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An Assessment on Harmonics Effect in Customer and the Distributed Power
System during Grid Connection of Residential Fuel Cell System

R A B IR
(Chan-Eom Park - Woon-Ki Han * Jin-Soo Jung)

Abstract - Recently, due to the use of fossil fuels for electric power production, carbon emissions increased excessively.
Thereby, in order to replace fossil fuels, many studies about fossil fuels such as solar and fuel cell energy source are
progressing. Fuel cell system has high energy conversion efficiency. Also, fuel cell system is environmentally friendly
system because the carbon emission is almost not occur. Therefore, the fuel cell system is considered as the core
technology of in the fields of the future energy and environmental. Fuel cell system has an effect on distribution power
system because another power source of other than large power plants. So, fuel cell system can be degradation reason of
power quality in the power system. In this paper, we constructed the system for an assessment on harmonics effect. The
system is composed with power source, harmonics generation and linear load, fuel cell system. we also performed
assessment on harmonics effect in customer and the distributed power system during grid connection of residential fuel
cell system. An assessment cases are divided into three. A Case 1 is state that residential load and fuel system are
connected to grid, Case 2 is state that residential load and harmonics load are connected to grid, and Case 3 is state that
all loads are connected to grid. As a output of fuel cell system is increase, analysis results based on assessment system
showed that power quality became more aggravation as effect of harmonics.

Key Words : Fuel cell system, Harmonics, Power quality, Grid connection.

.58 B Fatar g wlEe] A9 flv 874 WA AlzdlolEie
Aol Al wefo] oy Eoke] MAV|eR AR Y
H 5o AHAANE AT gHAE AR SR AT o v dHow Agd FH Ve Fo R 4
B g4 wEFe] Fdo wt IHAdsE AT & Ha gtk 24 HYoEAY ARHA A" HEA
U HEE, A5H8A S duAdel F A F oA B oo Ageae fg g R dxdu] o]
sl e Folvf I 2AVFA wiEe] HAs wWweks vy T ouE dxddelr] wiel] wAAEd dFES F 5 AL
871 98t ey 4 9 Akde] dstoz 4.z W R HdEEd Astdcle]l H o+ gl o] s} Z2
ol A el #F A7-¢F ®Byo] ks glv1l TAE sdsty] fg Wto 2 Fole] = IEEE,
20084 o] | AHE= 1Y F 100vtE Z2AE A7 I[EC TdA nz3z #7|ES A3t [3-4], =] 73
st 2020 7b7] A A= 109E HIF AFYS A s T, oAM= BAME A widAE s Aste] A

< A8E xS I, FHE ArdA G T FH &star 561
SUkWH) d=dx dd E5E 11009HE, dAE6~ AeFde] Astaede Zd7, 98, dgAH(Voltage
10kWH) dA=2dA i s4e 5407 = dA d9 A% Sag), AdE(Voltage Swell), 1Lx3 & 0:]31 7+A 7 Q)
T 028%°] =& &S At glom AEs AR o 2 % 2EIH(Harmonics)= -8l w}a} 28, 3Et
A 020374K ARl A9 opel 200w Fmel A% 2ol A& WA o] FA s R 2 9P
gaol o4tz of gloit, gAAu, tole Aeldu 53 2ol ARG 4
AZAAA =¥ gy AE A7dAZe] ®EES d3E 7l gYgor astes Fotdle ddFES v F
28] AHE A= AzElozH oux HEFT Lo ¢ ATHT]. Lz3hel] o3k JS WA 57| fete] el =
WA 1z #rlEs ARSI Aol A&3stn

(<3}
tomAAA 439 Ak AT Aelgut ‘*jgﬂf%w_t_ ARg AraA Asd @ mzd Dol
E-mail : cepark@kesco.or.kr B -

« W 3 9 Aok T Aol T Tk ol dist Maset nx:Ir BAHED e wHAEd E
s A 8 Y AVdAATY HJATd- Tt e Agll 78 ARAA Alzdo] dAAH dHs
2017} 2011 59 179 A s W, AATH B &7t M= TS HUe)
Hzom : 20119 59 262 7] 9 ANFRAS TES A, AES B9 AHE AAEGT

1280



Trans. KIEE. Vol. 60, No. 6, JUN, 2011

2. J1HE ARTAl A2H”He M 1ol & ATelA mxd JF Hrldl Ae sHEE
AmAA Al AbgS e ATt
7188 ARAAAZ="EE I UAE AR R
HES T3 AEs gAsE Aladers O AL 18
13 2uh ool el o] AR AR AlxdEe Fo FAQ 17183 E ARTR ALE At
A dAZHA 2" o9 AsWMIYX (fuel processing Table 1 A Specification of Residential Fuel Cell System
system)?! 7R & 7](reformer) ot =¥ 2744 (Inverter), 7] a8 TA A (R ATL2)
TEEA, YAEA sz FAFE A ARAANA Edx $A, CARE/FJSEE
A dee 5y or 7HgE Fatol dAste] Agat 53 SR
v A AAIske] ARG THO) NzdEy 1kW(AC 4 220V 71 %)
AALARE >35% (LHV 71 &)
N 22 AL S >45% (LHV 7]1&)
el S PEE >80% (LHV 7]%)
V CONTROLLEFH / ﬂ] %ﬁ ﬂ] ﬂ] % ﬂ ﬂ] —1?:@
o I 1 FH5Y 25,000kcal/hr(&F, Wi o] )
- b T B Hot well tank 150 Liter
anode @) A&7 Ag 2 A9
o N o -
LAY 3. nxT iy o HMAS AA Al BA ma|7|E
32 1 JIHE AEMK| A|AH 31 1=xm My & &3t n=xa Y E(THD : Total

Fig. 1 Residential Fuel Cell System Harmonic Distortion)

nEIE AUV, AWM 5 dHAA e S8
71719F e nAdy Fatel HshE QIUbEA wHW F-5te]
7S ASAA ALde A5 Fod meEk AKH F s an g5e a9 Wyl ey H, wye g
Mol Zhsst7] wiiel tAAHS ALdEFol hestan A Z J)Ea2 498 Uux 2RSS wzse sl mzu
71 B AHUBGAE ko] ey AoA AHH 7l = =y How s Ruel A Byl 7 AR F |5
AR 9 ] dEd adel mue AU MY 2g2 609 el 2w, 3, desk g A Faks
[10]. =& A71E Arrsts A A Al=d WE-olM Bz 2 wan nzy E2ugo wgo] mzute] 247 ®rk
o o]8¥ I ES IS F Jo HAHY Y O Y AEAG/ AR 1z = By WY Arz rlels=
2 A dAE T Y R 28 AT F dn g BE 23 uzy oS (THD)Z B71ed. 23 98
SE 2e & el a4 7S A A8R go sjw o ype gagel WE 54 AR B
88 AR Andewmn sies stelx wiaE FH 4 g gz gre Ay FTY e T £44 %
g2 725 FEEa, AE JHFERYH F7E FYed +F §e ey gy
< . AEUE 25 AHES A8 dRdA TEe F
BAE e O 9o dRdARYEH 2AE AL ks A a1z A F gk 1Q,\?
=9y S8 B e 4B goz waad THD = Srasterdag - E( Ql) w

714, Q = AR} At
Q=712 4&o ez
h = 1x3 34

Qv = hat ;] WEg

32 BAMNe A HMA S DxuE FE|J|E

WAAEe] mzEstE At o8 WwAsE A3 A

g wg Fx, O 9 olag 51 e Rl 93 A

o% e F Utk o] T wAAFTY nxge FE 53

of ojg J&FgFS FA " ol offrolA YW o R

WAAE A A nxse AYIALY FERE FoR

O3 2 nxa A gotol M85 JHEE ARNX AIA” ARAE T AR nZu= Rilo 98 WHEHFHE= Aow
Fig. 2 Residential Fuel Cell System for Assessment of Ak kS AAE S #BE s Yr}t A mEI TE V)

Harmonics Effect < [ECO #el 7+ FAE FHE 7Hdo

& ARTX| AaEe HEAH Al =87t U HiNMASoAMel nxat He @It 1281



E 20 A8 2ol MAAEI FAAFS nzxs A
g =Ee Agsn 94ar] olde Rad ua dE
x3h Age 272 Adch 29w g wxs A

E 3 @AY pNes

Table 3 Composition Component of Assessment System

e A g Y 2

s o] kel Hh aejaa Eha 220V, BKW ekg el AC
s ARE $47te nz Bl sld ¢ A T 34 380V, 2KW 53
oz Soly] 1Z3 AgLe uzI AR ol gl o) o =27} Dxuo MEBo| gie
FARY nr ke nx ARG Gz o TE AC 220V, 1.0kW | "
3 WA widd nxdg AFu AYgeR g JHIE £ 5t MF A
7] fEiAE wAAEd FdEe 129 AFE A 2| o Ef 0.35mH
of g[8l oxa | 2UM | 220pF65HP | Inp : 135% A E e
e ES | g 409/300W e ST TPV
£ 2 BiMAES nxal M BE == clolec 3AF 50A
Table 2 Specification of Residential Fuel Cell System A= FA| o 1~ 1000W otm = ol
39 W57t okl | 39 Wadl A% | Aag | AC 220V, E= TRW AC HMelma
T‘)l\‘ _T’_fﬁjjr iy | (hlars rS W=
215 2 S e JEEA 010
EEE ] xS A% xS A%
4% h % 4% h % A4 % ] B ]
AT Al WA 24a | o [ A (24 nzv 9 HJrh Asge ® 394 i ukel o] &
A% A% AE | AE A% | A% AAFeZRY AdedS ol A 3¢ * @ A
5 38 |17] 3 31 | 14| 2 1.3 | 06 4, Fo FHEE] st @Y B9 Aol 6kW, 37449
7 [ 31 J1d4] 9 To9fo4] 4 |06 [03 A 4 W AWe A4e FFL 5 oAb HHas
lé ?3 (1)8 21 | 02 | 0l g 82 81 (Power Source)$t x5 HAAI|A] e AHF-E A
E I e - g5 £87 B 2 nxsh 94 Fa 3A a9 A
19 05 7teg ARE FEwel Ao A% dde FHY
23 0.4 T AT AEHA AlagloR FAEo] 9]
25| (136 |04 (0.15 g 3ol BN nxzd 9F Bk Asd FHES S
29 |« |03 x om 1z 4% FHE AT AP A AR FRS
gé 17/h)} 8'3 Z2 02 0L g (10/h)}| 0.1 w82 o & 33 Erh
37 ~ Jo2 "
41 0.16 0.2 0.15 * 4 Dxul Hsk WIS st Alg=x=A
43 0.2 Table 4 Check List for Harmonic Effect Assessment
47 0.2
9 01 T = =z d
=\ Z3 l = . =
7) £% 1z JBE(THD) : WAATNA 5% Case | | 2271 ot + A2MA Al2H( - 1000W)

4, HEHH AZRMX| MAHRe nxo Jg It

axsh Wy Ratel o@ mEv WAl wE AFAR
o Q% FAAs] kel 1Y 3% ol B A2YS
FASAT Wb Azde) ek U Nee E 3%
1

L K e

ARHAA2E

O8 3 nxm g "ot AlA"-e THE

MP: =73 E91E

Fig. 3 System Diagram for Harmonic Effect Evaluation

1282

Case 3 T -
(1 ~ 1000W &&)

71 & 3ol A Case 12 11x3 9] gl JHl, F
E7F B 2 ASHA A2 AlFe] AAEo] AL w A
244 Az" FYo wE a1z A o9 ASHF
JElE H7EelH, Case 28 AEHA A" AlEAA §l
o] #&7F 3t ¥ nxu FrF AZEo Y& u AE
AR/ e ¥WsE Hrist a8la Case 32 871 F3)
nxd B R 2 S ARAA Alxge] HE AE
of A A= FEANA AEHA Al2=ge &7 Wl
&t Al AR dE BEE Hriste AS vEAL

2ot
ARA A" AFAA A wHAT el EAYH
of 23 gl unxd AF FFE BA4s7] dste] B



Trans. KIEE. Vol. 60, No. 6, JUN, 2011

e g FATERIRT DT YRRES MTNTITT
pal 8 o ST B T BT A
3 ﬂw%xhovﬂﬂﬂﬂoﬂuﬂhﬂLﬂﬂwWh
2 - > w L ;) ° < ! o~ 4 X — — 3
P B W Moo gy TN ERN W X E R e
— Cm = Hfﬂ%%,&g auzahvjwawﬂaw]ﬂﬂ@%i
i 3 g =o oo B K| °T N _-% X 2N ™o rillieon
E 03 T ~ 9 T B TR H P m T R o
i = © %ﬂeﬁAﬁlMﬁoto_oWEot%L%L;umuﬁﬁw‘_
il 2 EV R =By LM Ho o ¥
i = : R e I R -
L (I £ N o2g T . = o Sy
8 8 AieMaEXa=TezIl_uegy
5 % _ ¥ FPmgy +TsPpwrgod
i - }ﬂmﬂﬂf\qqamﬁowlrgi #® o
~E i ] o 2 ol o)) o
w - e H_.Mw@mmmﬂ%wmo_%ﬂaummﬂmﬁﬂfxwo%o_ﬁﬂn
s 35 B sraz oM fng o YT w R X
7 o5 Yo BRdmIxTALA s ewel
< om ﬂﬂ__ﬁ_ mM%ﬂuﬂu%%mMurLﬂn%i%%xEﬁ
Al = RS . o o SIp
< 2 = %E%%l_@r W T T H o
= 3¢ Mﬁi]%%%%%%ﬁ%%zxLﬂLﬂ%ﬂ%B
5 oy ! i R o ogR
pel c 3 Tz o ° loﬂnﬂ%iuO@Jﬂ?evWﬁFﬂHavﬂ
_ HWH 2o g7 T T T gy b o e X
= | : : T B EZIE LT RMBPT T T N o o T uo B
S A g 0 9 Eee " b o, L R o _%%ﬂﬂﬁ%iﬁﬂﬂ
0T [v]auaund 0T~ ST [v)heund ST- 0T [y)wuaundy oT- [sauzdind o#a w - ﬂﬂ H_l W ™ ,c% mm — %o ~ ™
ZT€ [NleBeyo ZTe- ZTE [Al9bEYOA ZTe-  ZTe [labeyon 7T ol o Now oA e o) of of "o ) S o T N
n i o TR R EERA R T F X W N
ﬂ%zﬂ%ﬂ% ﬂ1%ﬂnﬂﬁﬁﬂﬁvf%%ﬁ%%ﬂmﬁm%ma 1o
= - = X mo 7 W T X = _ Hr e — ’ ; . =
%%mxygﬁm _:wwmmmmﬂ%aﬂ#a&xwwﬁmvuﬂ% = b DT <
R Bl 8 z9l%Fs _+20F gww_ Py m C .= .z
A I ﬂaﬁﬁﬁﬂ%ﬁ_omwma%émeurﬂ_zl%1xL L TN LW . -
T T atr § FogS UnSEaedY ek D = R
Jmdm =5 o= TPETET ] siRpE= P s &
AR Fa T FUATHR IRy T HEmT g ( (. 5 ksefizis p
< 9% = m R W © NI o i wo =0 ~ oo R ogr = /,/ 3 p flegsiEss %
c SRR w9t Pasldgnas o g Ny By B o F
wmayozﬁo%mx;ﬂﬂr %ﬁaﬁﬂWW E_Of o - ) B Ca
< o Gk 2 < T ®WEE 5% Zx g 5 SR
W S = 2 : o GRodT ( ¢ &= : o T
FUET b PE e e xyn P T gty R WJJ i -
e T EE TRy P BT TR T e OHE e PR .
»o o ; ° %o j 2 = ! D e : P
TV TP T R TE T Ew BN o e
o L0 B T o= gn o W A T 5373 Y% wm N Ry e v = i
F o Mﬂu@ﬂiﬂoﬂ?ﬁamPo#x_aomomﬂﬁ%a. iﬁﬂr h ,/,MW S
o o . T = o s WY o LN LT ¢ W o
" o = " w g v W oy W b3 o o . ” NS ~ 0
%ﬂ%ﬂ%%ﬂ;%ﬂz%ﬂ%mﬁ%wavazmﬂmiﬂew%i =R IR=> Dty
N~ T o %ucu%deﬂ_\ldﬂﬂﬂpl : N P 1 i M_\L oz
A < 2 B o = M _ K= ., 9 K ®x X > ol o .9 e : 'S : . <0l
™ =0 > W A T o= ] 54 % % iy T T K = ! 5= N | (= el
s wemwsaks e T T g 2 g T AE LG NTE 4% N . p
S a3 o oo -~ 8 BT sERER D R =S -
1| xa_l]ﬂﬂ X E&oavaVMoﬂ]kouml S o 2 = ) > zl
mzﬁ GBS aéﬂdﬂi N K3 oY =20 e o) =] | N ) | \\\_\\ - K
ﬂ%ﬂ%]é%]lﬂﬁe&ﬂ%ﬂ@r@%mgg S OE_F 0 ¢ ( o= _ - Moo
oo WO AR o WP dem _gom_ Sgr B K oy &g e B . . PR
= oo L R % N PQW A w o Z of AT = o 8 ol T T Mo STIvDweund §T- o [yuauny sr- 00T £99 eee
TRHFABTHERXOFTET A ®H TR R e et [nebeon cie- ere INabeion Z1e- [3husm [
NRERANMTTETE MEAT TERTPFP2TPTRN% N M

!

1283

i<

1

[e)
Rl

A Al awle] dA =

A Al =74 A vl A SOl A 2

q

Eo
S

of Harmonic Generation Load and Linear Type Load
A

Fig. 4 Voltage, Current Waveforms during Grid Connection



HM71&s =2 60 63 20114 68

)
of
o
Bu)
N
-~
finj
2
o
]
o 32
)
rie
N

f
&)
>
2

¢

)
offt
o
fi
E
T
_0|L
kd
)

L

A s
29

=2

X
N
NI
2 =z Mmoo
x> o 2
S
u i)

2 ol o
23
ofl
A,
ofl
=
fru
e
o
i
pou)
tlo
e

o et

312 VoltagelV] 312

-10 Current([A] 10

312

-15 Current([A] 15

-312 Voltage[V]

-312 Voltage[V] 312
-16.7 Current([A] 16.7

1837 1861 1864 1308 1932

100
§

66.7

Current{[%]

on

oa

38 6 A=™X Ala”el &30 1kwe of Mgt M7 oty
Fig. 6 When output of fuel cell system is 1kW, voltage and
current waveforms

E® 57188 ARTR AMAH AS A Al Dzt A

gt

02

Table 5 An Assessment Result on Harmonics Effect during
Grid Connection of Residential Fuel Cell System

T& = A I_tin(%)
Case 1 T=E7} 25t + AZHX| AlAH 2.67
Case 2 T=&7t £t + nxu 35t 56

200W 65.7

+&IF F3t + 400W 825

Case 3 nzxEa 25} + 600W 104
o 2 M X|A| AH 800W 161.8

1kW 257

1284

o
=
it

o, oo o2 ro
e
il
SO
N
>
[>
o

2

o

z 2
o
o

O::EOH

14
>
ol
£ 320 oo X ozj

gﬂ('
x gy
)
fr
_\:rll
o
F>
i
e
]
£
@
=
wn
]
c
3
c3
o
S
PN
=S
il
i
T 0%
>,

9,
2
:‘12
o
of
oAl
]
%
%0,
s
2
il
)
B
>,
[>
o ™
lo 2

> huoox
4 2
Tojo o

O
o U

L L
32
i
A rlo
= @

ox

il oo
re
ox
)
)
it
2
ox,

ol

o

o> M
N,
>
I 1o
i

fru
o 4y
00:(1
_(‘DL
o)
o
£ T
R

2t

2 Ho
(oo 2 X0 2 of

g oo
BN
k%)
e -
ox
1
_C‘>L
3
2
ey
oft i,
oz
o o
=2
R
Lo o e 2

lo, v %2
N
fu
-2,
-

2
e
Lt e
T

ftlo

o
—

Jo

o

o

[l

< g

L

jan}

w)]
oz od

—o
o ¥

o

£

He

> oXx
of
Al
9
ok

i) p—u h
2
D
>,

oo [~

of
s

bl whel A&l
di, = 60Hz &9 A7+

x5 rol wol WA Hol A
=

N

Q

iy
oft 9
N
X

XY M [o
2
fash

pavy
o
=

o] ¢ ofstd AxE BATh

T, HEE dRAA A" 22 B4 dde A
A Qo] sELE A& T3 o] nxT HE2 A
e e Wetol ¥ Aow AdHM, dH ATo
25E TFHE FAA%Ge] ¥, F oy dEsds 8
g 4% dds A8sds A 7HEE dudA Ala"e]
AAR QA3 wiHAFe] dEiRste] tig AF7F Dt
EF FrhHor 7HAE dndA Alzage did AdA7)A <t
A4 B7FE flste] wMiAdAE ZelA 2AE = dE A,
et 22 Ao B Al ARdA A" gad $ 3l
= Al dig A7 2ed Aow Atndd

e on FRAUAINET
JFA(KETEP)S] A Qe wto} S=aldh o 341 <]1 o).
(FAHME 0 20091020300410)

®oATE A43AY A9

f 2 2 o

it}

(1] 24 9 6% “PEM dEAA F7F FRA &9
Aol gk CFDajA 3 7FAIsE Ao vawd" ¢
ol A Fetd], 2008d% =4 s&EURd A9d 4%
pp.101~108. 2008.

[2] AAAZAR, ML AEHA A5l W7|H b
H7t L bdAA e #g AFA9A BaA])”

[3] Recommended Practices and Requirements for



Trans. KIEE. Vol. 60, No. 6, JUN, 2011

B2l (@ E
1973 64 209€A4. 1997d 2o

Harmonic Control in Electric Power Systems, IEEE
Standard 519, 1992.

[4] Electromagnetic compatibility(EMS)-Part 3: Limits -
Section 6 : Assessment of emission limits for

ol
It
dotn d7)esta S AD.
i
7]
=

distorting loads in MV and HV power systems - 20109 AR ArEEyd &
Basic EMC publication, TEC61000-3-6, 2008 (ZEuAL), 19989 ~ @A =R
[6] @A v, “EAabg A wMdAE AA V&7 obdl  EAF AvIrHATA A A7
&7, 2005 AR AT
[6] =47 9 321, “Als el E4Y A9 oz
& H7rE 93 nxy 2dd w3 AF” dIAr e
3] A718ts] =&A 60¢ 4%, pp.733~738, 2011. 4.
3

4
(71 €714, f, A ASA A iz BAdd H

4e
g U183, 471887, Al 509 105 ppd3~

18, 2001. 10.

[8] @5AHTAE MAELY, WMAAS nxs el
=.”, 2010. 7.

[9] o1 4e, AAN, AT, TS A4 ASAY 3

TPEAT =l A Eets], 2008d% A ShedEs
A9 4% pp.95~100, 2008.

[10] /3, “7H88 A8dA Al="" g2 A714d4
a3 z=W-AvIAdnEs A A19E A25 pp.38~43
2005. 4.

o o (/b B’ OB

19773 5€ 8¥A). 2001 2€ Ay
stan Az~ Aol ST e £
(F3HAD). 20039 29 Foisha A
deh AT F IR F(FAAA
20073 28 Brjsiel A4 BT
(F8rEkAb). 2007 39 ~ 20099 2€

Fas

TYHTL ARFTAATL <
2009 39 ~ A T A7k FTA}
ANAAATE A7 A7 A

& 5 (8 s %)

19761 9€ 12941, 2003 ™| o5t
471383 EQ(FA. 20069 Eo
sl A7 Fea EY(FEAA. 2011
B ORI SR I T
D). 2004 ~ BA #3A7 AT
ANARATA AATFATY A
SR

IHE & ARTX| A2E o ASHA Al =87t A HiEASolIAM e nxut Je "It 1285




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


