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ABSTRACT The environmental impacts of a 2.5 MW molten carbonate fuel cell (MCFC) system in Korea using life cycle assessment
(LCA) were analyzed. Simapro version 7.0 to calculate the environmental impacts of the MCFC system, and operating data for one
year (2014). LCA that the global warming potential (GWP) and abiotic depletion potential (ADP) 3.05E-01 kgCOj.(/KWh. and
1.65E-03kgSb./kWh,, respectively. Operational phase was the most significant contributor to the environmental impacts showing
that GWP and ADP were 3.02E-01 kgCO2./KWh, (98.9%) and 1.63E-03kgSbe/kWh, (99.1%), respectively. Natural gas reforming
phase was the main reason for the environmental impacts related to the whole life of the MCFC system. MCFC stack was a dominant
contributor to the environmental impacts. In detail, among MCFC stack components, MCFC cell appeared to 68% environmental
impact. In addition, Nickel was a dominant contributor to the environmental impact of MCFC cell. Finally, as scenario-based results,
the end of life MCFC system found that usage rate of heating, operating time period and recycling rate were significant factors the

environmental impact.

Key words Environmental impact(Z+7 % 3F), Global warming potential(X] -3}, Life cycle assessment(4 2} 4 3 7}), Molten
carbonate fuel cell(£-8gH4FE A & 4 A]), Abiotic depletion potential(R} 127, Scenario analysis(A] U 2] 2 E-4])
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Table 1. Conditions for MCFC system

= LA AJAEH
-85 2.5 MW MCFC
Hofl g =3}
FUE=R EAZIA(LNG)
27 47%
a8 | 4 33%
=% 80%
715 o s 7|9t J5 Ttk 71
1Tkl 4; 000 ARF] & 7 A=Az 209
53 4719}k Hof MXPE 221 KWha}se))
VNS 7IEHHE TEA7)7] SRt ARAA] AlE]




i

EFA

(T2 33%, 60 C(A2) = 38%9] dass Ueh
o, & AFoA= 12009 2 Eass 483t &
A5l

A7t Ak Aapdm7E A2 E el Simapro
ver, 7.0 o-g3lo] BAsiglom" gy ot
A7 e oM Algshe T (EH) 44 A W

2.2 ABFK| AAHZA

AZAA] UNPA A2 Fig, 13} o] AZA,
A, £ W 7 |HAR PRE, 2 Q7o A5
AS EHsto] ALUHAS AR, E3, B ALY
MCFC A|A8]0] &0 Tl ZAEE o972 JEa}gom,
A Al ers o 27,

de

2.3 7F8 A HIgtAt

o

H o7Lo] &85 MCFC A|AES] 714 2 A SIARRS-

+% %74] oAl HgE|glom 37129 714 ARk
& TSI Ik 714 12 289) £ 40 oooxm(5
W), A2 o 90| 71 2k dhlE 7|9} o

F AM(Eo8E 100%), 7MY 32 A& xqo}g(oﬂg_g
5U7F 10%2 31T}, /&7 (reforming)= LJH71A7|Z2
A7|38H A ELS 100%S 2855I

ARIAFRE: B= Al A A 8= glom, TAE AREAF
Fo thea} gt ARATHAl AxghAe] AgARERS
‘Zﬂ AAF glolE] e W Bzd a7 Hesioict Ao
Aol A o] Ao 2= start—upol] BRI S W =
AZEA ARk AZ2A 82 E Heelga, A= o8t &

Olt

MAAZFXIMCFC) AIAHIS| HuFHBIE I 2.5MW H=HX| AIARS gz

APk g TPOC W 57} AR S 283kl
R A RN N 6&7}*%@11 24

= 27 (W% 0,7861kg/Nm’,
or 9,420kcal/m”) T oIgA}LEES

2F 39 4MJ/Nm
© 507m®/hr, GAYAH

2R 1,941kwh/hr(1,67Geal/hr) 9] ASHo|E& 4835}
Sk, SISOl AT BAAR B A
Fgsiol Atel s Task

3. O+1Zat W nE

3.1 MCFC A|AHIQ|

MCFC A" SdAE 3} o
D

Y Lo Fiste] 24
2 Qg A 5
Feust JaEtel 9

]

.‘

|85l EAE 3

(o)
oE
jN
A
J{m
O_I.,
..
o
ii
w
[0)¢}
@)
9
EV

(A5, 91, HA7kx 5 o= It XWH ZPXHX*O] L]
P At el ARG, AHHde] R &
/3311 HkgSbe) & ©]-8-3t0] EHET}, Table 2= MCFC

Aswle] WS SAdT Bk AaE dehyele

%, 2 L JER R PEslel B49%S 371

slqich, B4} MCFC AJA89) 2] GL213

= EA7}

A(LNG) ARAYR Qlstol LGRAL HuhEeo] 7t

B30 N8 waick ALY &

= FAIE 2ol vhd wiE
oz o]

Jefed ek 7}1}% S7)2 wer,

Fig, 2= MOFC A48 2 S 9akS el 2

Energy/fuel Emission/waste Energy/fuel Emission/waste *Hy production & supply

Ny i

1 B

FeAIA 7 =

0. T AZEA(LNG) 2] A=Ak

Energy/fuel  Emission/waste

| Manufacturi -
Raw materials ‘ M ZJ ‘ - ‘ FC Stackmg ‘ ‘ Mg Eziay - ‘ Operation ‘“ ‘ End of life ‘
{ ;" A h /" wsop ‘ [
LN - Cell Stack Module (SKID 1 : water Material
i H k Stacking — manzagement system -
| _cu : (p';c 396 ¢ 9 efc. SKID 2 - fuel/gas recycling
H : node, Manifolding - supply system etc. | - :
| - Pt(Catalyst) | Cathode, SKD 3 Material
. | Sheet Metal, Module desu\"unzitmn recovery
- ete. i sub assembly) assembly) ?QE“B'EFP" i Di |
} i - Matrix i . (PCU, Switchgear etc) - Visposa
% ) . Conditioning |~ Reformer
System boundary System boundary System boundary
Pre-manufacturing phase Manufacturing phase Operation phase Disposal phase

Fig. 1. Fuel cell

boundary and process

2017. 3 Vol.13, No.1

47



fiC

S -

0
oy

7

Table 2. Environmental impact by phase and source of MCFC system
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Fig. 2. Environmental impact of MCFC system
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Table 11, Results of scenario 5 analysis
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