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Technology Trends of Fuel Celi Power Plant Based
on Biogas Fuel

Jong—Gyu Lee™**, Jae—Ho Jeon and Jong—Yeon Lee

The target for the reduction of CO, emissions, as specified in the Kyoto Protocol, can only be achieved by an
extended use of renewable fuels and the increasing of the energy efficiency. The energy generation from waste gases with a
reasonable content of methane like biogas can significantly contribute to reach this target. A further reduction of greenhouse
gas emissions is possible by increasing the electrical efficiency using progressive technologies. Fuel cells can be highly energy
conversion devices. Utilizing bhiogas as the fuel for fuel cell systems offers an option that is technically feasible, potentially
economically attractive and greenhouse gas neutral. High temperature fuel cells that are able to operate with carbon monoxide
in the feed are well suited to these applications. Furthermore, because they do not require noble metal catalysts, the cost of

high-temperature fuel cells has the greatest potential to become competitive in the near future compared to other types of fuel
cells.
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Subscript

SNG  : synthetic natural gas PAFC  : phosphoric acid fuel cell

NG : natural gas MCEC  : molten carbonate fuel cell

ADG . anaerobic digester gas SOFC : solid oxide fuel cell

LFG  : landfill gas BICEPS : biogas integrated concept a european
PEMFC : proton exchange membrane fuel cell program for sustainability
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HRSG ! heat recovery steam generator

SMR ! steam methane reforming

POX  : partial oxidation

ICE : internal combustion engine
LME
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Table 1. Characteristics of fuel cells
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Table 2. Fuel reforming of biogas™

Parameter SMR POX
steam-to—carbon ratio 0.5 -
O—to—CH; ratio - 0.3
Cell voltage (V) 0.648 0.682
Current density (AJem?) 0.239 0,203
Gross electric power (kWel) 134.2 120.3
Net electric power (kWel) 131,1 115.65
Gross electric efficiency (%) 4984 44,67
Net electric efficiency (%) 48,66 42.94
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Fig. 5 Performance of Fuel cell®.

2008. 9 v Ne \'11




0.60 — . T : —0.70
0.58 |-
I-0.68
0.56 | . /.".
S L o.ee
g o s
Q o054 o~ )
] o ©
‘@ __,_,./ %
E 052 @ - 0.64 3
¢]
L o
0.50 o O/O/O | o.62
T
o—=0
0481 O
) ! L ! oo
30 35 40 45 50

CO4 content(%) in biogas

Fig. 6 SOFC performance of CO, content®,

240 |

200 -

Power/mWatts

160r
I 1 L ! s L L

10 20 30 40 50 60 70 80
% methane in biogas

Fig. 7 SOFC Power of CH, content.

4.2 A4 £4

lo| 0 7tAE AR @ AN H7|E WAk PEMFCH
HAA 28 Aa.go] 38%0] 1 W mete] o4 HIZE B
o= dexelgAol ul$ Z Aojagloltt, 1HnZ Hpo]Q
7teE ARE FEE] Hide agdolu AFol de
PEMFCEMAA AE)o] 2et vlojorpAa A A e g4
o] 853 9JojA PEMFCHHAAE Y| AR7IAR Hlo]Q
tas FEets AL AR goin Bustm oy ®

PAFCEFHA|I 282 ADG U LFGE EE 39 104 o4
AT AR AAGE Aol dis] 7|9 BiiE|z] 99kt Hahn
of d2d® oz ZENS Yk sl 4
200kW PAFCHAAAELO] 27|80 1 3unigeo]
, 9FEAE Ay] sojode A7k 92,0008 A FAHE ]
7He 14-18dolgkal gt

Buccarella et alol 251, ADGE 922 k= MCFCA

at
gul

12 | Axidofx|

A 2gt ICEE A 28] AAAY BM0)A MCFCHAHAIA
g9} 7)1 %A 7F ICERAA|IA- o Hlg] 1,38 |5 XA
Gu7} ICEHA|ARl0] 1 48] 7HF of 87 29
o MCFCHPAAIARS) Fofjdzjet A7]ol A A] dujoio] ICE
R A 2eol] uja 13w 7Rk 2 Fo2 Hrlsta ek

AR 29 st 2004 d5H 31A7F MCFCHHAA]
AR AZATANE B ASAF/NE AT 20069
BIAo] oJetH A& TAseAEY ADGE HEE F
MCFCH A AE S} AR PR o4 BN (234 H/kWh)
& 189S o B 7R 8, 70|, 30%9] 11 B
2A| ERE]47)7ke 5 940l ®

SOFCZ oFA7HA| W 27|HAEA tf-§F9] SOFC/
o] o]FojA 1 glo] Hfo] Q7kAT|HE SOFCHHA|ARIS 7
AYEALS BaEz] ¥1 9ot

IEAY| A= PAFCEZI A Aglo] FeffR WAAAH ] A
FRALo|GA, dAl= AF-Eo|HA HA|AJo] £2 MCFC
o} SOFCH A A|A®lo] de] B A0R Ayst 9o,
E3SF 2006 ] 200-300kWE MCFCQ}F SOFC7}Z 0] kW
% 12,000-15,000g 20| g, g4 7|/ s MW
F AEAAE kWG 1,500-1,60092 2 oA 5 £
Woll A4 gl BARggxa Agstn glok®

5.4

r

A7 AEEH & AR PH2 F2 A A=
Azt 7o) A7t SHEAAT, A7k 74l
A% AR7HARE B A28} 7k oj4tsiRa AEE
Aot} thefdt ARE AMShe GRAALHA LTS d+
o] ASA L= ofFofA|aL YT,

12y drdAe ALY AU EY G0 £l A&
A AFAER o] STl weh A A AH e
2 4FHI Utk 53] Hiol o7k GRHe] 12 AR
AALAA 2L F7HEsol B AR/t e €Y
7 o] AAEE FET & YT FFE 1T oA E A
Tat= SEsTrhof] A7 A AR o, EIL A4
2)¢l uol e 7kAeL Ao Al ARdA| 9 5 EBete
Az Nge o 7] ol& 7jel w2 AHE 7A€
Aole}, spAR vto|ertAg ARz AN HelAle 7}

do



Zo| Agsta ol L3 dho| o7k FAFA, wole
7hof H3eE A Arieh 2L GRS ¢ rlol 2}
271Rk] AR A EAALE A7 giE Sy g 7
g7do) shF W] ol Fojajol & Ao,

References

[1] F. Barbir, Elsevier Academic Press (2005) 399-426.

[2] M. Dresselhaus, G. Crabtree, M. Buchanan, Report on the
Basic Energy Sciences Workshop on Hydrogen Production,
Storage, and Use. Report prepared by Argonne National
Laboratory under contract W—31-109—-Eng-38.

[3] R. Hirsch, CEP Magazine. November (2004).

[4] J. Hykawy, Why Hydrogen Won't Work. National Post
(2005), March 24.

[5] U. Bossel, E. Baldur, T. Gordon, Cogeneration and
Distributed Generation Journal, 18 (2003) 29-70.

[6] H. J. Gilzen, Wat. Sci. Tech., 45 (2002) 321-328.

[7]1 G. Marban, T. Valdes—Solis, Int. J. of Hydrogen Energy,
32 (2007) 1625-1637.

[8] N. Meng, Y. C. Dennis, K. H. Michael, L. K. Sumathy,
Fuel Processing Technology, 87 (2006) 461—-472.

[9] J. H. Reith, R. H. Wijffels, H. Barten, Dutch Biological
Hydrogen Foundation (2003) 9—13.

[10] ZEH, 87IQ, U452, Y&, s, 27, fixZ, /71
SRIEES]|X|, 10 (2002) 7-23.

[11] Q. Aidu, B. Peppleyb, K. Karan, Fuel Processing Technology,
88 (2007) 3-22.

[12] EG & G Technical Services, Inc., Fuel Cell Handbook,
Sixth Edition (2002).

[13] N. Sammesa, R. Bovea, and K. Stahl, Current Opinion
in Solid State and Materials Science, 8 (2004) 372-378.

[14] F. Federici, Hydrogen and Fue! Cell Review Days 2007,
Brussels 10th—11th October.

[15] http://www.biosofc.info/project.php

[16] www.press—n—relations.de/downtoad/docs/CFC/CFC_
PASM_Pliening_FINAL_GB.pdf

[17] Greenhouse Gas Technology Center, EPA, Environmental
Technology Verification Report (2004).

[18] O|&+, ®Mz, wUrs, 2FY, WY, e Mol
Aes =28, 18 (2007) 164-170.

[19] S. Trogisch, J. Hoffmann, L. Daza Bertrand, J. Power
Sources, 145 (2005) 632-638.

[20] M.E.E. Abashar, Int'J. Hydrogen Energy, 29 (2004)
799-808.

[21] 1. R. Wheeldon, C. Caners and K. Karan, Proc BIOCAP,
First National Conference, Ottawa, February 2005.

[22] R. Bove and P. Lunghi, J. of Power Sources, 145 (2005)
588-593.

[23] J. Van herle, F. Maréchal, S. Leuenberger, Y. Membrezb,
O. Bucheli and D. Favrat, J. Power Sources, 131 (2004)
127-141.

[24] M. Ormerod, Green Chemistry, Oct. (2001) G61-G63.

[25] R. Schmersahl and V. Scholz. Agricultural Engineering
International: the CIGR Ejournal. Vol. VII. Manuscript EE
05 002. September (2005).

[26] W. Hahn, EPA Workshop; Analysis of Fuel Cell Appli—
cations Workshop Agenda, Cincinnati, Ohio June 26—27th
{2001).

[27] M. Buccarella, D. Caruso, A. Casalegno, E. Cerluini, V.
Cigolotti, L. De Lorenzo, F. Lucia, F. Pavoni, 1st
European Fuel cell technology & Applications conference,
December 14-16, 2005, Rome, Italy

(28] Z&E, 235, Aas], MSAFNUATH (2006).

[29] leonardo—energy.org/drupal/files/essentials6—Fuel
cells.pdf?download

2008. 9 x4,

No 113



19919 <lafojsta Bjskgsiat Bt
1994 Qlafoet sfelael a4l
2006\ T SRRt} Beap}

A EAYUSFATARIST) T A ATER Add1Y

(E-mail : jglee@rist, re kr)

1988\ <IsthEtw 24 %;h% “iw
20084 FA s

A BAUTH vlolemay g7

(E—mail : leejongy@eme,or.kr)

14 | Ao

198749 Aetista F&mehy) TekA}
19924 iowcﬂwzh A 3 e

A 2Rt aistAFARIST) FRAA AT HUETY

(E-mail :

jaeho@rist, re kr)



