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Abstract >> The environmental impacts of a 1 kW polymer electrolyte membrane
fuel cell (PEMFC) system are quantitatively assessed by performing a Life Cycle
Assessment (LCA) study. A PEMFC system produces electricity and heat simulta-
neously, so an appropriate allocation of associated inputs and outputs is per-
formed between the electricity and heat produced. The environmental impacts
of the PEMFC system on the impact categories such as global warming (GW),
abiotic depletion (AD), acidification (AC), and eutrophication (EU) are assessed
from the life cycle impact assessment. The impact indicator results of the impact
assessment on these impact categories are obtained as 3.70E-01 kg CO»
eq./kWh, 1.86E-03 kg Sb eq./kWh, 4.09E-04 kg SO, eq./kWh, and 1.88E-05 kg
PO43'/kWh, respectively. For all impact categories studied the most influential
stage is the operation stage, which accounts for 98.8%, 98.7%, 70.3%, and
62.3% of the total impact on GW, AD, AC, and EU, respectively. For the impact cat-
egories of AD, AC, and EU, most of the environmental impacts during the oper-
ation stage is attributed to the production of city gas. However, for the impact cat-
egory of GW, CO, emission from the reforming process of city gas is the main rea-
son for the largest contribution of the operation stage to the total impact results.

Key words : Life cycle assessment(H It & I Jt), Polymer electrolyte membrane fuel
cell(IEX} M &l AR HMK|), G obal warming(X| -2 3}, Acidification
(ArA 3}, Eutrophication(£ G % 3}), Abiotic depletion(Xt 11

111

2018 The Korean Hydrogen and New Energy Society. All rights reserved.



112 Polymer Electrolyte Membrane Fuel Cell A|AEIQ| &t FHulH T}

1. M2

A AAlE AAY] A4, A2 S71 EAlgkE <
ato] o gA] aH|go] F43] S/t ek 92
Urake] A7) AH|E2 19994 235 TWhol|A] 20164
540 TWh& 187} oF 2347} Z71slac). A A
AA T TEHEI 242 Q FHA =]
AFE-© & ol5lo] I A 7 o] ufAtEko| X} 3hHA 9
o|=11 glom, Aa Ao WAE= TR ISk
ALt} 7} of7| Hg o] 317 oao] =

— ©o T 0= d )
7kskaL Q)

ojefet E‘iﬁ} So|A g FEE Foli, A7

e AT L FEOR A9V tol B
5o Sash e AR 71%0] Fastos o
Xo] S| w gick

ol

Far Sl=d, E/\V}i A e NE 5o 3EE =
folol, 1A Held ARAA AlAE(polymer
electrolyte membrane fuel cell, PEMFC)2] A§AF 1}
Aol A= BARs} A,

whetA], i Aol A= PEMFCO] HabAof| A Al
SR B ek AP Klife cycle assess-
ment, LCA) HHHE2S E3)] Hr1go =24 PEMFC
Aede] B34S FHs R g,

ol

2. ARLH
2.1 A7HEE

& Aol A= PEMFC A& Aatsls A

» BELAUNOKISE =2

Goal and scope definition

Life cycle inventory analysis

uonejaidiau

Life cycle impact assessment

Fig. 1. Life cycle assessment (LCA) framework
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Table 1. Specification of the PEMFC system

Parameters Value

Rated output 1 kW

Electrical efficiency 35%

Thermal efficiency 50%

Total efficiency 85%

Expected service time of system 20 years
Degradation 10%
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Table 2. Electricity and heat production in the operation stage

Table 3. Results of non-renewable resource consumption

Category PEMFC
Initial production per hour 1.00 kW
Fma} product10g per hour A 0.90 KW
([1-degradation factor] x initial production)
Elect
ricity Average production per hour 0.95 kW
Total production
(average productionx8,000 hour/year 1.52E-01 GWh
%20 year)
Initial and final production per hour 1.45 kW
Total production
Heat (initial and final 2.32E-01 GWh
productionx8,000hour/yearx20 year)
Total consumption
(total productionx70%) 1.62-01 GWh
Allocation factor
(total electricity production/total enegy 0.483
[electricity+heat] production)
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Table 4. Category indicator results of the life cycle stages

ADP AP EP GWP
(kgSb | (kgSO: | (kgPOs | (kg CO,
eq./kWh) | eq./kWh) | eq./kWh) | eq./kWh)

Total 1.86E-03 | 4.09E-04 | 1.88E-05 | 3.70E-01

Life cycle
stage

Pre- 15 33805 | 121E-04 | 7.07B-06 | 4.36E-03
manufacturing
Assembly | 3.52E-07 | 9.36E-08 | 1.74E-08 | 5.55E-05

Test 9.99E-07 | 1.57E-07 | 6.39E-09 | 1.85E-04
1.83E-03 | 2.88E-04 | 1.17E-05 | 3.65E-01

Operation

Table 5. Category indicator results of the operation stage

Reforming | City gas

Impact indicator results Total . .
/combustion | production

ADP (kg Sb eq./kWh) |1.83E-03 - 1.83E-03
AP (kg SO, eq./kWh) | 2.88E-04 - 2.88E-04
EP (kg PO eq./kWh) |1.17E-05 - 1.17E-05
GWP (kg CO, eq./kWh) |3.65E-01| 3.10E-01 | 5.46E-02
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Table 6. Category indicator results of the pre-manufacturing
stage

ADP AP EP GWP
Part (kg Sb | (kgSO: | (kgPOs | (kg CO,
eq./kWh) | eq./kWh) | eq./kWh) | eq./kWh)

Total 1.95E-05 | 1.19E-04 | 4.92E-06 | 2.90E-03
Stack 1.12E-05 | 1.15E-04 | 1.21E-06 | 1.66E-03

Reformer | 4.63E-06 | 1.92E-06 | 1.10E-06 | 6.26E-04
MBOP 5.51E-07 | 2.42E-07 | 4.62E-08 | 1.52E-04
EBOP 3.07E-06 | 2.39E-06 | 2.57E-06 | 4.69E-04
Etc. 3.83E-06 | 1.96E-06 | 2.14E-06 | 1.46E-03

Table 7. Category indicator results of stacks

ADP AP EP GWP
Component | (kgSb | (kg SO, | (kg POs” | (kg CO,
eq./kWh) | eq./kWh) | eq./kWh) | eq./kWh)

Gasket 2.19E-09 | 3.35E-09 | 1.45E-09 | 3.46E-07

Separator | 7.42E-09 | 5.75E-09 | 5.78E-10 | 1.09E-06

Tetrafluoroethylene | 1.18E-08 | 2.09E-08 | 5.61E-10 | 1.49E-05
3.93E-06 | 1.13E-04 | 2.87E-07 | 5.81E-04
1.00E-08 | 2.99E-09 | 3.17E-10 | 7.22E-07
End plate 1 | 1.50E-06 | 4.26E-07 | 6.37E-08 | 1.19E-04
End plate 2 | 5.42E-07 | 1.65E-07 | 3.25E-08 | 1.14E-04
Current collector| 1.07E-07 | 4.55E-08 | 5.66E-07 | 1.53E-05
Disk spring | 3.18E-09 | 6.53E-09 | 1.17E-09 | 7.99E-06
Gas diffusion layer | 1.25E-08 | 5.46E-09 | 3.14E-09 | 2.38E-06
5.07E-06 | 1.35E-06 | 2.51E-07 | 8.01E-04

Platinum

Vinyl acetate

Electricity
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