ZHE A A184A A15(2022) / pp. 43-49
QA AzAA% 3719704012 AAN 2] et AR H7t

Economic Assessment on an Integrated system
of Phosphoric Acid Fuel Cell and Organic Rankine Cycle
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ABSTRACT : In this study, the operational characteristics of the 7.48 MW fuel cell power plant consisting
of 17 units of 440 kW Phosphoric Acid Fuel Cell (PAFC) in operation since its commercial operation in
December 2017 were explained and the heat recovery process of the plat using Organic Rankine Cycle
(ORC)was simulated. The fuel cell system performance improvement and economic assessment were
analyzed by calculating the amount of heat recovery and electric power available when connecting a 125
kW XLT Model ORC for hot water heat sources with 105C, 40.8 t/h. The result of the study shows that
integrating the 125 kW ORC to PAFC power plant would improve generating efficiency by about 0.6%
through annually 851,472 kWh of electricity produced by ORC, and fuel cell and ORC integrated systems
were calculated to have a 0.35% higher Internal Return Ratio and more Net Present Value of 1,249 million
KRW than not installing ORC despite installation costs.
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Fig. 2-1 Phosphoric acid fuel cell power plant
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1. Flow diagram of the overall process for a simple ORC system integrated into an MCFC power plant.

Fig. 2-4 Flow diagram of the overall process for a simple organic
rankine cycle system integrated into fuel cell power plant
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Table 3-1 Annual generation and LNG consumption of
7.48 MW phosphoric acid fuel cell

[ Unit - MWh/KNm®]

Year 2018 2019 2020 2021 2022 2023 2024
Generation | 59,420 | 59,419 | 58470 | 57,928 | 57,250 | 56,707 | 56,029

Fuel ) 13,050 | 12961 | 12931 | 12930 | 12869 | 12,867 | 12,83%
Consumption

Year 2025 2026 2027 2028 2029 2030 2031
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Fuel ) 12,869 | 12,867 | 12,835 | 12833 | 12800 | 12,798 | 12,887
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Table 3-2 Comparison of economic feasibility of phosphoric
acid fuel cell with/without organic rankine cycle

[Unit : 10° KRW/MWh/kNm®]

ORC Fuel cell with ORC
38,198,547
87,983
2,346,000

57,829

Items Fuel cell

998,547
7,000

Installation cost 37,200,000
80,983
2,346,000 -

56,978 851

Maintenance cost

Annual LTSA

Annual generation
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8.45 18

12,887
88 (0.35 T)
9,288 (1249 T
8.24 (0.16 1)

Annual fuel consumption
RRR (%)
NPV (10° KRW)

8,039
8.4

1,249
5.28

Payback period (vear)

» Discount rate : 5.25%
» Tax : less than 2x10° KRW 11%, over 2x10° KRW 22%

= Depreciation : fixed amount
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