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Abstract — Economic evaluation of the manufacturing technology of high-value chemicals through the carbonation
reaction of carbon dioxide contained in the flue gas was performed, and analysis of the IRR (Internal Rate of Return)
and whole profit along the production plan of the final product was conducted. Through a carbonation reaction with
sodium hydroxide that is generated from electrolysis and by using carbon dioxide in the combustion gas that is gener-
ated in the power plant, it is possible to get a high value products such as sodium bicarbonate compound and also to
reduce the carbon dioxide emission simultaneously. The IRR (Internal Rate of Return) and NPV (Net Present Value)
methods were used for the economic evaluation of the process which could handle carbon dioxide of 100 tons per day in
the period of the 20 years of plant operation. The results of economic evaluation showed that the IRR of baseline case of
technology was 67.2% and the profit that obtained during the whole operation period (20 years) was 346,922 million
won based on NPV value. When considering ETS due to the emissions trading enforcement that will be activated in
2015, the NPV was improved to a 6,000 million won. Based on this results, it could be concluded that this CO2 car-
bonation technology is an cost-effective technology option for the reduction of greenhouse gas.
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Fig. 1. CO, Carbonation process scheme.
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Table 1. Three electrochemical cell technologies
Technology  Energy consumption (kWh/tCl,) Market share in USA

Diaphragm 2,900 70%
Mercury 3,700 18%
Membrane cell 2,500 12%
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Table 2. Key assumptions for the basic economic analysis

Figure Reference
Year 2014
Discount rate (%) 5.5 - KDI[16]
Economic life (year) 20
Construction period (year) 2
Electricity cost (W/kWh) 100 - KEPCO [17]
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Fig. 6. Material Balance Data.
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Table 3. Key assumptions for the estimation of CAPEX & OPEX

List Figure Reference
1. TPC (Total Plant cost) 60,195 mWon/tCO, Estimated
2. Capital cost
- Owner’s costs 7.0% of TPC IEA [13]
- Contingencies 5.0% of TPC IEA [13]
3. Operating cost
- Load factor (year 2-20) 70%
- Load factor, year 1 30%
- Insurance and local taxes 2.0% of TPC/year IEA [13]
- Maintenance 1.5% of TPC/yearr IEA [13]
- Cost per operator 60 mWon/y
- Number of operators 30 persons
- Administrative and support labor  30% of operators cost ~ IEA [13]
- Administrative and support labor  12% of maintenance cost IEA [13]
Table 4. Price of final products and input
List Price (¥/ton) Reference
1. Input
- NaOH 230,000 ChemLocus, 2013 [18]
- NaCl 190,000 KPRC, 2014 [19]
-H,O 500
2. Product
- NaHCO; 285,000 KPRC, 2014 [19]
- HCl, 99.999% 500,000 Hongin Chemical [20]
-Cly 130,000 ChemLocus, 2013 [18]
-H, 1,116,500 DOE [21]

= Capital
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'Electricity

mVariable O&M(Chemical)

Fig. 7. Breakdown of production cost.
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vs. IRR & NPV)
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Table 5. Conditions of sensitivity analysis
Case Energy Consumptions Comment
kWh/tCl, reduction ratio
Base case 2,500 -
Case 1 2,000 20%
Case 2 1,750 30%
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Table 6. Conditions of sensitivity analysis

Capital cost of CA process

Case USDACL/y increasement Comment
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Case 3 1,200 20%
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