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EXECUTIVE SUMMARY (Hebrew) 
 

˰˵˶ 

) ˭ˬ˥˲ ˭ˣ˯˥˞ˣ ˸˯˧˲˸CCS - Carbon Capture and Storage ˭ˬ˥˲ ˣ˟ ˨˧˪ˢ˸ ˣˮ˧ˢ (ˣˡ- ˯˲˸ˮ (˥"ˡ˲) ˧ˮ˴ˬ˥

˧˧˸˧˧˷˰˸ ˫˧˩˧˪ˢ˸ ˪˷ ˸ˣ˦˧˪˲ˬ ˫ ˸˶˦ˬ .ˢ˶˧˲˯ˣˬ˦˞˪ ˦˪˲˧ˢ˪ ˸˪ˣ˩˧ ˞˪˪ ˭˯˥ˣ˞ˬˣ ,˪ˬ˷˥ ˸˵˲ˢ ˧˩˧˪ˢ˸ˣ

.˫˧˪˵˞ˢ ˧ˣˮ˧˷ ˪˰ (˧˷ˣˮ˞ ˶ˣ˵ˬˬ) ˫˧˧ˮˠˣ˲ˣ˶˸ˮ˞ ˢˬˬ˥ ˧ˤˠ ˸˦˧˪˲ ˪˷ ˦˵˲˞ˢ ˸˞ ˫˴ˬ˴˪ ˨˧˪ˢ˸ˢ 

˧˪ˢ˸ˣ ˸ˣ˧ˠˣ˪ˣˮ˩˦ ˪˷ ˢˬ˪˷ ˢ˪˧˟˥˟ ˞˪˞ ,˸˥˞ ˢ˧ˠˣ˪ˣˮ˩˦˟ ˶˟ˣˡˬ ˭˧˞˫˧˩ . ˶˟˩ ˢ˥˪˴ˢ˟ ˫˧˪˰ˣ˲ ˫ˢˬ ˵˪˥

.˧˸˧˧˷˰˸ ˢˡ˧ˬ ˢˮ˵˟ ˷ˣˬ˧˷˪ ˶˟˰ˬ ˧˟˪˷˟ ˣ˞ ˥ˣ˸˧˲ ˸˥˸ ˫˧˞˴ˬˮ ˫˧˶˥˞ ˡˣ˰˟ ,˫˧ˮ˷ ˸ˣ˶˷˰ 

 ,˧˯˧˯˟ ˭˲ˣ˞˟CCS  :˫˧˧˶˵˧˰ ˫˧˟˪˷ ˢ˷ˣ˪˷ˬ ˟˩˶ˣˬ 

¶  ˢ˯˧˲˸-  ˞ˣˢ ˭˩ˬ ˶˥˞˪ .˪ˬ˷˥ ˸˵˲ˢ ˨˧˪ˢ˸˟ ˣ˞ ˧˸˧˧˷˰˸ˢ ˨˧˪ˢ˸˟ ˫˧˶˥˞ ˫˧ˤˠˬ ˥"ˡ˲ ˸ˡ˶˲ˢ

 ˸˞˶˵˪ ˯˥ˡˮ;˰ˣˮ˧˷ 

¶  ˰ˣˮ˧˷- ˣ ;ˢˮ˯˥˞ ˶˸˞ ˪˞ ˣ˸˯˧˲˸ ˶˸˞ˬ ,˸ˣ˶ˣˮ˧˴ ˸ˣ˰˴ˬ˞˟ ˩"ˡ˟ ,˥"ˡ˲ˢ ˸˶˟˰ˢ- 

¶ ˭ˣ˯˥˞ - ˸˸ ˫˧˶˲˧ˣˣ˵˞˪ ˣ˞ ˰˵˶˵ ˸ˣ˶ˣ˴˸ ˪˞ ˥"ˡ˲ ˸˵˶ˤˢ- .˥ˣˣ˦ ˸˩ˣ˶˞ ˢ˞˧˪˩ ˫˷˪ ˫˧˧˰˵˶˵

 ˭˸˧ˮ ,˭˧˲ˣ˪˧˥˪) ˫˧˶˴ˣˬ ˸˶˧˴˧˪ ˫˧˧˸˧˧˷˰˸ ˫˧˩˧˪ˢ˸˟ ˣ˟˪˷˪CCU - Carbon Capture and 

Utilization(ˣ˞ ,  ˫˧ˮˣ˶˥˞ˢ ˪˷ ˢ˵˲ˢˢ ˟˴˵ ˶ˣ˲˧˷ ˫˷˪ ˫˧˪ˡ˪ˡ˸ˬ ˤˠˣ ˦˲ˮ ˸ˣˡ˷˪ ˣ˸ˣ˞ ˵˧˶ˤˢ˪

)EOR - Enhanced Oil Recovery.( 

 

˸ˣ˧ˠˣ˪ˣˮ˩˦˟ ˫˪ˣ˰˟ ˸ˣˮ˧˧ˮ˰˸ˢˢCCS  :˫˧˧˶˵˧˰ ˫˧ˬ˶ˣˠ ˢ˷ˣ˪˷ ˪˷˟ ˸˶˟ˣˠ 

1.  ,ˢˬˬ˥ ˧ˤˠ ˸ˣ˦˧˪˲˟ ˫ˣ˴ˬ˴˟ ˨˶ˣ˴ ˷˧ ˫˧˪˵˞ˢ ˧ˣˮ˧˷ ˸ˣ˰˲˷ˢ ˫ˣ˴ˬ˴ ˫˷˪ ˧˩ ˸˶˟ˣˠ ˸˧˪˪˩ ˢˮ˟ˢ

.˥"ˡ˲ ˞ˣˢ ˫ˢ˟ ˧˸ˣ˰ˬ˷ˬˢ˷ 

2.  ˸ˣ˥˲˟ ˷ˣˬ˧˷ ˧ˡ˧ ˪˰ ˥"ˡ˲ ˸ˣ˦˧˪˲˟ ˧˸ˣ˰ˬ˷ˬ ˫ˣ˴ˬ˴ ˸ˣ˶˧ˢˬ˟ ˣ˞ ˸ˣ˪˵˟ ˠ˧˷ˢ˪ ˭˸˧ˮ ˞˪ ˧˩ ˢˮ˟ˢˢ

 .˭ˬ˥˲ ˸ˣ˦˧˪˲˟ ˫˧˪ˡ ˫˧˵˪ˡ˪ ˶˟˰ˬ ˧ˡ˧ ˪˰ ˣ˞ ˢ˧ˠ˶ˮ˞85%  ˢ˶ˣ˵ˬ ˫ˡ˞ˢ ˷ˣˬ˧˷˟ ˢ˧ˠ˶ˮ˞ˢˬ

 .˟˶ ˭ˬˤ ˥˵ˣ˪ ˸˞ˤ ˸ˣˮ˷˪ˣ ,˫˧ˮ˟ˣ˞ˬ ˧˵˪ˡ˟CCS  ˧˟˧˯ˬ ˫ˣ˴ˬ˴˟ ˶ˣˤ˰˪ ˪ˣ˩˧ ˭˸˧ˮ ˶˷˞ ˡ˰ ˸ˣ˦˧˪˲ ˪˷

.˭ˬ˥˲ ˸ˣ˦˧˪˲˟ ˸ˣ˪ˡ ˸ˣ˧ˠ˶ˮ˞˪ ˶˟˰ˬ ˫˧˪˷ˢ˪ ˢ˧ˢ˧ 

3.  ˸˲˯ˣˢ ˧˩ ˫˧˞˶ˬ ˢ˧ˠ˶ˮ˞˟ ˷ˣˬ˧˷ ˪˷ ˫˧˧˪˩˪˩ ˫˧˪ˡˣˬCCS  ˧ˤˠ ˸ˣ˦˧˪˲ ˫ˣ˴ˬ˴˪ ˫˧˪˩ˢ ˸ˬ˧˷˶˪

 ˧˩ ˣ˟˷˧˥ ˫˧˶˥˞ ˫˧˶˵˥ˬ .˫˧˪˵˞ˢ ˧ˣˮ˧˷ ˫ˣ˴ˬ˴ ˪˷ ˸ˣ˪˰ˢ ˸˞ ˸˧˸ˣ˰ˬ˷ˬ ˢ˶ˣ˴˟ ˫˧˪˧ˤˣˬ ,ˢˬˬ˥

ˬ ˪˥ˢ-2030 CCS  ˵˪˥ ˢ˧ˢ˧˸ˣ˪˰ ˧˪˰˟ ˫˧˪˩ˬ ˟ˣ˷˥-.ˢˬˬ˥ ˧ˤˠ ˸ˣ˦˧˪˲ ˫ˣ˴ˬ˴˪ ˢˢˣ˟ˠ ˸˪˰ˣ˸ 

 

˫ˣ˧˩, CCS  .˥"ˡ˲ˢ ˸˯˧˲˸ ˨˧˪ˢ˸˟ ˢ˶ˣ˵ˬ ˸ˣ˪˰ˢ ˸˧˟˶ˬ ˶˷˞˩ ,˫˧˶˵ˬ ˪˷ ˫˴ˬˣ˴ˬ ˵˪˥˟ ˵˶ ˧˪˩˪˩ ˣˮ˧ˢ

 ,˸˧˶ˣ˟˧˴ ˢ˪˟˵ ˧˞ ,˧˶ˣ˦˪ˣˠ˶ ˸ˣ˞ˡˣˣ ˶˯ˣ˥ ,˫˪ˠ ˶ˬˣ˥˩ ˥"ˡ˲˟ ˷ˣˬ˧˷˟ ˧˷ˣ˵ ˫ˢ ˫˧˲˯ˣˮ ˫˧ˬ˯˥˟ ˧˷ˣ˵ ˶ˣ˸˧˞

) ˸ˣ˟˥ ˧˞˷ˣˮˣ ,ˢˬˬ˥ ˧ˤˠ ˸˦˧˪˲ ˪˷ ˸ˣ˧ˮˣ˴˧˥ˢ ˸ˣ˧ˣ˪˰˟ ˢ˶˩ˢ ˧˞ ,˭ˣ˯˥˞ ˧˶˸˞ ˭ˣ˧˲˞ˣliability ˞˷ˣˮ ˧ˬ ,

 ˧˩ ˫˧˯˶ˣˠˢ ˷˧ ,˸˞ˤ ˶ˣ˞˪ .(˵ˤˮ ˪˷ ˫˧˶˵ˬ˟ ˸ˣ˧˶˥˞˟CCS  ˫ˣ˴ˬ˴˪ ˸˧˸ˣ˰ˬ˷ˬ ˢ˶ˣ˴˟ ˫ˣ˶˸˧ ˞˪ ˫˪ˣ˰˪

 .ˢˬˬ˥ ˧ˤˠ ˸ˣ˦˧˪˲ 
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ˢ ˥ˣˡ˟ ,˫˪ˣ˞-IPCC )Intergovernmental Panel on Climate Change) ˭ˣ˶˥˞ˢ (2014 ˧˩ ,˟˷ˣ˥ ( ˞˪˪

 ˸ˣ˧ˠˣ˪ˣˮ˩˦ ˪˷ ˢ˰ˬ˦ˢˢCCS ˤˣ˩˧˶ ˸ˠ˷ˢ˪ ˶˧˥ˬˢ ,˥"ˡ˲  ˡ˰ ˪˷ ˧˶˲˯ˣˬ˦˞450  ˫˧˵˧˵˪˥) ˬ"˪˥

 ˭ˣ˧˪˧ˬ˪- Parts Per Million˟ ˶˸ˣ˧ ˶˵˧ ˢ˧ˢ˧ ,(-138%,  ˫˧˪˪ˣ˩˷ ˫˧˷˧˥˶˸ ˸ˬˣ˰˪CCS . 

ˢ ˢ˞ˬ˟ ˫˧˪˵˞ˢ ˟˴ˬ ˧ˣ˟˧ˮ˪ ˫˧˪ˡˣˬˢ ˟ˣ˶ ˧˲ ˪˰-21˪ ˸˥˸ˬ ˧˶˲˯ˣˬ˦˞ ˥"ˡ˲ ˧ˤˣ˩˧˶ ˸˪˟ˠˢ ,-450 

˫ˣ˴ˬ˴ ˧ˡ˧ ˪˰ ˵˶ ˸˧˶˷˲˞ ˢ˧ˢ˸ ,ˬ"˪˥  ˸˶ˤ˰˟ ˢˬˬ˥ ˧ˤˠ ˸ˣ˦˧˪˲CCS  ˪˷ ˱˵˧ˢ˟10-15%.  ˦ˣ˰˧ˬ ˵˶

 ˫ˣ˷˧˧ ˭ˣ˟˷˥˟ ˫˧˥˵ˣ˪ ˫ˮ˧˞ ,˸ˣˬˣˡ ˸ˣ˞˴ˣ˸ ˫˧ˠ˧˷ˬ˷ ˫˧˪ˡˣˬˢˬCCS. 

˩˪ ˧˞˶˥˞ ˢ˶ˣ˟˥˸ˢ ˱ˮ˰-15%  ˸ˣ˦˧˪˲ˬ˪˩ ˧ˤˠ ˢˬˬ˥ˢ ˩˪ ˪˞˶˷˧˟ˣ ,˫˪ˣ˰˟ ˫˧˧ˮˠˣ˲ˣ˶˸ˮ˞ˢ-26% 

 ˭˶ˣ˵ˬ˷ ˥"ˡ˲ˢ ˸ˣ˦˧˪˲ˬ˸˲˧˶˷˟ ˫˧˵˪ˡ. 

 ˸˶˦ˬ˸˧ˮ˩ˣ˸ˢ  ˧˲˧˪˥˸˪ ˸˧ˬˣ˞˪ˢ˫˧˵˪ˡ  ˢˬ˩˥ ˢ˶ˣ˟˥˸˪ˣˢˮ˧ˢ  ,˞˟ˣ˧ˬ ˦˲ˮ˟ ˸˧ˬˣ˞˪ˢ ˸ˣ˪˸ˢ ˸˞ ˫˴ˬ˴˪

ˢ˪ˣ˰˧ˮ  ˪˞˶˷˧ ˧˟˩˶ ˸˞˫˧˵˪ˡ˟ ˧˪˞˶˷˧ ˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ˪ˬ˷˥ ˧˯˯ˣ˟ˬ , ˫˧˷ˡ˥˸ˬ ˢ˧ˠ˶ˮ˞ ˸ˣ˶ˣ˵ˬˣ .

˸ˣ˶ˬ˪ ˰ˢˢˡ˟ˣ ˧˩ ˸˲˧˶˷  ˪˷ ˢ˧ˠ˶ˮ˞ ˸ˡ˧˥˧ˤˠ  ˸ˣ˥˲ ˸˦˪ˣ˲ ˧˰˟˦˥"ˡ˲ ˸ˬˣ˰˪ ˸˲˧˶˷  ˪˷ ˢ˧ˠ˶ˮ˞ ˸ˡ˧˥˧

 ˧˰˟˦ˢ ˤˠˢ ˡˣ˟˧˰ ,˦˲ˮ˫˧˵˪ˡ˪  ˪˷ ˫˧˧˥ˢ ˶ˣˤ˥ˬ˪ ˢˬˬ˥ ˧ˤˠ ˸ˣ˦˧˪˲ ˱˧˯ˣˬ ˫˧˧˪ˤˣˮ˫˧˵˪ˡˢ  ˨˩˪ ˫˶ˣˠˣ ˣ˪˪ˢ

 ˸˦˧˪˲˟ ˶˰˲ˢ˷˥"ˡ˲ ˭˧˟ ˸˲˧˶˷ ʕɣ ˧˰˟˦ ˦˲ˮˣ ˫˴ˬ˦˴ˢ˪ ˪ˣ˩˧ ˩˟-40% ˵˪ˡ ˪˷ ˢ˶˵ˬ˟ .GTL )Gas-to-

Liquid ˣ˟ ˷ˣˬ˧˷ ,˪˷ˬ˪ (ˢ˶ˣ˟˥˸˟ ˫˶ˣˠ  ˶˸ˣ˧ ˸˦˧˪˲˪˧ˤˠ ˢˬˬ˥  ˸ˬˣ˰˪˫˧˵˪ˡ  ˫˧ˮ˥ˣ˟ ˶˷˞˩ ˦˲ˮ ˧˯˯ˣ˟ˬ

˧˶ˣˤ˥ˬ ˸˞ ˫˧˧˥ˢ ˪ˠ˪ˠ˪ ˶˞˟ˢˬ  ˪˷˫˧˵˪ˡˢ .˶˸˧ s˨˩ˬ ,˸ˣ˶˷˰ ˫˧˶˵˥ˬ ˤ˞ˬ ˸˪˧˥˸ ˶ˣ˷˰ˢ  ˧˩ ˫˧˞˶ˬ

 ˧˦ˮ˦ˣ˲ˢ ˢˬˬ˥ˢ ˤˠ ˪˷ ˸ˣ˪ˣˡˠ ˸ˣ˧ˣˬ˩ ˪˷ ˢ˦˧˪˲˟ ˨ˣ˶˩ ˧˰˟˦ ˤˠ˟ ˷ˣˬ˧˷ˣ ˢ˵ˣ˪˥ ,˰ˣˮ˧˷ ,ˢ˵˲ˢ ,˷ˣ˲˧˥

 ˶˷˞ ˸ˣˬ˶˟ ,˭˞˸ˬ˪˦˟˪ ˸ˣ˪ˣ˪˰  ˭ˣ˶˸˧ˢ ˸˞˪˷  ˸˦˧˪˲˟ ˧˰˟˦ˢ ˤˠˢ˥"ˡ˲ ˸˰˟ ˣ˸˲˧˶˷ ˸ˬˣ˰˪ ˦˲ˮ ˫˥˲ˣ .

˭˩˪ ,˷˧ ˸ˣ˟˧˷˥ ˸˵˧ˡ˟˪ ˫˧˩˶ˡ ˫ˣ˴ˬ˴˪ ˸ˣ˦˧˪˲ ˧ˤˠ  ˧˲˧˪˥˸ ˨˶˰ˬˬ ˢˬˬ˥ˢ˫˧˵˪ˡˢ  ˤˠˢ ˧˯˯ˣ˟ˬ ˢ˶ˣ˟˥˸˪

.˧˰˟˦ˢ 

 ˫˪ˣ˰˟˫˧˪˰ˣ˲ ˪ ˭ˣ˩ˮ-2018, 18  ˪˰ˬ ˪˷ ˧˸ˮ˷ ˢ˯˧˲˸ ˶˷ˣ˩ ˫˰) ˪ˣˡˠ ˢˡ˧ˬ ˢˮ˵˟ ˫˧˦˵˧ˣ˶˲400  ˭ˣ˦ ˱˪˞

˫˧ˮˣ˷ ˥ˣ˸˧˲ ˧˟˪˷˟ ˫˧˶˷˰˩ ˡˣ˰ˣ (˥"ˡ˲ ˱˯ˣˮ˟ ,˩ (ˢ˧˧ˮ˟˟ ˣ˞) ˫˧˪˰ˣ˲-15  ˶˷ˣ˩ ˫˰) ˶˸ˣ˧ ˫˧ˮ˦˵ ˫˧˪˰˲ˬ

 ˪˷ ˧˸ˮ˷ ˢ˯˧˲˸50-400 ˥"ˡ˲ ˭ˣ˦ ˱˪˞(ˬ ˶˸ˣ˧ ˪˷ ˸˧˲˶˴ˬ ˢ˯˧˲˸ ˸˪ˣ˩˧ ˧˪˰˟ ˫ˢ ˫˧ˬ˧˧˵ˢ ˫˧˪˰˲ˬˢ .-

30  :˸ˣˮˣ˷ ˸ˣ˧˷˰˸˟ ˫˧ˬ˷ˣ˧ˬ ˫ˢˣ ,ˢˮ˷˟ ˭ˣ˦ ˭ˣ˧˪˧ˬ 

 ˸ˣˮ˥˸˥ˣ˩ ˤˠ ˣ˞ ˫˥˲ ˪˰ ˸ˣ˪˰ˣ˲˷ : 

¶ SaskPowerΩs Boundary Dam  ˯ˣ˲˸˪ ˶ˣˬ˞ ,ˢˡˮ˵90%  .˭˵˸ˣˬ ˢ˧˪˰ ˢˡ˧˥˧ˢ ˪˷ ˥"ˡ˲ˢ ˸ˣ˦˧˪˲ˬ 

¶ Kemper County  ˯ˣ˲˸˪ ˶ˣˬ˞ ,˟"ˢ˶˞ ˧˲˧˯˧˯˧ˬ65% .˥"ˡ˲ˢ ˸ˣ˦˧˪˲ˬ 

¶ Petra Nova ˥"ˡ˲ˢ ˸ˣ˦˧˪˲ ˸˞ ˫˴ˬ˴˪ ˶ˣˬ˞ ,˯˯˵˦  ˭˵˸ˣˬ ˢ˧˪˰ ˢˡ˧˥˧ˢˬ-˟33%. 

 ˸ˣ˧˷˰˸ ˶ˣ˴˧˧˪˵ˣ˵˧ˤˣ ˫˧ˮ˷ˡ ,˭ˬ˧ˬ ˸˵˲ˢ ,˫˧˪˵˧ˬ˧˩ ,˦˪ˬ ,ˢˡ˪˲: 

¶ Shell Quest ˢˡˮ˵ ï .˦˲ˮ ˸ˣ˪ˣ˥ ˡˣ˟˧˰ ˨˧˪ˢ˸ˬ ˸ˣ˦˧˪˲ ˸˧˥˲ˬ 

¶ Emirates Steel Industries ˧˟˞ˡ ˣ˟˞ ï .ˢˡ˪˲ˣ ˪ˤ˶˟ ˶ˣ˴˧˧˪ ˪˰˲ˬ 
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¶ Lake Charles Methanol  ˟"ˢ˶˞ï  ˥ˣ˸˧˲ ˧˟˪˷˟ ˞˴ˬˮ ˶˷˞ ˦˲ˮ ˧˵˧˵ˤ˸ˬ ˪ˣˮ˸ˬ ˶ˣ˴˧˧˪ ˪˰˲ˬ

 ˯ˣ˲˸˪ ˶ˣˬ˞ˣ ˫˧ˮˣ˶˥˞77% .˶˴ˣ˧ˬˢ ˥"ˡ˲ˢˬ 

˧˰˟˦ ˤˠ ˡˣ˟˧˰˪ ˫˧˪˰˲ˬ: 

¶ Val Verde ˬ ˪˰ˣ˲ ˯˯˵˦-1972. 

¶ Sleipner s ˢ˧ˠ˟˶ˣˮ ,˧ˮˣ˲˴ˢ ˫˧- ˬ ˪˰ˣ˲-1996 ˶˷˞˩ ,ˢ˧˴ˠ˧˦˧ˬ ˫˷˧˧ˬ˷ ˭ˣ˷˞˶ˢ ˦˵˧ˣ˶˲ˢ ˟˷˥ˮ ,

˧ˢ ˥"ˡ˲ˢ ˭ˣ˯˥˞ ˫ˣ˷˧˧ .˸˧ˠ˟˶ˣˮˢ ˢ˪˷ˬˬˢ ˢ˪˧˦ˢ˷ ˭ˬ˥˲ ˯ˬ ˪˷ ˢˡ˪ˣ˸ ˣˮ 

¶ Petrobras Lula Oil Field  ˪˧ˤ˶˟- ˬ ˪˥ˢ ˫˧˵ˣˬ˰ ˢ˶˦˪ˣ˞ ˫˧ˬ˟ ˪˰ˣ˲-2013 ˦˵˧ˣ˶˲˪ ˟˷˥ˮ ,

.˶˸ˣ˧˟ ˟˶ˢ ˵ˬˣ˰˟ ˭˯˥˞ˬ˷ 

¶ Gorgon Project  ˢ˧˪˶˦˯ˣ˞- ˤˠ ˸˪ˤˮˢ˟ ˵˯ˣ˰˷ ˦˵˧ˣ˶˲ ˧˰˟˦ ˬ ˪˰ˣ˲ˣ-2016 ˫ˣ˷˧˧ ,CCS  ˶ˣˬ˞

ˢ ˧ˤˠ ˸ˣ˦˧˪˲ ˸˞ ˸˧˥˲ˢ˪˟ ˦˵˧ˣ˶˲ˢ ˪˷ ˢˬˬ˥-40%. 

¶ Jilin CCS facility  ˭˧˯-  ˦˯ˣˠˣ˞˟ ˫˧˦˵˧ˣ˶˲ˢ ˸ˬ˧˷˶˪ ˱˶˦˴ˢ˷ ˭ˣ˶˥˞ˢ ˪˰˲ˬˢ2018. 

ˢ ˸ˣˮˣ˶˸˲-CCS ˸˧ˠˣ˪ˣˮ˩˦ ˫˧˪˷˟ ,˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ ˢ˶ˣ˟˥˸˪ ˫˧˵˪ˡˢ ˧˲˧˪˥˸ ˨˶˰ˬ˟ ˟ˣ˪˧˷˪ ˣˮ˥˟ˮ ˶˷˞ ,

 ˸ˣˮ˷ ˶˷˰ ˪˰ˬ ˫˟ˣ˶˪ .ˡ˥˞ ˧˸˧˧˷˰˸ ˢˡ˧ˬ ˢˮ˵˟ ˷ˣˬ˧˷ ˸ˣ˥˲˪ ˫˰.˫˪ˣ˰˟ ˭ˣ˧˯˧ˮ 

 

˸ˣ˶˦ˬ ˶˵˥ˬˢ 

ˢ ˫ˣ˥˸ ˪˷ ˢ˶˧˵˯ ˰ˣ˴˧˟-CCS   :˫˪ˣ˰˟ˣ˧ˠˣ˪ˣˮ˩˦˸ .˸ˣ˧ˮ˧ˡˬˣ ˫ˣ˷˧˧ ,˫˧ˮ˵˸ˬ , 

 ˸ˣ˧ˠˣ˪ˣˮ˩˦ ˪˷ ˸˧˸˞ˣˣ˷ˢ ˢˮ˧˥˟CCS  .˸ˣ˪˰ˣ ˸ˣ˪˧˰˧ ,˸ˣ˪˷˟ ˸ˮ˧˥˟ˬ ˸ˣˮˣ˷ 

 ˸ˣˮˣ˶˸˲ ˫ˣ˷˧˧ ˪˷ ˸˧ˮˣ˷˞˶ ˸˧˸˞ˣˣ˷ˢ ˢˮ˧˥˟CCS  ˶˷˞ ˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ ˢ˶ˣ˟˥˸˪ ˫˧˵˪ˡˢ ˧˲˧˪˥˸ ˨˶˰ˬ˟

 .˪˞˶˷˧˟ ˫ˣ˵˪ ˫˧˧ˣ˷˰ 

.˞˷ˣˮˢ ˫ˣˡ˧˵˪ ˸ˣ˧ˮ˧ˡˬ ˧˪˩˪ ˸˧ˮˣ˷˞˶ ˢ˰˴ˢ 

 

˫˧˞˴ˬˬ ˫˧˧˶˵˧˰ 

 ˪˷ ˧˶˷˲˞ ˫ˣ˷˧˧˪ ˸ˣ˩˪˷ˢ ˢˤ ˶˵˥ˬ ˪˷ ˫˧˞˴ˬˬ˪CCS ˪˞˶˷˧˟: 

 :˧˰˟˦ ˤˠ ˡˣ˟˧˰ .˥"ˡ˲˟ ˡˣ˞ˬ ˧ˮ˰ ˪˞˶˷˧˟ ˢ˩ ˡ˰ ˞˴ˬˮ ˶˷˞ ˧ˬ˪ˣˠˢ ˧˰˟˦ˢ ˤˠˢ˟ ˨˶ˣ˴ ˭˧˞ ,˭˩˪-CCS 

.˧ˬ˪ˣˠˢ ˧˰˟˦ˢ ˤˠˢ ˡˣ˟˧˰ ˨˪ˢˬ˟ 

 ˶ˣ˴˧˧CNG )Compressed Natural Gas -  :(˯ˣ˥ˡ ˧˰˟˦ ˤˠCCS  ˶ˣ˴˧˧˪ ˧˦ˮˣˣ˪˶ ˞˪CNG ˦˪˲ˮ ˞˪˷ ˭ˣˣ˧˩ ,

.˨˧˪ˢ˸˟ ˥"ˡ˲ 

:˪ˣˮ˸ˬ ˶ˣ˴˧˧  ˟ˣ˪˧˷ ,˪˞˶˷˧˟ ˧˰˟˦ ˤˠˬ ˪ˣˮ˸ˬ ˶ˣ˴˧˧˪ ˭˵˸ˬ ˫˵ˣ˧ ˫˞CCS  ˸ˣ˦˧˪˲ ˸˧˥˲ˢ˪ ˪ˣ˩˧ ˢˤ˩ ˪˰˲ˬ˟

˥ ˧ˤˠ˟ ˢˬˬ-11%  ˯˲˸ˮˢ ˥"ˡ˲˟ ˶ˤˣ˥ ˷ˣˬ˧˷ ˢ˷˰˧ˣ ˢˡ˧ˬ˟ ˸˞ˤ .˪ˣˮ˸ˬ˟ ˷ˣˬ˧˷ˣ ˶˧ˣ˴˧ ˪˷ ˫˧˧˥ˢ ˶ˣˤ˥ˬˬ

) ˪ˣˮ˸ˬˢ ˶ˣ˴˧˧ ˨˪ˢˬ˟CCU ˪˴ˣˮ˧ ˞˪˷ ˢˬˣ ,(- ˟ ˪ˣˮ˸ˬˢ ˶ˣ˴˧˧ ˸˞ ˪˧ˡˠˬ ˨˧˪ˢ˸ˢ ,˨˩˪ ˱˯ˣˮ˟ .˭˯˥ˣ˞˧-

20%˟ ˨˧˪ˢ˸ˢ ˪˷ ˢ˧ˠ˶ˮ˞ˢ ˸ˣ˷˧˶ˡ ˫ˣ˴ˬ˴˪ ˞˧˟ˬ ,-5% ˟ ˧˰˟˦ˢ ˤˠˢ ˸˩˧˶˴ ˸˞ ˫˴ˬ˴ˬˣ-16% . 
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˪ ˫˧˴˧˶ˬ˸ ˸ˣ˰˴ˬ˞˟-CCS  ˯˲˸ˮ˷ ˥"ˡ˲ˢ ˭ˣ˯˥˞ˣ ˰ˣˮ˧˷ ,˪ˣˮ˸ˬ ˶ˣ˴˧˧˪ ˪˰˲ˬ˟ ˸ˣ˪˰ ˞˪˪ ˰˴˟˸ˢ˪ ˫˧˪ˣ˩˧

 .ˣ˦ˮ˷ˣˬ˧˷ˢ ˱˵˧ˢ ˫˞ ,˫˧˵˪ˡ ˧˲˧˪˥˸ ˸˪ˢˮˬ ˪˷ ˸˧ˤ˥˸˪ ˫˞˸ˢ˟ ,˪˞˶˷˧˟ ˟ ˢ˶ˣ˟˥˸˪ ˪ˣˮ˸ˬ˟-2030 

˩˪ ˰˧ˠ˧-10%,  ˭˯˥˞˪ˣ ˰ˮ˷˪ ,˯ˣ˲˸˪ ˢ˧ˢ˧ ˭˸˧ˮ ˧˩ ˧ˣ˲˴0.25-0.35 ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ  ˪˷ ˸ˣ˪˰˟ ˢˮ˷˟10-35 

 ˭ˣ˧˪˧ˬ ˾ ˸ˮ˷ ˰˴ˬ˞ ˧˩˶˰)2016 ˟ˣ˶˷ ˭ˣˣ˧˩ˬ ,˪˪˩ ˣ˦ˮ ˸ˣ˪˰ ˸˲˯ˣ˸ ˞˪˪ ˣ˪˧˲˞ ˸˞ˤ ˰˴˟˪ ˢ˧ˢ˧ ˭˸˧ˮˣ ˭˩˸˧ .(

ˢ ˸˯˧˲˸ ˨˧˪ˢ˸˥"ˡ˲˧˪˟ ˣ˞ ˫˰ ,˪ˣˮ˸ˬ ˪˰˲ˬ˟ ˫˧ˬ˧˧˵ ˶˟˩ ,˨˩˪ ˸ˣ˷˶ˡˮˢ ˸ˣ˧˸˷˸ˢˣ ,  ˫ˣ˷˧˧CCS\CCU ,

ˢ ˨˧˪ˢ˸˷ ˭ˣˣ˧˩ˬˣ-CCU .˸ˣˬˣ˷˸ ˫˴ˬ˴ˬˣ ˢ˵ˣ˲˸ ˶˧˟ˠˬ 

ˢ ˸˯˧˲˸ ˨˧˪ˢ˸ ˟ˣ˶ˣ ˸ˣ˧ˢ˥"ˡ˲  ˞˪˪ ˫ˠ ˪ˣˮ˸ˬ ˶ˣ˴˧˧˪ ˪˰˲ˬ˟ ˢ˶˵ˬ ˪˩˟ ˰˴˟˸ˬCCS ˸ˣ˧˸˟˧˟˯ ˸ˣ˰˲˷ˢ ,

 ˸˲˯ˣ˸ ˪˷CCS\CCU ˷ ˭ˣˣ˧˩ˬ ,˨˩ˬ ˢ˶˸˧ .˸ˣ˥˧ˮˤ ˭ˢ ˢˤ˩ ˪˰˲ˬ˪-CCU  ˧˦ˠ˶ˮ˞ ˭ˣ˩˯˥˪ ˞˧˟ˬ ˪ˣˮ˸ˬ ˪˰˲ˬ˟

˴˟ ˭ˣ˩˯˥˪ˣ ˫ˣ˷˧˧ ˧˩ ˧ˣ˲˴ ,˧˰˟˦ ˤˠ ˸˩˧˶CCS\CCU  ˪˷ ˸˧ˠˣ˪ˣ˵˞ˢ ˪ˠ˶ˢ ˸˰˧˟˦ ˸˞ ˶˲˷˧ ˪ˣˮ˸ˬ ˪˰˲ˬ˟

.˪ˣˮ˸ˬ ˶ˣ˴˧˧˪ ˪˰˲ˬ 

 ˶ˣ˴˧˧GTL:  ˶ˣ˴˧˧˪ ˭˵˸ˬ ˫˵ˣ˧ ˫˞GTL  ,˪˞˶˷˧˟ ˪˷ ˟ˣ˪˧˷ ˧˩ ˫˧˞˶ˬ ˫˧˞˴ˬˬˢCCS  ˫˴ˬ˴˪ ˪˩ˣ˧37% 

 ˸ˣ˦˧˪˲ˬˢˬˬ˥ˢ ˧ˤˠ ˟ ˷ˣˬ˧˷ˣ ˶ˣ˴˧˧ ˪˷ ˫˧˧˥ˢ ˶ˣˤ˥ˬˬ-GTL ˸ˣ˧ˠˣ˪ˣˮ˩˦ ˫ˣ˷˧˧ .CCS ,˭ˣ˯˥˞ˣ ˰ˣˮ˧˷ ˪˪ˣ˩ ,

 ˨˧˪ˢ˸ ˟ˣ˶ ,˪ˣˮ˸ˬ ˪˰˲ˬ˪ ˢˬˣˡ˟˷ ,˭ˣˣ˧˩ˬ ,˸˧˯˥˧ ˢ˩ˣ˴ˮ ˸ˣ˪˰˟ ˰˴˟˸ˢ˪ ˪ˣ˩˧ˢ ˸˯˧˲˸˥"ˡ˲ ˸ˣ˧˸˷˸ˢˣ ,

 ˪˰˲ˬ˟ ˫˧ˬ˧˧˵ ˶˟˩ ,˨˩˪ ˸ˣ˷˶ˡˮˢGTL ˫ˣ˷˧˧ ˧˪˟ ˣ˞ ˫˰ ,CCS\CCU ˪˰˲ˬ˟ ˥"ˡ˲ ˭ˣ˦ ˸˯˧˲˸ ˸ˣ˪˰ .GTL 

 ˧˰˟˦ ˤˠ˟ ˸˰ˮˣˬ ˥ˣ˩ ˸ˮ˥˸˟ ˣ˸˯˧˲˸ˬ ˶˷˰ ˧˲ ˨ˣˬˮ- NGCC )Natural Gas Combined Cycle .( 

˟ ˷ˣˬ˧˷ˢ ˧˲˴ ˧"˲˰-GTL ˟ ˢ˶ˣ˟˥˸˪-2030 ˭˯˥˞˪ˣ ˰ˮ˷˪ ,˯ˣ˲˸˪ ˭˸˧ˮ ˧˩ ˧ˣ˲˴ ,1.63-3.38  ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ

 ˪˷ ˸ˣ˪˰˟ ˢˮ˷˟115-426  ˭ˣ˧˪˧ˬ ˾ ˸ˮ˷ ˰˴ˬ˞ ˧˩˶˰)2016˸ˣ˶˵˧˧˸ˢ ˱˵˷ˬ ˢˤ ˨˶˰ .( ˟ ˵˪ˡˢ ˶ˣ˴˧˧˟-

3.5% .ˡ˟˪˟ 

 ˶ˣ˴˧˧˪ ˪˰˲ˬ˟ ˢ˶˵ˬ ˪˩˟ ˰˴˟˸ˬ ˥"ˡ˲ˢ ˸˯˧˲˸ ˨˧˪ˢ˸ ˟ˣ˶ˣ ˸ˣ˧ˢGTL  ˞˪˪ ˫ˠCCS ˸ˣ˧˸˟˧˟˯ ˸ˣ˰˲˷ˢ ,

 ˸˲˯ˣ˸ ˪˷CCS\CCU .˸ˣ˥˧ˮˤ ˭ˢ ˢˤ˩ ˪˰˲ˬ˪ 

) ˧˰˟˦ ˤˠ˟ ˸˰ˮˣˬ ˥ˣ˩ ˸ˮ˥˸˟ ˪ˬ˷˥ ˶ˣ˴˧˧NGCC:(  ˞ˣˢ ˶˷˞˩ ,˧˪˞ˮˣ˧˴ˮ˟ˮˣ˵ ˵˪ˡ˪ ˱˧˪˥˸ ˢˣˣˢˬ ˪ˬ˷˥

ˣ˟˩˶ ˸˰ˮˢ˪ ˷ˬ˷ˬ ˥ˣ˩ ˸ˮ˥˸ ˶ˣ˟˰ .˫˧ˮ˰˦ˮ ˫˧˧ˡ˧˶˟˧ˢ ˫˧˟˩˶ ˣ˞ ˫˧˧˪ˬ˷˥ ˫˧˟˩˶ ,˸NGCC ˫˧˞˴ˬˬˢ ,

 ˟ˣ˪˧˷ ˧˩ ˫˧˞˶ˬCCS  ˫˴ˬ˴˪ ˪˩ˣ˧65%  ˸ˣ˦˧˪˲ˬˢˬˬ˥ˢ ˧ˤˠ  ˢ˶ˣ˟˥˸˟ ˷ˣˬ˧˷ˣ ˶ˣ˴˧˧ ˪˷ ˫˧˧˥ˢ ˶ˣˤ˥ˬˬ

.˸˧˪ˬ˷˥  ˸˯˧˲˸˪ ˢ˞˪ˬ ˸˧˸˷˸ ˫˧˵ˢ˪ ˨˧˶˴˷ ˭ˣˣ˧˩ˬ ,˥"ˡ˲ ˭ˣ˦ ˪˩˪ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˞˧ˢ ˸ˣ˪˰ˢ ,˸˞ˤ ˫˰

˥"ˡ˲ˢ . 

 ˫˧ˬ˷˧˧ˬˣ ˢˡ˧ˬ˟CCS ˪˩˟ ˟ ˪˞˶˷˧˟ ˤˠ˟ ˸ˣ˰ˮˣˬˢ ˥ˣ˩ˢ ˸ˣˮ˥˸-2030˯ˣ˲˸˪ ˭˸˧ˮ ,˭˯˥˞˪ˣ ˰ˮ˷˪ , 23-27 

˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ  ˪˷ ˸˧˸ˮ˷ ˸ˣ˪˰˟ ˢˮ˷˟7,456-18,693  ˭ˣ˧˪˧ˬ ˾˰˴ˬ˞ ˧˩˶˰) ˸ˮ˷ 2016.(  ˱˵˷ˬ ˢˤ ˨˶˰

 ˪˷ ˱˵˧ˢ˟ ˪ˬ˷˥ˢ ˶ˣ˴˧˧˟ ˸ˣ˶˵˧˧˸ˢ30-60% ˫ˣ˷˧˧ ˫˷˪ .CCS  ˸˧˸˷˸ ˸ˬ˵ˢ˟ ˨˶ˣ˴ ˷˧ ,˥ˣ˩ ˸ˮ˥˸˟

 ˪˷ ˢˡ˧˶˧ ˸ˠ˧˲˯ˣ ,ˢ˞˪ˬ ˸˧ˡˣ˰˧˧15-25%  ˰˧ˠˢ˪ ˧ˡ˩ ˫˧˵˪ˡ ˶˸ˣ˧ ˸˲˧˶˷ ˨˧˶˴ˬ˷ ˢˬ) ˪ˬ˷˥ˢ ˶ˣ˴˧˧ ˶˷ˣ˩˟

 ˫ˣ˷˧˧˪ ,˨˩˧˲˪ .(˪ˬ˷˥ ˸ˣˬ˩ ˢ˸ˣ˞ ˶ˣ˴˧˧˪CCS ˸ˣ˶˩˧ˮ ˸ˣ˰˲˷ˢ ˥ˣ˩ ˸ˣˮ˥˸˟  ˫˧ˬˣ˥˸˟ ˶˵˧˰˟ ,ˢ˟˧˟˯ˢ ˪˰

 ˫˧˧˸˷˟˧ ˫˧˧˥˪ ˸ˣ˪˧˰˶ ,˫˧˥ˣ˪ˬ ˫˧ˬ ˸ˣ˶ˣ˵ˬ˟ ˢ˰˧ˠ˲ ,˫˧˵ˣ˸ˬ ˫˧ˬ ˸ˣ˶ˣ˵ˬ˟ ˢ˰˧ˠ˲ ,˫ˡ˞˪ ˸ˣ˪˧˰˶ ˪˷

.˸ˣ˧˴ˬˣ˥ ˸˞˪˰ˢˣ ˫˧ˬ ˸ˣ˶ˣ˵ˬ˟ ˢˮˤˢ ˧˶ˬˣ˥ ˱ˡˣ˰˟ ,˸˧˸ˣ˰ˬ˷ˬ ˭˧˧ˡ˰ ˨˞ ,˶˸ˣ˧ ˢ˸ˣ˥˲ ˢˡ˧ˬ˟ˣ 
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 ˸ˣˮ˥˸˟ ˥"ˡ˲ ˫˧˯˲ˣ˸ ˫˞ ˧˩ ˢ˞˶ˬ ˟ˣ˷˧˥ˢNGCC ˪˞˶˷˧˟ ˸˧˪ˬ˷˥ ˢ˶ˣ˟˥˸˪ ˧ˣ˲˴ˢ ˧˯˥˧ˢ ˵˪˥ˢ ˧˲˪ ,

˟ ˪˞˶˷˧˟ ˢ˧ˣ˲˴ˢ ˪ˬ˷˥ˢ ˸˩˧˶˴ ˪˩ ˨˯ˬ-2030 ˭˯˥˞˪ˣ ˰ˮ˷˪ ,˯ˣ˲˸˪ ˭˸˧ˮ ,1-1.8  ˢˮ˷˟ ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ

 ˸ˣ˪˰˟ ˸˧˸ˮ˷˪˷320-1,206   ˭ˣ˧˪˧ˬ ˾ ˸ˮ˷ ˰˴ˬ˞ ˧˩˶˰)2016 .( 

 ˥"ˡ˲ ˭ˣ˦ ˸˯˧˲˸ ˪˷ ˥"˷˟ ˸ˣ˧ˣ˪˰ˢ ˨˯ ˸˞ ˢ˞˶ˬ '˞ ˶ˣ˧˞ ˪˞˶˷˧˟ ˧˯˯ˣ˟ˬ ˫˧˵˪ˡ ˧˲˧˪˥˸ ˶ˣ˴˧˧˪ ˫˧ˮ˵˸ˬ˟

.(˫˧ˮ˵˸ˬˢ ˪˩˪ ˢˢˤ ˶˷˞ ,˥"ˡ˲ ˭ˣ˯˥˞ˣ ˰ˣˮ˧˷ ˸˪˪ˣ˩ ˢˮ˧˞ ˸ˣ˪˰ˢ) ˧˰˟˦ ˤˠ 

 

 
 ˸˯˧˲˸ ˸ˣ˪˰ :'˞ ˶ˣ˧˞˥"ˡ˲ ˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ ˫˧˵˪ˡ ˧˲˧˪˥˸ ˶ˣ˴˧˧˪ ˫˧ˮ˵˸ˬ˟ 

 

 ˪ˣ˪˵˷CCS :˪˞˶˷˧˟ ˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ ˫˧˵˪ˡ ˧˲˧˪˥˸ ˧ˮ˵˸ˬ˟ ˪˩ˬ 

˰ˣˮ˴ ˫ˣ˷˧˧  ˪˷CCS ) ˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ ˫˧˵˪ˡ ˧˲˧˪˥˸ ˧ˮ˵˸ˬ˟0.25  ,˪ˣˮ˸ˬˬ ˢˮ˷˪ ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ1.63 

˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ ˬ ˢˮ˷˪-GTLˣ ,˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ ˢˮ˷˪  ˥ˣ˩ ˸ˣˮ˥˸ˬNGCC ˪˷ ˭ˣ˯˥˞ˣ ˰ˣˮ˧˷ ,ˢ˯˧˲˸˪ ˞˧˟˧ ,(

2.9 "ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ ˪˷ ˸ˣ˪˰˟ ,ˢˮ˷˟ ˥445-923  ˭ˣ˧˪˧ˬ ˾˰˴ˬ˞ ˧˩˶˰) ˸ˮ˷ 2016.(  

˩ ˪˷ ˫ˣ˴ˬ˴ ˢˣˣˢˬ ˢˤ ˱˵˧ˢ-15-20% ˟ ˪˞˶˷˧˟ ˢ˶ˣ˟˥˸ˬ ˢˬˬ˥ˢ ˧ˤˠ ˸ˣ˦˧˪˲˟-2030  ˸˧ˤ˥˸ ˧˲˪)

˟ ˢ˶ˣ˟˥˸˪ ˫˧˵˪ˡ ˧˲˧˪˥˸ ˸˶˧ˡ˥-2030  ˞˪˪CCS ,ˢ˶ˣ˟˥˸ˢ ˱ˮ˰ ˪˰ ˵˶ ˫˧˪˩˸˯ˬ ˫˞ ˶˧˟˯ ˱˵˧ˢ ˣˢˤ .(

ˬ ˸ˣ˥˲ ˪˷ ˫ˣ˴ˬ˴˪ ˫ˠ˶ˣ˸ˬ ,˶˟ˡ ˪˷ ˣ˲ˣ˯˟ ,ˢˤ ˱˵˧ˢ ˨˞-3% ˟ ˪˞˶˷˧˟ ˢˬˬ˥ˢ ˧ˤˠ ˸ˣ˦˧˪˲ˬ-2030. 

˧ˮˣˮ˧˟ ˫ˣ˷˧˧  ˪˷CCS ) ˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ ˫˧˵˪ˡ ˧˲˧˪˥˸ ˧ˮ˵˸ˬ˟0.35  ,˪ˣˮ˸ˬˬ ˢˮ˷˪ ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ3.38 

˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ ˬ ˢˮ˷˪-GTL ,1.8 ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ ˢˮ˷˪  ˥ˣ˩ ˸ˣˮ˥˸ˬNGCC ˭ˣ˯˥˞ˣ ˰ˣˮ˧˷ ,ˢ˯˧˲˸˪ ˞˧˟˧ ,(

 ˪˷5.5  ˪˷ ˸ˣ˪˰˟ ,ˢˮ˷˟ ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ755-1670  ˭ˣ˧˪˧ˬ ˾˞ ˧˩˶˰)˰˴ˬ ˸ˮ˷ 2016.(  ˢˣˣˢˬ ˢˤ ˱˵˧ˢ

˩ ˪˷ ˫ˣ˴ˬ˴-27-37%  ˫˧˵˪ˡ ˧˲˧˪˥˸ ˸˶˧ˡ˥ ˸˧ˤ˥˸ ˧˲˪) ˪˞˶˷˧˟ ˢ˶ˣ˟˥˸ˬ ˢˬˬ˥ˢ ˧ˤˠ ˸ˣ˦˧˪˲˟

˟ ˢ˶ˣ˟˥˸˪-2030  ˞˪˪CCS ,˶˟ˡ ˪˷ ˣ˲ˣ˯˟ ,˨˞ ,ˢ˶ˣ˟˥˸ˢ ˱ˮ˰ ˪˰ ˵˶ ˫˧˪˩˸˯ˬ ˫˞ ˡ˟ˣ˩ˬ ˱˵˧ˢ ˣˢˤ .(

ˬ ˸ˣ˥˲ ˪˷ ˫ˣ˴ˬ˴˪ ˫ˠ˶ˣ˸ˬ ˢˤ ˱˵˧ˢ-6%  ˢˬˬ˥ˢ ˧ˤˠ ˸ˣ˦˧˪˲ˬ˟ ˪˞˶˷˧˟-2030. 
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 ˠ˧˴ˬ '˟ ˶ˣ˧˞ ˸˞ ˭ˣ˦ ˪˷ ˨˶˰ ˢˣˣ˷ ˸˸˥˲ˢ˟ ˣˠ˷ˣ˧˷ ˸ˣ˞˴ˣ˸ˢ˥"ˡ˲  ˱ˮ˰ˬ ˢˬˬ˥ˢ ˧ˤˠ ˸ˣ˦˧˪˲ ˪ˣˬ ˪˞ ˢˮ˷˪

 ˸˯˧˲˸˪ ˪˞˧˴ˮ˦ˣ˲ˢ ˸˞ ˸ˣˠ˴˧˧ˬ ˸ˣ˧˪˞ˬ˷ˢ ˸ˣˡˣˬ˰ˢ ˧˸˷ .˪˞˶˷˧˟ ˢ˶ˣ˟˥˸ˢ˥"ˡ˲  :˸ˣˮˣ˷ ˸ˣ˲ˣ˪˥ ˧˸˷˟

 ˪˷ ˰ˣˮ˴ ˫ˣ˷˧˧CCS ˪˷ ˧ˮˣˮ˧˟ ˫ˣ˷˧˧ ;CCS. 

 

 
˞˧˴ˮ˦ˣ˲ :'˟ ˶ˣ˧˞ ˸˯˧˲˸˪ ˶˟˦˴ˬ ˪˥"ˡ˲ ˟ ˪˞˶˷˧˟ ˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ ˫˧˵˪ˡ ˧˲˧˪˥˸ ˧ˮ˵˸ˬ˟-2030 ˸ˣ˦˧˪˲ ˪ˣˬ ˪˞ ,

˪˞˶˷˧˟ ˢ˶ˣ˟˥˸ˢ ˱ˮ˰ˬ ˢˬˬ˥ˢ ˧ˤˠ  

 ˪ˣ˥˩-  ˸˯˧˲˸˪ ˪˞˧˴ˮ˦ˣ˲˥"ˡ˲ ) ˧˰˟˦ ˤˠ ˸ˣ˰ˮˣˬ ˥ˣ˩ ˸ˣˮ˥˸˟NGCC ˫ˣ˸˩ ;(-  ˸˯˧˲˸˪ ˪˞˧˴ˮ˦ˣ˲˥"ˡ˲  ˶ˣ˴˧˧˪ ˪˰˲ˬ˟

 ˶ˣ˲˞ ;˪ˣˮ˸ˬ-  ˸˯˧˲˸˪ ˪˞˧˴ˮ˦ˣ˲˥"ˡ˲  ˶ˣ˴˧˧˪ ˪˰˲ˬ˟GTL ˟ˣˢ˴ ;- ˢ˶ˣ˟˥˸ˢ ˱ˮ˰ˬ ˪˞˶˷˧˟ ˢˬˬ˥ ˧ˤˠ ˸ˣ˦˧˪˲ ˧˲˴ 

-˟2030 .(˪˧ˠ˶˩ ˫˧˵˯˰ ˷˧˥˶˸) 
 ˢ˪˟˦˟ ˸ˣˠ˴ˣˬ ˸ˣ˞˪ˬˢ ˸ˣ˞˴ˣ˸ˢ5-1 .˞˪ˬˢ ˥"ˣˡ˟ 

 

 ˢˬˬ˥ˢ ˧ˤˠ ˸ˣ˦˧˪˲ ˸˞ ˧˸ˣ˰ˬ˷ˬ ˭˲ˣ˞˟ ˫˴ˬ˴˪ ˧ˡ˩ ˸ˣ˵˧˲˯ˬ ˞˪ ˣ˪˞ ˸ˣ˲ˣ˪˥˸ˣ˧ˬˣ˞˪ˢ  .˪˞˶˷˧ ˪˷ 

˟˥˶ˮ ˫ˣ˷˧˧  ˪˷CCS ˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ ˫˧˵˪ˡ ˧˲˧˪˥˸ ˧ˮ˵˸ˬ˟ ˪˷ ˧˟˧˯ˬ ˫ˣ˷˧˧ ˶˵˧˰˟ˣ ,CCS  ˥ˣ˩ ˸ˣˮ˥˸˟

 ˧˰˟˦ ˤˠ ˸ˣ˰ˮˣˬ)0.35  ,˪ˣˮ˸ˬˬ ˢˮ˷˪ ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ3.38 ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ ˬ ˢˮ˷˪-GTL ,27  ˭ˣ˦ ˭ˣ˧˪˧ˬ

˥"ˡ˲ ˢˮ˷˪  ˥ˣ˩ ˸ˣˮ˥˸ˬNGCC( ˪˷ ˭ˣ˯˥˞ˣ ˰ˣˮ˧˷ ,ˢ˯˧˲˸˪ ˞˧˟˧ ,24.9-30.7 ˥"ˡ˲ ˭ˣ˦ ˭ˣ˧˪˧ˬ  ˸ˣ˪˰˟ ,ˢˮ˷˟

 ˪˷7,581-19,157  ˭ˣ˧˪˧ˬ ˾˰˴ˬ˞ ˧˩˶˰) ˸ˮ˷ 2016 ˢˣˣˢˬ ˢˤ ˱˵˧ˢ .(25-30%  ˸ˣ˦˧˪˲ˬ ˢˬˬ˥ˢ ˧ˤˠ

˸ˣ˧ˬˣ˞˪ˢ  ˪˷˟ ˪˞˶˷˧-2030. ˪˥ ˫ˣ˷˧˧ ˣ˞ ,ˣˤ ˢ˲ˣ˪˥ ˫ˣ˷˧˧ ˵˶˫ˣ˷˧˧ ,˪˷ˬ˪) ˢ˪˷ ˧˵CCS   ˸ˣˮ˥˸ˬ ˧˴˥˟

 ˫˧˪ˣ˩˧ ,(˪˞˶˷˧˟ ˧˰˟˦ ˤˠ˟ ˸ˣ˰ˮˣˬˢ ˥ˣ˩ˢ ,˪˞˶˷˧ ˪˷ ˢˬˬ˥ˢ ˧ˤˠ ˸ˣ˦˧˪˲ ˸˞ ˧˸ˣ˰ˬ˷ˬ ˭˲ˣ˞˟ ˫˴ˬ˴˪

ˢ ˥"ˣˡ˷ ˡ˧˵˲˸˪ ˫˞˸ˢ˟-IPCC ˪ ˢ˞ˣ˶-CCS. 

 ˸˞ ˠ˧˴ˬ 'ˠ ˶ˣ˧˞ ˭ˣ˦ ˪˷ ˨˶˰ ˢˣˣ˷ ˸˸˥˲ˢ˟ ˣˠ˷ˣ˧˷ ˸ˣ˞˴ˣ˸ˢ˥"ˡ˲  ˢˬˬ˥ˢ ˧ˤˠ ˸ˣ˦˧˪˲ ˪ˣˬ ˪˞ ˢˮ˷˪

 ˸˯˧˲˸˪ ˪˞˧˴ˮ˦ˣ˲ˢ ˸˞ ˸ˣˠ˴˧˧ˬ ˸ˣ˧˪˞ˬ˷ˢ ˸ˣˡˣˬ˰ˢ ˷ˣ˪˷ .˪˞˶˷˧ ˪˷ ˸ˣ˧ˬˣ˞˪ˢ˥"ˡ˲  ˸ˣ˲ˣ˪˥ ˷ˣ˪˷˟

 ˪˷ ˰ˣˮ˴ ˫ˣ˷˧˧ :˸ˣˮˣ˷CCS ˪˷ ˧ˮˣˮ˧˟ ˫ˣ˷˧˧ ;CCS ˪˷ ˟˥˶ˮ ˫ˣ˷˧˧ ;CCS . 
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 :'ˠ ˶ˣ˧˞˪˞˧˴ˮ˦ˣ˲  ˸˯˧˲˸˪ ˶˟˦˴ˬ˥"ˡ˲ ˟ ˪˞˶˷˧˟ ˧˰˟˦ ˤˠ ˧˯˯ˣ˟ˬ ˫˧˵˪ˡ ˧˲˧˪˥˸ ˧ˮ˵˸ˬ˟-2030 ˸ˣ˦˧˪˲ ˪ˣˬ ˪˞ ,

 ˸ˣ˧ˬˣ˞˪ˢ ˢˬˬ˥ˢ ˧ˤˠ 

 ˪ˣ˥˩-  ˸˯˧˲˸˪ ˪˞˧˴ˮ˦ˣ˲˥"ˡ˲ ) ˧˰˟˦ ˤˠ ˸ˣ˰ˮˣˬ ˥ˣ˩ ˸ˣˮ˥˸˟NGCC ˫ˣ˸˩ ;(-  ˸˯˧˲˸˪ ˪˞˧˴ˮ˦ˣ˲2CO  ˶ˣ˴˧˧˪ ˪˰˲ˬ˟

 ˶ˣ˲˞ ;˪ˣˮ˸ˬ-  ˸˯˧˲˸˪ ˪˞˧˴ˮ˦ˣ˲˥"ˡ˲  ˶ˣ˴˧˧˪ ˪˰˲ˬ˟GTL ˵ˣ˶˧ ;- ˣ˦˧˪˲ ˧˲˴˟ ˪˞˶˷˧˟ ˢˬˬ˥ ˧ˤˠ ˸-2030  ˷˧˥˶˸)

.(˪˧ˠ˶˩ ˫˧˵˯˰ 
 ˢ˪˟˦˟ ˸ˣˠ˴ˣˬ ˸ˣ˞˪ˬˢ ˸ˣ˞˴ˣ˸ˢ5-1 .˞˪ˬˢ ˥"ˣˡ˟  

 
 ˭ˣ˯˥˞˥"ˡ˲ :˪˞˶˷˧˟ 

) ˫˧˵ˣˬ˰ ˫˧˥ˣ˪ˬ ˫˧˶˲˧ˣˣ˵˞ ˢ˰˟˷Deep saline aquifers ˸ˣ˧ˣˬ˩ ˪˩ ˸˞ ˦ˣ˪˵˪ ˫˧˪ˠˣ˯ˬ ˪˞˶˷˧ ˫ˣ˶ˡ˟ (

ˢ˥"ˡ˲  ˨˷ˬ˟ ˪˧˰˪ ˣ˶˩ˤˮ˷ ˸ˣ˧˸ˮ˷ˢ130-800  ˢ˧ˠ˶ˮ˞ˬ ˞˪ˬ ˶˟˰ˬ˪ ˡ˰ ˵˲˯ˬ ˭ˬˤ ˵˶˲ ˣˢˤ .˫˧ˮ˷

 ˵˶ ˧˩ ˟˷ˣ˥ ,˰˵˶˵˪ ˵˶ˤˣ˧˷ ˥"ˡ˲ˢ ˪˩ˬ .˭ˬ˥˲ ˸˯˯ˣ˟ˬ0.15%  ˨˷ˬ˟ ˱ˣ˪ˡ˧230  ˫ˢ ˣ˪˞ ˫˧˶ˠ˞ˬ .ˢˮ˷

.˰ˠ˶˩ ˥"ˡ˲ ˭ˣ˯˥˞˪ ˶˸ˣ˧˟ ˢˬ˧˞˸ˬˢ ˸ˣ˶˷˲˞ˢ ˸˞ ˫˧ˣˣˢˬˣ ,˪˞˶˷˧ ˸ˮ˧ˡˬ ˧˩˶˴˪ ˶˸ˣˢˣ ˧ˡ 

 

˫˧˞˴ˬˬ ˫˧˧˶˵˧˰ ˸˶˧˵˯ˬ ˸ˣ˧ˮ˧ˡˬˢ ˵˪˧˫ˣˡ CCS 

˧˦˵˧ˣ˶˲ ˸ˣ˥˩ˣˮ ˶˟ˡ˟ ˫˧˞˴ˬˬˢ ˫ ˪˷CCS  ˭˧˯ˣ ˢ˧˪˶˦˯ˣ˞ ,ˢˡˮ˵ ,˟"ˢ˶˞ ˣˬ˩ ˸ˣˮ˧ˡˬ˟ ˪ˣˡˠ ˢˡ˧ˬ ˢˮ˵˟

 ˫ˣ˷˧˧ ˧˩ ˫˧˰˧˟˴ˬCCS :˨˧˶˴ˬ ˪ˣˡˠ ˢˡ˧ˬ ˢˮ˵˟ 

1. ˸˧ˮˣˮ˧˟ ˸ˣ˪˸- ˫ˣ˴ˬ˴˪ ˪˷ˬˬˢ ˪˷ ˸˧˸˧ˬ˞ ˢ˲˧˞˷ˣ ,˫˧ˮ˟ˣ˞ˬ ˧˵˪ˡ ˪˷ ˢ˩˧˶˴/˶ˣ˴˧˧˟ ˢˢˣ˟ˠ ˸ˣ˦˧˪˲

;ˣ˪˞ ˸ˣ˶ˣ˵ˬˬ ˢˬˬ˥ ˧ˤˠ  ˸˪˪ˣ˩ˣ ˸˧˯˥˧ ˞˧ˢ ˣˤ ˸ˣ˪˸ ˸˶ˡˠˢ ˧˩ ˶˧ˢ˟ˢ˪ ˷˧ ˫˧ˮˣ˧˶˦˧˶˵ ˪˷ ˢ˶ˡ˯

 ˪˰ ˫˧˯˯ˣ˟ˬˢ˟ ˸ˣˮ˧ˡˬˢ ˪˷ ˭˵˪˥˫˧˧˪˧˯ˣ˲ ˫˧˵˪ˡ ˪˷ ˢ˩˧˶˴ˣ ˶ˣ˴˧˧  ˢ˩˧˶˴ˢˣ ˶ˣ˴˧˧ˢ ˪˪˩ ˨ˣ˸ˬ

.˫˧˧ˬ˪ˣ˰ˢ ˞˩ ˞˪˞ ˸ˣ˷ˡ˥˸ˬ ˸ˣ˧ˠ˶ˮ˞ ˫ˣˡ˧˵ ˫ˣ˵ˬ˟ ˞˟ ˞˪ ˭ˣ˯˥˞ˣ ˢ˯˧˲˸ ˸ˣ˧ˠˣ˪ˣˮ˩˦ ˫ˣ˷˧˧ ˦ˮˬ˪

ˢ˧ˠ˶ˮ˞˪ ˸˧ˬˣ˞˪ˮ˧˟ˢ ˸ˣˮ˩ˣ˯ˢ ˧˲ ˪˰ .˫˧˪˷ˬ , ˞˪ ˸˧˦ˠ˶ˮ˞ ˸ˣ˪˰˧˧˸ˢˣ ˸ˣ˷ˡ˥˸ˬ ˸ˣ˧ˠ˶ˮ˞ ˫ˣ˷˧˧
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 ˭ˣ˯˥˞ˣ ˢ˯˧˲˸ ˸ˣ˧ˠˣ˪ˣˮ˩˦ .˫˧˶˥˞ ˫˧˰˴ˬ˞ ˟ˣ˪˧˷ ˟˧˧˥ˬ ˭˞˩ˬˣ ˤ˧˶˲ ˫˩˯ˢ ˧ˡ˰˧ ˸ˠ˷ˢ ˨˶ˣ˴˪ ˵˧˲˯˧

 ˵˶˲ ˫ˠ ˣ˞˶ .˸ˣ˶˥˞ ˸ˣ˟˧˦ˮ˶˦˪˞ˬ ˶˸ˣ˧ ˪ˣˤ ˧˰˴ˬ˞˪ ˸ˣ˟˷˥ˮ1.2  ˶ˣ˧˞ˣ1-1 ˞˪ˬˢ ˥"ˣˡ˟. 

2.  (˫˧ˮ˵˸ˬ ˸ˬ˵ˢ˪) ˫˧˶˧˷˧ ˫˧˧˯ˮˮ˧˲ ˫˧ˮˣˮˠˮˬ ˪˪ˣ˩ ,ˣˤ ˢ˲˧˞˷ ˧ˣ˟˧ˠ˪ ˸˩ˬˣ˸ ˸˧˶ˣˤ˞ˣ ˸˧ˬˣ˞˪ ˸ˣ˧ˮ˧ˡˬ

 ˭ˬ˥˲ ˧ˣ˯˧ˬ) ˫˧˲˧˵˰ ˣ˞- Carbon pricing;(  

.ˢ˸˥˲ˢˣ ˢ˯˧˲˸ ˸ˣ˧ˠˣ˪ˣˮ˩˦ ˫ˣ˷˧˧˪ ˨ˬˣ˸ ˦ˮˬ˪˞ ˟˷˥ˮ ˭ˬ˥˲ ˯ˬ ˟ ˦˵˧ˣ˶˲ˢ˧ˮˣ˲˴ˢ ˫˧ ˟ˢ˧ˠ˟˶ˣˮ 

)Sleipner ( ,ˢˮ˷ ˫˧˶˷˰ˬ ˢ˪˰ˬ˪ ˶˟˩ ˪˰ˣ˲ˢ ˢ˪˷ˬˬˢ ˢ˪˧˦ˢ˷ ˭ˬ˥˲ ˯ˬ ˪˷ ˢˡ˪ˣ˸ ˣˮ˧ˢ

˸˧ˠ˟˶ˣˮˢ. ˬ ˢ˪˰ˬ˪ ˪˷ ˭ˬ˥˲ ˶˧˥ˬ ˸˷˶ˣˡ ˸˧˪˩˪˩ ˸ˣ˧˞ˡ˩-60 ˢˮ˷˪ ˭ˣ˦˪ ˶˪ˣˡ. 

 ˸˪ˣ˩˸ ,˧˸˧˧˷˰˸ˢ ˨˧˪ˢ˸ˢ ˧ˮ˧˧˲˞ˬ) ˫˧˟˶ ˫˧˦ˮˬ˪˞˟ ˢ˧ˣ˪˸ ˫˧ˮ˵˸ˬ ˸ˬ˵ˢ˪ ˢ˵ˡ˴ˢˢ ,˸˞ˤ ˫˰

˸˧ˮ ˞˪ˣ (ˡˣ˰ˣ ˫˧˧˥ˣˣ˶ ˫˧˷ˣˬ˧˷ ˸˞˧˴ˬ ,˥"ˡ˲ˢ.ˡ˟˪˟ ˭ˬ˥˲ ˯ˬ ˪˷ ˣˢ˟ˣˠ ˨ˬ˯ ˪˰ ˢ˸ˣ˞ ˰ˣ˟˵˪ ˭ 

 ˣ˷˶ˡ˧ˣ ˟˥˶ˮ ˢˡ˧ˬ ˢˮ˵˟ ˢ˯˧˲˸ ˸ˣ˧ˠˣ˪ˣˮ˩˦ ˫ˣ˷˧˧˪ ˵˲˯ˬ ˳˧˶ˬ˸ ˢˣˣˢ˧ ˞˪ ˡ˟˪ ˭ˬ˥˲ ˯ˬ ˧˩ ˶˧˟˯

 ˦˵˧ˣ˶˲˪ ˢˬˣˡ˟ ,˫˧ˮ˵˸ˬ˪ ˢ˪˰˲ˢ ˶˸˧ˢ˟ ˫ˣ˷˧˧˪ ˢ˟ˣ˥ ˸˪˦ˢ ˭ˣˠ˩ ,˫˧˲˯ˣˮ ˸ˣ˧ˮ˧ˡˬ ˧˰˴ˬ˞

˧˪˶˦˯ˣ˞ˢ )The Gorgon gas project(. 

3. ˸ˣ˧˵ˣ˥ ˸ˣ˶ˠ˯ˬ  ˪˷ ˸˧ˠˣ˪ˣˮ˩˦ˢ ˸˶˷˶˷˟ ˫˧˟˧˩˶ˢ ˪˩ ˧˩ ˢ˥˦˟ˢ˪ ˸ˣ˧˶ˣ˦˪ˣˠ˶ˣCCS ;˫˧˪˲ˣ˦ˬ 

4. ˥"ˡ˲˪ ˢ˶˧ˠ˞ ˧˶˸˞ ˪˷ ˢ˵ˣˡ˟ ˢˬ˧˷˶ ˫ˣ˧˵ˢ˶˧ˠ˞ ˧˶˸˞ ˪˷ ˫ˡ˵ˣˬ ˥ˣ˸˧˲ˣ ˢ˵˧ˡ˟/ˢ˩˶˰ˢ ˨ˣ˸ ,. 

 ˫ˣ˷˧˧˪ ˢˢˣ˟ˠ ˸˧˶ˣ˦˪ˣˠ˶ ˸ˣˮ˩ˣˬ ˸ˣ˪˰˟ ˸ˣˮ˧ˡˬ ˧˩ ˭˧˧˴˪ ˧ˣ˞˶ ,˱˯ˣˮ˟CCS ˢ ˸˧˧˷˰˸ ˸˞ ˣ˥˸˧˲-CCS  ˫ˢ˪˷

 ˸ˬ˧˸˶ ,ˢ˶˧ˠ˞ ˭ˣ˧˲˞ ,ˢ˵˧˵˥ ˥ˣ˸˧˲ ,˸ˣ˧ˮ˧ˡˬ ˸ˣ˧ˣ˟˧˧˥˸ˢ ˥ˣ˸˧˲ ˪˪˩ ˢˤ ˨˧˪ˢ˸ .˸ˣ˥˲˪ ˫˧˶ˣ˷˰ ˧ˮ˷ ˨˷ˬ˟

 .˧ˬˣ˷˧˧ ˶˵˥ˬˣ ˢ˧˧˷˰˸ˢ 

 ,˭˩˪ ˫ˣ˷˧˧˪ ˫˧˧ˡˣ˥˧˧ ˫˧˶ˠ˸˞CCS ˫˧˪˪ˣ˩: 

¶ ,(˧˥˶˩ˢ) ˸ˣ˧ˮ˧ˡˬˢ ˸˶ˠ˯ˬ˟ ˸ˣ˞ˡˣ 

¶ ,˫˧˟˶ ˢ˧˧˷˰˸ ˧ˬˣ˥˸˟ ˡˣ˵˧ˬ˟ ˨˶ˣ˴ 

¶ ˢ ˸˶˷˶˷ ˪˷ ˫˧˵˪˥ˢ ˸˷ˣ˪˷ ˪˩ ˟˥ˣ˶˪ ˧˶˥˯ˬ ˟ˣ˪˧˷-CCS  ˰ˣˮ˧˷ ,ˢ˯˧˲˸)˭ˣ˯˥˞ˣ,( 

¶ ,˫˧ˬ˧˞˸ˬ ˫˧˧ˠˣ˪ˣ˞˧ˠ ˭ˣ˯˥˞ ˧˶˸˞ ˪˷ ˫˧ˬˡ˵ˣˬ ˭ˣ˧˲˞ˣ ˶ˣ˸˧˞ 

¶ ,˸ˣ˟˥ ˸ˣ˞˶ˣˢˣ ˸ˣ˶ˣ˶˟ ˸ˣ˧ˣ˟˧˧˥˸ˢ ˸ˣ˵˲˯ˬ ˶˷˞ ˢ˧˴˪ˣˠ˶ˣ ˢ˵˧˵˥ ˸ˣ˶ˠ˯ˬ 

¶ ˧,˥ˣ˸˧˲ˣ ˶˵˥ˬ ˧˴ˬ˞ˬ˟ ˸ˣ˟˧˴ 

¶  ˸ˣ˟˧˷˥˟ ˸˶˟ˣˠ ˸˧˸˪˧ˢ˵ ˸ˣ˰ˡˣˬCCS. 

 ˫ˣ˷˧˧ ˫˷˪CCS  ˸˞ ˰ˡ˧˧˪ ˫˧˴ˬ˞ˬ˟ ˨˶ˣ˴ ˷˧ ,˫˧˧ˬˣ˞˪ ˢˬˬ˥ ˧ˤˠ ˸ˣ˦˧˪˲ ˧˞˴ˬ ˪˷ ˢ˸˥˲ˢ˪ ˳ˣ˥ˮˢ ˱˵˧ˢ˟

 ˵ˣ˧ˡ˟ ˣˢˬ ˭˧˟ˢ˪ ˨˧˶˴ ˶ˣ˟˧˴ˢ .˞˷ˣˮˢ ˸ˣ˟˧˷˥ ˪˰ ˶ˣ˟˧˴ˢCCS .ˡˠˮˣ ˡ˰˟ ˫˧˪ˣ˵˧˷ˢ ˢˬˣ ,ˡ˟ˣ˰ ˞ˣˢ ˡ˴˧˩ ,

 ˸ˣ˪˧˰˧˪ ˢ˟˥˶ ˸˧˶ˣ˟˧˴ ˸ˣ˰ˡˣˬCCS ˣ˰ˬ ˸˞ ˡˡˣ˰˪ˣ ˸ˣ˧˟ˣ˧˥ ˸ˣ˰ˡ ˫ˡ˵˪ ,˸ˣ˷˷˥ ˰˧ˠ˶ˢ˪ ˶ˣˤ˰˸ ˸ˣ˟˶

 ˪˷ ˫˧˦˵˧ˣ˶˲˷ ˭˩˧ˢ ˸ˣ˪˧ˢ˵ˢCCS .˫ˣ˵˪ ˫˧ˮˮ˩ˣ˸ˬ 
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˸ˣ˴˪ˬˢ ˸ˣ˧ˮ˧ˡˬ 

 ˫ˮ˧ˢ ˸ˣ˧ˮ˧ˡˬ ˷ˣ˟˧ˠ ˨˧˪ˢ˸˟ ˫˧˟˪˷ ˧˩ ˢ˯˧˲˸ˢ ˸˞ ˸˵ˤ˥ˬ ˣˤ ˢˡˣ˟˰˟ ˢ˰˴ˣ˟ ˶˷˞ ˸ˣ˧ˮ˧ˡˬˢ ˸˶˧˵˯

 ˥ˣ˸˧˲ ˸˴˞ˢ ˣ˞/ˣ ˸˰ˮ˸ˢ˟ ˫˧˧˦˧˶˵CCS:˫˧˪˪ˣ˩ ˣ˪˞ . 

¶  ˫˰ ˧˟˵˰ ˭˲ˣ˞˟ ,˵˷ˬˢ ˟˥ˣ˶ ˪˩˪ ˸ˣ˦˧˪˲ ˸˸˥˲ˢ ˸ˣ˶˦ˬ˪ ˸ˣˡˬ˴˧ˢ ˪˷ ˧˸˪˷ˬˬ ˟˵˰ˬˣ ˞ˣˡ˧ˣ

) ˤ˧˶˲ ˫˩˯ˢ ˸ˣ˶˦ˬ2015ˬ˥ ˧ˤˠ ˸ˣ˦˧˪˲ ˫ˣ˴ˬ˴˪ (.ˢˬ 

¶ ˸ˣ˧ˮ˧ˡˬ ˷ˣ˟˧ˠ , ˧ˮ˵˸ˬ ˸ˬ˵ˢ ,˸˧˦ˠ˶ˮ˞ ˸ˣ˪˰˧˧˸ˢ ˫˧ˡˡˣ˰ˬˢ) ˫˧˧˪˩˪˩ ˫˴˧˶ˬ˸˟ ˷ˣˬ˧˷ ˸ˣ˟˶˪

 ˧ˮ˵˸ˬ ˸ˬ˵ˢˣ ˸˷ˡ˥˸ˬ ˢ˧ˠ˶ˮ˞CCS (˭ˬ˥˲ ˯ˬ˟ ˷ˣˬ˧˷ ˣ˞  ˧ˮˣˮ˧˟ ˥ˣˣ˦˟ ˸ˣ˦˧˪˲ ˫ˣ˴ˬ˴ ˸ˠ˷ˢ˪

.˨ˣ˶˞ ˥ˣˣ˦˪ ˸ˣ˦˧˪˲ˢ ˸˸˥˲ˢ ˸ˣ˶˦ˬ˪ ˢˬ˞˸ˢ˟ ,˵˷ˬ˟ ˫˧˟˶ ˫˧˲ˮ˰˟ 

¶  ˷˶ˣ˲ˬ ˭˲ˣ˞˟ ˪ˣ˪˩˪CCS  ˸ˣ˧ˮ˧ˡˬ ˸ˣ˶ˢ˴ˢ˟ ˣ˞ ˫˧˪˵˞ ˧ˣˮ˧˷ ˫˰ ˸ˣˡˡˣˬ˸ˢ˪ ˸ˣ˧ˬˣ˞˪ ˸ˣ˧ˮ˩ˣ˸˟

 ˡ˴˧˩ ˷˧ˠˡˢ˪ˣ ,˫ˣ˥˸˟ ˸ˣ˧ˤ˩˶ˬCCS .˸ˣ˶˥˞ ˭ˬ˥˲˟ ˸ˣ˪ˡ ˸ˣ˧ˠˣ˪ˣˮ˩˦ ˡ˴˪ ˡ˧˵˲˸ ˵˥˷˪ ˪ˣ˩˧ 

¶  .˸˩˷ˬ˸ˬ ˸˧˸˪˷ˬˬ ˸ˣ˟˧˧˥˸ˢ ˧"˰ ˸ˣ˧ˮ˧ˡˬ˟ ˸ˣ˞ˡˣ ˸˥˦˟ˢ 

¶ ˸ˢ ˧˵˪˥ ˭˧˟ ˭ˣ˩˧˯˪ ˢˮ˰ˬ ˸˸˪ ˸ˮˬ ˪˰ ˸˧˦˶˲/˸˧˶ˣ˟˧˴ ˸ˣ˟˶ˣ˰ˬ ˫ˣˤ˧˧ ˭ˣ˯˥˞ˢˣ ˰ˣˮ˧˷ˢ ,ˢ˯˧˲

ˢ ˸˶˷˶˷˟-CCS.˧˪˪˩ ˭ˣ˩˧˯ ˫ˣ˴ˬ˴ ˫˷˪ , 

¶  ˭ˬˤ ˷˶ˡˮ ˧˩ ˢˡ˟ˣ˰ˢ ˶ˣ˞˪ ,˭ˣ˯˥˞ ˧˶˸˞ ˭ˣ˧˲˞ˣ ˶ˣ˸˧˞˟ ˢ˰˵˷ˢ ˸˴˞ˢ˪ ˸ˡ˥ˣ˧ˬ ˟˪ ˸ˬˣ˷˸ ˸˷ˡ˵ˢ

.ˣ˪˞ ˫˧˶˸˞ ˥ˣ˸˧˲˪ ˟˶ 

 

˸ˣ˪˟ˠˬ ˶˵˥ˬˢ 

ˢ ˫ˣ˥˸ ˪˷ ˸˪˟ˠˣˬ ˢ˶˧˵˯ ˢˣˣˢˬ ˣˤ ˢˡˣ˟˰-CCS˸ˣ˧ˮˣ˷˞˶ ˸ˣ˞˴ˣ˸ ˣˮˠ˴ˢˣ ˫ˣ˥˸ˢ ˸˞ ˣˮ˶˵˯ .  ˫ˣ˷˧˧˪CCS 

ˣˮ˩˦ ˢ˶˧˵˯ ˣˮ˰˴˧˟ ˞˪ .˪˞˶˷˧˟- ˫ˣ˷˧˧˪ ˸˧˪˩˪˩CCS  ˫ˣ˷˧˧˪ ˞˪ˬ ˧˸˟˧˟˯ ˥ˣ˸˧ˮ ˣˮ˰˴˧˟ ˞˪ ,˭˩ˣ ˪˞˶˷˧˟CCS 

.˪˞˶˷˧˟ 

 ˣ˞ ˪ˣˮ˸ˬ ˶ˣ˴˧˧˪ ˫˧ˮ˵˸ˬ ˸ˬ˵ˢ ˪˰ ˢ˴˧˪ˬˬ ˞˪ˣ ˢˮ˥˟ ˞˪ ˢˡˣ˟˰ˢGTL  ˭ˢ ˣˠ˴ˣˢ˷ ˸ˣ˩˶˰ˢˢˣˢˡ˧ˬ˟ 

.˪˞˶˷˧˟ ˣˬ˵ˣ˧ ˢ˪˞˩ ˫˧ˮ˵˸ˬˣ 

 ˫˧˞ˮ˸ ˪˞˶˷˧˟ ˸ˬ˵ˢ˪ ˸ˣ˧ˮ˩ˣ˸ ˸ˣˬˡˣ˵ˬ ,˞ˬˠˣˡ˪ ,˸ˣ˶˥˞ ˸ˣˮ˧ˡˬ ˸ˬˣ˰˪ ˫˧ˮ˟ˣ˞ˬˢ ˧˵˪ˡ ˫ˣ˥˸˟ ˫˧˧ˡˣ˥˧˧

ˣ ˪ˣˮ˸ˬ ˶ˣ˴˧˧˪ ˫˧˪˰˲ˬ-GTL  ˫ˢ ˭˩˪ˣ ˫˧˴ˣ˲ˮ ˫˧ˮ˵˸ˬ ˞˪ ˣ˪˞ .ˢ˶ˣ˟˥˸˪ ˫˧˵˪ˡ ˧˲˧˪˥˸˩ ˣ˷ˬ˷˧˷ ˫˧˶˵˥ˮ

˸ˣ˥˲ ˸ˬˣ˰˪ ,CCS  ˷ˠˡ˟ ,ˣ˪˞ ˸ˣˮˣ˶˸˲ ˣˮ˥˟˧˷ ˫˧˲˯ˣˮ ˫˧˶˵˥ˬ ˫˧˷ˣ˶ˡ ,˭˩˪ .˪˷ˬ˪ ,˥ˣ˩ ˸ˣˮ˥˸ˬ ˪˰

.˪˞˶˷˧˟ ˫ˬˣ˷˧˧ 

 

˸ˣ˴˪ˬˢ ˶ˣ˟˰ ˪˞˶˷˧˟ ˶˵˥ˬˢ ˸ˣ˞˴ˣ˸ ˸˰ˬ˦ˢ˪ˣ ˯"ˮˠˢ˪ ˡ˶˷ˬˢ ˸ˣ˪˧˰˲ 

ˣ ˪ˣˮ˸ˬ ˶ˣ˴˧˧ ˧˪˰˲ˬ˪-GTL  ˥"ˡ˲ˢ ˸˯˧˲˸ ˸ˣ˧˸˷˸ ˟ˣ˶ ˶˷˞˩ ,ˢ˟˧˟˯ˢ ˪˰ ˸ˣ˶˩˧ˮ ˸ˣ˰˲˷ˢ ˸ˣ˧ˢ˪ ˸ˣ˧ˣ˲˴

 ˫ˣ˷˧˧ ˧˪˟ ˣ˞ ˫˰ ,ˢ˪˞ ˫˧˪˰˲ˬ ˸ˣ˧˸˷˸ˬ ˵˪˥ ˭ˢCCS ,˭˩˪ .˫˞ ˣ ˪ˣˮ˸ˬ ˧˪˰˲ˬ ˣˮ˟˧-GTL ˸˧ˮ˩ˣ˸ˢˬ ˵˪˥˩ ,

 ˫ˣ˷˧˧˟ ˣˤ ˢ˧ˮ˟ ˸ˣˮ˸ˢ˪ ˳˪ˬˣˬ ,ˢ˶ˣ˟˥˸˪ ˫˧˵˪ˡ ˧˲˧˪˥˸˪ ˸˧ˬˣ˞˪ˢCCS\CCU  ˭˸˧ˮˣ ˭˩˸˧ ,˨˩ .ˣ˪˞ ˫˧ˮ˵˸ˬ˟

 ˡ˰ ˪˷ ˫ˣ˴ˬ˴ ˠ˧˷ˢ˪25%  ˣ˪˞ ˫˧˵˪ˡ ˪˷ ˢ˶˧ˡ˥ˢ ˱˵˧ˢ˟ ˸ˣ˪˸˩) ˢ˶ˣ˟˥˸ˢ ˨˶˰ˬˬ ˢˬˬ˥ˢ ˧ˤˠ ˸ˣ˦˧˪˲˟

ˣ ˰ˣˮ˧˷ ˸ˣ˧˸˷˸ ˥˸˲˪ ˳˪ˬˣˬ ,˨˩ˬ ˢ˶˸˧ .(˪˞˶˷˧˟ ˢ˶ˣ˟˥˸ˢ ˨˶˰ˬ˪ ˞˪˪ .˯˲˸ˮˢ ˥"ˡ˲ˢ ˶ˣ˟˰ ˭ˣ˯˥˞
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 ˭˩˸˧ ˸˞ˤ ˪˩ .˸˶˸ˣ˧ˬ ˢˮ˧ˢ ,ˣˮˣ˯˥˞ ˞˪˪ ,ˡ˟˪˟ ˥"ˡ˲ ˸˯˧˲˸ ,˪˧˰˪ ˭˧ˣ˴˷ ˧˲˩ ,˥"ˡ˲ ˭ˣ˯˥˞˟ˣ ˰ˣˮ˧˷˟ ˸ˣ˞ˡˣ

 ˪˰˲ˬ˟ ˸ˣ˞˴ˣˢ˟ ˡˣ˞ˬ ˢˮ˦˵ ˢ˧˪˰ ˨ˣ˸ˣ ,˪ˣˮ˸ˬ ˪˰˲ˬ˟ ˣ˦ˮ ˸ˣ˪˰ ˞˪˪ˣGTL. 

 ˫ˣ˷˧˧ ˪˷ ˸˧˸ˣ˰ˬ˷ˬˢ ˸˧˸˟˧˟˯ˢ ˢ˰˲˷ˢˢˣ ˢˢˣ˟ˠˢ ˸˧˪˩˪˩ˢ ˸ˣ˪˰ˢ ˟˵˰CCS  ˤˠ ˸ˣ˰ˮˣˬ ˥ˣ˩ ˸ˣˮ˥˸˟

 ,˸ˣ˷ˡ˥˸ˬ ˸ˣ˧ˠ˶ˮ˞) ˸ˣ˶˥˞ ˸ˣ˧˶˷˲˞ ˸ˣ˲ˣ˪˥ ˪ˣˬ ˪˞ ˢˤ ˭ˣ˶˸˲ ˫ˣ˷˧˧˪ ˸ˣ˧˞ˡ˩ ˸˵˧ˡ˟ ˫ˡ˵˪ ˳˪ˬˣˬ ,˧˰˟˦

.('ˣ˩ˣ ˸˧˦ˠ˶ˮ˞ ˸ˣ˪˰˧˧˸ˢ ,˭˧˰˶ˠ 

 

˨˷ˬˢ ˶˵˥ˬ˪ ˸ˣ˴˪ˬˢ 

˧˧ˡˣ˥˧˧ ˫˧ˮ˧˧˲˞ˬ ˪˞˶˷˧˟˷ ˭ˣˣ˧˩ˬˣ ˸˪˟ˠˣˬ ˢ˶˧˵˯ ˧ˢˣˤ˷ ˭ˣˣ˧˩ˬ ˪˫-CCS ˢˤ ˫ˣ˥˸ ˡˣˬ˪˪ ˢ˧ˢ ˭˸˧ˮ ˞˪ ,

:˫ˣ˥˸˟ ˱˯ˣˮ ˶˵˥ˬ ˪˰ ˫˧˴˧˪ˬˬ ˣˮ˞ .˪˞˶˷˧˟ ˣˬˣ˷˧˧ ,˶˵˧˰˟ ,˵ˬˣ˰˪ 

¶ ˣˮ˩˦ ˥ˣ˸˧ˮ- ˫ˣ˷˧˧˪ ˧˪˩˪˩CCS .˪˞˶˷˧˟ 

¶  ˫ˣ˷˧˧ ˪˷ ˢ˟˧˟˯ˢ ˪˰ ˸ˣ˰˲˷ˢ ˸˩˶˰ˢCCS .˥ˣ˩ ˸ˣˮ˥˸˟ ˶˵˧˰˟ ,˪˞˶˷˧˟ 

¶  ˫ˣ˷˧˧˟ ˧˲˧˴˲˯ ˶˵˥ˬCCS\CCU .˪ˣˮ˸ˬ ˧˪˰˲ˬ˟ 

¶  ˫ˣ˷˧˧˟ ˧˲˧˴˲˯ ˶˵˥ˬCCS  ˧˪˰˲ˬ˟GTL. 

¶  :˭ˬ˥˲˟ ˫˧˪ˡ ˢ˧ˠ˶ˮ˞ ˸ˣˮˣ˶˸˲ ˭˧˟ ˢ˞ˣˣ˷ˢCCS ˢ˧ˠ˶ˮ˞ˣ ˢ˧ˠ˶ˮ˞ ˸˶˧ˠ˞ ,˸ˣ˷ˡ˥˸ˬ ˸ˣ˧ˠ˶ˮ˞ ,

.˸˧ˮ˧˰˶ˠ 

¶  ˸ˣˮˣ˶˸˲ ˪˰ ˶˵˥ˬCCU  ˭ˣ˶˸˲˪ ˢˬˣˡ˟ ,˥"ˡ˲ ˸˯˧˲˸ ˶˧˥ˬ ˸ˡ˶ˣˢ˪ ˫ˣ˶˸˪ ˫˧˪ˣ˩˧ ˶˷˞ ˫˧˧ˮ˷ˡ˥

.˪ˣˮ˸ˬ ˪˰˲ˬ˟ ˫˧˧˵˷ 

¶  ˭ˣ˯˥˞ ˫ˣ˥˸˟ ˫˧˲˯ˣˮ ˫˧˶˵˥ˬ˥"ˡ˲ .˪˞˶˷˧˟ ˫˧˵ˣˬ˰ ˫˧˥ˣ˪ˬ ˫˧˶˲˧ˣˣ˵˞˟ 
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EXECUTIVE SUMMARY (English) 

The Israeli Fuel Choices and Smart Mobility Initiative (FCI) has targeted natural gas as a leading 

source for a variety of new transportation fuels to reduce dependence on petroleum-based fuels. 

Although an increase in natural gas use, at the expense of petroleum, will help in reducing ambient 

air pollution from transportation - it will not reduce Israel's greenhouse gases (GHGs) emissions. 

Israel is a signatory to the United Nations Framework Convention on Climate Change and has 

signed the Paris climate accord where it has committed to reduce its GHGs emissions on a per 

capita basis.  

One of the options to be evaluated as part of the introduction of natural gas-based transportation 

fuels is the potential deployment of Carbon Capture and Storage (CCS) technologies to remove 

carbon dioxide (CO2) emissions from industrial processes, and either store or use it to prevent its 

release to the atmosphere. CCS refers to a suite of technologies that are used to capture CO2 from 

industrial processes and electricity generation. Some of these technologies have been operated 

successfully for decades, while others are under development or in transition to large-scale 

applications.  

Basically, CCS consists of three main stages: (a) capture for the separation of CO2 from other gases 

produced from facilities, (b) transport for conveying the pressurized CO2, usually via pipelines, and 

(c) storage (or sequestration) for injection of CO2 into deep underground rock formations or 

aquifers.  

This study focused on a literature review of emerging CCS technologies and their level of maturity. 

It also entailed an analysis of the compatibility of deploying such technologies to different natural 

gas-based transportation fuels in Israel, which include: Compressed Natural Gas (CNG), methanol 

(for gasoline blends), and Gas-to-Liquid (GTL) fuel products. This one year comparative study was 

not intended to be a complete feasibility study and the results presented intend to provide an 

indication of the range of costs and potential emissions reduction and are not a conclusive cost-

effectiveness analysis of options. The study also summarizes challenges for CCS deployment and 

policy options. 

The data compiled in this study has implications for potential implementation in Israel: 

¶ If CCS is deployed at a methanol plant it could reduce CO2 emissions by 11% and boost 

methanol production by 20% while lowering process energy demand by 5%, and natural gas 
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consumption by 16%. All this might be achieved at no net increased cost. However, this 

captured CO2 amount is less than 0.5% of Israel's 2030 annual GHGs emissions.  

¶ If CCS is deployed at a GTL plant it can potentially reduce 37% of CO2e emissions from the GTL 

life-cycle at a relatively low cost since most of the CO2 capture process is already an integral 

part of the GTL conversion process. However, the captured CO2 amount is less than 2-4% of 

Israel's 2030 annual GHGs emissions. 

¶ Natural gas power plants1 with CCS can capture 65% of their life-cycle GHGs emissions. This can 

represent up to 30% of Israel's 2030 annual GHGs emissions. Among the scenarios analyzed 

here, this solution is the only one that can really reduce the national GHGs emissions. However, 

it is also by far the most expensive one. 

¶ Israel's deep saline aquifers can receive the captured CO2 from methanol plants, GTL plants and 

natural gas power plants for 130-800 years (depending of the amount captured). 

 

Lessons learned from existing large scale projects in the US, Canada, Australia and China are making 

clear that large scale CCS deployment would require a genuine desire by the government to address 

growing emissions from fossil energy sources; supportive national policies to back the overall goal; 

legal and regulatory frameworks to ensure all components of the CCS technology chain are 

addressed; and a portfolio of storage sites that have been identified. It is clear, that there are 

unique challenges for CCS deployment that require predictability in policy setting, the need for 

multi-industry focus with commercial integration across all three elements of the CCS chain 

including addressing liabilities and risks associated with each stage. Therefore, it would be 

imperative to conduct robust research & development on the topic and increase community 

awareness of the importance of CCS and the role it plays in mitigating GHGs emissions and climate 

change.  

 

The conclusions from the survey conducted in this study highlight the policy-making process 

elements that are critical to enable and/or accelerate the deployment of CCS, including: 

¶ Government tracking and verification of adherence to the economy-wide emissions 

reduction targets, consistent with the aims of the Paris Agreement. 

                                                           
1 Power will be used in electric vehicles and, therefore, meet the goal of reducing the dependency on fuel. 
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¶ Designing policy, including economic incentives (to promote energy efficiency, 

renewable energy and incentivizing construction of CCS plants. Negative incentives can 

include carbon tax on GHG emissions, which may achieve medium-term emissions 

reduction in a range of sectors and in line with these longer-term targets. It is 

reasonable to assume that carbon tax alone will not be a sufficient incentive to 

implement large-scale carbon capture and storage technologies and will require 

additional policy measures, such as imposing a mandatory operating permit conditions 

on facilities, (i.e, Australian project, The Gorgon Gas Project). 

¶ Explicitly including CCS in national climate action plans or similar flagship policy 

statements, which either implicitly or explicitly acknowledge how CCS can play a role 

alongside other low carbon technologies. 

¶ Securing policy certainty via a government commitment that has been demonstrated to 

extend beyond political cycles and to be resilient to conflicting political demands. 

 

Key Policy Findings 

The findings from large-scale projects in countries such as the US, Canada, Australia and China 

indicate that large-scale CCS deployment requires:  

1. A moderate to high dependence on fossil fuel production/consumption and a genuine 

desire by the government to address growing emissions from these sources;  

2. Supportive national and regional policies to back this overall desire, including direct or 

indirect financing mechanisms, including economic incentives to promote energy efficiency, 

renewable energy and incentives for the construction of CCS plants. Negative incentives can 

include carbon tax; 

3. Legal and regulatory frameworks to ensure all components of the CCS technology chain are 

addressed; and 

4. A portfolio of storage sites which have been identified, with early opportunities appraised 

and developed.  

In addition, it can be noted that nations with high regulatory readiness for CCS deployment have 

developed their CCS industry over at least two decades. This has included the development of 

policy commitments, legislative development, and storage characterization, as well as industry 

engagement and applied researchΦ 
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Therefore, unique challenges for CCS deployment include: 

¶ Predictability in policy setting is paramount, 

¶ Need for multi-industry focus, 

¶ Commercial integration across all three elements of the CCS chain, 

¶ Early identification and characterization of suitable geological storage sites, 

¶ Legal and regulatory regimes that provide clear obligations and liability provisions, 

¶ Robustness in R&D efforts, 

¶ Increasing community awareness of the importance of CCS. 

As discussed further in Section 4.3, for CCS to be implemented on the scale necessary to affect GHG 

emissions, efforts are needed to inform and raise awareness among the general public about CCS. 

The public needs to know exactly what is CCS, how it works and what are its pros and cons. Broad 

ǇǳōƭƛŎ ŀǿŀǊŜƴŜǎǎ ƻŦ //{Ω ŜŦŦŜŎǘƛǾŜƴŜǎǎ ǿƛƭƭ ƘŜƭǇ ŀƭƭŜǾƛŀǘŜ ŎƻƴŎŜǊƴǎΣ ǇǊƻƳƻǘŜ ǇƻǎƛǘƛǾŜ ƻǇƛƴƛƻƴǎ ŀƴŘ 

encourage the engagement of the communities where CCS projects are planned to be undertaken. 

 

Policy Recommendations 

The survey conducted here reinforces elements of the policy-making process that are critical to 

enabling and/or accelerating the deployment of CCS. These include: 

¶ Government tracking and verification of adhering to the economy-wide emissions 

reduction targets, consistent with the aims of the Paris Agreement. 

¶ Designing policy to achieve medium-term emissions reduction in a range of sectors and 

in line with these longer-term targets.  

¶ Explicitly including CCS in national climate action plans or similar flagship policy 

statements, which either implicitly or explicitly acknowledge how CCS can play a role 

alongside other low carbon technologies. 

¶ Securing policy certainty via a government commitment that has been demonstrated to 

extend beyond political cycles and to be resilient to conflicting political demands. 

¶ Establishing public/private engagement to address the risk between the capture, 

transport and storage elements of the CCS chain, thus reducing overall risks. 

¶ Devoting special attention to accelerating investment in storage exploration and 

characterization, in view of the long lead times for development of such locations. 
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¶ Including economic incentives to promote energy efficiency, renewable energy and 

incentivizing construction of CCS plants. Negative incentives can include carbon tax on 

fossil fuel emissions. 
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PLANNING VS EXECUTION 

 

Execution Assignments Month 

Completed Literature review April 2017 

Completed Literature review May 2017 

Completed Literature review June 2017 

Completed CCS technologies comparison July 2017 

Completed CCS technologies comparison August 2017 

Completed CCS technologies comparison 

Preliminary Assessment of CCS potential 

during fuels production from natural gas 

September 2017 

Completed Preliminary Assessment of CCS potential 

during fuels production from natural gas  

Preliminary Obstacles analysis 

October 2017 

Completed Preliminary Assessment of CCS potential 

during fuels production from natural gas  

Preliminary Obstacles analysis 

November 2017 

Completed Preliminary Recommendations December 2017 

Completed Preliminary Recommendations 

Final report writing 

January 2018  

Completed Final report writing February 2018 

Completed Final report writing March 2018 
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ACRONYMS 

BCM - Billion Cubic Meters 

CCS - Carbon Capture and Storage / Carbon 
Capture and Sequestration 

CCU - Carbon Capture and Utilization 

/Iј - Methane 

CNG - Compressed Natural Gas 

COE - Cost of Electricity 

CO2 - Carbon Dioxide 

CO2e - CO2 equivalents (All greenhouse gases 
amounts are weighted by their global warming 
potentials for 100 years (GWP100) to derive an 
equivalent CO2 emissions value. This allows us 
to compare between different greenhouse 
gases on the same scale) 

EOR - Enhanced Oil Recovery 

EU - European Union 

EV - Electric Vehicle 

FCI - The Israeli Fuel Choices and Smart 
Mobility Initiative  

GCCSI - Global CCS Institute 

GHG - Greenhouse Gas 

Gt - Gigatonne 

GTL - Gas-to-Liquid 

Iі - Hydrogen 

IEA - International Energy Agency 

 

IGCC - Integrated Gasification Combined Cycle 

ILS - Israeli New Shekel 

IPCC - Intergovernmental Panel on Climate 
Change 

LPG - Liquid Petroleum Gas 

MeOH - Methanol 

Mt, Mtpa - Millions of tonnes, Millions of 
tonnes per annum 

MW, MWh ς Megawatt, Megawatt hour 

NDC - Nationally Determined Contribution 

NGCC ς Natural Gas /ƻƳōƛƴŜŘ /ȅŎƭŜ 

NOx - Nitrogen Oxides 

Petcoke - Petroleum coke: a final carbon-rich 
solid material that derives from petroleum 
refining 

PPM - Parts per Million 

R&D - Research and Development 

SO2 - Sulfur Dioxide 

Syngas - "synthesis" natural gas 

UNFCCC - United Nations Framework 
Convention on Climate Change 

USD - United States Dollar 

2DS - The 2°C Scenario (IEA, Energy 

Technology Perspectives) 
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1 INTRODUCTION 

1.1 What is CCS? 

Carbon Capture and Storage (CCS) is a process used to capture carbon dioxide (CO2) emissions pro-

duced from the use of fossil fuels in industrial processes and electricity generation, and which aims 

to prevent the CO2 from entering the atmosphere and mitigate the effect of greenhouse gases 

(GHGs) emissions on climate change.  

Rather than being a single technology, CCS is a suite of technologies and processes. Some of these 

have been operated successfully for decades, while others are under development or in transition 

to large-scale application. Basically, CCS consists of three main stages:  

¶ Capture, which is the separation of CO2 from other gases produced from facilities including 

coal and natural gas power plants, steel mills and cement plants;  

¶ Transport, where the CO2 is moved, usually via pipelines, to a suitable site for deep 

underground storage, once it is separated and compressed; and  

¶ Storage as the CO2 is injected into deep underground rock formations or aquifers.  

The CCS storage process simply imitates how nature has stored oil, gas and CO2 for millions of 

years. The CO2 can also be reused in processes such as enhanced oil recovery (EOR) or in the 

chemical industry, a process sometimes known as Carbon Capture and Utilization (CCU). 

CCS is a vital technology for helping the world to meet the climate targets agreed at the 2015 Paris 

climate talks. The interest in CCS arises from three main factors: 

1. A growing consensus that restricting serious climate change impacts must include extensive 

reductions in global CO2 emissions, since CO2 is the primary anthropogenic GHG, accounting 

for 77% of human contribution to the greenhouse effect in recent decades (Songolzadeh et 

al., 2014).  

2. The understanding that broad emission reductions cannot be achieved easily or quickly by 

using less energy or by replacing fossil fuels with alternative energy sources that emit little 

or no CO2. The world today relies on fossil fuels for over 85% of its energy use and changing 

that will take time. CCS thus offers a way to get large CO2 reductions until cleaner, 

sustainable technologies can be widely deployed. 
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3. Energy-economic models show that adding CCS to the suite of other GHGs reduction 

measures significantly lowers the cost of mitigating climate change. Studies have also 

affirmed that by 2030, and beyond, CCS would be a major component of a cost-effective 

portfolio of emission reduction strategies (Folger, 2013).  

CCS is only economical today in a limited number of situations. In addition to capital costs, currently 

available technologies for CCS at power plants, for example, impose an energy penalty by requiring 

additional energy to operate the CO2 capture and compression equipment. In some cases, a 

relatively pure stream of CO2 in a natural gas feed or conversion process can be captured and used 

economically.  

It is well recognized that deployment of CCS on a scale that makes a material contribution to 

reducing CO2 emissions requires addressing current barriers, including: cost, complexity along the 

value chain, regulatory/policy uncertainty, public acceptance, large-scale storage sites and long-

term liability issues. 

 

1.2 Emergence of CCS 

CCS first emerged on the international agenda at the Gleneagles G8 summit in Scotland in 2005, 

leading to a program of work for the International Energy Agency (IEA) and to several countries 

seeking to rollout CCS technologies. 

The scientific credibility of CCS was enhanced by the 2005 Intergovernmental Panel on Climate 

Change (IPCC) Special Report on Carbon Dioxide Capture and Storage (IPCC, 2005) and supported 

by the IEA. However, until 2009, CCS seemed to have been limited mainly by its use for EOR, with 

the potential for enhanced storage in depleted reservoirs in the context of the increasingly 

prominent climate agenda. 

 

The failed climate change summit in Copenhagen in 2009 seems to have impacted the perception 

of CCS (UNFCCC, 2009). Without global consent that climate change mitigation that must be taken 

seriously when considering investment decisions, industry found little reason to invest in deploying 

CCS on a large scale since it adds significantly to the cost of power generation and to manufacturing 
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products utilizing fossil fuels. Similarly, in the absence of an appropriate climate policy, decision 

makers considered capturing, storing, or using anthropogenic CO2 only when CCS seems to make 

economic sense in applications such as in EOR in combination with CO2 sources that are already of 

high purity. Since the Copenhagen summit the factors affecting CCS deployment have become 

more diverse and complex, including CO2 price and the use of coal as the primary fuel to generate 

electricity. More recently, however, the success of renewables and the availability of shale oil, and 

in particular shale gas in North America, have made coal seem less crucial. Yet, because coal is more 

easily transportable and gas, generally, is not, the drop-in coal use in the United States has led to 

lower prices and an increased use of coal elsewhere in the world. 

 

The international agreement on climate change adopted in Paris in December 2015, known as the 

Paris Agreement (UNFCCC, 2015), represents a clear and indisputable commitment from the 

ǿƻǊƭŘΩǎ ǇƻƭƛǘƛŎŀƭ ƭŜŀŘŜǊǎ ǘƻ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŀ ƭƻǿ-carbon economy. The agreement defines a number of 

climate goals: 

1. A short-term goal to reach peak emissions and start to reduce them as soon as possible in 

order to meet the longer- term temperature set goals.  

2. A longer- term goal to hold the increase in the global average temperature to well below 2°C 

above pre-industrial levels and pursue efforts to limit the temperature increase to 1.5°C 

above pre-industrial levels.  

3. At the same time, increasing the ability to adapt to the adverse impacts of climate change 

and foster climate resilience and low GHG emissions development, in a manner that does 

not threaten food production. 

Limiting the long-term rise in average global temperature to 2°C would require a substantial 

reduction in CO2 emissions from present levels, not just a slowing in emissions growth. The 

approach adopted in the Paris Agreement for the post-2020 climate change convention is 

fundamentally different from that of the pre-2020 agreement under the Kyoto Protocol. The 

approach developed is more of a ΨōƻǘǘƻƳ-ǳǇΩ ŀǇǇǊƻŀŎƘ that allows countries to establish their 

Nationally Determined Contribution (NDC) allowing for greater national level determination of 

future climate actions for both developed and developing countries (UNFCCC, 2016). 
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There are those who claim that CCS will never make a significant contribution to solving the climate 

problem, or worse, will distract from making needed decisions to begin phasing out fossil fuels 

immediately (de Coninck & Benson, 2014). It should be noted that renewables and energy 

efficiency alone cannot deliver climate outcomes consistent with the Paris Agreement. According to 

the IEA modelling, CCS could deliver 13% of the cumulative emissions reductions needed by 2050 to 

limit the global increase in temperature to 2°C (IEA 2DS -2°C Scenario) (IEA, 2015b), as depicted in 

Figure 1-1. 
  

 

Figure 1-1 > Contribution of technologies and sectors to global cumulative CO2 reductions  

(IEA, 2015b ς Figure 1.6) 

 

The IPCC indicates that without CCS, the cost of achieving atmospheric concentrations of 450 parts 

per million (ppm) of CO2 equivalent (CO2e) by 2100 could be 138 per cent more costly (compared to 

scenarios that include CCS). There are only a minority of climate model runs that successfully 

produce a 450 ppm scenario in the absence of CCS (IPCC, 2014). 

One of the major benefits of CCS as an emissions reduction technology is that it can be applied to 

different types of CO2 emission sources, particularly those with very large volumes of emissions, 

such as power plants and some industrial facilities. Fossil fuels are essential to the production 

process of many vital industries such as the steel, cement and chemical industries. Fossil fuels are 

utilized in these industries because of their chemical and physical properties and are also being 

used as a feedstock to industrial processes, and not merely as a primary energy source to generate 

electricity.  
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Just as the use of fossil fuels in power production generates large volumes of CO2, so too does the 

use of fossil fuels in industrial applications. However, unlike in power generation, for industrial use 

fossil fuels are used as feedstock and not merely for process heat. Therefore, it is currently not 

feasible to substitute all fossil fuels used in industry by renewable energy sources in order to reduce 

emissions. As a result, aside from the application of energy-efficiency measures, CCS is the only 

large-scale technology available that can help achieve deep reductions in CO2 emissions in the long 

term from many industrial processes.  

 

1.3 Israel's current and future transportation fuel mix 

The Israeli transportation sector is entirely dependent on oil-derived fuels, with final consumption 

amounting to 3,103 and 2,702 thousand Tons of Oil equivalent (TOE) of gasoline and diesel, 

respectively, in 2016 (CBS, 2018); in addition, an unknown share of the 615 thousand tons of Liquid 

Petroleum Gas (LPG) total consumption (MOE, 2018) is directed to private vehicles which went 

through aftermarket conversion into dual-fuel fueling system, although uptake of LPG for 

transportation is arguably quite limited. The vast majority of the domestic demand is met by local 

refining carried in Israel's two refineries, using all-imported crude oil. However, where surplus 

diesel refining capacity sees roughly 40% of production directed to export, recently local fuel 

providers opted to shift some of their procurement to imported gasoline, estimated to gain about 

15% market share for that fuel type (Gutman, 2017).  

The Israeli government seeks to transition the transportation sector to alternative sources of 

energy, with the goals of reducing the share of oil in Israel's transportation by 30% until 2020 and 

by 60% in 2025 (PMO, 2013). The alternative energy sources are expected to consist of a mix of bio 

fuels, electricity and natural-gas derived fuels including Compressed Natural Gas (CNG), methanol 

(MeOH) and Gas-to-Liquid (GTL) diesel replacement (see Figure 1-2). 
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Figure 1-2 > Expected penetration rate for alternative fuels in Israel 
(FCI, 2016) 

 

Earlier formal predictions for natural gas demand through 2030 estimate up to 4.0 Billion Cubic 

Meter (BCM) per year would be directly demanded by the transportation sector, together with 

MeOH and ammonia production (0.7 BCM), amounting to a total 39 BCM of natural gas by 2030; 

increase in demand for NG by the electricity sector is also partially attributed to expected increase 

in electricity consumption used for transportation (see Figure 1-3). 

 
Figure 1-3 > Projected trends of natural gas consumption in Israel for the years 2014 ς 2040  

(MOE, 2012a) 
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Recently the Ministry of Energy (MOE) publicly expressed its policy to fully withdrawal from 

diesel and gasoline use in Israel by 2030 (Gutman, 2018), backed by regulatory actions and budget 

allocations to facilitate increase in the share of electricity and natural gas-based transportation, 

through several supportive schemes for infrastructure deployment. Whereas electric vehicles (EVs) 

are mainly targeted at the private cars, city buses and rail segments, natural gas is set as the 

alternative fuel of choice for trucks and as a diesel-replacement via GTL. 

 

1.4 Research goals 

The research study described in this report is a comparative study of the carbon capture 

alternatives in the production of natural gas-based transportation fuels in Israel, along with its 

utilization and/or storage potential. 

According to the IPCC fifth assessment report, the transportation sector is responsible for about 

15% of global anthropogenic emissions of GHGs (IPCC, 2014). In Israel, land transportation 

contributes a high percentage to the overall CO2 emissions. The Israeli Central Bureau of Statistics 

(IL-CBS) notes that in 2014 out of about 60.9 million tons of overall CO2 emissions from fuels 

combustion, 15.6 million, or about 26 percent, are attributable to land transportation (excluding 

rail) (IL-CBS, 2015).  

The national Fuel Choices Initiative in Israel (FCI) plans to address the absolute reliance of the 

transportation sector on petroleum products, and to diversify the fuel mix. The major source of 

these alternative transportation fuels is based on natural gas - whether as CNG, various MeOH 

blends, GTL processes, or electric transportation (that will rely mainly on natural gas power plants) 

(FCI, 2016). Today, 25% of Israel's national plan to reduce GHG emissions relies on transformation 

to natural gas use as a primary energy source. One aspect of this transformation is the use of 

natural gas as a source for transportation fuels (MOEP, 2015). One of the major options to reduce 

GHG emissions while still using fossil fuels is CCS. Without CCS, even the transformation to natural 

gas instead of coal and petroleum as a major energy source would not be enough to reduce GHG 

emissions substantially.  

If production plants for manufacturing natural gas-based transportation fuels are built in Israel, CCS 

technologies could be implemented in them as well as in power plants, to help further reduce the 

national GHG emissions. As Israel plans to transform its transportation sector to rely heavily on 
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natural gas in the coming decades, there is a need to find ways to continue and reduce GHG 

emissions in order to comply with the 2015 Paris Agreement.  

The research goals of this work are as follows:  

1. To review the status of the CCS field in the world,  

2. To compare between different CCS technologies and their relevance to the production of 

natural gas-based fuels in Israel,  

3. To compare between implementation of CCS in power plants (electric fuel) and in fuels 

production in chemical synthesis plants,  

4. To assess the potential for CCS implementation during fuels production (including 

electricity) from natural gas in Israel,  

5. To analyze the obstacles for CCS implementation, along with natural gas-based fuels 

production, in Israel,  

6. To propose policy recommendations on the topic to the Ministry of Environmental 

Protection. 

In this final report we provide in Chapter 2 below a background of the CCS field, followed by a 

description of the degree of maturation of the CCS technologies in Chapter 3, and a policy overview 

in Chapter 4. Chapter 5 presents a preliminary assessment of CC potential during fuels production 

from natural gas in Israel, and Chapter 6 is a key findings and recommendations for Implementation 

in Israel.  
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2 BACKGROUND OF THE CCS FIELD 

2.1 Technical basis 

In CCS, the CO2 produced from carbon in the fossil fuels or biomass feedstock is first captured, and 

then compressed to a dense liquid to facilitate its efficient transport and storage, as depicted 

schematically in Figure 2-1. 

 

Figure 2-1 > Schematic of a CCS System consisting of CO2 Capture, Transport and Storage 

(Rubin, 2010) 

 

The CCS operationΩs chain consists of three parts: 

¶ Capturing CO2 where various technologies may be used to allow the separation of CO2 from 

gases produced in electricity generation and industrial processes by one of three methods: 

pre-combustion, post-combustion and oxyfuel combustion.  

¶ Transportation of CO2 for safe storage by either road tankers (for small amounts only), 

pipeline (the most common way) or by ship (used for offshore CO2 generation).  

¶  CO2 storage in carefully selected geological rock formations (depleted oil and gas fields or 

deep saline aquifer formations) that are typically located several kilometers below the 

earth's surface. 
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At every point in the CCS chain, from production to storage, there are a number of process 

technologies that are well understood and have excellent health and safety records, as will be 

described below. The commercial deployment of CCS involves the widespread adoption of these 

CCS techniques, combined with robust monitoring techniques and government regulations. 

 

2.2 CO2 Capture 

A variety of technologies for separating (and capturing) CO2 from a mixture of gases are 

commercially available and are widely used today, typically as a purification step in an industrial 

process (Folger, 2013). The environmental aspects of these technologies are elaborated in Chapter 

4.2. The choice of technology depends on the type of source, the cost, and the requirements for 

product purity and on the conditions of the gas stream being treated (such as its temperature, 

pressure, and CO2 concentration). Figure 2-2 illustrates the variety of technical approaches 

available, including absorption into physical and chemical solvents, adsorption onto solid 

substrates, cryogenic separation, diffusion through CO2 selective membranes, and mineralization. 

 

 

Figure 2-2 > Technical options for CO2 capture  

(Rao & Rubin, 2002) 

 

Since most anthropogenic CO2 is a by-product of the combustion of fossil fuels, CO2 capture 

technologies are commonly classified as either pre-combustion or post-combustion systems, 
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depending on whether carbon (in the form of CO2) is removed before or after a fuel is burned, as 

described in Figure 2-3. A third approach, called oxyfuel or oxy-combustion, which combusts CO2 

into pure oxygen or a mixture of oxygen and CO2, does not require a CO2 capture device, but 

requires separation of oxygen from air using cryogenic separation.  

 

Figure 2-3 > Three schemes for carbon capture done in conjunction with power generation  

(Futurism, 2018) 

 

Other industrial processes that do not involve combustion employ the same types of CO2 capture 

systems that would be employed at power plants. 

Today most CO2 separation uses absorption-based technology. For natural gas cleanup, cryogenic 

separation and membrane separation are used, albeit on a limited basis. In all cases, the aim is to 

produce a stream of pure CO2 that can be permanently stored or sequestered. The captured CO2 is 

first typically ŎƻƳǇǊŜǎǎŜŘ ǘƻ ŀ ŘŜƴǎŜ άǎǳǇŜǊŎǊƛǘƛŎŀƭέ ǎǘŀǘŜΣ ǿƘŜǊŜ ƛǘ ōŜƘŀǾŜǎ ŀǎ ŀ ƭƛǉǳƛŘ ǘƘŀǘ Ŏŀƴ ōŜ 

readily transported via pipelines or tankers. The CO2 compression step is commonly included as 
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part of the capture system, since it is usually located at the industrial plant site where CO2 is 

captured. Figure 2-4 provides a general depiction of CO2 capture routes (IPCC, 2005). 

 

Figure 2-4 > CO2 capture routes  

(IPCC, 2005) 

 

2.2.1 Post-Combustion Processes 

As the name implies, these systems capture CO2 from the flue gases produced after fossil fuels or 

other carbonaceous materials (such as biomass) are burned. Combustion-based power plants 

ǇǊƻǾƛŘŜ Ƴƻǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻŘŀȅΦ Lƴ ŀ ƳƻŘŜǊƴ Ŏƻŀƭ-fired power plant, pulverized coal 

(PC) is mixed with air and burned in a furnace or boiler. The heat released by the combustion 

process generates steam, which drives a turbine-generator. The hot combustion gases exiting the 

boiler consist mainly of nitrogen (from air) plus smaller concentrations of water vapor and CO2 

formed from the combustion of the hydrogen (Iі) and carbon in the fuel. Additional products 

formed during combustion from impurities in coal include sulfur dioxide (SO2), nitrogen oxides 

(NOx), and particulate matter (fly ash). These regulated air pollutants, as well as other trace species 

such as mercury, must be removed to meet applicable emission standards. In some cases, 
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additional removal of pollutants (especially SO2) is required to provide a sufficiently clean gas 

stream for subsequent CO2 capture. 

With current technology, the most effective method of CO2 capture from the flue gas of a PC plant 

is by chemical reaction with an organic solvent such as mono-ethanol-amine (MEA), one of a family 

ƻŦ ŀƳƛƴŜ ŎƻƳǇƻǳƴŘǎΦ Lƴ ŀ ǾŜǎǎŜƭ ŎŀƭƭŜŘ ŀƴ ŀōǎƻǊōŜǊΣ ǘƘŜ ŦƭǳŜ Ǝŀǎ ƛǎ άǎŎǊǳōōŜŘέ ǿƛǘƘ ŀƴ amine 

solution, typically capturing 85% to 90% of the CO2. The CO2-laden solvent is then pumped to a 

second vessel, called a regenerator, where heat is applied (in the form of steam) to release the CO2. 

The resulting stream of concentrated CO2 is then compressed and piped to a storage site, while the 

depleted solvent is recycled back to the absorber. This technology is also used to capture CO2 for 

use in the food and beverage industry and as a raw material in fertilizer manufacturing. 

A large number of new processes and materials for post-combustion CO2 capture are currently at 

the laboratory or bench-scale stage of development. These can be grouped into three general 

categories (Folger, 2013):  

¶ Liquid solvents (absorbents) that capture CO2 via chemical or physical mechanisms ς the 

liquid solvents (typically a mixture of a base and water) selectively absorb CO2 through 

direct contact between the chemical solvent and the flue gas stream. Regeneration of 

the solvent and release of CO2 then takes place in a separate vessel (the regenerator) 

through a change of process conditions, such as a swing in temperature or pressure. 

Advanced amines, Potassium carbonate, advanced mixtures and Ionic liquids are the 

main approaches being pursued in this category.  

¶ Solid adsorbents that capture CO2 via physical mechanisms - solid sorbents capture 

(adsorb) CO2 on their surfaces. They then release the CO2 through a subsequent 

temperature or pressure change, thus regenerating the original sorbent. Solid sorbents 

have the potential for significant energy savings over liquid solvents, in part because 

they avoid the need for the large quantities of water that must be repeatedly heated 

and cooled to regenerate the solvent solution. Sorbent materials also have lower heat 

capacity than solvents and thus require less regeneration energy to change their 

temperature. Examples for Solid adsorbents being tested include: Supported amines, 

Carbon-based, Sodium carbonate and Crystalline materials.  
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¶ Membranes that selectively separate CO2 from other gaseous species ς the membranes 

are porous materials that can be used to selectively separate CO2 from other 

components of a gas stream. They effectively act as a filter, allowing only CO2 to pass 

through the material. The driving force for this separation process is a pressure 

differential across a membrane, which can be created either by compressing the gas on 

one side of the material or by creating a vacuum on the opposite side. Polymeric, Amine-

doped, integrated with absorption and Biomimetic based membranes are included in 

this category. 

 

2.2.2 Pre-Combustion Processes 

Pre-combustion uses steam and air or oxygen to convert fuel into a mixture of mainly Iі and CO2. 

To remove carbon from fuel prior to combustion, it must first be converted to a form amenable to 

capture. For coal-fueled plants, this is accomplished by reacting coal with steam and oxygen at high 

temperature and pressure, a process called partial oxidation, or gasification. The result is a gaseous 

fuel consisting mainly of carbon monoxide (CO) and Iіτa mixture known as "synthesis" gas 

(syngas)τwhich can be burned to generate electricity in a combined cycle power plant. This 

approach is known as integrated gasification combined cycle (IGCC) power generation. After 

particulate impurities are removed from the syngas, a two-ǎǘŀƎŜ άǎƘƛŦǘ ǊŜŀŎǘƻǊέ ŎƻƴǾŜǊǘǎ ǘƘŜ CO to 

CO2 via a reaction with steam (H2O). The result is a mixture of CO2 and Iі. A chemical solvent, such 

as the widely used commercial product Selexol2 (which employs a glycol-based solvent), then 

captures the CO2, leaving a stream of nearly pure Iі that is burned in a combined cycle power plant 

to generate electricity.  

Although the fuel conversion steps of an IGCC plant are more elaborate and costly than traditional 

coal combustion plants, the pressure and concentration of CO2 obtained through pre-combustion is 

relatively high, making separation easier and cheaper to achieve. Thus, rather than requiring a 

chemical reaction to capture CO2 (as with amine systems in post-combustion capture), the 

mechanism employed in pre-combustion capture involves physical adsorption onto the surface of a 

                                                           
2 ¢ƘŜ ¦ht {ŜƭŜȄƻƭϰ - https://www.uop.com/processing-solutions/gas-processing-2/synthesis-gas-treating/acid-gas-
removal/ 
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solvent, followed by release of the CO2 when the sorbent pressure is dropped, typically in several 

stages.  

Pre-combustion capture also can be applied to power plants using natural gas. As with coal, the raw 

gaseous fuel is first converted to syngas via reactions with oxygen and steamτa process called 

reforming. This is again followed by a shift reactor and CO2 separation, yielding streams of 

concentrated CO2 (suitable for storage) and Iі. This is the dominant method used today to 

manufacture Iі. If the Iі is burned to generate electricity, as in an IGCC plant, we have pre-

combustion capture. While pre-combustion CO2 capture is usually more costly than post-

combustion capture for natural gas-fired plants, some power plants of this type have been 

proposed. 

Pre-combustion has been used for many years in the industrial production of ammonia and Iі. 

However, the fuel conversion steps required are relatively complex, making pre-combustion more 

suitable for use in new-built plants rather than retrofitting of existing plants. 

Although pre-combustion CO2 capture has a lower energy penalty and lower cost than post-

combustion capture processes performing a similar task, there is scope for further improvements 

that can reduce costs. With this aim, current research is focused mainly on improving the capture 

efficiency so that the size and cost of equipment can be lowered. Current research is focused on the 

same three approaches discussed for post-combustion capture technologies, namely, liquid 

solvents, which separate CO2 from a gas stream by selective absorption (research on physical 

solvents is aimed at improving the CO2 carrying capacity and reducing the heat of absorption); solid 

sorbents, which separate CO2 by adsorption onto the solid surface; and membranes, which 

separate CO2 by selective permeation through thin layers of solid materials.  

 

2.2.3 Oxy-Combustion Systems 

Oxy-combustion (or oxyfuel) systems are being developed as an alternative to post-combustion CO2 

capture for conventional coal-fired power plants. Here, pure oxygen rather than air is used for 

combustion. This eliminates the large amount of nitrogen in the flue-gas stream. After the 

particulate matter (fly ash) is removed, the flue gas consists only of water vapor and CO2, plus 

smaller amounts of pollutants such as SO2 and NOx. The water vapor is easily removed by cooling 

and compressing the flue gas. Additional removal of air pollutants leaves a nearly pure CO2 stream 

that can be sent directly to storage.  
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The principal attraction of oxy-combustion is that it avoids the need for a costly post-combustion 

CO2 capture system. Instead, however, it requires an air separation unit (ASU) to generate the 

relatively pure (95%-99%) oxygen needed for combustion. Roughly three times more oxygen is 

needed for oxyfuel systems than for an IGCC plant of comparable size, so the ASU adds significantly 

to the cost. Typically, additional flue gas processing is also needed to reduce the concentration of 

conventional air pollutants, to comply with applicable environmental standards, or to prevent the 

undesirable buildup of a substance in the flue gas recycle loop, or to achieve pipeline CO2 purity 

specifications (whichever requirement is the most stringent). Because combustion temperatures 

with pure oxygen are much higher than with air, oxy-combustion also requires a large portion 

(roughly 70%) of the inert flue gas stream to be recycled back to the boiler to maintain normal 

operating temperatures. To avoid unacceptable levels of oxygen and nitrogen in the flue gas, the 

system also has to be carefully sealed to prevent any leakage of air into the flue gas. This is a 

challenge since such leakage commonly occurs at existing power plants at flanges and joints along 

the flue gas ducts, especially as plants age. Although in principle oxyfuel systems can capture all of 

the CO2 produced, the need for additional gas treatment systems decreases the capture efficiency 

to about 90% in most current designs. 

 

2.3 CO2 storage 

Over the years, several options for storage of captured CO2 have been assessed, including ex situ 

mineralization, ocean storage in a dissolved or liquid form, reuse in the chemical industry, and 

sequestration in deep geological formations (IPCC, 2005). Of these options, today only storage in 

geological formations is considered to have the capacity, permanence, and environmental 

performance necessary for CO2 storage at the gigatonne (Gt) scale needed to materially reduce CO2 

emissions. Deep geological formations suitable for CO2 storage typically occur in sedimentary basins 

and include depleted or depleting oil and gas reservoirs and saltwater-filled rocks (so-called saline 

formations). In these geological formations, CO2 is injected at depths of 800 m or more where, 

under typical conditions, CO2 has a liquid-like density in the range of 500 to 700 kg/m³. The liquid-

like density is important from the perspectives of efficiently using the underground storage space 

and of minimizing the buoyancy forces that would cause leakage back to the atmosphere. 
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Sand layers provide storage space for oil, water, and natural gas. Silt, clay, and evaporite (rock 

formations composed of salt deposited from evaporating water) layers provide seals that can trap 

these fluids underground for millions of years and longer. For oil and gas reservoirs, which are 

found under such fine-textured rocks, the mere presence of oil and gas demonstrates the presence 

of a reservoir seal. For saline formations, a significant site characterization effort is required to 

demonstrate the presence of a satisfactory seal. Important attributes of the seal include low 

permeability (10Ӈ18 m2 or less) and a high capillary entry pressure (1 Megapascal (MPa)3 or more). 

To increase the diversity of options for geological storage of CO2, several ongoing studies are 

evaluating the potential of CO2 storage in basalt formations, which rely on geochemical reactions 

between the CO2 and basalt to store CO2 underground as a mineral such as calcite or magnesite and 

coal beds where CO2 is adsorbed to the solids (Aradóttir et. al., 2011; IEA, 2016a; IPCC, 2014; Mc 

Grail et. al., 2006; Oelkers et. al., 2008). A summary of the key characteristics for the three types of 

storage sites is provided in Table 2-1. 

  

                                                           
3 MPa - one million pascal unit or 10 Bars 
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Table 2-1 > Summary of characteristics for CO2 storage 

 Depleted 
hydrocarbon fields 

Deep saline aquifers Coal seams / Basalt 
formations 

World storage 
capacity 

1,000 Gt CO2, 
geographically limited 
to hydrocarbon-rich 
regions of the world 

1,000 to 10,000 Gt CO2, 
uncertainty about how 
much of this capacity 
can be utilized 

 

Injection depth 800 m or more 800 m or more Coalbed - 300 to 600 m 

CO2 density 500 to 700 kg/m³ 500 to 700 kg/m³ CO2 adsorbed to the 
solids or stored as a 
mineral such as calcite 
or magnesite 

Reservoir seal Silt, clay, and 
evaporite. the mere 
presence of oil and 
gas demonstrates the 
presence of a 
reservoir seal 

Silt, clay, and evaporite. 
satisfactory seal 
includes low 

permeability (10Ӈ18 m2 
or less) and a high 
capillary entry pressure 
(1 MPa or more) 

 

Advantages  Use for EOR  Enhanced coalbed 
methane production 
(Llamas et al., 2016) 

 

Geological storage of CO2 has been successfully demonstrated at a number of pilot and large-scale 

sites over the last two decades in both onshore and offshore environments. The injection of CO2 

underground was not totally new when it was first suggested for climate change mitigation. In the 

1970s and 1980s, as production from oil fields in the United States was declining, oil companies 

started injecting water, natural gas, and CO2 to recover more oil and extend the productive lifetime 

of oil reservoirs. Thousands of kilometers of CO2 pipelines were constructed to transport the CO2 

from the natural reservoirs of CO2, the primary CO2 source, to the depleting oil fields. CO2 EOR was 

done almost exclusively using CO2 from natural underground CO2 reservoirs, so it was not leading to 

climate change mitigation. 

Combining Enhanced Oil Recovery (EOR) with CO2 storage  

In CO2-EOR the majority of the injected gas remains in the reservoir and the 

portion that re-emerges with the produced oil is separated from the oil and re-

injected in a closed loop. Combining EOR with permanent CO2 ǎǘƻǊŀƎŜΣ ƻǊ ά9hwҌέΣ 
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represents a significant win-win opportunity. According to IEA analysis, EOR+ 

could theoretically store around 240 Gt of CO2 ς more than twice the storage 

required in the IEA 2DS ς while increasing global oil production by as much as 375 

billion barrels by 2050. 

¢ƻŘŀȅΩǎ /h2-EOR operations are carried out with the primary objective of 

maximizing oil output with limited or no focus on CO2 storage. Moving to an EOR+ 

model, with a dual objective of permanent CO2 storage, will require a shift from 

current practice and involve taking on additional activities associated with 

monitoring and verification of the stored CO2. The emissions reduction benefit of 

EOR+ is tempered by the production of additional fossil fuels from which the 

majority of the carbon is inevitably emitted back to the atmosphere. However, IEA 

analysis indicates that using CO2 in EOR+ projects can generate net emission 

reductions. 

This accumulated experience has resulted in well-established best practices and techniques 

required to select, safely operate and close (secure) CO2 storage sites. There are three basic 

technical requirements for storage sites:  

1. Containment ς Storage sites need to be capable of securely storing CO2 in subsurface 

reservoirs with low and manageable risks, including those associated with any potential 

leakage. 

2. Capacity ς Storage sites need subsurface reservoirs that can permanently store the required 

amounts of CO2. 

3. Injectivity ς Storage sites require subsurface reservoirs that can accept CO2 at an 

appropriate rate in relation to the capture process at the relevant industrial source(s). 

CCS investments will require a high level of certainty that sufficient storage capacity is available and 

can be accessed at a reasonable cost before making a final investment decision. For ΨgreenfieldΩ 

storage sites, this process can take close to a decade. While appropriate site selection and 

characterization are critical, a key part of this process will also be effective community engagement, 

recognizing that there may be a low level of awareness and acceptance of CO2 storage amongst 

local communities.  

There is an abundance of geological formations suitable for CO2 storage globally. Oil and gas 

reservoirs are anticipated to have on the order of 1,000 Gt CO2 storage capacity (Benson et. al., 



44 
 

2012). But they are geographically limited to hydrocarbon-rich regions of the world, and they may 

not be available for storage until the oil and gas reservoirs are fully depleted or until market 

conditions favor CO2-enhanced oil or gas recovery. Saline aquifers, which are the common option 

for carbon storage today, are assessed to have the largest storage capacity with global estimates 

ranging from 1,000 to 10,000 Gt CO2 (IEA, 2016a; IPCC, 2014).  

 

2.4 Examples of currently operating CCS projects  

CCS has been applied in a wide range of industries since 1972. AS of 2017, seventeen large scale 

facilities4 are operating successfully around the world (with 4 more coming on-stream shortly, 5 

facilities in advanced development, and another 11 facilities in earlier stages of development 

worldwide). These 17 facilities are currently capable of capturing more than 30 Mtpa of CO2 and 

facilities under development could increase this capacity to 69 Mtpa. In addition, there are around 

15 smaller scale CCS facilities5 in operation or under construction around the world. In total, these 

facilities can capture over 2 Mtpa of CO2 (GCCSI, 2017). However, 3,800 Mtpa of CO2 need to be 

captured and stored, or around 2,500 of CCS facilities must be operating in 2040 if the Paris 2ɕC 

target is to be achieved. 

In addition, in the past few years several projects had been postponed or cancelled, and the 

projects pipeline has been drying up (from 65 potentials facilities down to 48 in the period of 2013 

to 2016) (IPIECA, 2018).  

Table 2-2 shows the number and regional distribution of large-scale CCS facilities. 

  

                                                           
4 Large-scale CCS facilities are facilities with annual CO2 capture capacity of 400,000 tons or more 
5 The CO2 capture capacity of these individual facilities ranges from around 50,000 to almost 400,000 tonnes per 
annum. 
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Table 2-2 > Large-scale CCS facilities by region  

 Operating In 

Construction 

Advanced 

Development 

Early 

Development 

Total 

Americas      

United States 9  2  11 

Canada 3 2   5 

Brazil 1    1 

Asia Pacific      

China  1 1 6 8 

Australia  1 1 1 3 

South Korea    2 2 

Europe      

Norway 2  1  3 

UK    2 2 

Middle East      

Saudi Arabia 1    1 

United Arab 

Emirates 
1    1 

Total 17 4 5 11 37 

(Source: GCCSI, 2017) 

Enhanced oil recovery using CO2 (CO2-EOR) 

EOR has been a major driver of many early CCS projects, providing a revenue stream for the 

captured CO2. In the United States, CO2 has been used for EOR for several decades, facilitated by an 

existing network of CO2 transport pipelines which span more than 6,600 km. 
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In North America and in the Middle East in particular, there is potential to expand the use of EOR 

for climate change purposes by combining it with permanent CO2 storage. This requires that EOR 

projects implement measures to verify that the CO2 remains underground. 

 

Power plant CCS projects 

Gas-fired power: CCS applied to gas-fired power generation can play an important role in a global 

climate change response. In regions with low gas prices, such as the United States, advancing CCS 

on gas-fired power might be more favorable than for coal. 

Coal-fired power: Fuel cost issues in the power sector are key drivers and CCS on coal-fired power 

may turn out to be particularly attractive in the Asian market, including substantial retrofitting 

opportunities in China.  

There are few power plant CCS projects around the world:  

¶ {ŀǎƪtƻǿŜǊΩǎ .ƻǳƴŘŀǊȅ 5ŀƳΣ /ŀƴŀŘŀ - ¢ƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ commercial-scale CCS plant applied 

to coal-fired power generation, commenced operation in 2014. The project is owned by 

Canadian utility firm SaskPower and is reducing CO2 emissions from 1,100 to 120ς140 

t/MWh, from a 110 MW coal unit that has been retrofitted with CCS technology. The project 

will eventually capture 1 million tonnes of CO2 ŀƴƴǳŀƭƭȅ ŦǊƻƳ ǘƘŜ ǇƻǿŜǊ ǎǘŀǘƛƻƴΩǎ stack. The 

power station has a number of other coal units where carbon will not be captured ς it has a 

total capacity of 824 MW and its total emissions are 6.7 million tonnes. With CCS, 15 per 

ŎŜƴǘ ƻŦ ǘƘŜ ǇƻǿŜǊ ǎǘŀǘƛƻƴΩǎ ǘƻǘŀƭ ŜƳƛǎǎƛƻƴǎ are captured.  

¶ Kemper County, Mississippi, US - The Kemper County coal CCS plant is a completely new 

power plant using pre-combustion carbon capture. This means it will turn coal into a 

mixture of hydrogen and carbon dioxide, burning the hydrogen to generate power and 

capturing the carbon for EOR. The project intends to capture about 65 per cent of emissions 

ς around 3.5 million tonnes a year. In October 2016 the plant produces electricity using 

syngas in first of two gasifiers, however, in June 2017 the plant suspended the coal 

gasification, due to low natural gas prices. 

¶ Petra Nova CCS project, Texas, US - The Petra Nova project, operational since January 2017, 

is the world's largest post-combustion CO2 capture system presently in operation. 

Production unit 8 of the W. A. Parish power plant near Houston, Texas, was retrofitted with 

a 1.4 Mtpa post-combustion CO2 capture facility. The CCS system is designed to capture 

about 90% of the CO2 emitted from the flue gas slipstream, or about 33% of the total 
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emissions from Unit 8. The captured CO2 is transported via pipeline to an oil field near 

Houston for EOR.  

 

CCS with bioenergy (BECCS) 

Offers permanent net removal of CO2 ŦǊƻƳ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΣ ƻǊ άƴŜƎŀǘƛǾŜ ŜƳƛǎǎƛƻƴǎέ ōȅ ǳǎƛƴƎ 

biomass that has removed atmospheric carbon while growing, and then storing the emissions from 

combustion, underground. The Illinois Industrial CCS Project is operating since April 2017. This is 

the worldΩs first large-scale BECCS project, as well as the first CCS project in the US to inject CO2 into 

a deep saline formation at a scale of 1 Mtpa. 

 

Industrial sectors ς steel, cement, chemicals, fertilizer, hydrogen, refining 

In many industrial sectors, deep emissions reductions are typically not possible without CCS.  

¶ Shell Quest - in November 2015 the Shell Quest CCS project in Canada became the first CCS 

project to reduce emissions from oil sands processing.  

¶ Emirates Steel Industries (ESI) - A key large-scale CCS project development was the launch 

on November 2016 of the Abu Dhabi CCS Project, Phase 1 being the ESI CCS Project. This 

ǇǊƻƧŜŎǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ //{ ǘƻ ƛǊƻƴ ŀƴŘ ǎǘŜŜƭ ǇǊƻŘǳŎǘƛƻƴΦ Lǘ 

involves the capture of approximately 0.8 Mtpa of CO2 from the direct reduced iron (DRI) 

process used at the ESI plant in Abu Dhabi and its use for EOR.  

¶ Tomakomai CCS Demonstration Project - Japan has embarked on an active program of pilot 

and demonstration CCS projects. The most notable development in 2016 was the 

commencement of CO2 injection at the Tomakomai CCS Demonstration Project. The capture 

system (using emissions from a hydrogen production facility at Tomakomai port) is 

processing CO2 at a rate of at least 0.1 Mtpa; this CO2 is then injected into near-shore deep 

geologic formations.  

¶ Lake Charles Methanol - The largest industrial facility with CCS in advanced planning. The 

facility would convert petroleum coke sourced from oil refineries in the Gulf Coast region 

into synthetic gas (syngas). The syngas would then be processed to produce methanol (the 

projectΩs primary product), hydrogen gas, sulfuric acid and CO2. Lake Charles would be 

designed to capture over 4 Mtpa of CO2. Overall, the project would capture 77% of total CO2 



48 
 

produced. The captured CO2 will most likely be transported 225 km to oil fields in the 

Houston area for EOR.  

¶ Other projects - Alberta Carbon Trunk Line, Alberta, Canada; Enid Fertilizer, Oklahoma, US; 

Illinois Industrial CCS Project, Illinois, US; Coffeyville Gasification Plant, Kansas, US; Great 

Plains Synfuel and Weyburn Midale project, North Dakota/Saskatchewan, US/Canada; Air 

Products Steam Methane Reformer, Texas, US. 

 

Natural gas processing 

Removal of excess CO2 content in natural gas streams is a candidate for early CCS deployment, as 

the CO2 must be separated from the gas before it can be sold. Natural Gas quality requirements for 

ΨǎŀƭŜǎΩ Ǝŀǎ requires that its composition is almost entirely methane, which is achieved by extracting 

impurities from the natural gas through a series of processes. Raw natural gas contains ς in addition 

to CH4 - a range of other substances including water, carbon dioxide, nitrogen, sulphur compounds, 

and other higher chain hydrocarbon gases such as ethane, propane, butane (which constitute 

liquefied petroleum gas or LPG).  

Natural gas processing plants use a range of different processes to remove these various impurities 

and produce pipeline quality dry natural gas. Some of these substances, such as hydrocarbon 

liquids, LPG and sulphur, have commercial value and can be sold separately. Others, such as water 

and nitrogen, usually have no value and are re-injected into the gas reservoir or released. CO2, as 

well, can be stored rather than being vented into the atmosphere, as was done in number of 

projects around the world:  

¶ Val Verde Natural Gas Plants - The first of these projects started in 1972, using a waste 

stream of by-product CO2 from several natural gas processing facilities in the Val Verde area 

of southern Texas. Instead of being vented, the CO2 that had already been separated from 

the natural gas stream in the Val Verde gas plants was compressed and transported through 

the first large scale, long distance CO2 pipeline to an oil field several hundred kilometers 

away elsewhere in Texas. The CO2 was then injected into the SACROC (Scurry Area Canyon 

Reef Operators Committee) Unit of the KellySnyder Field in Scurry County, West Texas. The 

output of the Val Verde plants is dependent upon the quality of the natural gas being 

treated. The CO2 content of the inlet gas stream can vary between 25-50 per cent in many 

cases. The total capture capacity of the Val Verde plants is around 1.3 Mtpa. The increased 

production of the SACROC petroleum reservoirs in response to the injected CO2 convinced 
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several other major oil companies of the viability of this technique. In any given reservoir, 

the amount of CO2 co-produced with oil will increase with time; but the recycling systems 

employed at sites ensure that the vast majority of this CO2 is reinjected into the reservoir in 

a closed loop system. EOR sites are designed to optimize oil recovery and minimize CO2 

purchases, so the storage resulting from EOR is often termed associated or incidental. 

¶ Shute Creek Gas Processing Facility - The Shute Creek, Wyoming, US, gas treating facility 

began operation in 1986 and an expansion in plant capacity was completed in 2010. The 

plant processes gas from production units in the nearby LaBarge gas field. The Shute Creek 

plant handles among the lowest hydrocarbon content natural gas commercially produced in 

the world. The raw gas entering Shute Creek contains about 65 per cent CO2 and 20 per cent 

methane, as well as nitrogen, hydrogen sulphide, helium and other gases. Carbon dioxide 

production capacity is 7 Mtpa. The separated CO2 is transported from the Shute Creek 

facility under sales contract via the ExxonMobil, Chevron and Anardarko Petroleum pipeline 

systems to oil fields in Wyoming and Colorado for use in EOR. Pipeline distance from Shute 

Creek to the larger volume customers of Salt Creek and Rangely is approximately 460 km 

and 285 km, respectively. 

¶ Sleipner CO2 Storage Project - The Sleipner area gas development is located in the Central 

North Sea, near the border between the UK and Norway and approximately 240 km west-

southwest of Stavanger, Norway. The CO2 content of the gas stream from the Sleipner West 

field within the development is in the range of 4-9 per cent, which must be reduced to meet 

customer requirements. Since 1991, the Norwegian government has implemented a CO2 tax 

on a number of sectors, including offshore petroleum production. The need to process 

Sleipner West gas to meet market specifications, the CO2 tax, and a commitment to 

sustainable energy production, led the Sleipner project operator, Statoil, to capture and 

store CO2 in a deep saline aquifer, which makes this project to be the first project where CO2 

storage was done for mitigation. Since production began in 1996, the gas has been 

processed at an offshore platform, and the captured CO2 compressed and injected from 

another offshore platform into a sandstone reservoir 250 meters thick at a depth of 800-

1,100 meters below sea level. The seal to the reservoir is provided by a 700 meter thick gas-

tight caprock. Approximately 1 Mtpa of CO2 is injected per year, with a total of 17 Mt 

throughout the нл ȅŜŀǊǎ ƻŦ ŀŎǘƛǾƛǘȅΦ ¢Ƙƛǎ ŘŜǾŜƭƻǇƳŜƴǘ ǿŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ 
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CCS technology for a deep saline storage reservoir and the first large-scale CCS project to 

become operational in Europe. 

¶ Snøhvit CO2 Storage Project - Snøhvit is a liquefied natural gas (LNG) development in the 

Barents Sea offshore northern Norway. Snøhvit Area gas contains 5-8 per cent CO2 by 

volume, which will solidify into dry ice under the pressure and temperature conditions of 

liquefying natural gas. It must therefore be removed before the gas is processed into LNG. 

LNG-separated CO2 is typically released to the atmosphere; however, the Norwegian State 

mandated CCS as a condition of the license to operate for Snøhvit. The unprocessed raw 

natural gas stream is transported 143 km to shore and into an LNG plant located at 

Melkøya, Norway. The CO2 removal process at the LNG plant is designed to capture 0.7 

Mtpa of CO2 when the facility is at full capacity. A separate pipeline then transports the CO2 

from the LNG plant back to the Snohvit field offshore where it is injected into a geological 

storage reservoir. Injection of CO2 started in April 2008. 

¶ Century Plant - The Century Plant natural gas processing facility in Texas, US, has the largest 

CO2 separation capacity in the world. Located in Pescos County, Century Plant processes 

high CO2-content (more than 60 per cent) gas from various fields in West Texas. The CO2 is 

then compressed and transported for use in Permian Basin EOR operations elsewhere in 

Texas. Construction of the Century Plant facility was completed in two stages ς the first 

stage was on-stream in late 2010, the second became operational in late 2012. Full CO2 

capture capacity is 8.4 Mtpa. 

¶ Lost Cabin Gas Plant - The Lost Cabin Gas Plant is a natural gas processing facility in 

Wyoming, US. It began operation in 1995 and had a number of major expansions in 

1998/1999 and 2002. The feed gas contains a high percentage of CO2 at around 20 per cent. 

CƻǊ ƳǳŎƘ ƻŦ ǘƘŜ ǇƭŀƴǘΩǎ ƘƛǎǘƻǊȅΣ ǘƘŜ ŎŀǇǘǳǊŜŘ /h2 was vented to the atmosphere. However, 

in 2010 Denbury and ConocoPhillips (owner and operator of the Lost Cabin Gas Plant) 

entered into an agreement for Denbury to purchase approximately 0.9 Mtpa of CO2. 

Denbury would also build compression facilities adjacent to the gas plant and a new 374 km 

pipeline from the plant to an EOR injection site at the Bell Creek oil field in Montana, US (the 

Greencore CO2 pipeline). ConocoPhillips began CO2 deliveries in March 2013 and CO2 

injection began in May 2013. 
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¶ Petrobras Lula Oil Field CCS Project - Petrobras Lula Oil Field CCS Project is located 

approximately 300 km off the coast of Rio de Janeiro, Brazil. Lula was discovered in 2006 

and is one of the largest oil field discoveries in Brazil. The hydrocarbon reservoirs are 

located in waters that can exceed 2,000 meters in depth. The reservoirs range in depth from 

5,000 to 7,000 meters below sea level, under a salt layer that is more than 2,000 meters 

thick in places. The natural gas stream associated with oil production at Lula also contains 

CO2. Application of EOR methods (including CO2 injection) was considered from the early 

planning stages of field development. All production and processing is done at a floating 

facility on the ocean surface above the oil and gas fields. Large-scale production began in 

June 2013. The produced oil is offloaded into tankers and transported to shore. Gas 

processing units onboard the floating facility are designed to separate the CO2 from the 

natural gas stream. Once separated, the gas output is transported to an onshore facility by 

pipeline. The CO2 is compressed and re-injected into the producing oil and gas reservoir. The 

ultra-deep waters make the Lula field a pioneer in CO2-EOR development, with the deepest 

CO2 injection well in operation. Approximately 0.7 Mtpa of CO2 can be re-injected into the 

Lula field. 

¶ Uthmaniyah CO2 EOR Demonstration Project - The Uthmaniyah CO2-EOR Demonstration 

Project is located in a small area at the Uthmaniyah production unit, which forms part of the 

giant Ghawar field in Saudi Arabia (the largest oil field on Earth). The project compresses 

and dehydrates CO2 from the Hawiyah NGL (natural gas liquids) Recovery Plant, then 

transports the CO2 stream 85 km to the injection site within the Uthmaniyah production 

unit. Around 0.8 Mtpa will be injected for three to five years from commencement of the 

project, which was in July 2015. The Kingdom of Saudi Arabia has abundant conventional 

hydrocarbon reserves and EOR is not likely to be required at production scale for decades to 

come. However, the Uthmaniyah Demonstration Project has been developed to gain 

experience with this technique, including determining incremental oil recovery. 

¶ Gorgon Project - The offshore Western Australian Gorgon natural gas production project 

with the first LNG delivery made in 2016 is the largest in the world to inject CO2 into a deep 

saline formation (being capable of injecting up to 4 Mtpa of CO2). The Project plans to inject 

between 3.4 and 4 million tonnes of CO2 each year. This will reduce greenhouse gas 

emissions from the Gorgon Project by approximately 40 percent. 
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¶ Salah, Algeria - This gas processing plant began stripping and storing carbon dioxide from 

natural gas in 2004. Capture was suspended in 2011 as there had been concerns about 

possible leakage. At that point, 3.5 million tonnes had been stored in a saline aquifer. 

Monitoring continues at the site and future storage is under review. 

¶ Jilin CCS facility - Jilin CCUS is located in northeastern China and is capturing CO2 from a 

natural gas processing plant at the Changling gas field and transporting it by pipeline to 

onshore injections sites, for EOR. In August 2018, the facility announce that it has reached a 

storage capacity of 0.6 Mtpa of CO2 ŀƴŘ ōȅ ǘƘŀǘ ōŜŎƻƳŜ ǘƘŜ ǿƻǊƭŘΩǎ муǘƘ ƭŀǊƎŜ-scale CCS 

facility. Over the past year, China has shown a massive resolve to deploy CCS technology 

and there are now more than 20 projects in various stages of development. CCS is now part 

of long term, five-year strategic plans across China and acceleration has been aided by the 

roll-out of an emissions trading scheme, with a carbon price about to be introduced. 

 

A summary of the above projects is provided in Appendix A.  

The ability to scale up the existing operations of CCS relies on several critical factors. Table 2-3 lists 

the risks, potential impacts, and management approaches for dealing with them.  
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Table 2-3 > Summary of key risks, environmental impacts, and management approaches  
 

Environmental Risk Impacts Management Approaches 

Leakage of CO2 into the 

atmosphere 

Ineffectiveness of 

CCS 

Effective site selection and monitoring 

Remediation of leakage pathways 

Accumulation of 

elevated CO2 

concentrations in 

ecosystems 

Damage to CO2-

sensitive habitats 

Effective site selection and monitoring 

Remediation of leakage pathways & ecosystem 

cleanup 

Accumulation of 

elevated CO2 

concentrations where 

humans can be exposed 

Chronic or acute 

health concerns 

from CO2 exposure 

Effective site selection and monitoring 

Administrative controls to restrict access 

Remediation of leakage pathways 

Leakage of CO2 to 

groundwater 

Acidification of 

groundwater and 

potential dissolution 

of toxic minerals 

Effective site selection and monitoring 

Administrative controls to restrict groundwater 

use Remediation of leakage pathways & 

groundwater cleanup 

Leakage of 

hydrocarbons to 

groundwater 

Contamination of 

groundwater with 

organic compounds 

Effective site selection and monitoring 

Administrative controls to restrict groundwater 

use Remediation of leakage pathways & 

groundwater cleanup 

Displacement of saline 

brine into drinking 

water aquifers or 

surface water 

Contamination of 

groundwater or 

surface water with 

dissolved salts 

Effective site selection and monitoring 

Administrative controls to restrict groundwater 

use Remediation of leakage pathways and 

groundwater cleanup 

Induced seismicity Potentially felt 

ground motion and 

structural damage 

Effective site selection and monitoring Regulatory 

limits on pressure buildup and consequent induced 

seismicity 

 

(Source: de Coninck & Benson, 2014) 
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2.5 CO2 Utilization 

Utilizing CO2 has received increasing attention in recent years, notably as a potential driver to 

develop CCS. The allure of CO2 utilization is straightforward: instead of paying to dispose of CO2 as a 

waste, firms that generate large amounts of CO2 could be paid to deliver it as a commodity to 

willing buyers, while at the same time avoiding releasing emissions to the atmosphere and 

assuming associated penalties. If viable, CO2 utilization could thereby shift the focus of the CCS 

discourse from the disposal of an inconvenient by-product or waste towards the production and 

use of a commodity. 

However, not all options for CO2 would actually help mitigate climate change. Understanding the 

emission reductions that arise from different CO2 utilization options can often be complex and not 

all CO2 utilization is equally beneficial from a climate perspective.  

Millions of tonnes (Mt) of CO2 are used in industry each year. The largest single source of this is 

EOR, where CO2 is injected into oil reservoirs to increase mobility of oil and reservoir recovery, with 

some 70 Mt CO2 used annually, although two-thirds of the quantities used are actually from natural 

CO2 sources (IEA, 2016a). In time, this could be replaced with CO2 captured from power and 

industrial facilities and, with appropriate site characterization and monitoring, could provide a 

permanent storage solution.  

Other current large-scale uses (in millions of tonnes per annum (Mtpa)) include urea yield boosting, 

carbonated drinks, water treatment and pharmaceutical processes. However, these uses are 

relatively limited when considered from the perspective of tackling climate change: for example, 

the global beverage industry uses around 8 Mt CO2 each year, which is approximately 0.5% of the 

CO2 that would need to be captured and stored in the IEA 2DS by 2030 (IEA, 2016a). Most of these 

alternative large-scale uses also do not offer a permanent storage solution. Emerging CO2 utilization 

opportunities such as mineral carbonation and CO2 concrete curing have the potential to provide 

long-term storage in building materials, but again the potential contribution of these measures to 

climate change is likely to be limited as demand for these products become saturated (IEA, 2014). 

The proposed conversion of CO2 to liquid fuels could potentially displace fossil fuel use (thereby 

reducing emissions) but requires extensive energy use and would not deliver the same net climate 

benefit as geological storage because in such conversion the CO2 is ultimately re-released. 
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There are many classifications that can be made about the use or valuation of large-scale CO2 which 

include three categories (Llamas et al., 2016): 

1. Direct or technology use - use of CO2 with different technologies and market applications, 

including:  

¶ EOR - Technology that injects CO2 into a reservoir that contains hydrocarbons for the 

purpose of enhancing the pressure in the oil field and allow faster oil recovery from 

depleted oil fields. The CO2 is produced along with the oil and then recovered and re-

injected to recover more oil. When the maximum amount of oil is recovered from the 

reservoir, the CO2 is then injected into the underground geologic zone that formerly 

contained the oil and the well is shut-in, permanently sequestering the CO2. In the first 

commercial project of EOR in 1972 (SACROC project in Texas), the source of the CO2 

was a gas plant, where the CO2 was eliminated in the production of ammonia. Two 

techniques are largely used for EOR: Miscible water-alternating-gas (WAG) process, 

where gas (usually natural gas or CO2) and water alternately injected to form one 

phase with the oil to increase its viscosity and improve the sweep efficiency; Cyclic gas 

injection, usually CO2 (either natural or industrial by product). The CO2 is injected 

under pressure between oil wells to free the stranded oil. Carbon dioxide is a superior 

agent in recovering stranded oil as it naturally reduces the surface tension that traps 

the liquid oil in the reservoir. The CO2 is produced with the oil but is easily separated 

from the crude oil because it reverts back to its gaseous state when the pressure is 

removed. 

¶ Fire suppression - Carbon dioxide is denser than air and it can blanket a fire, because 

of its heaviness. Some fire extinguishers use CO2 which prevents oxygen from getting 

to the fire and depress it.  

¶ Supercritical CO2 - Supercritical CO2 is a fluid state where CO2 is held at or above 

its critical temperature and pressure, and it behaves as a supercritical fluid (expanding 

to fill its container like a gas but with a density like that of a liquid). This state 

emphasizes the capacity of CO2 to dissolve chemicals and natural substances similar to 

different organic solvents. The most mature application at the industrial level is the 

removal of caffeine (coffee or tea) and also in the extraction of hops or cocoa fat. 

Another popular application is in dry cleaning, where supercritical CO2 is used to 
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remove stains from fabrics and garments without causing discoloration or shrinkage 

and without associated smells. Supercritical CO2 extraction is also used by producers of 

flavors and fragrances to separate and purify volatile flavor and fragrance 

concentrates.  

¶ Food and beverages - In transport of food, liquid or solid CO2 is used for quick freezing, 

surface freezing, chilling and refrigeration. CO2 is also used to carbonate soft drinks, 

beers and wine and to prevent fungal and bacterial growth, since it has an inhibitory 

effect on bacterial growth, especially those that cause discoloration and odors. 

¶ Water treatment - CO2 technology is widely introduced in treatments such as sewage 

water, industrial water or drinking water remineralization. These processes used the 

chemical ability of CO2 to change the pH of water and to increase water hardness 

(when combined with lime or calcium hydroxide).  

¶ Carbonate mineralization - Another technological use of CO2 is the accelerated 

carbonation of alkaline waste. The chemical reaction of alkaline with CO2 produces 

minerals, such as calcium carbonate and magnesium carbonate, which are highly stable 

and can be used in construction and as filler materials in paper and plastic products, 

without concern that the CO2 they contain will be released into the atmosphere.  

2. Improved biological use (Biological utilization) - This technology, also known as biomimetic 

transformation, imitates the natureΩǎ process of photosynthesis and uses CO2 as food for plant 

growth. There are two main ways in the biological utilization process: greenhouses carbonic 

fertilization and growth of microalgae. In the first process yields of plant products grown in 

greenhouses can increase by 20% by enriching the air inside the greenhouse with CO2 (the 

target level for enrichment is typically a CO2 concentration of 800 ppm). The carbonic 

fertilization allows for early crop production along with a greater amount of product with better 

quality. The second process seeks to exploit the advantage of microalgae as a microorganism 

with a high production rate (some species are able to duplicate their biomass in 24 hours, about 

30 to 60 times the rate of land-based plants). On top of this, some species of seaweed are super 

ǎǘŀōƭŜ ŀƴŘ ŘƻƴΩǘ ōǊŜŀƪ Řƻǿƴ ŜŀǎƛƭȅΣ ƳŜŀƴƛƴƎ ǘƘŜȅ ƘŀǾŜ a high potential for long-term carbon 

storage. In the middle of the last century, the investigation on bio-fixation of CO2 by microalgae 

focused on the possibility of obtaining biofuels from microalgae: mainly methane (/Iј) and Iі, 

but after the oil crisis in the 1970s the biodiesel was also considered, which could reduce the 

need for fossil fuels. However, none of the projects have demonstrated the feasibility of the 
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concept at a pre-industrial level. The efforts focus on nutritional purposes (for humans) and 

animal feed (especially aquaculture). Other sectors, such as cosmetics, effluent treatment and 

bioenergy, have shown interest, incorporating microalgae into commercial products, for 

example, Venus Shell Systems6, an Australian company that produce marine biomass used in 

biomaterials, cosmetics, nutraceuticals and pharmaceuticals, has pioneered a project that 

produces seaweed that captures CO2 produced by an ethanol plant located next to this facility. 

Algenol7, a US company, is commercializing a technology that creates ethanol and other fuels 

from algae. Their process allows algae to convert sunlight, seawater and waste CO2 into sugar 

much faster than through natural photosynthesis. Through fermentation, the sugar is converted 

into ethanol and biomass, which is further refined into green gasoline, jet fuel and diesel. 

Currently, 95% of the production of microalgae is based on open systems (raceways or circular 

open ponds). These systems have a low rate of CO2 fixation and it is estimated to be around 20-

50% of the injected gas is effectively set by microalgae (Llamas et al., 2016). 

3. Chemical use - Carbon dioxide gas is used, by artificial photosynthesis and chemical conversion 

to high added value products and fuels, such as: urea (used as a fertilizer, in automobile systems 

and medicine), MeOH, inorganic and organic carbonates, polyurethanes and sodium salicylate. 

Carbon dioxide is combined with epoxides to create plastics and polymers. 

Significant innovation and technical progress are being achieved across a number of utilization 

technologies. By the end of 2014 a European company (ETOGAS8) presented their ΨPower to DŀǎΩ 

technology, which converts CO2 and H2 to /Iј (syngas) through electrolysis processes. Another 

German company (Covestro9) develops a technical process to produce CO2-based polymers 

production on a large scale. In this process, CO2 acts as a substitute for the petroleum production of 

plastics. The polymers are used in many everyday applications, they can be used for the insulation 

of buildings, in the automotive industry, upholstered furniture and mattress manufacturing. 

Another trial in that direction is made by Newlight Technologies10 in their production sites in 

California where carbon emissions from farms, landfills and energy facilities is captured and 

combined with oxygen into a substance called Aircarbon, which is, according to the company, a 

                                                           
6 Venus Shell Systems - https://www.venusshellsystems.com.au/about-us/  
7 Algenol - http://algenol.com/  
8 Hitachi Zosen Inova Etogas - http://www.hz-inova.com/cms/en/home?page_id=4896  
9 Covestro - https://www.covestro.com/en  
10 Newlight Technologies - https://www.newlight.com/  

https://www.venusshellsystems.com.au/about-us/
http://algenol.com/
http://www.hz-inova.com/cms/en/home?page_id=4896
https://www.covestro.com/en
https://www.newlight.com/
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cost-effective way of making plastic. A Spanish company (Iberdrola11) developed an application for 

power plants which uses the flue gases from Combined Cycle Power Plants (CCPP) in a direct way to 

control the PH in the cooling water systems. That company also seeks to demonstrate the viability 

of using CO2 from combustion gases to control macro-fouling (fouling caused by larger organisms) 

in a thermal power plant (Castellon CCPP), cooled by sea water. In this process CO2 is used as a 

substitute for chlorine-based chemicals. First estimates indicate that a 400 Megawatt (MW) CCPP 

may be necessary to use annually up to 50,000 tCO2. A building materials company from California 

(Blue Planet12) is sequestering waste CO2 ŦǊƻƳ /ŀƭƛŦƻǊƴƛŀΩǎ ƭŀǊƎŜǎǘ ǇƻǿŜǊ Ǉƭŀƴǘ όŀǎ ǿŜƭƭ ŀǎ ŎŜƳŜƴǘ 

manufacturers in Mexico and Canada, steel mills in Mexico, aluminum plants in Canada and coal-

fired power plants in Wyoming) into manmade limestone. While bubbling waste gases through 

seawater it removes about 90% of the CO2 and combines it with minerals in the water, resulting in 

the creation of limestone that is composed of about 50% waste CO2. An Australian company 

(Mineral Carbonation13), makes similar efforts. Another US company (Solidia14) sequesters carbon 

in building materials by curing concrete with CO2, instead of water, to produce stronger and more 

stable concrete while reducing water and energy use. 

The current and future role of CO2 utilization should be evaluated while considering the following 

aspects (IEA, 2016a):  

¶ Emissions reductions: The impact of CO2 usage depends primarily on whether it achieves 

emission reductions. Analyzing this issue requires a good understanding of the utilized CO2. 

Alternatively, does the use displace more carbon-intensive fuel consumption? This requires an 

understanding of both the used CO2 and of the displaced consumption. 

¶ Financial contribution: Utilization can also have an indirect climate change mitigation benefit. 

For example, it can create a profitable business opportunity which acts to stimulate increased 

investment, which in turn leads to innovation in CCS technology, and the revue can help cover 

the cost of capture operations. 

¶ Scalability of use: A question needs to be raised: Can the use be scaled up to drive the building 

and operation of large-scale capture facilities? Large point sources will potentially capture 

several million tonnes of CO2 annually, therefore, sufficient demand is critical. Opportunities for 

                                                           
11 Iberdrola - https://www.iberdrola.com/home  
12 Blue Planet - http://www.blueplanet-ltd.com/  
13 Mineral Carbonation International - http://mineralcarbonation.com/  
14 Solidia Technologies - http://solidiatech.com/  

https://www.iberdrola.com/home
http://www.blueplanet-ltd.com/
http://mineralcarbonation.com/
http://solidiatech.com/
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CO2 utilization are likely to be limited to niche applications with relatively small-scale CO2 

requirements (with the exception of EOR). These may have value at a local or industrial level, 

but are not considered an alternative to large-scale geological storage of CO2. Beyond EOR, the 

contribution of CO2 utilization to emissions reduction efforts is likely to be limited in the 

absence of major technical breakthroughs. It should therefore not be positioned as an 

alternative to geological storage of CO2. 
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3 MATURE CCS TECHNOLOGIES 

Low-carbon energy generation technologies ς especially those that require the application of CCS ς 

are at varying stages of technological development and often straddle one or more development 

stages as new designs and configurations are developed. In this chapter we compare various such 

CCS technologies for maturation, efficiency and cost. 

3.1 CCS technologies comparison 

3.1.1 Maturation 

Mature technology is defined as a technology that is being used at an industrial 

scale in at least one industrial facility. It is a technology that meets a certain 

Technology Readiness Level (TRL)15 as used by the U.S. Department of Energy 

(Folger, 2013) and other organizations. All of the technologies that are described 

as mature in this chapter are either being used on an industrial scale for several 

years, in at least two industrial facilities. 

/hн /ŀǇǘǳǊŜ 

/ǳǊǊŜƴǘƭȅ ǘƘŜǊŜ ŀǊŜ ƻƴƭȅ ŦŜǿ ƳŀǘǳǊŜ ŎŀǊōƻƴπŎŀǇǘǳǊŜ ǘŜŎƘƴƻƭƻƎƛŜǎΦ ¢ƘŜ Ƴƻǎǘ ƳŀǘǳǊŜ ǘŜŎƘƴƻƭƻƎƛŜǎ 

ƛƴǾƻƭǾŜ /hн ŀōǎƻǊǇǘƛƻƴ ŀǎ ǇŀǊǘ ƻŦ ǎŜǇŀǊŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎΥ  

¶ CƻǊ ǇƻǎǘπŎƻƳōǳǎǘƛƻƴ π ǘƘŜ ŀōǎƻǊōŜǊǎ ƻŦ ŎƘƻƛŎŜ ŀǊŜ ŀƳƛƴŜǎ όǎŜŜ ¢ŀōƭŜ оπмύΦ  

¶ CƻǊ ǇǊŜπŎƻƳōǳǎǘƛƻƴ π ǘƘŜ ŀōǎƻǊōŜǊǎ ƻŦ ŎƘƻƛŎŜ ŀǊŜ ŘƛƳŜǘƘȅƭπŜǘƘŜǊǎ ƻŦ ǇƻƭȅŜǘƘȅƭŜƴŜ ƎƭȅŎƻƭ ƻǊ 

ǊŜŦǊƛƎŜǊŀǘŜŘ MeOHΦ aŜƳōǊŀƴŜǎ ŀǊŜ ŀƭǎƻ ǳǎŜŘ ƻƴ ŀƴ ƛƴŘǳǎǘǊƛŀƭ ǎŎŀƭŜ ŦƻǊ /hнκ/Iп Ǝŀǎ 

ǎŜǇŀǊŀǘƛƻƴ όŘŜ /ƻƴƛƴŎƪ ϧ .ŜƴǎƻƴΣ нлмпύ όǎŜŜ ¢ŀōƭŜ оπнύΦ  

¶ CƻǊ ƻȄȅπŎƻƳōǳǎǘƛƻƴ π ŎǊȅƻƎŜƴƛŎ ƻȄȅƎŜƴ ǎŜǇŀǊŀǘƛƻƴ ƛǎ ǘƘŜ ƳŀǘǳǊŜ ǘŜŎƘƴƻƭƻƎȅ όǎŜŜ ¢ŀōƭŜ оπоύΦ  

hƴƭȅ ŦƻǊ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŜǊŜ ŀǊŜ ȅŜŀǊǎ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ŜȄǇŜǊƛŜƴŎŜΦ  

tƻǎǘπŎƻƳōǳǎǘƛƻƴ /hн ŀōǎƻǊǇǘƛƻƴ ōȅ ŀƳƳƻƴƛŀ ƛǎ ŀƴ ŀƭƳƻǎǘ ƳŀǘǳǊŜ ǘŜŎƘƴƻƭƻƎȅΣ ǿƛǘƘ ŀ ŦŜǿ Ǉƛƭƻǘ 

ǇǊƻƧŜŎǘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǊǳƴƴƛƴƎ ŦƻǊ ǳǇ ǘƻ ŀ ŘŜŎŀŘŜ όCƻƭƎŜǊΣ нлмоύΣ ōǳǘ ǿƛǘƘ ƴƻ ƛƴŘǳǎǘǊƛŀƭ ǎŎŀƭŜ 

ǇǊƻƧŜŎǘǎ ȅŜǘ όŀ ŦŜǿ ǇƭŀƴƴŜŘ ƛƴŘǳǎǘǊƛŀƭπǎŎŀƭŜ ǇǊƻƧŜŎǘǎ ǿŜǊŜ ŎŀƴŎŜƭŜŘ ƛƴ ǘƘŜ ƭŀǎǘ ŦŜǿ ȅŜŀǊǎύΦ  

¢ƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜΣ ŀǘ ōŜǎǘΣ ŀǘ Ǉƛƭƻǘ ǎǘŀƎŜǎΣ ŀƴŘ Ƴƻǎǘ ŀǊŜ ŀǘ ōŜƴŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ 

ǎǘŀƎŜǎΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜȅ ǿƛƭƭ ǇǊƻōŀōƭȅ ƴƻǘ ōŜ ƛƴŘǳǎǘǊƛŀƭƭȅ ŀǾŀƛƭŀōƭŜ ǳƴǘƛƭ нлнрΦ 

                                                           
15 Technology Readiness Level is a metric used for describing technology maturity. It is a measure used by many U.S. 
government agencies to assess maturity of evolving technologies (materials, components, devices, etc.) prior to 
incorporating that technology into a system or subsystem. 
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 Table 3-1 > Comparison between post-combustion carbon-capture technologies 

 

 5ŜǎŎǊƛǇǘƛƻƴ aŀǘǳǊŀǘƛƻƴ 9ŦŦƛŎƛŜƴŎȅ /ƻǎǘ !ŘǾŀƴǘŀƎŜǎ /ƘŀƭƭŜƴƎŜǎ 

!ōǎƻǊǇǘƛƻƴ 

/hн ŦǊƻƳ ǘƘŜ Ǝŀǎ ǎǘǊŜŀƳ ƛǎ 
ŘƛǎǎƻƭǾŜŘ ƛƴ ŀ ǎƻƭǾŜƴǘ ŦƭǳƛŘΣ 
ƭŀǘŜǊ ƛǎ ǊŜƳƻǾŜŘ ōȅ 
ǇǊŜǎǎǳǊŜ ƻǊ ǘŜƳǇŜǊŀǘǳǊŜ 
ŎƘŀƴƎŜΦ ¢ƘŜ ǎƻƭǾŜƴǘ ƛǎ 
ǊŜǳǎŜŘΦ ¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ 
ŀōǎƻǊōŜǊǎ ŀǊŜ ŀƳƛƴŜǎ ǘƘŀǘ 
ǊŜŀŎǘ ŎƘŜƳƛŎŀƭƭȅ ǿƛǘƘ ǘƘŜ 
/hнΦ  

aŀǘǳǊŜΣ ŘŜŎŀŘŜǎ 
ƻŦ ŜȄǇŜǊƛŜƴŎŜΣ 
ŘŜƳƻƴǎǘǊŀǘŜŘ ŀǘ 
ƛƴŘǳǎǘǊƛŀƭ ǎŎŀƭŜ όу 
aǘ /hнκȅŜŀǊύΦ 

рлπмлл҈ IƛƎƘ 
tƻǎǘ 
/ƻƳōΦ 
/ƻǎǘ 

aŀǘǳǊŜΦ 
±ŜǊȅ ŜŦŦƛŎƛŜƴǘΦ 
Cŀǎǘ ƪƛƴŜǘƛŎǎ ŦƻǊ ƭƻǿ 
ǇŀǊǘƛŀƭ /hн ǇǊŜǎǎǳǊŜ όǇƻǎǘ 
ŎƻƳōǳǎǘƛƻƴ //ύΦ 
{ǳƛǘŀōƭŜ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭƭȅ 
ŀǇǇƭƛŜŘ ƛƴ Ǉƻǎǘ ŀƴŘ ǇǊŜπ
ŎƻƳōǳǎǘƛƻƴ //Φ 

{ǘƛƭƭ ǾŜǊȅ ŜȄǇŜƴǎƛǾŜΦ 
IƛƎƘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ 
aƻŘŜǊŀǘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ƛƳǇŀŎǘΦ 
!ǉǳŜƻǳǎ ǎƻƭǾŜƴǘǎ ǳǎŜ ŀ ƭƻǘ ƻŦ 
ǿŀǘŜǊΦ 
hǇŜǊŀǘƛƻƴ ƛǎ ŎƻƳǇƭŜȄΦ 
[ƻƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘƛƳŜΦ 

!ŘǎƻǊǇǘƛƻƴ 

/hн ŦǊƻƳ ǘƘŜ Ǝŀǎ ǎǘǊŜŀƳ ƛǎ 
ŀŘǎƻǊōŜŘ ƻƴǘƻ ŀ ǎƻƭƛŘΣ 
ƭŀǘŜǊ ƛǎ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ 
ǎƻƭƛŘ ōȅ ǇǊŜǎǎǳǊŜ ƻǊ 
ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜΦ ¢ƘŜ 
ǎƻƭƛŘ ƛǎ ǊŜǳǎŜŘΦ 

.ŜƴŎƘ ŀƴŘ ǎƳŀƭƭπ
ǎŎŀƭŜ Ǉƛƭƻǘ ǘŜǎǘƛƴƎΦ 

bƻ Řŀǘŀ bƻ 
Řŀǘŀ 

[ƻǿŜǊ ŜƴŜǊƎȅ ǳǎŜ ŦƻǊ 
ǎƻƭƛŘ ǊŜƎŜƴŜǊŀǘƛƻƴΦ 
Cŀǎǘ ƪƛƴŜǘƛŎǎ ŦƻǊ ƭƻǿ 
ǇŀǊǘƛŀƭ /hн ǇǊŜǎǎǳǊŜ όǇƻǎǘ 
ŎƻƳōǳǎǘƛƻƴ //ύΦ 

!ŘǎƻǊǇǘƛƻƴ ŎŀǇŀŎƛǘȅΦ 
IŜŀǘ ƳŀƴŀƎŜƳŜƴǘ ƛǎ ŘƛŦŦƛŎǳƭǘ 
ƛƴ ǎƻƭƛŘ ǎȅǎǘŜƳǎΦ 

/ǊȅƻƎŜƴƛŎ 

¢ƘŜ Ǝŀǎ ǎǘǊŜŀƳ ƛǎ ŎƻƻƭŜŘΣ 
/hн ǘǳǊƴǎ ƛƴǘƻ ǎƻƭƛŘ ŀƴŘ ƛǎ 
ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ƎŀǎΦ 

[ƛƳƛǘŜŘ 
ŘŜǇƭƻȅƳŜƴǘ ƻŦ 
ƛƴŘǳǎǘǊƛŀƭ ǎŎŀƭŜ 
/hнκ/Iп 
ǎŜǇŀǊŀǘƛƻƴΦ .ŜƴŎƘ 
ŀƴŘ ǎƳŀƭƭπǎŎŀƭŜ 
Ǉƛƭƻǘ ǘŜǎǘƛƴƎ ŦƻǊ 
ŦƭǳŜ Ǝŀǎ 
ǎŜǇŀǊŀǘƛƻƴΦ 

IƛƎƘ 
ŜŦŦƛŎƛŜƴŎȅ 

bƻ 
Řŀǘŀ 

bƻ ƴŜŜŘ ŦƻǊ ǎƻƭǾŜƴǘǎ ƻǊ 
ǎƻǊōŜƴǘǎΦ 
[ƻǿŜǊ ŜƴŜǊƎȅ 
ǊŜǉǳƛǊŜƳŜƴǘǎΦ 

Lǘ ƛǎ ǎǘƛƭƭ ŎƘŀƭƭŜƴƎƛƴƎ ǘƻ 
ǎŜǇŀǊŀǘŜ ǘƘŜ ǎƻƭƛŘ /hн ŦǊƻƳ 
ǘƘŜ ƎŀǎΦ 
IƛƎƘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΣ 
ŀƴŘ ǘƘŜǊŜŦƻǊ ƘƛƎƘ ŎƻǎǘΦ 

aŜƳōǊŀƴŜǎ 

/hн ŦǊƻƳ ŀ ǇǊŜǎǎǳǊƛȊŜŘ 
ƳƛȄŜŘ Ǝŀǎ ǎǘǊŜŀƳ ƛǎ 
ǇǊŜŦŜǊŜƴǘƛŀƭƭȅ ǘǊŀƴǎǇƻǊǘŜŘ 
ǘƘǊƻǳƎƘ ŀ ƳŜƳōǊŀƴŜΦ 

[ƛƳƛǘŜŘ 
ŘŜǇƭƻȅƳŜƴǘ ƻŦ 
ƛƴŘǳǎǘǊƛŀƭ ǎŎŀƭŜ 
/hн ŀƴŘ Iнκ/Iп 

[ƻǿ 
ŜŦŦƛŎƛŜƴŎȅ 

[ƻǿ 
Ŏƻǎǘ 

hǇŜǊŀǘƛƻƴ ƛǎ ǎƛƳǇƭŜΦ 
Cŀǎǘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘƛƳŜΦ 
[ƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ŜƴŜǊƎȅ 
ŎƻƴǎǳƳǇǘƛƻƴΦ 

[ƻǿ ŜŦŦƛŎƛŜƴŎȅΦ 
bƻǘ ǎǳƛǘŀōƭŜ ŦƻǊ ƭƻǿ ǇǊŜǎǎǳǊŜ 
ǇǊƻŎŜǎǎŜǎ όǇƻǎǘπŎƻƳōǳǎǘƛƻƴ 
//ύΦ 
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 5ŜǎŎǊƛǇǘƛƻƴ aŀǘǳǊŀǘƛƻƴ 9ŦŦƛŎƛŜƴŎȅ /ƻǎǘ !ŘǾŀƴǘŀƎŜǎ /ƘŀƭƭŜƴƎŜǎ 
ǎŜǇŀǊŀǘƛƻƴ όт 
aǘκȅŜŀǊύΦ 

[ƻǿ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ƛƳǇŀŎǘΦ 
bƻ ŎƘŜƳƛŎŀƭǎ ƴŜŜŘŜŘΦ 

9ƛǘƘŜǊ ƭƻǿ ǊŜŎƻǾŜǊȅ ǊŀǘŜ ŀƴŘ 
ƘƛƎƘ ǇǳǊƛǘȅΣ ƻǊ ǾƛŎŜ ǾŜǊǎŀΦ 
tƻƻǊ ŜŎƻƴƻƳȅ ƻŦ ǎŎŀƭŜΦ 
aƛƎƘǘ ǊŜǉǳƛǊŜ ƳǳƭǘƛǇƭŜ ǎǘŀƎŜǎ 
ŀƴŘ ǊŜŎȅŎƭŜ ǎǘǊŜŀƳǎΦ 

aƛƴŜǊŀƭƛȊŀǘƛƻƴ 

/hн ǊŜŀŎǘǎ ǿƛǘƘ ŎŀƭŎƛǳƳ ƻǊ 
ƳŀƎƴŜǎƛǳƳπōŜŀǊƛƴƎ ǊƻŎƪǎ 
ǘƻ ŦƻǊƳ ƳŀƎƴŜǎƛǘŜ ƻǊ 
ŎŀƭŎƛǘŜΦ 

¦ƴŘŜǊ 
ŘŜǾŜƭƻǇƳŜƴǘΦ 

bƻ Řŀǘŀ bƻ 
Řŀǘŀ 

/hн ƛǎ ǘǳǊƴŜŘ ƛƴǘƻ ŀ 
ǎǘŀōƭŜ ǎƻƭƛŘ ǎǳōǎǘǊŀǘŜ 
ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ 
ōǳƛƭŘƛƴƎ ƳŀǘŜǊƛŀƭ ƻǊ 
ŘǳƳǇŜŘΦ 

[ƻǿ ǊŀǘŜ ƻŦ ƳƛƴŜǊŀƭƛȊŀǘƛƻƴΦ 
bŜŜŘ ŦƻǊ ŀ ƘǳƎŜ Ƴŀǎǎ ƻŦ 
ŎŀƭŎƛǳƳ ƻǊ ƳŀƎƴŜǎƛǳƳπ
ōŜŀǊƛƴƎ ǊƻŎƪǎΦ 
IƛƎƘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ 
9ƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ŦǊƻƳ 
ƳƛƴƛƴƎΦ 

 

(Sources: Boot-Handford et al., 2014; Chapman et al., 2013; de Coninck & Benson, 2014; Folger, 2013; Muratori et al., 2017a; Rubin et al., 2015; Shimekit & 

Mukhtar, 2012)  
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Table 3-2 > Comparison between pre-combustion carbon-capture technologies 

 

 5ŜǎŎǊƛǇǘƛƻƴ aŀǘǳǊŀǘƛƻƴ 9ŦŦƛŎƛŜƴŎȅ /ƻǎǘ !ŘǾŀƴǘŀƎŜǎ /ƘŀƭƭŜƴƎŜǎ 

!ōǎƻǊǇǘƛƻƴ 
ό{ŜƭŜȄƻƭ¢aΣ 
wŜŎǘƛǎƻƭϯύ 

/hн ŦǊƻƳ ǘƘŜ Ǝŀǎ 
ǎǘǊŜŀƳ ƛǎ ŘƛǎǎƻƭǾŜŘ 
όǇƘȅǎƛŎŀƭ ǊŜŀŎǘƛƻƴύ ƛƴ ŀ 
ǎƻƭǾŜƴǘ ŦƭǳƛŘ όŘƛƳŜǘƘȅƭπ
ŜǘƘŜǊǎ ƻŦ ǇƻƭȅŜǘƘȅƭŜƴŜ 
ƎƭȅŎƻƭ ƻǊ ǊŜŦǊƛƎŜǊŀǘŜŘ 
MeOHύΦ [ŀǘŜǊΣ /hн ƛǎ 
ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ 
ǎƻƭǾŜƴǘ ōȅ ǇǊŜǎǎǳǊŜ ƻǊ 
ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜΦ 
¢ƘŜ ǎƻƭǾŜƴǘ ƛǎ ǊŜǳǎŜŘΦ 

bƻ ŎƻƳƳŜǊŎƛŀƭ //{ 
ǇǊƻƧŜŎǘǎ ǳǎŜ ǘƘƛǎ 
ƳŜǘƘƻŘΦ IƻǿŜǾŜǊΣ ƛǘ 
ƛǎ ōŜƛƴƎ ǳǎŜŘ ŦƻǊ 
ŀƭƳƻǎǘ нл ȅŜŀǊǎ ŦƻǊ 
ƻǘƘŜǊ ƛƴŘǳǎǘǊƛŀƭ 
ǇǊƻŎŜǎǎŜǎΣ ŦƻǊ 
ǊŜƳƻǾƛƴƎ Ǉƻƭƭǳǘŀƴǘǎ 
ŀǎ {hн ŀƴŘ bhȄΣ ŀƴŘ 
ŦƻǊ ǎŜǇŀǊŀǘƛƴƎ /hн 
ŦǊƻƳ Iн ŘǳǊƛƴƎ 
ŎƻŀƭκǇŜǘŎƻƪŜ 
ƎŀǎƛŦƛŎŀǘƛƻƴ ŦƻǊ 
ŦŜǊǘƛƭƛȊŜǊκ ƴŀǘǳǊŀƭ Ǝŀǎ 
ǇǊƻŘǳŎǘƛƻƴΦ 

рлπфл҈ wŜƭŀǘƛǾŜƭȅ 
ƭƻǿ 

aŀǘǳǊŜΦ 
±ŜǊȅ ŜŦŦƛŎƛŜƴǘΦ 
Cŀǎǘ ƪƛƴŜǘƛŎǎ ŦƻǊ ƭƻǿ 
ǇŀǊǘƛŀƭ /hн ǇǊŜǎǎǳǊŜ 
όǇƻǎǘ ŎƻƳōǳǎǘƛƻƴ //ύΦ 
{ǳƛǘŀōƭŜ ŀƴŘ 
ƛƴŘǳǎǘǊƛŀƭƭȅ ŀǇǇƭƛŜŘ ƛƴ 
Ǉƻǎǘ ŀƴŘ ǇǊŜπ
ŎƻƳōǳǎǘƛƻƴ //Φ 

aƻŘŜǊŀǘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ƛƳǇŀŎǘΦ 
!ǉǳŜƻǳǎ ǎƻƭǾŜƴǘǎ ǳǎŜ ŀ ƭƻǘ ƻŦ 
ǿŀǘŜǊΦ 
hǇŜǊŀǘƛƻƴ ƛǎ ŎƻƳǇƭŜȄΦ 
[ƻƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘƛƳŜΦ 

aŜƳōǊŀƴŜǎ 

/hн ŦǊƻƳ ŀ ǇǊŜǎǎǳǊƛȊŜŘ 
ƳƛȄŜŘ Ǝŀǎ ǎǘǊŜŀƳ ƛǎ 
ǇǊŜŦŜǊŜƴǘƛŀƭƭȅ 
ǘǊŀƴǎǇƻǊǘŜŘ ǘƘǊƻǳƎƘ ŀ 
ƳŜƳōǊŀƴŜΦ hǊΣ ŦǊƻƳ ŀ 
ƳƛȄ ƻŦ /hнҌIнΣ Iн ƛǎ 
ǇǊŜŦŜǊŜƴǘƛŀƭƭȅ 
ǘǊŀƴǎǇƻǊǘŜŘ ǘƘǊƻǳƎƘ ŀ 
ƳŜƳōǊŀƴŜ ŀƴŘ ǘƘŜ /hн 
ƛǎ ƭŜŦǘ ōŜƘƛƴŘΦ 

[ƛƳƛǘŜŘ ŘŜǇƭƻȅƳŜƴǘ 
ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǎŎŀƭŜ /hн 
ŀƴŘ Iнκ/Iп 
ǎŜǇŀǊŀǘƛƻƴ όт 
aǘκȅŜŀǊύΦ 

[ƻǿ 
ŜŦŦƛŎƛŜƴŎȅ 

[ƻǿ Ŏƻǎǘ hǇŜǊŀǘƛƻƴ ƛǎ ǎƛƳǇƭŜΦ 
Cŀǎǘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘƛƳŜΦ 
[ƻǿ ǘƻ ƳƻŘŜǊŀǘŜ 
ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ 
[ƻǿ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ƛƳǇŀŎǘΦ 
bƻ ŎƘŜƳƛŎŀƭǎ ƴŜŜŘŜŘΦ 
{ǳƛǘŀōƭŜ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ 
Ǝŀǎ ƳƛȄǘǳǊŜǎ ǿƛǘƘ ƘƛƎƘ 
/hн ŎƻƴŎŜƴǘǊŀǘƛƻƴ 
όǇǊŜπŎƻƳōǳǎǘƛƻƴ //ύΦ 

[ƻǿ ŜŦŦƛŎƛŜƴŎȅΦ 
bƻǘ ǎǳƛǘŀōƭŜ ŦƻǊ ƭƻǿ ǇǊŜǎǎǳǊŜ 
ǇǊƻŎŜǎǎŜǎ όǇƻǎǘπŎƻƳōǳǎǘƛƻƴ //ύΦ 
9ƛǘƘŜǊ ƭƻǿ ǊŜŎƻǾŜǊȅ ǊŀǘŜ ŀƴŘ 
ƘƛƎƘ ǇǳǊƛǘȅΣ ƻǊ ǾƛŎŜ ǾŜǊǎŀΦ 
tƻƻǊ ŜŎƻƴƻƳȅ ƻŦ ǎŎŀƭŜΦ 
aƛƎƘǘ ǊŜǉǳƛǊŜ ƳǳƭǘƛǇƭŜ ǎǘŀƎŜǎ 
ŀƴŘ ǊŜŎȅŎƭŜ ǎǘǊŜŀƳǎΦ 
{ƻƳŜ Iн ƛǎ ƭƻǎǘ ǿƛǘƘ ǘƘŜ 
ŎŀǇǘǳǊŜŘ /hнΦ 

 
(Sources: Boot-Handford et al., 2014; de Coninck & Benson, 2014; Folger, 2013; Im et al., 2015; Rubin et al., 2015; Shimekit & Mukhtar, 2012)  
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Table 3-3 > Comparison between oxy-combustion carbon-capture technologies 

 

 5ŜǎŎǊƛǇǘƛƻƴ aŀǘǳǊŀǘƛƻƴ 9ŦŦƛŎƛŜƴŎȅ /ƻǎǘ !ŘǾŀƴǘŀƎŜǎ /ƘŀƭƭŜƴƎŜǎ 

/ǊȅƻƎŜƴƛŎ 
ƻȄȅƎŜƴ 
ǎŜǇŀǊŀǘƛƻƴ 

IŜǊŜΣ ǘƘŜ ǎŜǇŀǊŀǘƛƻƴ ƛǎ 
ŦƻǊ hн ōŜŦƻǊŜ 
ŎƻƳōǳǎǘƛƻƴΣ ŀƴŘ ǘƘŜ 
ǊŜǎǳƭǘ ƛǎ ŦƭǳŜ Ǝŀǎ ǘƘŀǘ ƛǎ 
Ƴƻǎǘƭȅ /hнΦ !ƛǊ ƛǎ ŎƻƻƭŜŘ 
ǳƴǘƛƭ ƻȄȅƎŜƴ ƛǎ ǘǳǊƴŜŘ 
ƛƴǘƻ ƭƛǉǳƛŘΣ ŀƴŘ 
ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ǊŜǎǘ 
ƻŦ ǘƘŜ ƎŀǎŜǎΦ ¢ƘŜ 
ŎƻƳōǳǎǘƛƻƴ ǇǊƻŎŜǎǎ ƛǎ 
ŦŜŘ ǿƛǘƘ фр҈ ǇǳǊŜ 
ƻȄȅƎŜƴΣ ǊŜǎǳƭǘƛƴƎ ƛƴ /hн 
ŀƴŘ ǿŀǘŜǊ ǾŀǇƻǊ ǘƘŀǘ ƛǎ 
Ŝŀǎƛƭȅ ǊŜƳƻǾŜŘΦ 

¢ƘŜ /ǊȅƻƎŜƴƛŎ ƻȄȅƎŜƴ 
ǎŜǇŀǊŀǘƛƻƴ ƛǎ ŀ 
ƳŀǘǳǊŜ ǇǊƻŎŜǎǎΣ ǳǎŜŘ 
ƛƴ Ƴŀƴȅ ƛƴŘǳǎǘǊƛŀƭ 
ǇǊƻŎŜǎǎŜǎΦ IƻǿŜǾŜǊΣ 
ŘǳŜ ǘƻ ǘƘŜ ƘƛƎƘ 
ŜƴŜǊƎȅ ǇŜƴŀƭǘȅ ŀƴŘ 
ƘƛƎƘ ŎƻǎǘΣ ǎǘƛƭƭ ǘƘŜǊŜ 
ŀǊŜ ƴƻ ƛƴŘǳǎǘǊƛŀƭ ǎŎŀƭŜ 
ǇƭŀƴǘǎΦ !ŘǾŀƴŎŜŘ 
ƻȄȅƎŜƴ ǎŜǇŀǊŀǘƛƻƴ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ 
ōŜƛƴƎ ŘŜǾŜƭƻǇŜŘΦ 

фрπфф҈ IƛƎƘ Ŏƻǎǘ ŘǳŜ ǘƻ ƘƛƎƘ 
ŜƴŜǊƎȅ ǇŜƴŀƭǘȅ ŦƻǊ 
ŎǊȅƻƎŜƴƛŎ ƻȄȅƎŜƴ 
ǎŜǇŀǊŀǘƛƻƴΦ 
нлмо Řŀǘŀ ǎƘƻǿǎ 
ŎƻƳǇŀǊŀǘƛǾŜ ǇǊƛŎŜǎ ǘƻ 
ǘƘƻǎŜ ƻŦ Ǉƻǎǘπ
ŎƻƳōǳǎǘƛƻƴ 
ǘŜŎƘƴƻƭƻƎƛŜǎ όCƻƭƎŜǊΣ 
нлмоύΦ 

aŀǘǳǊŜΦ 
bƻ ƴŜŜŘ ŦƻǊ /hн 
ŎŀǇǘǳǊŜ 
ƳƻŘǳƭŜκǘŜŎƘƴƻƭƻƎȅΦ 
hǇŜǊŀǘƛƻƴ ƛǎ ǎƛƳǇƭŜΦ 
[ƻǿ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ƛƳǇŀŎǘ όōŜǎƛŘŜǎ ǘƘŜ 
ƘƛƎƘ ŜƴŜǊƎȅ 
ŘŜƳŀƴŘύΦ 
bƻ ŎƘŜƳƛŎŀƭǎ 
ƴŜŜŘŜŘΦ 
 

¢ƘŜ ŜƴŜǊƎȅ ǇŜƴŀƭǘȅ 
ƛǎ ƘƛƎƘΣ ŀƴŘ 
ŎƻƳǇŀǊŀōƭŜ ǘƻ ǘƘŀǘ 
ƻŦ Ǉƻǎǘπ
ŎƻƳōǳǎǘƛƻƴ ŀƳƛƴŜ 
//Φ ¢ƘǳǎΣ ǘƘŜ Ŏƻǎǘ 
ƻŦ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅ 
ƛǎ ǾŜǊȅ ƘƛƎƘΦ 
wŜƳƻǾŜ Ǉƻƭƭǳǘŀƴǘǎ 
ǎǳŎƘ ŀǎ {hн ŀƴŘ 
bhȄΦ 

 
ό{ƻǳǊŎŜǎΥ .ƻƻǘπIŀƴŘŦƻǊŘ Ŝǘ ŀƭΦΣ нлмпΤ CƻƭƎŜǊΣ нлмоΤ {ƘƛƳŜƪƛǘ ϧ aǳƪƘǘŀǊΣ нлмнύ 

 
  



65 
 

/hн ¢ǊŀƴǎǇƻǊǘ 

/hн tƛǇŜƭƛƴŜ ǘǊŀƴǎǇƻǊǘ ƛǎ ŀ ƳŀǘǳǊŜΣ ǊŜƭŀǘƛǾŜƭȅ ŎƘŜŀǇ ŀƴŘ ǿŜƭƭπǊŜƎǳƭŀǘŜŘ ǘŜŎƘƴƻƭƻƎȅΣ ǿƛǘƘ ǎŜǾŜǊŀƭ 

ŘŜŎŀŘŜǎ ƻŦ ŜȄǇŜǊƛŜƴŎŜΦ aƻǎǘ ƻŦ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ƛǎ ŦǊƻƳ ¦Φ{Φ 9hw ǇǊƻƧŜŎǘǎ ǘƘŀǘ ŦƭƻƻŘ ǘƘŜ ǊŜǎŜǊǾƻƛǊǎ 

ǿƛǘƘ ǎǳǇŜǊŎǊƛǘƛŎŀƭ /hі ό/hнπ9hwύ ǘƻ ŜƴƘŀƴŎŜ ǊŜŎƻǾŜǊȅ ƻŦ ǊŜǎƻǳǊŎŜ ŦǊƻƳ ƘȅŘǊƻŎŀǊōƻƴ ǊŜǎŜǊǾƻƛǊǎΦ 

¢ƘŜǊŜ ƛǎ ŀƴ ƛƴǘŜǊŜǎǘ ƛƴ ŘŜǾŜƭƻǇƛƴƎ /hн ǇƛǇŜƭƛƴŜ ƴŜǘǿƻǊƪǎ ƛƴ 9ǳǊƻǇŜΣ /ŀƴŀŘŀ ŀƴŘ !ǳǎǘǊŀƭƛŀΦ ¢Ƙƛǎ ƛƴ 

ƻǊŘŜǊ ǘƻ ŜƴŀōƭŜ ǘǊŀƴǎǇƻǊǘ ƻŦ /hн ŦǊƻƳ ǇǊƻŘǳŎǘƛƻƴ ƻǊ ǇǊƻŎŜǎǎƛƴƎ ǎƛǘŜǎ π ǿƘŜǊŜ ƛǘ ƛǎ ŎŀǇǘǳǊŜŘ π ǘƻ 

ƻƴǎƘƻǊŜ ŀƴŘ ŜǾŜƴ ƻŦŦǎƘƻǊŜ ǎǘƻǊŀƎŜ ǎƛǘŜǎΦ ¢ƘŜ ƭŀǘŜǎǘ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘƘŜ ŦƛŜƭŘ ƛǎ ŀƴ ƻŦŦǎƘƻǊŜ 

ǳƴŘŜǊǿŀǘŜǊ ǇƛǇŜƭƛƴŜ ƛƴ ǘƘŜ bƻǊǿŜƎƛŀƴ {ƴǄƘǾƛǘ ǇǊƻƧŜŎǘ ƛƴ ǘƘŜ .ŀǊƴŜǘǎ {Ŝŀ όL9!Σ нлмсŀΤ bƻƻǘƘƻǳǘ Ŝǘ 

ŀƭΦΣ нлмоύΦ  

{ƘƛǇ ǘǊŀƴǎǇƻǊǘ ƛǎ ŀ ƳŀǘǳǊŜ ǘŜŎƘƴƻƭƻƎȅΦ Lǘ ƛǎ ƳƻǊŜ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŦƻǊ ŘƛǎǘŀƴŎŜǎ ƭƻƴƎŜǊ ǘƘŀƴ нплл ƪƳΣ 

ŎƻƳǇŀǊŜŘ ǘƻ ǇƛǇŜƭƛƴŜǎ ǘǊŀƴǎǇƻǊǘΦ Lǘ ŀƭƭƻǿǎ ǘƘŜ ŦƭŜȄƛōƭŜ ǘǊŀƴǎǇƻǊǘ ƻŦ /hн ŦǊƻƳ Ŏƻŀǎǘŀƭ ǊŜƎƛƻƴǎ ǘƻ 

ƳǳƭǘƛǇƭŜ ƭƻŎŀǘƛƻƴǎΦ Lǘ Ŏŀƴ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ƳǳƭǘƛǇƭŜ Ŏƻŀǎǘŀƭ /hн ǇǊƻŘǳŎǘƛƻƴ Ƙǳōǎ ǘƘŀǘ ŎƻǳƭŘ 

ƭŀǘŜǊ ōŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǇƛǇŜƭƛƴŜ ƴŜǘǿƻǊƪΦ IƻǿŜǾŜǊΣ ƴƻ /hн ǘǊŀƴǎǇƻǊǘƛƴƎ ǎƘƛǇǎ ƴŜǘǿƻǊƪ Ƙŀǎ ōŜŜƴ 

ŜǎǘŀōƭƛǎƘŜŘ ȅŜǘ όL9!Σ нлмсŀύΦ 

{ǘƻǊŀƎŜ κ ¦ǘƛƭƛȊŀǘƛƻƴ 

{ǘƻǊŀƎŜ π ǇƭŜƴǘȅ ƻŦ ǊŜǎŜŀǊŎƘ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǎƛƴŎŜ нллрΣ ǘƻ ǎǘǳŘȅ ǘƘŜ ǎŀŦŜǎǘ ǿŀȅǎ ǘƻ ǎǘƻǊŜ /hн 

ǳƴŘŜǊƎǊƻǳƴŘΦ /ǳǊǊŜƴǘ ŜǾƛŘŜƴŎŜ ǎƘƻǿǎ ǘƘŀǘ ŘŜŜǇ ǎŀƭƛƴŜ ŦƻǊƳŀǘƛƻƴǎ ŀǊŜ ǘƘŜ ƭŀǊƎŜǎǘ ŀƴŘ Ƴƻǎǘ ƭƛƪŜƭȅ 

ƎŜƻƭƻƎƛŎŀƭ ǎǘƻǊŀƎŜ ƻǇǘƛƻƴΦ ¢ƘŜǊŜ ƛǎ ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ǘƘŜ ŀŘŜǉǳŀŎȅ ƻŦ ǎŀƭƛƴŜ ŦƻǊƳŀǘƛƻƴǎ 

ŀǎ ǇŜǊƳŀƴŜƴǘ ǎǘƻǊŀƎŜ ǊŜǎŜǊǾƻƛǊǎΦ Lǘ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ǘƘŜ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ Ǝƭƻōŀƭ ŘŜŜǇ ǎŀƭƛƴŜ 

ŦƻǊƳŀǘƛƻƴǎ ǊŀƴƎŜǎ ōŜǘǿŜŜƴ мΣлллπмлΣллл Dǘ ƻŦ /hнΦ hǘƘŜǊ ǊŜǎŜǊǾƻƛǊǎ ŎŀǘŜƎƻǊƛŜǎ ƛƴŎƭǳŘŜ ŘŜǇƭŜǘŜŘ ƻƛƭ 

ŀƴŘ Ǝŀǎ ŦƛŜƭŘǎΣ ǳƴπƳƛƴŀōƭŜ Ŏƻŀƭ ǎŜŀƳǎΣ ōŀǎŀƭǘǎΣ ǎƘŀƭŜǎΣ ǎŀƭǘ ŎŀǾŜǊƴǎ ŀƴŘ ŀōŀƴŘƻƴŜŘ ƳƛƴŜǎΦ ¢ƘŜ 

ƻǾŜǊŀƭƭ ŜǎǘƛƳŀǘŜŘ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ŦƻǊ ǘƘŜǎŜ ƻǘƘŜǊ ǊŜǎŜǊǾƻƛǊǎ ƛǎ нΣлллπммΣллл Dǘ ƻŦ /hн ŀƴŘ Ŏŀƴ 

ŀŎŎƻƳƳƻŘŀǘŜ млπмр҈ ƻŦ ǘƘŜ ŀƴƴǳŀƭ ŀƴǘƘǊƻǇƻƎŜƴƛŎ /hн ŜƳƛǎǎƛƻƴǎΣ ŦƻǊ оллπмрлл ȅŜŀǊǎ όǿƛǘƘ ŀƴƴǳŀƭ 

ŀƴǘƘǊƻǇƻƎŜƴƛŎ /hн ŜƳƛǎǎƛƻƴǎ ƻŦ пл DǘύΦ ¢ƘŜǊŜ ŀǊŜ ŘŜŎŀŘŜǎ ƻŦ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ 9hw ǘƘŀǘ ǇǳƳǇǎ /hн 

ƛƴǘƻ ǳƴŘŜǊƎǊƻǳƴŘ ŦƻǊƳŀǘƛƻƴΣ ŀƴŘ ƳƻǊŜ ǘƘŀƴ нл ȅŜŀǊǎ ƻŦ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ŘŜǎƛƎƴŀǘŜŘ /hн ǎǘƻǊŀƎŜ ƛƴ 

ŘŜŜǇ ǎŀƭƛƴŜ ŦƻǊƳŀǘƛƻƴ ŦƻǊ /hн ƳƛǘƛƎŀǘƛƻƴ όL9!Σ нлмсŀΤ Lt//Σ нлмпύΦ  

{ƻƳŜ /hн ǳǘƛƭƛȊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ƳŀǘǳǊŜΦ ¢ƘŜ Ƴƻǎǘ ǇǊƻƳƛƴŜƴǘ ƛǎ 9hw ǘƘŀǘ ǳǎŜǎ ŀōƻǳǘ тл aǘ 

/hн ŀƴƴǳŀƭƭȅ ŦƻǊ ŘŜŎŀŘŜǎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ǊŜǉǳƛǊŜǎ ŎƻƴǘƛƴǳŜŘ ǎŜǇŀǊŀǘƛƻƴ ŀƴŘ ǊŜŎȅŎƭƛƴƎ ƻŦ 

ǘƘŜ /hн ǘƘŀǘ ƛǎ ōƭŜƴŘŜŘ ǿƛǘƘ ǘƘŜ ǇǊƻŘǳŎŜŘ ƻƛƭ ǳƴǘƛƭ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ǘŜǊƳƛƴŀǘŜŘ ŀƴŘ /hн ƛǎ ǎǘƻǊŜŘ 

ǇŜǊƳŀƴŜƴǘƭȅΦ !ƭǎƻΣ ŎǳǊǊŜƴǘƭȅΣ ǘƘƛǎ ǎŎŀƭŜ ƛǎ ƴƻǘ ƭŀǊƎŜ ŜƴƻǳƎƘ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǘƻ ŀŦŦŜŎǘ ƻǳǊ 

Ǝƭƻōŀƭ /hн ŜƳƛǎǎƛƻƴǎ ǊŀǘŜΦ 
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hǘƘŜǊ ƳŀǘǳǊŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ ŀǎ ǳǊŜŀ ǇǊƻŘǳŎǘƛƻƴΣ ŎŀǊōƻƴŀǘŜŘ ŘǊƛƴƪǎΣ ǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘΣ ŦƛǊŜ 

ǎǳǇǇǊŜǎǎƛƻƴΣ Ǉƭŀƴǘ ƎǊƻǿǘƘ ŜƴƘŀƴŎŜƳŜƴǘΣ ǎǳǇŜǊŎǊƛǘƛŎŀƭ /hнΣ ŀƴŘ ǇƘŀǊƳŀŎŜǳǘƛŎŀƭ ǇǊƻŎŜǎǎŜǎ π ŀǊŜ ǳǎŜŘ 

ŀǘ ŀ ƳƻǊŜ ƭƛƳƛǘŜŘ ǎŎŀƭŜ ŀƴƴǳŀƭƭȅΦ 

bŜǿŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ ǇƭŀǎǘƛŎ ǇǊƻŘǳŎǘƛƻƴΣ ŦǳŜƭ ǇǊƻŘǳŎǘƛƻƴΣ ƳƛƴŜǊŀƭ ŎŀǊōƻƴƛȊŀǘƛƻƴ ŦƻǊ ōǳƛƭŘƛƴƎ 

ƳŀǘŜǊƛŀƭǎ ǇǊƻŘǳŎǘƛƻƴΣ ŀƴŘ ŎƘŜƳƛŎŀƭ ǳǎŜ π ŀǊŜ ƴƻǘ ȅŜǘ ǳǎŜŘ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀƴŘ ŀǊŜ ƴƻǘ Ŧǳƭƭȅ ƳŀǘǳǊŜΦ 

¢ƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƘŀǾŜ ŀ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƭŀǊƎŜπǎŎŀƭŜ /hнπǳǘƛƭƛȊŀǘƛƻƴ ǘƘŀǘ Ŏŀƴ ŀŦŦŜŎǘ ǘƘŜ Ǝƭƻōŀƭ /hн 

ŜƳƛǎǎƛƻƴǎ ǊŀǘŜΦ !ƳƻƴƎ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǇƭŀǎǘƛŎ ŀƴŘ ōǳƛƭŘƛƴƎ ƳŀǘŜǊƛŀƭ ǇǊƻŘǳŎǘƛƻƴ Ŏŀƴ ǘǊŀǇ /hн ŦƻǊ 

ƘǳƴŘǊŜŘǎ ǘƻ ǘƘƻǳǎŀƴŘǎ ƻŦ ȅŜŀǊǎ όŀƴŘ ŜǾŜƴ ƳƻǊŜύΦ 

 

3.1.2 Efficiency 

Efficiency is defined as the percentage of CO2 that is captured or used, and the 

percentage that is not released back to the atmosphere for at least many decades. 

/hн /ŀǇǘǳǊŜ 

CO2 capture by amines absorbers has 50-100% efficiency, depending on the amine, facility design, 

and the specific method used. In contrast, membranes have low capture efficiency, which cryogenic 

oxygen separation has high efficiency (Folger, 2013) (see Tables 3-1, 3-2 and 3-3). 

/hн ¢ǊŀƴǎǇƻǊǘ 

CO2 transport by pipeline and ships is highly efficient, with minimal CO2 loss to the atmosphere 

(IEA, 2016a). It is believed that CO2 loss is similar to that of natural gas loss from natural gas 

systems, which is smaller than 10% of the produced natural gas (Caulton et al., 2014; IEAGHG, 

2004; Onyebuchi et al., 2018; Schneising et al., 2014). 

{ǘƻǊŀƎŜ κ ¦ǘƛƭƛȊŀǘƛƻƴ 

CO2 Storage in deep saline formations has high efficiency. Experimental and model data show that 

carefully and properly chosen and maintained and monitored CO2 injection sites can trap CO2 

permanently, for millions of years (IEA, 2016a; IPCC, 2005). Substantial CO2 leakage can occur only 

through wells and faults. Even in these cases, the highest leak rate is 8% of the CO2 injected per 100 

years after injection stops. This rate can be reduced to less than 1% per 500 years by various 

mature and available remediation methods (Zahasky & Benson, 2016). 
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CO2 Utilization in short-lived products (life span of up to a few years), such as urea production, 

carbonated drinks, water treatment, fire suppression, plant growth enhancement, supercritical CO2, 

pharmaceutical processes, plastics (if they are quickly turned into waste and then to energy) - may 

be efficient in conversion to the product but the CO2 that was incorporated into these products is 

released back to the atmosphere after a short period of time. Utilization into stable products, like 

mineral carbonization into building materials and long-lasting plastic, could be highly efficient. 

 

3.1.3 Cost 

The definitions below are provided to explain the terminology used in the cost analysis. 

More details about the currencies conversions can be found in Appendix B. 

Definitions: 

CO2e captured (ton/MW hour (MWh)) - How many tons of CO2e are captured per 

MWh produced. 

CO2e avoided (ton/MWh) - CCS power plant uses more energy (or more natural 

gas) to produce 1 MWh of electricity, because there is an energy penalty (15-24%) 

due to the energy used to capture the carbon and not to produce the electricity. 

Although 90% of the carbon may be captured per unit of energy produced, it takes 

a higher resource heating value to generate 1 MWh of electricity. Therefore, per 

MWh produced, the CCS power plant avoids only 88% of carbon emissions, 

compared to the conventional power plant. 

COE - cost of electricity generation ($/MWh). 

COEref - cost of electricity of a reference power plant without carbon capture. 

COECC - cost of electricity with carbon capture. 

Cost of CO2e abated [ILS16
16/tCO2] - when multiple strategies are used to reduce 

GHG emissions, we use the term cost of CO2e abated (CO2e abatement costs). 

Examples are GHG emissions reduction in power plants, in fuel production, 

changes in the fuel mix, improved efficiency etc. 

                                                           
16 ILS16 - Israeli Shekel, mid 2016 values. This is the currency we used compare between the different currencies from 
the different references. 
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Cost of CO2e captured is the price of capturing every ton of CO2e. It represents the 

minimum CO2e plant gate sales price that would incentivize carbon capture 

instead of a corresponding non-capture plant based on the same technology. It is 

not calculates for the whole CCS operations chain, only for CC (Rubin, 2012). For 

example, for an electric power plant the cost can be defined as:  

ὅέίὸ έὪ ὅὕὩ ὅὥὴὸόὶὩὨ 
ὍὒὛ

ὸὅὕὩ

ὅὕὉ ὅὕὉ

ὸὅὕὩ
ὓὡὬ

 ρ 

Cost of CO2e avoided represents the minimum CO2e emissions price that would, 

when applied on both the capture and non-capture plants, incentivize carbon 

capture instead of a defined reference plant without CCS (Rubin, 2012) (the carbon 

tax value or emission fee that will make the COE of a power plant with CCS equal 

to a power plant without CCS). CCS power plant uses more energy (or more 

natural gas) to produce 1 MWh of electricity, because some energy (15-24%) is 

used to capture the carbon and not to produce the electricity. Although 90% of the 

carbon is captured per BTU of natural gas, more BTUs (or carbon) are now used to 

create 1 MWh of electricity. Therefore, per MWh produced, the CCS power plant 

avoids only 88% of carbon emissions, compared to the conventional power plant. 

The cost of CO2e avoided for a power plant defined as: 

ὅέίὸ έὪ ὅὕςὩ ὃὺέὭὨὩὨ 
ὍὒὛρφ
ὸὅὕς

ὅὕὉὧὧί ὅὕὉὶὩὪ
ὸὅὕςὩ
ὓὡὬὶὩὪ

ὸὅὕςὩ
ὓὡὬὧὧί

 ς
 

 

CƛƎǳǊŜ оπм ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ /hн ŎŀǇǘǳǊŜŘ ŀƴŘ /hн ŀǾƻƛŘŜŘΦ ¢ƘŜ ǳǇǇŜǊ ǇŀƴŜƭ ƛǎ ƭƛŦŜπ

ŎȅŎƭŜ /hн ŜƳƛǎǎƛƻƴǎ ƛƴ bD// ǇƻǿŜǊ Ǉƭŀƴǘ ǿƛǘƘƻǳǘ //{Φ ¢ƘŜ ƭƻǿŜǊ ǇŀƴŜƭ ƛǎ ƭƛŦŜπŎȅŎƭŜ /hн ŜƳƛǎǎƛƻƴǎ ƛƴ 

bD// ǇƻǿŜǊ Ǉƭŀƴǘ ǿƛǘƘ //{Φ bƻǘŜ ǘƘŀǘ //{ ƛƴ ŀ ǇƻǿŜǊ ǇƭŀƴǘΣ Ŏŀƴƴƻǘ ŎŀǇǘǳǊŜ ƻǘƘŜǊ /hн ŜƳƛǎǎƛƻƴǎ ƛƴ 

ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ ƻŦ ǇǊƻŘǳŎƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ όƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŦǳŜƭ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǘǊŀƴǎǇƻǊǘΣ ŜǘŎΦύΦ aƻǊŜƻǾŜǊΣ 

//{ ƛǘǎŜƭŦ ƭŜŀŘǎ ǘƻ ŦǳǊǘƘŜǊ /hн ŜƳƛǎǎƛƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ŜǾŜƴ ŀ ǘŜŎƘƴƻƭƻƎȅ ǘƘŀǘ ŎŀǇǘǳǊŜǎ фл҈ ƻŦ ǘƘŜ /hн 

ŜƳƛǎǎƛƻƴǎ ƛƴ ŀ ǇƻǿŜǊ ǇƭŀƴǘΣ Ŏŀƴ ƻƴƭȅ ŎŀǇǘǳǊŜ ŀōƻǳǘ ср҈ ƻŦ ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ DIDǎ ƛƴ ŀ bD// ǇƻǿŜǊ 

Ǉƭŀƴǘ (Cuéllar-Franca & Azapagic, 2015; Sathre et al., 2011).  
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Figure 3-1 > A visualization of the difference between CO2 captured and avoided 

(Adopted from singh et al. (2011)) 
 

/hн /ŀǇǘǳǊŜ 

aŀǘǳǊŜ //{ ǇǊƻŎŜǎǎŜǎ ǊŜǉǳƛǊŜ ŀ ǎǳōǎǘŀƴǘƛŀƭ ŀƳƻǳƴǘ ƻŦ ŜƴŜǊƎȅ ǘƻ ƻǇŜǊŀǘŜΥ млπмлл ǘƛƳŜǎ ƘƛƎƘŜǊ ǘƘŀƴ 

ƻǘƘŜǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎ ŜƳǇƭƻȅŜŘ ƛƴ ǇƻǿŜǊ ǇƭŀƴǘǎΦ ¢ƘǳǎΣ ŀŘŘƛƴƎ //{ ǘƻ ŀ ǇƻǿŜǊ Ǉƭŀƴǘ 

ǊŜŘǳŎŜǎ ǘƘŜ ǇƻǿŜǊ Ǉƭŀƴǘϥǎ ŜŦŦƛŎƛŜƴŎȅΣ ŀǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ ¢ŀōƭŜ оπпΦ  

¶ сл҈ ƻŦ ǘƘƛǎ ŜƴŜǊƎȅ ǇŜƴŀƭǘȅ ƛǎ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ŦƻǊ ŀƳƛƴŜ ǎƻƭǾŜƴǘ ǊŜƎŜƴŜǊŀǘƛƻƴ 

όǇƻǎǘπŎƻƳōǳǎǘƛƻƴύΣ ƻǊ ƭƻǎǎ ƛƴ ǿŀǘŜǊπƎŀǎ ǎƘƛŦǘ ǊŜŀŎǘƛƻƴ όǇǊŜπŎƻƳōǳǎǘƛƻƴύΣ ƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŦƻǊ 

ƻȄȅƎŜƴ ǇǊƻŘǳŎǘƛƻƴ όƻȄȅπŎƻƳōǳǎǘƛƻƴύΤ  

¶ ол҈ ƻŦ ǘƘƛǎ ŜƴŜǊƎȅ ǇŜƴŀƭǘȅ ƛǎ ŀǘǘǊƛōǳǘŜŘ ǘƻ /hн ŎƻƳǇǊŜǎǎƛƻƴΤ ŀƴŘ  

¶ мл҈ ƻŦ ǘƘƛǎ ŜƴŜǊƎȅ ǇŜƴŀƭǘȅ ƛǎ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǇǳƳǇǎΣ ŦŀƴǎΣ ŜǘŎΦ όCƻƭƎŜǊΣ нлмоύΦ  

!ƭǎƻΣ ǘƘŜ ƳŀǘǳǊŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǊŜǉǳƛǊŜ ŜȄǘŜƴǎƛǾŜ ŦŀŎƛƭƛǘƛŜǎΣ ƛƴ ŀƳƛƴŜ ŀōǎƻǊōŜǊǎ ǘƘŜǊŜ ƛǎ ŀ ǎǳōǎǘŀƴǘƛŀƭ 

ƭƻǎǎ ƻŦ ŀƳƛƴŜǎ ƻǾŜǊ ǘƛƳŜΣ ŀƴŘ ŀ ƭƻǘ ƻŦ ǿŀǘŜǊ ƛǎ ōŜƛƴƎ ǳǎŜŘΦ 

!ƭƭ ǘƘŜǎŜ ŦŀŎǘƻǊǎ ǘƻƎŜǘƘŜǊΣ ōǊƛƴƎ ǘƘŜ ŎŀǇƛǘŀƭ Ŏƻǎǘ ƻŦ ŀ ǇƻǎǘπŎƻƳōǳǎǘƛƻƴ //{ ƴŀǘǳǊŀƭ ǇƻǿŜǊ Ǉƭŀƴǘ ǘƻ 

Ŏƻǎǘ ŀǎ ǘǿƛŎŜ ŀǎ ƳǳŎƘ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ ǇƻǿŜǊ ǇƭŀƴǘΣ ŀƴŘ ǘƘŜ Ŏƻǎǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ƛƴŎǊŜŀǎŜ ōȅ плπмнл҈ 

όǎŜŜ ¢ŀōƭŜ оπпύΦ 

Lƴ ǇǊŜπŎƻƳōǳǎǘƛƻƴ /hн ŎŀǇǘǳǊŜΣ ŀǎ ƻŦ нлмрΣ ǘƘŜǊŜ ǿŜǊŜ ƳƻǊŜ ǘƘŀƴ ммл ŎƻƳƳŜǊŎƛŀƭ ŦŀŎƛƭƛǘƛŜǎ ǘƘŀǘ ǳǎŜ 
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{ŜƭŜȄƻƭ ǘŜŎƘƴƻƭƻƎȅ όLƳ Ŝǘ ŀƭΦΣ нлмрύΣ ŀƴŘ Ƴŀƴȅ ƻǘƘŜǊǎ ǘƘŀǘ ǳǎŜ wŜŎǘƛǎƻƭ ǘŜŎƘƴƻƭƻƎȅ17Φ ¢ƘŜ ǿƛŘŜ ǳǎŜ 

ƻŦ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ όƳŀƛƴƭȅ ŦƻǊ ƴŀǘǳǊŀƭ Ǝŀǎ ǇǊƻŎŜǎǎƛƴƎύ ƘŜƭǇŜŘ ǘƻ ƭƻǿŜǊ ǘƘŜƛǊ ŎƻǎǘΦ IƻǿŜǾŜǊΣ 

ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ Ŏƻǎǘ ƛƴ ŀ Ŏƻŀƭ LD// ǇƻǿŜǊ Ǉƭŀƴǘ ǿƛǘƘ {ŜƭŜȄƻƭ //{ ƛǎ ǎǘƛƭƭ ол҈ ƘƛƎƘŜǊ ǘƘŀƴ ǿƛǘƘƻǳǘΦ 

bƻƴŜǘƘŜƭŜǎǎΣ /hн ŎŀǇǘǳǊŜ Ŏƻǎǘ ǿƛǘƘ ǘƘŜ {ŜƭŜȄƻƭ ǘŜŎƘƴƻƭƻƎȅΣ ƛǎ ƻƴƭȅ Ϥнм L[{мсκǘ/hнŜ όϤрΦн 

¦{5моκǘ/hнŜύ όLƳ Ŝǘ ŀƭΦΣ нлмрύΦ ¢Ƙƛǎ ƛǎ мпπму ǘƛƳŜǎ ŎƘŜŀǇŜǊ ŎƻƳǇŀǊŜŘ ǘƻ ǇƻǎǘπŎƻƳōǳǎǘƛƻƴ ŀƳƛƴŜ 

ŀōǎƻǊǇǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ όнулπртл L[{мсκǘ/hнŜΣ ǎŜŜ ¢ŀōƭŜ оπпύΦ ¢ƘŜ wŜŎǘƛǎƻƭ ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ ƘƛƎƘŜǊ 

ŎŀǇƛǘŀƭ Ŏƻǎǘ ŀƴŘ ƭƻǿŜǊ ƻǇŜǊŀǘƛƴƎ Ŏƻǎǘ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ {ŜƭŜȄƻƭΦ {ǘǳŘƛŜǎ ǎƘƻǿŜŘ ǘƘŀǘ Lƴ ǘƘŜ ƭƻƴƎ 

ǊǳƴΣ ŜƛǘƘŜǊ wŜŎǘƛǎƻƭ ƻǊ {ŜƭŜȄƻƭ ǿŜǊŜ ŎƘŜŀǇŜǊ ŀŎŎƻǊŘƛƴƎ ǘƻ ŘƛŦŦŜǊŜƴǘ ŎŀǎŜ ǎǘǳŘƛŜǎ ό!ǊƛŜƴǘƛ Ŝǘ ŀƭΦΣ нллуύΦ 

¢ƘŜ ¦{! /ƻƴƎǊŜǎǎƛƻƴŀƭ wŜǎŜŀǊŎƘ {ŜǊǾƛŎŜ ό/w{ύ ǊŜǇƻǊǘ όCƻƭƎŜǊΣ нлмоύΣ ƎŀǾŜ ŀ ƳǳŎƘ ǿƛŘŜǊ ǊŀƴƎŜ ŦƻǊ 

ǇǊŜπŎƻƳōǳǎǘƛƻƴ /hн ŎŀǇǘǳǊŜ Ŏƻǎǘ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎΥ ннπомо L[{мсκǘ/hнŜ όрπтл ¦{5лтκǘ/hнŜύ ŦƻǊ 

IіξŀƳƳƻƴƛŀ ǇǊƻŘǳŎǘƛƻƴ ƻǊ ƴŀǘǳǊŀƭ Ǝŀǎ ǇǊƻŎŜǎǎƛƴƎ ǇƭŀƴǘΤ ŀƴŘ мопπспу L[{мсκǘ/hнŜ όолπмпр 

¦{5лтκǘ/hнŜύ ŦƻǊ ŀƭƭ ƻǘƘŜǊ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎΦ 

hƴ ŀǾŜǊŀƎŜΣ тлπфл҈ ƻŦ ǘƘŜ //{ Ŏƻǎǘ ƛǎ ŦǊƻƳ ǘƘŜ ŎŀǇǘǳǊŜ ǎǘŀƎŜ ό/ƘŀǇƳŀƴ Ŝǘ ŀƭΦΣ нлмоΤ CƻƭƎŜǊΣ нлмоύΦ 

¢ƘŜ ǾŀǊƛŀǘƛƻƴ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ŎŀǇǘǳǊŜ ǘŜŎƘƴƻƭƻƎȅΣ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ŦŀŎƛƭƛǘȅ όǘȅǇŜ ƻŦ ƛƴŘǳǎǘǊƛŀƭ 

ǇǊƻŎŜǎǎ ƻǊ ǇƻǿŜǊ ǇƭŀƴǘύΣ ŀƴŘ ŀƭǎƻ ƻƴ ǘƘŜ ǘǊŀƴǎǇƻǊǘ ŀƴŘ ǎǘƻǊŀƎŜ ǇŀǊŀƳŜǘŜǊǎ όǘǊŀƴǎǇƻǊǘ ŘƛǎǘŀƴŎŜΣ 

ƻƴǎƘƻǊŜ ƻǊ ƻŦŦǎƘƻǊŜΣ 9hw ƻǊ ŘŜŜǇ ǎŀƭƛƴŜ ŦƻǊƳŀǘƛƻƴύΦ 

!ƴƻǘƘŜǊ ǎǘǳŘȅ όwǳōƛƴ Ŝǘ ŀƭΦΣ нлмрύΣ ŎŀƭŎǳƭŀǘŜŘ ǘƘŀǘ ǇǊŜπŎƻƳōǳǎǘƛƻƴ /hн ŎŀǇǘǳǊŜ Ŏƻǎǘ ƛƴ LD// Ŏƻŀƭ 

ǇƻǿŜǊ Ǉƭŀƴǘǎ ǳǎƛƴƎ ǇƘȅǎƛŎŀƭ ǎƻƭǾŜƴǘ ǎŎǊǳōōƛƴƎ όǎƛƳƛƭŀǊ ǘƻ ǘƘŜ {ŜƭŜȄƻƭ ŀƴŘ wŜŎǘƛǎƻƭ ǘŜŎƘƴƻƭƻƎƛŜǎύΣ Ŏŀƴ 

ōŜ ŀǎ ƭƻǿ ŀǎ мор L[{мсκǘ/hнŜ όоп ¦{5моκǘ/hнŜύΦ ¢Ƙƛǎ ƛǎ сπт ǘƛƳŜǎ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜ ǘƘŀƴ ŎŀǊōƻƴ 

ŎŀǇǘǳǊŜ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ŦŀŎƛƭƛǘƛŜǎ όLƳ Ŝǘ ŀƭΦΣ нлмрύΣ ōǳǘ ǎǘƛƭƭ нπо ǘƛƳŜǎ ŎƘŜŀǇŜǊ ǘƘŀƴ ǇƻǎǘπŎƻƳōǳǎǘƛƻƴ 

όwǳōƛƴ Ŝǘ ŀƭΦΣ нлмрύΦ 

  

                                                           
17 RECTISOL® - https://www.the-linde-group.com/en/index.html  

https://www.the-linde-group.com/en/index.html
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Table 3-4 > Post-combustion CCS in Natural Gas Combined Cycle (NGCC) power plants18 

wŜŦŜǊŜƴŎŜ  L9! 

όCƛƴƪŜƴǊŀǘƘΣ 

нлммύ 

¦Y //{ ¢ŀǎƪ 

CƻǊŎŜ 

ό/ƘŀǇƳŀƴ  

Ŝǘ ŀƭΦΣ нлмоύ 

/w{ 

όCƻƭƎŜǊΣ 

нлмоύ 

wǳōƛƴ  

Ŝǘ ŀƭΦ 

όнлмрύ 

aǳǊŀǘƻǊƛ 

Ŝǘ ŀƭΦ 

όнлмтύ19 

 wŜŦΦ bD// Ǉƭŀƴǘ όƴƻ //{ύ      

bŜǘ ŜŦŦƛŎƛŜƴŎȅ ҈ рт҈ рп҈ рл҈ рм҈ рн҈ 

9Ƴƛǎǎƛƻƴ ǊŀǘŜ όǘ/hнŜκa²Ƙύ    лΦос  

/ŀǇƛǘŀƭ Ŏƻǎǘ όL[{мсκƪ²ύ плфф омор  пмсп ппуо 

/h9 όL[{мсκa²Ƙύ онф отр нфм нрп π 

bD// ǿƛǘƘ ŎŀǊōƻƴ ŎŀǇǘǳǊŜ 

ƻƴƭȅ 

     

9Ƴƛǎǎƛƻƴ ǊŀǘŜ όǘ/hнŜκa²Ƙύ    лΦлп  

/hнŜ ǊŜŘǳŎǘƛƻƴ ǇŜǊ a²Ƙ ό҈ύ    уу҈  

bŜǘ ŜŦŦƛŎƛŜƴŎȅ ό҈ύ пу҈ пр҈ϝ по҈ пп҈ пн҈ 

wŜƭŀǘƛǾŜ ŘŜŎǊŜŀǎŜ ƛƴ ƴŜǘ 
ŜŦŦƛŎƛŜƴŎȅ 

мр҈ мф҈ мс҈ мс҈ нп҈ 

/hнŜ ŎŀǇǘǳǊŜŘ όǘ/hнŜκa²Ƙύ лΦоснϝ   лΦосπлΦоф  

/hнŜ ŀǾƻƛŘŜŘ όǘƻƴκa²Ƙύ лΦомр лΦомрϝ лΦомрϝ лΦомπлΦоо  

/ŀǇƛǘŀƭ Ŏƻǎǘ όL[{мсκƪ²ύ тоно ттлмϝ  умун уфст 

wŜƭŀǘƛǾŜ ƛƴŎǊŜŀǎŜ ƛƴ ŎŀǇƛǘŀƭ 

Ŏƻǎǘ 

ун҈ мпр҈ϝ  фс҈ млл҈ 

/h9 όL[{мсκa²Ƙύ пос руф офоϝ оср π 

wŜƭŀǘƛǾŜ ƛƴŎǊŜŀǎŜ ƛƴ /h9 оо҈ рт҈ ор҈ϝ пр҈ π 

/ƻǎǘ ƻŦ /hнŜ ŎŀǇǘǳǊŜŘ 

όL[{мсκǘ/hнŜύ 

опн ртлϝ нунϝ офп оуф 

/ƻǎǘ ƻŦ /hнŜ ŀǾƻƛŘŜŘ 

όL[{мсκǘ/hнŜύ 

 стуϝ онсϝ опр мпм 

tŜǊŎŜƴǘŀƎŜ ƻŦ ŎŀǇǘǳǊŜ Ŏƻǎǘ 
ƻǳǘ ƻŦ ŀƭƭ //{ Ŏƻǎǘǎ 

 тл҈ϝ улπфл҈   

bD// ǿƛǘƘ Ŧǳƭƭ //{20      

/h9 όL[{мсκa²Ƙύ π унм пмм нрлπпуп π 

wŜƭŀǘƛǾŜ ƛƴŎǊŜŀǎŜ ƛƴ /h9 π ммф҈ϝ пм҈ϝ нуπтн҈ π 

/ƻǎǘ /hнŜ ŀǾƻƛŘŜŘ 

όL[{мсκǘ/hнŜύ 

π мпмпϝ 

όƻŦŦǎƘƻǊŜύ 

оупϝ 

όƻƴǎƘƻǊŜύ 

нопπрсу 

όƻƴǎƘƻǊŜύ 

π 

!ƭƭ Řŀǘŀ ŀǎ ŀǇǇŜŀǊǎ ƛƴ ǘƘŜ ŀǊǘƛŎƭŜǎΣ ŜȄŎŜǇǘ ǿƘŜƴ ƳŀǊƪŜŘ ƻǘƘŜǊǿƛǎŜΦ 
ϝ /ŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ŀǊǘƛŎƭŜϥǎ ŘŀǘŀΦ 

                                                           
18 The data with the original currencies is available in Appendix C. 
19 Calculated for the year 2020. 
20 The transportation and storage parameters are different in every article, therefor the results are more variable. 
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Transport and storage 

Transport and storage make 10-30% of CCS cost, depending on the capture technology, and also on 

the transport and storage parameters: transport distance, onshore\offshore pipeline and storage. 

Table 3-5 summarizes the transport costs from four articles (Rubin et al., 2015). 

 

Table 3-5 > Transport cost (ILS16/ tCO2/250 km) at three different pipeline capacities  
 

tƛǇŜƭƛƴŜ ƭƻŎŀǘƛƻƴ tƛǇŜƭƛƴŜ 
ŎŀǇŀŎƛǘȅ  
о aǘ/hнκȅǊ 

tƛǇŜƭƛƴŜ 
ŎŀǇŀŎƛǘȅ  
мл aǘ/hнκȅǊ 

tƛǇŜƭƛƴŜ 
ŎŀǇŀŎƛǘȅ  
ол aǘ/hнκȅǊ 

hƴǎƘƻǊŜ мтπпо фπмр рπф 

hŦŦǎƘƻǊŜ нфπрф мпπмф уπмл 

 

(Source: Rubin et al., 2015) 

 

CƻǊ ƻƴǎƘƻǊŜ ǎǘƻǊŀƎŜΣ ǘƘŜ Ŏƻǎǘ ƛǎ ōŜǘǿŜŜƴ пπтм L[{мсκǘ/hн όмπму ¦{5моκǘ/hнύΣ ōŀǎŜŘ ƻƴ ŦƛǾŜ ŀǊǘƛŎƭŜǎ 

όwǳōƛƴ Ŝǘ ŀƭΦΣ нлмрύΦ ¢ƘŜ ƭƻǿŜǊ ŜƴŘ ƻŦ ǘƘŜ ǊŀƴƎŜ ƛǎ ŦƻǊ Ŏƻǎǘ ƻŦ ǎǘƻǊŀƎŜ ƛƴ ŘŜǇƭŜǘŜŘ ƻƛƭ ϧ Ǝŀǎ ŦƛŜƭŘǎ 

όǿƛǘƘ ŀǘ ƭŜŀǎǘ ǇŀǊǘ ƻŦ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƭǊŜŀŘȅ ƛƴ ǇƭŀŎŜύΣ ŀƴŘ ǘƘŜ ƘƛƎƘ ŜƴŘ ƻŦ ǘƘŜ ǊŀƴƎŜ ǊŜǇǊŜǎŜƴǘǎ 

ǘƘŜ Ŏƻǎǘ ƻŦ ǎǘƻǊŀƎŜ ƛƴ ŘŜŜǇ ǎŀƭƛƴŜ ŦƻǊƳŀǘƛƻƴǎΦ 

¢ƘŜǎŜ Ŏƻǎǘǎ ƛƴŎƭǳŘŜ ƪƴƻǿƴ Ŏƻǎǘǎ ǊŜƭŀǘŜŘ ǘƻ ƭƻƴƎ ǘŜǊƳ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ǘƘŜ ǎǘƻǊŀƎŜ 

ŦŀŎƛƭƛǘƛŜǎΦ ¢Ƙƛǎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ƴŜǿΣ ǿƛǘƘ ƴƻǘ ŀ ƭƻǘ ƻŦ ȅŜŀǊǎ ƻŦ ŜȄǇŜǊƛŜƴŎŜΦ 9ǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ 

ǘƘŜ ǘƛƳŜπǎǇŀƴ ǘƘŜǎŜ ǎǘƻǊŀƎŜ ŦŀŎƛƭƛǘƛŜǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ǎǘƻǊŜ /hнΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜǊŜ ƛǎ ƳǳŎƘ 

ǳƴŎŜǊǘŀƛƴǘȅ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŎƻǎǘΦ ²Ŝ Ŏŀƴ ŎƻƳǇŀǊŜ ƛǘ ǘƻ ŀ ǎƛƳƛƭŀǊ ǘŜŎƘƴƻƭƻƎȅπ ƘȅŘǊŀǳƭƛŎ ŦǊŀŎǘǳǊƛƴƎΦ 

¢ƘŜǊŜΣ ǇǳōƭƛŎ ŎƻƴŎŜǊƴǎ ƘŀǾŜ ǊƛǎŜƴ ƛƴ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜ ǊŜƎŀǊŘƛƴƎ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅΦ ¢Ƙƛǎ ƭŜŘ ǘƻ 

ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƛƴ ƻǇŜǊŀǘƛƴƎ ǇǊƻŎŜŘǳǊŜǎ ŀƴŘ ƘƛƎƘŜǊ Ŏƻǎǘǎ όwǳōƛƴ Ŝǘ ŀƭΦΣ нлмрΤ ²ƻƭŦŦΣ нлмпύΦ 

LŦ ǿŜ ǘŀƪŜ ŀ ŎŀǎŜ ǎǘǳŘȅ ƛƴ LǎǊŀŜƭΣ ƻŦ ǘǊŀƴǎǇƻǊǘƛƴƎ о aǘ/hнκȅǊ ŦǊƻƳ ŎŜƴǘǊŀƭ LǎǊŀŜƭ ǘƻ ŀ ŘŜŜǇ ǎŀƭƛƴŜπ

ŦƻǊƳŀǘƛƻƴ ƛƴ ǘƘŜ ǎƻǳǘƘ όbƻǊǘƘŜǊƴ bŜƎŜǾύΣ ŦƻǊ мрл ƪƳΥ ǳǎƛƴƎ wǳōƛƴ Ŝǘ ŀƭΦ όнлмрύ ƴǳƳōŜǊǎΣ ǘƘŜ 

ǘǊŀƴǎǇƻǊǘ ǿƛƭƭ Ŏƻǎǘ омπту Ƴƛƭƭƛƻƴ L[{мс ŀƴƴǳŀƭƭȅΣ ŀƴŘ ǎǘƻǊƛƴƎ ǘƘŜǎŜ о aǘ/hнΣ ǿƛƭƭ Ŏƻǎǘ млтπнмп Ƴƛƭƭƛƻƴ 

L[{мсΦ ¢ƘŜ ǘƻǘŀƭ ŦƻǊ ǘǊŀƴǎǇƻǊǘ ŀƴŘ ǎǘƻǊŀƎŜ ƛǎ моуπнфн Ƴƛƭƭƛƻƴ L[{мсκо aǘ/hнκȅǊ όорπтп Ƴƛƭƭƛƻƴ ¦{5моκо 

aǘ/hнκȅǊύΣ ƻǊ псπфт L[{мсκǘ/hн όммΦсπнпΦп ¦{5моκǘ/hнύΦ  

/ƻƭƭƻŘƛ Ŝǘ ŀƭΦ όнлмтύ ǳǎŜŘ ŀ Ŏƻǎǘ ƻŦ по L[{мсκǘ/hн όмл 9¦wмпκǘ/hнύ ŦƻǊ ǘǊŀƴǎǇƻǊǘ ŀƴŘ ǎǘƻǊŀƎŜΦ ¦ǎƛƴƎ 

ǘƘŜǎŜ ƴǳƳōŜǊǎΣ ǘƘŜ Ŏƻǎǘ ŦƻǊ ǘǊŀƴǎǇƻǊǘƛƴƎ ŀƴŘ ǎǘƻǊƛƴƎ ƛǎ мнф Ƴƛƭƭƛƻƴ L[{мсκо aǘ/hнκȅǊ όол Ƴƛƭƭƛƻƴ 

9¦wмпκо aǘ/hнκȅǊύΦ 
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Utilization 

CO2 utilization as a product offers lower overall costs for CCS, as selling CO2 for production of goods 

is a source of income. Power plants selling CO2 for EOR can reduce the COE from 250-484 to 191-

445 ILS16/MWh (63-122 to 48-112 USD13/MWh). In other words, a COE that is lower by 10-30% 

compared to CCS without utilization, or - a COE that is 7-56% more expensive compared to a non-

CCS power plant (Rubin et al., 2015). 

A recent article showed that CCU in a MeOH plant, can be done without increasing the MeOH 

production cost and might even be profitable (Collodi et al., 2017). See Section 3.2 on methanol. 

 

Future CCS cost 

In many technologies, the cost of their implementation tends to decrease with time. This, due to 

economy of scale, improvement in production\ implementation, more experience with the 

technology, etc. The same may happen with CCS technologies. For CCS in electricity production, the 

UK CCS task force proposed a roadmap for reducing the cost. This roadmap includes assignments 

needed to be performed in order to promote CCS cost reduction. Their roadmap suggests a CCS 

cost reduction of 40% within 15 years (2013-2028). In other words, lowering the /h9 ŦǊƻƳ руф ǘƻ 

оро όL[{мсκa²Ƙύ ό/ƘŀǇƳŀƴ Ŝǘ ŀƭΦΣ нлмоύΦ 9ǾŜƴ ǘƘƻǳƎƘ ǘƘƛǎ ǇƻǘŜƴǘƛŀƭ ǊŜŘǳŎǘƛƻƴ ƛǎ ƛƳǇǊŜǎǎƛǾŜΣ ǘƘŜ 

Ŏƻǎǘ ŀŦǘŜǊ ǊŜŘǳŎǘƛƻƴ ƛǎ ƻƴƭȅ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ŀǾŜǊŀƎŜ /h9 ƛƴ ¢ŀōƭŜ оπпΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ǘƘŜ ¦Y 

ǘŀǎƪ ŦƻǊŎŜ /h9 Ŏƻǎǘ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ƳǳŎƘ ƘƛƎƘŜǊ ǘƘŀƴ ƛƴ ǘƘŜ ƻǘƘŜǊ ǎƻǳǊŎŜǎ όCƛƴƪŜƴǊŀǘƘΣ нлммΤ CƻƭƎŜǊΣ 

нлмоΤ wǳōƛƴ Ŝǘ ŀƭΦΣ нлмрύΦ  

²Ŝ ōŜƭƛŜǾŜ ǘƘŀǘ ƛǘ ƛǎ ǇǊƻōŀōƭŜ ǘƘŀǘ ǘƘŜ //{ Ŏƻǎǘ ǿƛƭƭ ōŜ ǊŜŘǳŎŜŘ ŀǎ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƳŀǘǳǊŜǎ ŀƴŘ ŀǎ 

ƳƻǊŜ ŀƴŘ ƳƻǊŜ //{ ǇǊƻƧŜŎǘǎ ŀǊŜ ǊŜŀƭƛȊŜŘΦ IƻǿŜǾŜǊΣ ƴƻǘ ŀ ƭƻǘ ƻŦ //{ ǇǊƻƧŜŎǘǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ōŜƛƴƎ ōǳƛƭǘ 

ƻŦ ǇƭŀƴƴŜŘΦ ¢ƘŜǊŜ ŀǊŜ ƻƴƭȅ ŀ ƘŀƴŘŦǳƭ ƻŦ //{ ǇǊƻƧŜŎǘǎ ǘƘŀǘ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ŎƻƴǎǘǊǳŎǘŜŘ ƛƴ ǘƘŜ ƴŜȄǘ 

р ȅŜŀǊǎΣ ŀƴŘ ƻƴƭȅ мс ǘƘŀǘ ŀǊŜ ƛƴ ǘƘŜ ǇƭŀƴƴƛƴƎ ǎǘŀƎŜΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƭŜŀǊƴƛƴƎ ŎǳǊǾŜ ƛƴ ǘƘŜ ŦƛŜƭŘ ƛǎ ƴƻǘ 

ŜȄǇŜŎǘŜŘ ǘƻ ǊƛǎŜ ǉǳƛŎƪƭȅΣ ŀƴŘ ǘƘŜ Ŏƻǎǘ ƛǎ ƴƻǘ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ǊŜŘǳŎŜŘ ŎƻƴǎƛŘŜǊŀōƭȅ ƛƴ ǘƘŜ ƴŜȄǘ рπмл 

ȅŜŀǊǎ όǎŜŜ ¢ŀōƭŜ нπнύΦ 
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3.2 Integrated CCS solutions at the plant level 

In this section, we combine the different stages and mature technologies discussed above, to 

compile integrated CCS solutions at the plant level. This allows a better understanding of the 

complexity and costs of capturing, transport and storage or utilization. 

Natural gas processing plant and CNG plant 

Natural gas is a composition of gases. The main flammable gas is /Iј. It can also contain /hн, water, 

H2S, N2, heavier hydrocarbons, etc. The composition differs between gas fields. /hн fraction can be 

less than one percent but can also reach 46% of the raw natural gas. When natural gas is processed 

after extraction, /hн, water, H2S, and liquid hydrocarbons are separated in order to increase the 

quality of the natural gas and to reduce its corrosiveness to infrastructure. /hн separation is done 

usually with absorption, but sometimes with membranes (see Section 3.1) (Shimekit & Mukhtar, 

2012). 

As /hн is often separated in this stage anyway- capturing, transporting and storing it can be 

performed relatively cheaply and easily. Thus, instead of releasing the separated /hн to the 

atmosphere, CCS can prevent it from contributing to climate change. 

CNG production involves only the compression of natural gas to 20ς25 MPa (2,900ς3,600 psi). 

Therefore, no CCS is relevant to its production. 

Methanol plant 

¢ƘŜǊŜ ŀǊŜ ƳƻǊŜ ǘƘŀƴ млл aŜhI Ǉƭŀƴǘǎ ǿƻǊƭŘǿƛŘŜΣ ǘƘŀǘ ǇǊƻŘǳŎŜ ŀōƻǳǘ млл Ƴƛƭƭƛƻƴ ƳŜǘǊƛŎ ǘƻƴǎ ƻŦ 

MeOH ǇŜǊ ȅŜŀǊ όнлмрύΦ aƻǎǘ Ǉƭŀƴǘǎ ƻǳǘǎƛŘŜ ƻŦ /ƘƛƴŀΣ ǳǎŜ ƴŀǘǳǊŀƭ Ǝŀǎ ŀǎ ŦŜŜŘǎǘƻŎƪǎΦ !ǾŜǊŀƎŜ ŀƴƴǳŀƭ 

/hн ŜƳƛǎǎƛƻƴǎ ŀǊŜ лΦоπлΦп ǘ/hнŜκǘaŜhIΣ ƻǊ оллπплл Ƴƛƭƭƛƻƴ ƳŜǘǊƛŎ ǘƻƴǎ ǇŜǊ ȅŜŀǊ ǿƻǊƭŘǿƛŘŜΦ 5ǳŜ ǘƻ 

ƛǘǎ ŜȄǇŜŎǘŜŘ ǊƛǎƛƴƎ ǳǎŜ ŀǎ ǾŜƘƛŎƭŜ ŦǳŜƭΣ MeOH ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƎǊƻǿ ƛƴ Ϥмр҈ ƛƴ ǘƘŜ ŎƻƳƛƴƎ 

ŘŜŎŀŘŜ όнлмтπнлнтύ ό/ƻƭƭƻŘƛ Ŝǘ ŀƭΦΣ нлмтύΦ 

! ǘŜŎƘƴƻπŜŎƻƴƻƳƛŎ ǎǘǳŘȅ ƻƴ //¦ ŘǳǊƛƴƎ MeOH ǇǊƻŘǳŎǘƛƻƴ ǎǘǳŘƛŜŘ ǇǊƻŘǳŎǘƛƻƴ ƻŦ рллл ǘƻƴǎ 

MeOHκŘŀȅΣ ŦǊƻƳ ƴŀǘǳǊŀƭ ƎŀǎΣ ǘƘǊƻǳƎƘ ǎȅƴƎŀǎΦ ¢ƘŜ /hн ǘƘŀǘ ƛǎ ŀ ōȅπǇǊƻŘǳŎǘ ƻŦ ǘƘŜ ǎȅƴƎŀǎ ǇǊƻŘǳŎǘƛƻƴ 

ǇǊƻŎŜǎǎ ƛǎ ŎŀǇǘǳǊŜŘ ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǳǎƛƴƎ ŎƘŜƳƛŎŀƭ ŀōǎƻǊǇǘƛƻƴ όa9! ǎƻƭǾŜƴǘύΦ ²ƘƛƭŜ ƛƴ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ 

MeOH Ǉƭŀƴǘ ǘƘŜ ƭŜǾŜƭƛȊŜŘ Ŏƻǎǘ ƻŦ MeOH ƛǎ ммун L[{мсκǘMeOH όнтп 9¦wмпκǘaŜhIύΣ ǿƛǘƘ //{ ƛǘ ƛǎ 

мнфл L[{мсκǘaŜhI όнфф 9¦wмпκǘaŜhIύ π ƻƴƭȅ ŀ ф҈ ƛƴŎǊŜŀǎŜΦ bƻǘŜ ǘƘŀǘ ǘƘƛǎ ǇǊƛŎŜ ƛƴŎƭǳŘŜǎ /hн 

ǘǊŀƴǎǇƻǊǘ ŀƴŘ ǎǘƻǊŀƎŜ ό/ƻƭƭƻŘƛ Ŝǘ ŀƭΦΣ нлмтύΦ 



75 
 

aƻǊŜƻǾŜǊΣ ǎƛƴŎŜ нллпΣ MeOH Ǉƭŀƴǘǎ ƛƴ LǊŀƴ ŀƴŘ {ŀǳŘƛ !Ǌŀōƛŀ ǳǎŜ /hн ŦǊƻƳ ŀƳƳƻƴƛŀ Ǉƭŀƴǘǎ ǘƻ ōƻƻǎǘ 

ǇǊƻŘǳŎǘƛƻƴ ό/ƻƭƭƻŘƛ Ŝǘ ŀƭΦΣ нлмтύΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ Ŏŀƴ ōƻƻǎǘ ǇǊƻŘǳŎǘƛƻƴ ōȅ ǳǇ ǘƻ нл҈Σ ǿƘƛƭŜ ǊŜŘǳŎƛƴƎ 

ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ōȅ ǳǇ ǘƻ р҈Σ ŀƴŘ ǊŜŘǳŎƛƴƎ /hн ŜƳƛǎǎƛƻƴǎ όƻǊ ǘƘŜ ŀƳƻǳƴǘ ǎŜƴǘ ǘƻ ǎǘƻǊŀƎŜύ ōȅ 

рл҈Φ ¢ƘǳǎΣ //¦ ƛƴ ŀ MeOH Ǉƭŀƴǘ Ŏŀƴ ƻŦŦǎŜǘ ǘƘŜ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴπŎŀǇǘǳǊŜ ōȅ ƛƴŎǊŜŀǎŜŘ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ 

ŜƴŜǊƎȅ ǎŀǾƛƴƎǎΦ Lǘ ƳƛƎƘǘ ŜǾŜƴ ōŜ ǇǊƻŦƛǘŀōƭŜΦ {ƻΣ ŦƻǊ ŜǾŜǊȅ м ǘaŜhI ǇǊƻŘǳŎŜŘΣ ϤлΦмтр ǘ/hнŜ Ŏŀƴ ōŜ 

ǳǘƛƭƛȊŜŘ ǘƻ ǇǊƻŘǳŎŜ ƳƻǊŜ MeOHΣ ŀƴŘ ϤлΦмтр ǘ/hнŜ Ŏŀƴ ōŜ ǎǘƻǊŜŘΦ 

To calculate the possible reduction in CO2 emissions from MeOH production and use, we calculate 

the ratio between their molecular weight:  
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When we multiply this number with 1 tMeOH, we get the weight of CO2 that is released upon 1 

tMeOH combustion. 1.375 tCO2e are emitted upon 1 tMeOH combustion. If we combine the 

amount of CO2 that is released upon MeOH production and MeOH combustion, we find CO2 

emissions from MeOH production and use: 0.175 tCO2e + 1.375 tCO2e = 1.55 tCO2e  

1.55 tCO2e are emitted upon production and use of 1 tMeOH. The percentage of CO2e that can be 

captured is: 0.175/1.55=~0.11 

Therefore, only ~11% of the potential CO2 in MeOH production and use can be captured and 

stored. The rest is released to the atmosphere upon MeOH combustion. 

GTL plant 

There is not a lot of information on the cost of CCS in GTL plants, mostly because GTL plants are 

expensive, rare and new. If we consider the full abatement cost in the GTL plant, that includes 

capturing and compressing CO2, in 2025 it will be ~300 ILS16/tCO2e (665 ZAR07/tCO2e) (Telsnig et al., 

2013). This is in the cost range of capturing CO2 in a NGCC power plant (see Table 3-4 and the NGCC 

analysis in this section).  

However, the GTL process starts with gasification of CH4 to syngas, and CO2 is a byproduct of syngas 

production. Interestingly, the following Fischer-Tropsch reaction that converts the syngas to liquid 

hydrocarbons, requires the removal of CO2 from the syngas mixture for an efficient reaction. Thus, 

the GTL process has a built-in carbon capture stage, even without CCS. This is one of the reasons 
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why a GTL facility has a high capital cost. For full CCS solution for a GTL plant, one needs only to 

compress, transport and store the separated CO2 (Jaramillo et al., 2008; Jaramillo et al., 2009; Ou et 

al., 2013). 

As noted before, these are the less expensive phases of CCS, and account for 10-30% of a total CCS 

solution (Chapman et al., 2013; Folger, 2013). The implication is that if one has already committed 

to build an expensive, energy-wasteful and polluting GTL factory, upgrading it to have a full CCS 

solution is relatively not expensive. Also, upgrading it to a full CCS solution can be achieved 

relatively easily even without prior planning and after the facility completion. The break-even price 

for carbon capture is only 30.55 ILS16/tCO2e (6 EUR05/tCO2e) at a GTL plant gate (van Vliet, Faaij, & 

Turkenburg, 2009). This is 10 times cheaper than the cost of CO2e capturing in a NGCC power plant 

(see Table 3-4). 

Thus, compressing CO2 in the GTL facility, adds only 0.13 ILS16/liter (0.03 USD08/liter) of gasoline or 

diesel GTL prices, or adds only 173 ILS16/ton of gasoline. This represents an increase of only 5% 

compared to GTL fuel production cost without compressing CO2 (Jaramillo et al., 2008), or 3.5% of 

Israeli petroleum-based production cost (MOE, 2012b).  

(Ou et al., 2013) calculated that CCS can reduce CO2e emissions from GTL life cycle by 37%, from 

215 to 135 gr. CO2e/km. Even though this reduction looks impressive, we should keep in mind that 

GTL is one of the most energy wasteful fuel types, and one of the largest GHGs emitters over its life 

cycle per km or liter. GTL with CCS, only reaches CO2e emissions levels similar to a hybrid electric 

and internal combustion engine vehicle. GTL with CCS has higher emissions than that of an EV using 

electricity from natural gas power plants without CCS (Ou et al., 2013). 

Natural Gas Combined Cycle (NGCC) power plant 

! ǊŜƭŀǘƛǾŜƭȅ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ŀǊǘƛŎƭŜǎ ƘŀǾŜ ōŜŜƴ ǿǊƛǘǘŜƴ ƻƴ //{ ƛƴ bD// ǇƻǿŜǊ ǇƭŀƴǘǎΦ ! ǎǳƳƳŀǊȅ ƻŦ 

ŦƛǾŜ Ƴŀƛƴ ŀǊǘƛŎƭŜǎ ǘƘŀǘ ƘŀǾŜ ǊŜǾƛŜǿŜŘ ŘƻȊŜƴǎ ƻŦ ŀǊǘƛŎƭŜǎ ƛƴ ǘƘƛǎ ŦƛŜƭŘΣ ƛǎ ƎƛǾŜƴ ƛƴ ¢ŀōƭŜ оπпΦ ¦ǎǳŀƭƭȅΣ ŀ 

Ǉƻǎǘ ŎƻƳōǳǎǘƛƻƴ ŀƳƛƴŜ ŀōǎƻǊǇǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƛƴ bD// ǇƻǿŜǊ ǇƭŀƴǘǎΦ 

Adding a carbon capture facility to a power plant adds capital cost to the power plant. Also, it 

lowers the efficiency of energy production, because a large portion of the energy produced is used 

for carbon capture and is not distributed outside of the power plant. This elevates the operational 

costs as well. The capital cost of NGCC power plants with CCS ranges between 7700-9000 ILS16/kW. 

This is an 80-150% increase compared to NGCC power plants without CCS. The COE is elevated by 
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30-60% to 360-436 ILS16/MWh (without transportation and storage). The COE range with onshore 

transportation and storage is 250-484 ILS16/MWh, while offshore transport and storage can elevate 

the COE to 821 ILS16/MWh.  

The Cost CO2e avoided for carbon capture only is 140-680 ILS16/tCO2e. For the full CCS solution, it is 

230-570 ILS16/tCO2e for onshore transport and storage, while offshore transport and storage can 

elevate it to 1400 ILS16/tCO2e.  

Coal power plants with CCS, have similar COE as natural gas ones. Interestingly, because the coal 

emits much more CO2 compared to natural gas, coal power plants with CCS are more cost-effective 

and can capture a ton of CO2 for half the price of a natural gas one (Rubin et al., 2015) 

Therefore, if a country wants to reduce as much CO2 emissions as possible using CCS for the lowest 

price, it should use CCS in coal power plants and not in natural gas ones. 

Summary 

CO2 capture and storage during natural gas processing is a relatively easy and cheap option, when 

the raw natural gas contains a large fraction of CO2. No CCS is relevant for CNG production. 

Among the solutions that match the FCI options for introducing natural gas-based transportation 

fuels to the Israeli market, the cheapest solution is to build a MeOH plant with integrated CCU (see 

Figure 3-2). It can even increase the profit of the MeOH plant. However, MeOH CCU is expected to 

reduce only 11% of the CO2e emissions associated with MeOH production and use (see Figure 3-3). 

The GTL solution is also interesting, as it is quite cheap to implement (see Figure 3-2), especially 

when considering the GTL plant high capital cost. It can reduce 37% of GTL life cycle CO2e emissions 

(see Figure 3-3). 

If a substantial reduction in CO2e emissions is desired, it can be carried out through NGCC power 

plant CCS. It will increase the COE by 30-70%, but will reduce power plants CO2e emissions by 88%, 

for electricity power generation and transportation systems (cars, trains, buses and of all 

electricity). Note that in a life cycle perspective, this reduction is only 65% of all GHGs emissions 

(due to emissions from infrastructure, fuel production and transport, etc.) (see Figure 3-3). The 

added value of electric transportation compared to internal combustion engine transportation, is 

the absence of local emission of pollutants and lower transportation noise in urban areas. However, 

per tCO2 captured, this solution is by far the most expensive (see Figure 3-2). It has to be noted that 
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costs presented in Figure 3-2 do not include transport and storage, which is the same for all 

facilities per tCO2. 

{ƛƴŎŜ ǊŜǎŜŀǊŎƘ ƻƴ MeOHΣ D¢[ ŀƴŘ //{ ƛǎ ƭƛƳƛǘŜŘ ōǳǘ ǇǊƻƳƛǎƛƴƎΣ ƛǘ ƛǎ ŀŘǾƛǎŀōƭŜ ǘƻ ǎǘǳŘȅ ǘƘŜƛǊ 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƛƴ LǎǊŀŜƭΦ Lǘ ƛǎ ŀƭǎƻ ŀŘǾƛǎŀōƭŜ ǘƻ ǊŜǾƛŜǿ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ŦǳǊǘƘŜǊ ƻǾŜǊ ǘƛƳŜ ǘƻ ŎƻƳǇƛƭŜ 

ƴŜǿ Řŀǘŀ ǘƘŀǘ Ƴŀȅ ōŜŎƻƳŜ ŀǾŀƛƭŀōƭŜΦ 

 

 

Figure 3-2 > The cost of capturing CO2 in natural gas-based transportation fuel substitute's facilities 
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Figure 3-3 > The percentage of life-cycle GHGs that CCS can capture in natural gas-based transportation fuel 
substitute's facilities 
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4 POLICY OVERVIEW 

4.1 Policies review 

Achieving emission reduction targets at the lowest cost requires that all emission reduction 

technologies are deployed in order of their relative cost effectiveness. Such an outcome is best 

achieved through policies that are technology neutral. Among such technologies, CCS has an 

ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ /hі ŜƳƛǎǎƛƻƴǎ ǘƘǊƻǳƎƘ нлрл ƛŦ ǿŜ ŀǊŜ ǘƻ ƭƛƳƛǘ ǘƘŜ ǊƛǎŜ ƛƴ Ǝƭƻōŀƭ 

temperature to 2 degrees Celsius at the least cost (IEA, 2016b). To achieve that, the deployment of 

CCS needs to be rapid and widespread across many nations around the world.  

As is the case with other emission reduction technologies, targeted polices and increased 

investment will be needed to put CCS on the path to deployment. Until 2015, the total investment 

in CCS has been less than 1% of the total investment in renewable power generation technologies 

(predominantly wind and solar PV) (GCCSI, 2015a). This may reflect - in part - that CCS has not been 

afforded comparable policy support and much more effort is required to encourage further 

deployment. 

Four key pillars that would drive investments in CCS as a low-carbon 

technology (Consoli et al., 2017; GCCSI, 2016):  

1. A predictable and enduring policy environment,  

2. Effective and comprehensive CCS law and regulation,  

3. Early storage site identification and site characterization,  

4. Research and Development (R&D) targeting cost reduction of CCS 

technologies. 

The Global CCS Institute (GCCSI) developed a readiness index which quantifies the extent to which a 

country has created an enabling environment for investment in the wide-scale, commercial 

deployƳŜƴǘ ƻŦ //{Φ ! ƴŀǘƛƻƴΩǎ ǊŜŀŘƛƴŜǎǎ ƛǎ ōŀǎŜŘ ƻƴ ŀƴ ŀƎƎǊŜƎŀǘƛƻƴ ƻŦ ǎŎƻǊŜǎ ŦǊƻƳ ŦƻǳǊ ǎǳō-

indicators:  
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1. Inherent interest ς due to the country's high emissions or consumption and/or production 

of fossil fuels. 

2. Legal and Regulatory τ frameworks which are critical to the regulation of CCS. These can 

include environmental assessments, public consultation and long-term-liability.  

3. Policy τ this includes direct support for CCS as well as broader implicit support through 

measures such as carbon pricing, research or project funding and initiatives. 

4. Storage τ based on geological and technical aspects that could impact a storage project 

within the borders of that country, including the geology, the maturity of storage 

assessments and technicŀƭ ŀōƛƭƛǘȅ ǘƻ ǎǘƻǊŜ /hіΦ  

The analysis reveals that a significant amount of government and private sector activity has been 

focused on CCS technology development, particularly the capture and storage of CO2, which are 

now mature technologies. Less emphasis has been placed on the two components that drive 

investments, which are a supportive policy environment driving CCS, and legal and regulatory 

frameworks that enable the projects to proceed. This may reflect the desire of policy makers to 

examine the technical feasibility of storage and other aspects of CCS prior to implementing policies 

and legislation to support fuller deployment of CCS. 

CCS Policy Indicator for Select Countries 

When focusing on the policy indicator, the majority of countries in the GCCSI analysis, have low 

scores21 (see Figure 4-1). This finding is not surprising since CCS does not receive equal policy 

support compared to other GHG mitigation technologies such as renewable electricity generation. 

The policy indicator described is a relative measure, reflecting the fact that there are currently no 

countries with policies that are sufficient to encourage deployment of CCS at a large scale. 

However, significant differences can be observed between countries according to their policy 

indicator ranking (Consoli et al., 2017): 

¶ Countries with relatively higher scores (Canada, Netherlands, Norway, UK and the US) have 

employed a broad range of measures to pursue climate change targets. Governments in 

these countries have also made consistent statements that identify the important role of 

                                                           
21 Low score means few or no policies regarding the role of CCS in overall climate change policy, as well as, little 
inherent CCS interest, while a high score expresses the opposite trend. 
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CCS alongside other low and zero emission technologies. Investment in CCS projects and 

research is supported via a combination of legislated requirements, market-based incentives 

and supportive institutional arrangements. Also, direct regulation of emissions from power 

plants, encourages the deployment of CCS in this sector. It is important to emphasize that 

the global investment in CCS is by far lower than global investments in clean energy 

technologies (20 B$ and 2,500 B$, respectively) (IPIECA, 2018).  

¶ Countries that score moderately have fewer direct policies with regard to the role of CCS in 

overall climate change policy. Some of these countries have CCS projects in the operational 

ǎǘŀƎŜΣ ȅŜǘ ǿƛǘƘƻǳǘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛǊŜŎǘ ǎǳōǎƛŘƛŜǎΣ ŀƴŘ ǊŜƭȅ ǳǇƻƴ /hі-EOR to make the projects 

commercially viable. Many mature industrialized countries score moderately, including 

member states of the European Union (EU) that register policy observations such as 

overarching strategies and political statements regarding CCS, as well as funding 

mechanisms and the Emissions Trading System (ETS) which are also broadly applicable to 

CCS. 

¶ Countries with lower scores have not developed clear policies on the role of CCS as a 

specific GHG mitigation technology. 

The GCCSI notes that all countries are expected to improve in policy rankings over time in line 

with high levels of ambition sought under the United Nations Framework Convention on 

Climate Change (¦bC///Ωǎ) arrangements, and as commitments to limit global temperature rise 

translate into detailed policy action. 

Figure 4-1 presents schematically the results of the latest update of the CCS policy indicator (CCSPI), 

reflecting data by mid-2015 (GCSSI, 2015a). The size of the bubbles in the figure reflects the large-

scale integrated project (LSIP) activities in the countries. The schematic in the figure focuses on the 

link between the policy ƛƴŘƛŎŀǘƻǊ ŀƴŘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƛƴǘŜǊŜǎǘ ƛƴ //{Φ ¢ƘǊŜŜ ŎƻǳƴǘǊƛŜǎΣ ¦ƴƛǘŜŘ 

Kingdom, the United States and Canada have a strong inherent interest with respect to CCS and 

have implemented - or are about to implement - various key policies that support large scale 

deployment. China also has a high degree of inherent interest and continues to demonstrate 

relatively strong policy support for CCS through R&D as well as partnerships with various countries 

around the world. Countries in the EU demonstrate varying degrees of inherent interest reflecting 

diversity in their consumption and production of fossil fuels. EU policy on CCS covers a broad range 

of supporting categories including market pricing, legislative frameworks and direct funding.  
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Figure 4-1 > CCS Policy Indicator 2015 Results  

(GCCSI, 2015a) 

 

Reviewing countries and their scores across the three indicators (Legal and Regulatory, Policy and 

Storage) demonstrate that policies (including emission mitigation targets) that identify CCS as a low 

carbon mitigation technology and incentivize investment in CCS, are the most effective drivers of 

CCS deployment. Further, policy and effective regulation remain the leading drivers of CCS 

deployment even wherŜ ǘƘŜ /hі ƛǎ ǳǎŜŘ ŦƻǊ 9hwΦ 

Conversely, the lack of clear CCS policy is the primary reason why numerous countries with 

prospective storage potential and amenable regulatory frameworks have not built large-scale CCS 

facilities. In 2015, the United Kingdom had the strongest policy leadership in encouraging CCS which 

resulted in two leading CCS facilities and the prospect for many others (GCCSI, 2015b). The UK has a 

market-based mechanism in the form of a carbon price floor which supports these investments. But 

it was a relatively strong long-term commitment to CCS and direct funding that provided the 

greatest incentive for deployment. This commitment though was removed in late 2015 resulting in 

the termination of the two leading projects. 
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