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Development of Independent 1 kW-class PEMFC-Battery Hybrid System

for a Building
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Abstract

We have developed 1 kW-class PEMFC-battery hybrid system independently powering to the building, through the process
of system design, current load characteristics analysis, power system configuration for demonstration site and performance
evaluation. In order to use the fuel cell and battery as the hybrid type, a control technology for the charging/discharging decision
and charging speed of the battery is required rather than using fuel cell. Also output power distribution between PEMFC and
the battery is a core of energy management technology. It is confirmed that it is possible to supply independently 1kW powering
the building to ensure optimal energy management through the power control experiment of the hybrid system.

Keywords: PEMFC-Battery Hybrid System, Combined Hybrid Control, State of Charge, Energy Management Technology

L]

2 Fa% olfE HeE1 Utk 1 F9
M M 5P AU MEe 8% A F
Shuoltt. of2] oA Fo LEAE AL AzHA]
(PEMFC, Polymer Electrolyte Membrane Fuel Cell)&= T2
FAA v AREE % SHUETt 21 7SAITO] B
o5 Bopgo] tgt SHEAo] MEne A%E 9w
AYeg Hgtsirt. oldt dRAA= 7Y Wd7E
A AgHe adbEt -39 ES 58S AL 4 9

o

= T M
o, g4y =29 TS it 4 e I¥AF I
VAR =M, &2 A4S 53 vt 2ok A

&3 A (1]

PEMFCE AE8(7H4R), 248, e 2 28 o

Manuscript received on June 17, 2019, Accepted on July 15, 2019

BAA 5 T EopllA I ovAder A4S T
AL Qlth PEMFCE 599 ouA€dez AREs] A=
Fol Fol WHEd] sz tiAsy] fsta HiEE
Hx ouAder AREsh= stolHIE FHE ARESh=
70| vFAsitt [2]. o]= PEMFC7} ofluA] e AT
&ZF ol A] w7t wiE o] Bls) 2] g &HoR
AUAE FF57] AdiAe HiE=E HE=2 AZst A
&3t= Zo| "Fol.

EHAYE A=A -HEE StolHI = AJAFES] A

v =52 U 9EE e dRAAS &R w2
HYE = v FHE SAOl ol8ske EEA]L Al

N

~wlolet, Fig, 10149} o] A3} LxAlols A=A
92 AzYos LA A JolAYL WEo] FHsE
shelol, et SAAE ARAA 24T BAl W
Ao PAmEe w4 HE Y $8&(State of charge,

1 KEPCO Research Institute, Korea Electric Power Corporation, 105 Munji-ro Yuseong-gu, Daejeon 34056, Korea

+ mh-choi@kepco.co.kr

This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License. To view a copy of this license,
visit http://creativecommons.org/licenses/by-nc-nd/4.0. This paper and/or Supplementary information is available at http://journal.kepco.co.kr.

113



Seug Ran Yang, et al.: Development of Independent 1 kW-class PEMFC-Battery Hybrid System for a Building

Fuel Cell <«— H, *'— Reformer+— Fuel

| | G - i

DC/DC —
Converter

DC/AC — Load
Converter

l Charging surplus power

Battery
(@
Fuel Cell <+— H, 4-— Reformer— Fuel
DC/DC R DC/AC ___, e
Converter Converter
Using battery power
Battery

(b)

Fig. 1.  Operation method of fuel cell-battery hybrid system with
variation of power loads. (a) Normal Load. (b) Peak Load.
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Fig. 2.  Efficiency target of 1kW PEMFC-battery hybrid system.
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Fig.3. Process diagram of 1 kW PEMFC-battery hybrid system.
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Fig. 4. Measurement result of power consumed for a day at the
demonstration site.
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Table 1
Fuel cell standard of 1 kW PEMFC-battery hybrid system
Power generation capacity 1.0kW-class (220V single phase 60 Hz)

(electricity / heat) / 1.4kW-class (hot water ~60°C)

. . Power generation module + heat saving
Configuration
module

Fuel City gas (CH4) LNG

Fuel consumption 0.25 m3/hr/kW

Exhaust gas No emissions
Efficiency (LHV) Electricity efficiency 35% above (80% above)

Automatic operation, EMS (Energy

Operation method . ;
p management system) linked operation

Scale 600 x 650 x 1,450 mm
Noise 60 dB below
Table 2
Operation condition of 1kW PEMFC-battery hybrid system
Battery initial condition SOC 80% above
Fuel supply condition LNG availability condition
Average independent load: 200 ~ 700 W
Load condition Maximum: > 3 hr
1day:>16 kWh
Battery capacity DC 48V, 3.32 kWh-class
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Fig. 7. Power distribution diagram of 1 kW PEMFC-battery hybrid system
at the demonstration site.

III. RESULTS & DISCUSSION
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Fig. 10. Load responding scenario of 1kW PEMFC-battery hybrid system.
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Table 3
Operation result of hybrid system for a 1st operation period
Period of Cumulative Power Operation time System average

demonstration  generation (kWh) (h) output (W)
'18.4.3 ~5.16 252.4 920 274
'18.5.16 ~ 6.30 360 648 556
'18.7.1 ~8.31 706 1,602 440
'18.5.16 ~ 6.30 1,066 2,250 473
- I o (d) ' T e w
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Fig. 14. Operating demonstration result for 1 kW PEMFC-battery hybrid
system.

Fuel cell(W) — Load(W)

MARRS =27 gEof ARgsta, HA7]Y o] A%
Elo] TAZFATZ} PEMFCY] dEQl $A7IAR HEE7] A
StH ARAA Ao Eojzith o]t o] 7] A
| 7Fs= 9o /HERke2aS %‘riﬁi T AmdA 9] =¥
< o]&sto] =g SOCE BABFE oo RE &I &
Hato] d8& Fgoks 27171% —‘E—*é% 1T 4= A
=, AE =3 S0C 70% 9 oA Fshdeg St vy
B2 9] SOCE MFH O R Alofot= AS ST &= SISt
Fig. 14= 1 kW3 PEMFC-HjE]E] dlo|HE|= A|AH9]
&AAT o, AF7]ZF B9t HiE 29 SOC EHE WA
F= AF AEAS AT AlA” 27] EEA F

NN

I

4

|

A& 80%E BHE WASII(Fig. 14(c)), EF SHE&L 80%
AN 70%= HFZ3FHATH7HFig. 14(d)) THA 80% = SHAA]

< W(Fig. 14(e)) =H5oF A8 s & wig=|9] &/
A Zzo] P&s| 4=t T3t Fig. 14(a)= 700 W O]

I

sto] Sajold ezl AU BUE HeS

o]s£3l 9low, Fig. 14(b)= Peak 3} 826 W7} 3& A
AP AS AT 5 AAH cl=2A AF2A7T 5
°F 700 W R 9] ZHEslo] Y2 oo HiE

o] Bx %ALLS wEsl= RAA =HEs AY g2
2 e o] Z/HAH E&o] 9Fs] FYHE AL P
= AU

Table 32 AZ7|7} 59 A4 F slo|BEE A|AHC]
Aol 2250*17J ot % 1,066 kWhe] &2 AJAF

Fom AA”S] P &2 473 Wo [Tt

Fig. 15+ Fig. 14(a) 99 3329 HolHEzo]| wE dx
A}t wig 2 soc HIE AlRH o2 gt Aol A
HA, SOC7F dASHA FAIEIL Ue ARBolA SHESHT
S45HA S7Fot= 497 EASH stolBEgE (/R



a) o~ = T 28
70
. o &
5 9]
E e g
a
o
Time [min]
(@
() [
900 L
850
o 3
3 ]
g 2
< 1

Time [min]

(b)

g 700 Ho e e e e e e TR — — — — — — — — == =
. fﬁ_m-m g
O

600 a0
: | g
= M! U

500 | {30

400 . ¥ ah - £

300

145 115 155 116 165 17 175 118 1185 110 1105
Time [min]

— SOC(%)/10 — Fuel CellW) — Load(W)

©

Fig. 15. Detailed graph of operation results for 1 kW PEMFC-battery
hybrid system. (a) 52~60 min. (b) 75~82 min. (¢) 114~119 min.

Az|Q} vl 29 BA] &£8)o] HYE GAEHUE T HA,
= Es517F 7145 HiE g SOCE Yot EH o wik=
A 2" g7t ARAA7 HSEA Al HA, viE
o] soc7t = g FAZHE S B HiEEY wlwgt
Z /940 et A5AX 7 e I A S urEsigich
Aoz AT AN ARste ArdA]9} viE
g Apolo] R} Bl wijE g Lo ueh dEAA &

9o AP AN Aolgae A8tk ZIAEY
2 wjEzle] soc 4elkg muEste] I UNlE e
? AL PRI, PPAAlE 37 ARE oM 35
242 o, WEe S0t AT 7Y We 37 )
4 ARE A8el A% FUL 59 }5% sk Ao

KEPCO Journal on Electric Power and Energy, Vol. 5, No. 2, June 2019

1000 1000

800

600

4004

Power [W]

200

Time [hour]

Fig. 16. Variation of power split for combined control (SMC + FLC).

Holtt. o] W2 wiEEe socrt 3/ H® gl A
el AL A5 g HHsHA /8% % St H,
ol wet AzXS] EHHEo] APAER A=A

Stgo] FoldE BAS S2AI,

C. B3 Aolo] oJst AeAlo] ATt

AR HAA S E8I BT AolE AF
A5 8L Fig 169] 23S Lhehfoiek Fig 16(a)
FRIAGYMIYL Wl FHE(HMo] we A9 9
SAAGEEAE 2dste] WEelE S AL 2
U5k Fig 160)% AFHHEGAV} e 92
t A 2L Y3 wEs sl el
S B 2 gk Fig 16(0% QNG
SOt A e SR 408 dndd 2
of Wobd AL B 5 Utk 1YL B AelE 4F A
gl 2§ A(Fig 149)7 48 F(Fig. 168 vuF 2k,
2179l Seugel 400 ol 100 e 7] Fole
E. A th.

r°l'

PO

oo
o

m:gd R
nﬂw_ "
(Lo

PRI J DI )

SloluelE AT BT AlE 48¢ A3 % A
g Py mE SYRs] Age ¥ FFYS ¢ 4 Ao
E% W) F/PAE AP T HY 4SS T % 9
o Lol dRA0) 39 W5E wasel »

2.

o

orﬂm
N
X

P o

HHS AMEole A 5 AlojEch @ol WE
Atk olgt HIHgH dgdA] EYHES o HoA A&

¢
0
ni
i

T O

3t vho} o] AmAA So] YR ek 24 Hug B

gt Aozt Z1AGHE Eok ¥ 2 oyA] #Eolzs &
% Sloh
IV. CONCLUSION
74%£ 1 kWZ PEMFC-HjE]g] 3lo|BEZE A|AHZ
SHAYUF LR AEct] st A4 AA, AFFESH &
AEA, é:li AIE AYAE T8 4 4587 5= &
FotR, AFAY Aujde Heo d8E %%’6% A

119



Seug Ran Yang, et al.: Development of Independent 1 kW-class PEMFC-Battery Hybrid System for a Building

% 9Hg S5t PEMFCS HE S solue=g At
8317 PN ARANE BEOR A8T AP Tt )
Helo) /94 244 2 34 S8 A4 Ao 740
27w, PEMFCS} ez 719 22 de BujE 94g of
dAge)7lgo] wasit dndxel weest d2e 3
Moz Rujgtonn AT Bapl MEHHGE AnA
o e YA fASEA WEF 9F 7719 FA
28 fAE ARE AolEe AUsch AL =g
stolRel Aol AN ET HAACIS BT Fej2
Amzdxe} e 7ho] RalRwe Axzkez HA Ao
sto] AZo] Mo ML TIHEES St ABE
599 1 kW PEMFC-HiE|E] SlolHels A2®e
Az3ro =M T 5 kW PEMFC-HIE]2] stolHa|= A|A
£ 2 @ AEsE 8 Aol

o, HE

ACKNOWLEDGEMENT

This work was supported by the research project (No.
R16EA01) of the Korea Electric Power Corporation (KEPCO),
Republic of Korea.

£ A= 20169k 9] Aoz et AFHA
(R16EA01) Y th

REFERENCES

[1] WangYy, Chen Ken A, Mishler, Cho S-C, Adroher X-C, “A review of polymer
electrolyte membrane fuel cells: technology, applications and needs on

120

(2]
(3]
(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

(12]

[13]

fundamental research,” Applied Energy, Vol. 88, 2011, pp. 981-1007.

P Thounthong, S Rael, “The benefits of hybridization,” IEEE Industrial
Electron Magazine, Vol. 3, 2009, pp. 25-37.

P Thounthong, R Rael, “The benefits of hybridization,” IEEE Industrial
Electron Magazine, Vol. 3, 2009, pp. 25-37.

Jiang W, Fahimi B, “Active current sharing and source management in
fuel-cel-battery hybrid power system,” IEEE Trans. Ind. Electron, Vol. 57,
No. 2, 2010, pp. 752-761.

Hong Z-H, Li Q, Hang Y, Shang Y-D, Zhu Y-N, Chen W-R, “An energy
management strategy based on dynamic power factor for fuel
cell/battery hybrid locomotive,” Int. ]. Hydrogen Energy, Vol. 43, No. 6,
2018, pp. 3261-71.

Q Li, T-H Wang, C-H Dai, W-R Chen, L Ma, “Power management strategy
based on adaptive droop control for a fuel cell-battery-supercapacitor
hybrid tramway,” DOI 10.1109/TVT.2017 .2715178, IEEE Transactions
on Vehicular Technology.

Zheng C-H, Cha S-W, “Real time application of Pontryagin’s minimum
principle to fuel cell hybrid buses based on driving characteristics of
buses,” Int. ]. Precis Eng. Manuf, Vol. 4, No. 2, 2017, pp. 199-209.

Wang Y-X, Kai O, Kim Y-B, “Power source protection method for hybrid
polymer electrolyte membrane fuel cell/lithium ion battery system,”
Renew Energy, Vol. 111, 2017, pp. 381-391.

Ameur K, Hadjaissa A, Ait Cheikh MS, Cheknane A, Essounbouli N,
“Fuzzy energy management of hybrid renewable power system with the
aim to extend component lifetime,” Int. J. Energy Res, vol. 41, No. 13,
2017, pp. 1867-1879.

Caux S, Hankache W, Fadel M, Hissel D, “On-line fuzzy energy
management for hybrid fuel cell systems,” Int. J. Hydrogen Energy, Vol.
35, No. 5,2010, pp. 2134-2143.

Abadlia I, Bahi T, Bouzeria H, “Energy management strategy based fuzzy
logic for compound RES/ESS used in stand-alone application,” Int. J.
Hydrogen Energy, Vol. 38, No. 15, 2016, pp. 16705-16717.

Ahmadi S, Bathaee SMT, Hosseinpour Amir H, “Improving fuel economy
and performance of a fuel —cell hybrid electric vehicle (fuel-cell, battery
and ultra-capacitor) using optimized energy management strategy,’
Energy Convers Manage., Vol. 160, 2018, pp. 74-84.

S Yang, ] kim, M Choi, Y Kim, “Energy management technology
development for an independent fuel cell-battery hybrid system using
for a household,” Trans. of Korean Hydrogen and New Energy Society,
Vol. 30,2019, pp. 155-162.





