




CCUS (Carbon Capture, Storage and Utilization, CCUS)

or CCS (Carbon Capture and Sequestration, CCS) Technology

• Technology separates CO2 from its source 

• It is fundamentally derived from gas separation/purification technologies

      → Representative processes: Adsorption, Absorption,Cryogenic, Membrane…

      → Energy-intensive processes: Large amount of heat and electricity are required

• It primarily assumes capture from flue gas after fossil fuel combustion.

• Carbon capture technology is broadly divided into pre-combustion, 

post-combustion, oxy-combustion and DACtechnologies.

Basic concept of CCS/CCUS

Carbon Sequestration for Carbon Neutrality

[Source: IEA World Energy Outlook (2019)] 



To reach 2050 carbon neutrality

Direct Air Capture for Active Carbon Negative Emission

※ 2050 Carbon Neutrality (`21.10, S. Korea)
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(2018 기준) CCUS contribution : ZERO

→ (2030 Goal) CCUS contribution -10.3 Mton

→ (2050 Goal) [A] CCUS contribution -55.1 Mton

[B] CCUS contribution -84.6 Mton

+ DAC -7.4 Mton

                         Urgent DAC development needed

※A안: 화력발전 전면중단, 100% 그린수소 생산 등 온실가스 배출을 최대한 줄여 순배출 제로 달성

※B안: 화력발전 중 LNG 일부 잔존 및 내연기관차와 대체연료 (e-Fuel) 사용, 부생/추출 수소 일부 생산 가정 및 
추가적인 제거원을적극 활용하여 순배출 제로 달성

Largest DAC plant 

Mammoth (Iceland)

To achieve net-zero emissions by 
2050, the use of carbon dioxide 

removal (CDR) technologies, such 
as DAC, is essential.

※IPCC special report (2018)



L-DAC S-DAC

Operating flexibility High Low

Response time 5–15 min N/A

CO2 removal efficiency 90%–98% 80%–95%

Energy required 4–6 MJ/kgCO2 2–3 MJ/kgCO2

Characteristics

Capital-intensive; high captu

re efficiency; high water con

sumption; potential environm

ental impact

Energy-intensive; impurity-

sensitive; no water requirem

ent; possible water by-prod

uct generation

Regeneration temperature High (~900 °C) Low (80–120 °C) 

Top

substantiation

level

Company Carbon Engineering (2015) Climeworks (2024) 

Scale 365 tCO2/yr 36000 tCO2/yr

Energy

required
5.25 GJ/tCO2 5.76 GJ/tCO2

Cost
$90 (NOAK) to $232 (FOA

K)/tCO2

$200 (NOAK) to ~$500–60

0/tCO2 (FOAK)

Regeneration

Temperature
900 °C 80–120 °C

Energy Intensive



Component Specification

Thermal power 520 MWth

Electrical capacity 170 MWe

Construction cost 3,500 $/kWe

Power generation cost 65 $/MWh

Core inlet temperature 286 °C

Outlet coolant temperature 321 °C

Component Specification 
IHX effectiveness 98%
IHX pressure ratio 99%
Recuperator effectiveness 98%
Recuperator pressure ratio 99%
Turbine isentropic efficiency 90%
Compressor isentropic efficiency 90%
Compressor pressure ratio Calculated
Atmospheric pressure 1 atm
Atmospheric temperature 298.15 K
Exhaust-to-atmosphere pressure ratio 99%





• Reference to previous studies on open-cycle air refrigeration cycles conducted within a similar pressure ratio range
: Park, S. K., Ahn, J. H., & Kim, T. S. (2012). Off-design operating characteristics of an open-cycle air refrigeration system. International journal of refrigeration, 35(8), 2311-2320. 

Reid, L., & Moore, R. D. (1978). Design and overall performance of four highly loaded, high speed inlet stages for an advanced high-pressure-ratio core compressor (No. NASA-

TP-1337).



Yoon, S. H., No, H. C., & Kang, G. B. (2014). Assessment of straight, zigzag, 

S-shape, and airfoil PCHEs for intermediate heat exchangers of HTGRs and 
SFRs. Nuclear Engineering and Design, 270, 334-343.





Item Equation REF

Adsorption tower
𝛤𝑠 ∙ 𝑛𝑐𝑜𝑛𝑡𝑎𝑐𝑡𝑜𝑟𝑠 ∙ 𝜋𝑙 𝑑2

2 − 𝑑1
2 𝜌𝑠

𝑤1
𝑑3

𝑤2
𝑑3

𝑡𝑙

𝑡𝑠

McQueen et al., Environ. Sci. 

Technol., 2020

Compressor
𝑘𝑐1 ∙ ሶ𝑚𝑎𝑖𝑟

𝑘𝑐2 − 𝜂𝑖𝑠𝑒𝑛,𝐶
∙ 𝑟𝑝 ∙ 𝑙𝑛(𝑟𝑝)

Mondal & Ghosh, Clean Technol. 

Environ. Policy, 2017

Turbine
𝑘𝐴𝑇1 ∙ ሶ𝑚𝑎𝑖𝑟

𝑘𝐴𝑇2 − 𝜂𝑖𝑠𝑒𝑛,𝐴𝑇
∙ 𝑟𝑝 ∙ 1 + exp 𝑘𝐴𝑇3𝑇𝑖𝑛 − 𝑘𝐴𝑇4

Mondal & Ghosh, Clean Technol. 

Environ. Policy, 2017

IHX 1700 × 𝑈𝐴
Marchionni et al., SN Applied 

Sciences, 2020

Recuperator 1700 × 𝑈𝐴
Marchionni et al., SN Applied 

Sciences, 2020

*Note: The operating expenditures (OPEX) were calculated separately for the 

DAC and OABC subsystems and then aggregated to obtain the total OPEX.



Item Calculation method 

Transport cost 11(fixed value) ∙Annual capture volume

Storage cost 10(fixed value) ∙Annual capture volume

Maintenance CAPEXAdsorption tower ∙0.03

Labor CAPEXAdsorption tower ∙0.03 ∙ 0.3



Cost ($/tCO2)
Recuperator effectiveness

98% 96% 94% 92% 91% 90% 84% 78% 76%

Cycle 

time (h)

3 961.702 738.019 669.185 645.242 646.897 638.567 657.366 678.863 687.375

4 413.886 329.149 309.455 306.758 307.598 310.281 336.363 370.179 382.438

5 436.589 353.423 334.210 331.704 332.553 335.294 361.288 394.951 407.149

6 462.704 380.279 361.352 358.993 359.874 362.671 388.787 422.507 434.716

7 490.137 408.060 389.283 387.012 387.917 390.750 416.972 450.756 462.979

8 517.984 436.102 417.416 415.203 416.125 418.982 445.287 479.123 491.361

9 545.938 464.141 445.475 443.273 444.196 447.055 473.349 507.162 519.392

10 573.983 492.270 473.652 471.481 472.415 475.288 501.637 535.488 547.728

Purity (mol%)
Recuperator effectiveness

98% 96% 94% 92% 91% 90% 84% 78% 76%

Cycle 

time (h)

3 90.365 90.403 90.637 90.865 90.868 91.067 91.595 92.195 92.376

4 96.056 96.056 96.059 96.061 96.061 96.064 96.070 96.077 96.079

5 96.122 96.122 96.123 96.124 96.124 96.125 96.128 96.132 96.133

6 96.150 96.150 96.151 96.151 96.151 96.152 96.154 96.156 96.156

7 96.162 96.162 96.163 96.163 96.163 96.164 96.165 96.166 96.166

8 96.168 96.169 96.169 96.169 96.169 96.170 96.170 96.171 96.172

9 96.172 96.172 96.172 96.172 96.172 96.173 96.173 96.174 96.174

10 96.174 96.174 96.174 96.175 96.175 96.175 96.175 96.176 96.176





Item Baseline value
LCOD change per 1%p cha

nge ($/%p)
Ranking

Recuperator pressure drop 1% 3.719537 1

ADS pressure ratio 0.99 3.845061 2

Turbine efficiency 90% 3.181014 3

Operating rate 90% 2.299817 4

Adsorbent lifetime 5 years 2.266605 5

IHX pressure drop 1% 1.900758 6

Discount rate 5% 1.726311 7

Compressor efficiency 90% 1.440622 8

Recuperator Effectiveness 92% 0.768059 9

Exhaust pressure ratio 0.99 0.610340 10

IHX Effectiveness 98% 0.496689 11

Adsorption time 4 h 0.718231 12

Unit cost of electricity 65 $/MWh 0.160025 13

Adsorbent unit price 50 $/kg 0.231194 14

Volumetric heat-transfer coefficient 100 (UA/V, W/m3k) 0.029479 15

Plant life 80 years 0.009371 16





Technology
Cost range ($/tCO2)

(based on 2024 CPI)

L-DAC + nuclear 175–268

S-DAC + nuclear 669–700

Renewable energy-based DAC 307–736

This work 

(i-SMR + OABC + S-DAC)
246–306.8








