1.951.782,13 ú 1.635.918,58 ú 1.056.193,84 ú 

SEA WATER 43.399,52 ú 40.145,00 ú 38.501,02 ú 

CHILLED WATER 4.636,00 ú 3.983,88 ú 2.739,23 ú 

Total annual cost (TAC) 4.133.272,55 ú 4.349.067,35 ú 3.486.631,20 ú 
 

ɄɑɜŬəŬɠ 80: ȾɧůŰɞɠ ŭɏůɛŮɡůɖɠ əŬɘ ůɡɛˊɑŮůɖɠ CO2 ɛɞɜɎŭɤɜ, ůŮ ú/ton ŭŮůɛŮɡɛɏɜɞɡ CO2 

 
CO2 

avoidance 

(%) 

CO2 captured 

(kg/h) 

Operating 

hours 

CO2 captured 

(ton/operyear) 

CCO2,capt (ú/ton 

CO2) 1ɖ ɛɏɗɞŭɞɠ 

CCO2,capt (ú/ton 

CO2) 2ɖ ɛɏɗɞŭɞɠ 

MEA CCS 58,88% 3766,16 
5686,44 21416,05 404,95 ú 193,00 ú 

8000,00 30129,28 287,84 ú 137,18 ú 

MDEA -

PZ CCS 
62,52% 3763,63 

5686,44 21401,65 456,59 ú 203,21 ú 

8000,00 30109,03 324,55 ú 144,44 ú 

K2CO3 

CCS 
65,57% 3493,74 

5686,44 19866,95 414,02 ú 175,50 ú 

8000,00 27949,93 294,29 ú 124,75 ú 

 

Ƀɛɞɑɤɠ, ɖ ˊɘɞ ɞɘəɞɜɞɛɘəɐ ɛɞɜɎŭŬ ɧůɞɜ ŬűɞɟɎ Űɞ TPC, űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŮəŮɑɜɖ ɛŮ Űɖɜ ɢɟɐůɖ 

ŭɘŬɚɨŰɖ K2CO3, ɛŮ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŭɨɞ ɛɞɜɎŭŮɠ. 

ɈˊɞɚɞɔɑɕɞɜŰŬɠ ɧɛɤɠ əŬɘ Űɞ əɧůŰɞɠ ŬɜɎ Űɧɜɞ ŭŮůɛŮɡɛɏɜɞɡ CO2, Űɞ ŬˊɞŰɏɚŮůɛŬ ŭɘŬűɏɟŮɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ ɡˊɞɚɞɔɘůɛɞɨ. ɀŮ Űɖɜ 1ɖ ɛɏɗɞŭɞ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ TPC, ɖ ˊɘɞ 

ɞɘəɞɜɞɛɘəɐ ɛɞɜɎŭŬ ŮɑɜŬɘ ŮəŮɑɜɖ ɛŮ Űɞɜ ŭɘŬɚɨŰɖ ɀȺȷ. ɄŬɟɧɚɞ ˊɞɡ Űɞ TPC ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

Űɞɡ ŭɘŬɚɨŰɖ K2CO3 ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ ŮəŮɑɜɞ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɚɨŰɖ ɀȺȷ, ɖ 

ŭŮůɛŮɡɧɛŮɜɖ ˊɞůɧŰɖŰŬ Űɞɡ CO2 ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɧŰŮɟɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ TPC, ɩůŰŮ ɖ Űɘɛɐ 

Űɞɡ ŭŮɑəŰɖ ɜŬ ŮɑɜŬɘ ˊɘɞ ɡɣɖɚɐ. ɀŮ Űɖɜ ŭŮɨŰŮɟɖ ɛɏɗɞŭɞ ɡˊɞɚɞɔɘůɛɞɨ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ůɡɜɎŭɞɡɜ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ŬɜŬɚɨůŮɤɜ ůŰɞ əŮűɎɚŬɘɞ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ 














