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DONGKEUN LEE', TORRES PINEDA ISRAEL', YONGGYUN BAE', YOUNGSANG KIM"?,
KOOKYOUNG AHN"? SUNYOUP LEE?®

1Department of Zero-carbon Fuel and Power Generation, Korea Institute of Machinery & Materials (KIMM), 156
Gajeongbuk-ro, Yuseong-gu, Daejeon 34103, Korea

2Mechanical Engineering, University of Science and Technology (UST), 217 Gajeong-ro, Yuseong-gu, Daejeon 34113, Korea

3Department of Mobility Power Research, Korea Institute of Machinery & Materials (KIMM), 156 Gajeongbuk-ro, Yuseong-gu,
Daejeon 34103, Korea

I L]

TCorresponding author :

yskim@kimm.re.kr Abstract >> For the economic analysis of fuel cells, levelized cost of electricity
was calculated according to the type, capacity, and annual production of the fuel

Received 30 September, 2022 o015 The cost of every component was calculated through the system compo-

Revised 7 October, 2022 . X

Accepted 14 October, 2022 nent breakdown. The direct cost of the system included stack cost, component
cost, assembly, test, and conditioning cost, and profit markup cost were added.
The effect of capacity and annual production was analyzed by fuel cell type.
Sensitivity analysis was performed according to stack life, capital cost, project
period, and fuel cost. As a result, it was derived how much the economic effi-
ciency of the fuel cell improves as the capacity increases and the annual pro-
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Table 1. Characteristics of type of fuel cells
High-temperature Low-temperature
Molten carbonate Solid oxide fuel cell Phosphoric acid Alkaline fuel cell Polymer electrolyte
Type fuel cell (SOFC) fuel cell (AFC) membrane fuel cell
(MCFC) (PAFC) (PEMFC)
Temperature 550-700°C 600-1,000C 150-250C 50-120C 50-100C
Catalyst Perovskites Ni Pt Ni Pt
Electrolyte |Li/K alkali carbonates YSZ H;PO4 KOH Polymer
Ion C03* 0" H' OH H+
Fuel CH4, CO, H2 CH4, CO, Hz, NH3 CH4, Hz Hz H2
Efficiency
50-609 60-659 559 609 409
(LHV) % % % % %
Capacity 10 kW-2 MW <100 kW <200 kW 300 W-5 kW <250 kW
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Fig. 1. Representative PEM CHP system for (a) residential and
(b) commercial applications
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Fig. 2. Representative SOFC CHP system for (a) residential
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Table 2. Proportion of the components the total cost of the
1kW residential PEMFC system at low production volumes
and 25kW system at high production volumes

1 kW 25 kW
(100 (50,000
units/year) | units /year)

(catalyst, ml\t/:libArane, GDL) 42% S7%
Anode/cooling gasket 5% 4%
Cathode gasket 3% 1%
Anode bipolar plate 5% 17%
Stack| Cathode bipolar plate 5% 16%
End plates 3% 1%
Assembly hardware 1% 1%
Assembly labor 1% 2%
Test and conditioning 35% 2%

Total 100% 100%
Fuel supply 10% 1%
Water supply 3% 3%

Fuel processing 30% 27%
Air supply (combustion) 6% 3%
Air supply (cathode) 7% 3%
Heat recovery 6% 6%

BOP AC power 6% 23%
DC power 6% 18%
Instru?()er:ltz(i)tli;)n and 12% %
Assembly components 4% 4%
+Work Est. 9% 7%

Total 100% 100%
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Table 3. Proportion of the components the total cost of the 100
kW commercial PEMFC system at low production volumes
and 250 kW system at high production volumes

100 kW 250 kW
(100 (50,000
units/year) | units /year)

MEA 69% 63%
Anode/cooling gasket 2% 3%
Cathode gasket 1% 1%
Anode bipolar plate 10% 14%
Stack Cathode bipolar plate 9% 12%
End plates 1% 0%
Assembly hardware 3% 4%
Assembly labor 1% 2%
Test and conditioning 5% 2%

Total 100% 100%
Fuel supply 5% 4%
Water supply 2% 1%

Fuel processor 28% 28%
Air supply 6% 6%

Heat recovery 19% 19%

BOP Power electronics 25% 25%
inft?lr;rtr:(e);?a::jon 1% 1%
Assembly comp 7% 7%
Additional work estimate 8% 8%

Total 100% 100%

Transactions of the Korean Hydrogen and New Energy Society <<



SOFC| 2ule A, Rl AR L
4, F71= =9 4 w4, A4 J& T"rfq APGA &
& 5, PEMFC B8} &
ok ofyet =9 AdH], QldH|, *l
7R oz Sojzith E3 SOFCY)
Bo] AA 7t Fasty] wzol o]t
2o g HhedE|ofof gttt

BOPXE PEMFCS$} %A}é‘}ﬂl ‘ﬂi
A, 37] 5w BA, &
7] SoE FAE, ?:léﬁhi% ‘dﬂi ARE-517]
ool dAakstera e Abshet
SOFCY] BOP:= A|AH] 23S 913t 2gH]8o] 5=
7P o7 J1gfEofof gt}

Fig. 5= A7F Ak E 2 %%Wl o2 78
SOFC A& 9l BOP9] H|&-&
3= Fsto] Hl-go] AE7] A7
A ggol Fiekel whet Hl-g-o] %‘ifﬂt}. SOFC
714 PEMFCo|| H|sto] 74 27| dA= YAk

t:
i‘l

i

>

@
1:1

o

@)
R
I
e
riok

$10,000

Stack cost ®-1 kW
-@-5 kW
$8,000 ¢ 7,880 -@-10 kW

z
3 $6,000
=
2 $4,000
Q
$2,000
$0 1 Lo TR
100 1000 10000 100000
Systems/year
(C)]
$12,000
’ BOP cost ©1kW
10,488 -@-5 kW
$10,000
-@-10 kW
E $8,000 ©8,171 @25 kW
5 7,077
) ’ °
a. $6,000 6,561
g
UI $4,000
2,900
$2,000 1,229
917
$0 1 Lol 1 L Ll
100 1000 10000 100000
Systems/year

(b)
Fig. 5. (a) Stack and (b) BOP cost in $/kW by production rate

Vv
v
rot
+
B
ag

2

>

10fL{ R [t=]

rrr
ro
ied]

FAsHl W

2710} 855 27100 dhato] WS-
AL o 4 ek 12t} BOPO] - PEMFCE} b}
WA 2 FFEEE THESO] toly] o

AR Stole H]E Ae] dgFo] 2] Gk
AZE AYARRFO] A2 Ao A AElO] HE-2 kW
7 Lol 5, 10, 25 kW SF9] u]4
kW 2 ZkzF 2231, 1,243 2 799 $2 7hAsl),
Table 4= Fig. 59] 2 €l1} BOP H]&-ojA 714 &

Table 4. Proportion of the components the total cost of the 1
kW residential SOFC system at low production volumes and
25 kW system at high production volumes

1 kW 25 kW
(100 (50,000
units/year) | units /year)
Ceramic cells 4% 42%
Interconnects 2% 7%
Anode frame 1% 6%
Anode mesh 0.10% 3%
Cathode frame 1% 2%
Cathode mesh 0.10% 3%
Picture frame 1% 2%
Stack Laser weld 17% 2%
Glass ceramic sealing 42% 6%
End plates 7% 10%
Assembly hardware 3% 3%
Assembly labor 0.10% 3%
Stack brazing 0.10% 1%
Test and conditioning 22% 10%
Total 100% 100%
Fuel supply 14% 2%
Fuel processing 21% 7%
Start-up air supply 8% 4%
Cathode air 4% 3%
Heat recovery 5% 6%
BOP AC Power 12% 35%
DC Power 8% 27%
Instru?()er:ltz(i)tli;)n and 14% 8%
Assembly components 6% 3%
+ Work Est. 8% 5%
Total 100% 100%
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Fig. 6. (a) Stack and (b) BOP cost in $/kW by production rate
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Table 5. Proportion of the components the total cost of the 100
kW commercial SOFC system at low production volumes and
250 kW system at high production volumes

100 kW 250 kW
(100 (50,000
units/year) | units /year)

Ceramic cells 45% 48%
Interconnects 9% 6%
Anode frame 4% 5%
Anode mesh 3% 3%
Cathode frame 1% 2%
Cathode mesh 3% 3%
Picture frame 1% 2%
Stack Laser weld 3% 1%
Glass ceramic sealing 8% 5%
End plates 7% 8%
Assembly hardware 2% 3%
Assembly labor 2% 3%
Stack brazing 1% 1%
Test and conditioning 11% 10%

Total 100% 100%
Fuel supply 4% 4%
Fuel processor 8% 7%
Air supply 5% 7%

Heat recovery 20% 22%
Power electronics 49% 47%
BOP Instruzqoer:lttritli:n and 2% 2
Assembly components 5% 4%
+ Work est. 6% 7%

Total 100% 100%
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Table 6. Percentages used in the estimation of fixed capital costs for the distributed systems

PEMFC/SOFC MCFC/PAFC
1-5 kW 5-250 kW >300 kW/>1,4 MW
Purchased equipment cost (PEC) 100% 100% 100%
Equipment installation 33 33 Reported as installed costs
Instrumentation and control Included in PEC Included in PEC Included in installed costs
Piping Included in PEC Included in PEC Included in installed costs
Electrical equipment Included in PEC Included in PEC Included in installed costs

Land

Installed system footprintxcost of land (residential, commercial, industrial)

Civil, structural, and architectural work 15 of PEC% 15 of PEC% 15 of PEC%
Service facilities N/A N/A N/A
Engineering & supervision (E&S) N/A 25% of PEC% 25% of PEC%

Construction costs (CC)

Included in installation costs|Included in installation costs| Included in installation costs

Contingencies N/A N/A N/A

Startup costs N/A N/A N/A

Working capital N/A N/A N/A
Allowance for funds used during N/A Calculated for each type of | Calculated for each type of

construction (ALUDC)

financing using their %ROI | financing using their %ROI
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Table 7. Operating costs assumptions for the distributed sys-
tems in this report

Fixed charge
Income tax rate for company (%) 25
Insurance rate and other taxes (%) 2

Direct production costs

Labor positions for operating and

. 0.18
maintenance (per MW)
Average labor rate ($/year/person) 50,000
Fixed operating and maintenance
cost (% of PFl/year+labor) (Peters 5.3%
et al. 2002)
Variable operating and
maintenance cost (% of annual fuel 3%

cost/year)

General expenses

Included in the corporate

Administrative cost -
markup/installed costs

Included in the corporate

Distribution and marketing markup/installed costs
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Fig. 9. LCOE of PEM stationary systems (a) 1-25 kW and (b)
50-250 kW at different production rates
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(b) 50-250 kW at different production rates
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Fig. 12. LCOE of MCFC and PAFC stationary systems at different production rates
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