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R EESERFNBOIL TR Y, Horp RAERS A AR KT 10 d
IBERS (LU R GERRRAENS) , ZIFEXS A AEKI/NT 10 d 46
ST (CURGEM/NERS) , K. NEXSI LI bRk 15
Jr CARE= K (2013) 34 5 (i S Jc S5 A AR BB ARRTE) D
RS U ENLAT A% 2) B, ARk E
BRI SEEG, A T ILREERAEA T
KRNG5 JRIKIRE TG 4K % 3 d G KM (RS ZE/K i
WO 5 3D LFYERSE, BRRETERE. KRS NEERSFT.
FAE L, FOKRFEFF DRI RANE ) N 2 b
PIEY) . TORFEFF ARG 250088, FF i T

FRBEE IR BT A s 2 m el sECLor I, Pl
KA FRAILZE (= b ) EAE L, NERSHFR &
KFEFTABBT A 5 mm Ao K 5 T T

TR0 e b v e B H BRORE AR TRE g G
kL, BRRETHL (37 C) RESLM N 5d LU/
B Hhim. HpH AN 7.6, BE N 141.3 g/L. Wk}
FERp R EAS = (TS) , FERMEFEAS R (VS) ,
DA K A% B s N L 1o ARS8 R B B e R
B INECE R 2 CLAYE A P A4 FEHED BT 2Rl
VS &Mk VS T E=2, BRIk E L 400 g.

F 1 BEEABYR RIZEMHITIREN TS #1 VS

Table I TS and VS of inoculum and substrates
WPEFI - R [ R R I B YRS N e VS IRINE R IR VS S

Types of substrate S E AR TS /% VS/ % Added inoculum/g Added Added inoculum Added substrate

substrate/g VS/g VS/g
M5 Y Inoculum 2.62+0.51 1.36+0.77 400 0 5.44 0

T K25 Maize stalk 25.90+0.53 23.90+0.53 388.93 11.07 5.29 2.65
Tk Maize leaf 16.10+0.41 15.40+£0.42 383.08 16.92 521 2.61
0 7 Fresh alfalfa 30.99+0.76 28.01+1.26 390.52 9.48 5.31 2.66
T E 74 Dry alfalfa 87.25+0.59 78.15+0.93 396.55 3.45 5.39 2.70
INFEFEFF Wheat straw 91.43+2.82 91.05+1.48 397.03 2.97 5.40 2.70
425} Food waste 10.19+0.75 8.91+0.78 371.64 28.36 5.05 2.53
/NFERS Dead chick 29.56+1.83 27.6243.15 390.39 9.61 531 2.65
KB Dead chicken 32.69+1.67 28.9142.94 390.81 9.19 5.32 2.66
IR 4.26+0.38 2.87+0.62 323.38 76.62 4.40 2.20

Hydrolyzed chicken manure
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Fig.1 Evaluation index of feedstock screening for large biogas plant
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JHIEYPRHT BMP RS 25 L BoR, T HAE. TR
BEE AR . NIRRT RKZE. WKW KA., &
Jf RN TERG ) B e R R A 0 A 230,72, 257.58.
282.11. 324.12. 339.27. 532.47. 567.14. 646.80 FlI
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Fig.2 Cumulative methane production obtained from experiment and corresponding model fitted curves of First-order, Modified First-order
and Gompertz
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KRR = AU A i 228K . MG, First-order J5 2
A REANIE XS SR MM, DA R /N XS R o 46
B AR YR RS . Modified First-order
HEEM R KT 0.97 Himn T AR (AR BT s
T Gompetz #57%) , RMSE 124 3 AMUL& 7 i A,
M Modified First-order J5 FEX == 26 P00 & ARG 1 15
75 3 AN FEF R . {H)E, Modified First-order 7%}

KAEXE NGRS () BMP #4545 S L Gompertz #52 [1) 1)
AR, R BRI 0 = it e KR v S0 th e &
WA, PLA S RAER, K H Modified
First-order J7 F2UA N W ASEE— P RS IE . HE 44k
F, Gompertz X} %W EHI 2 BMP #2L-& B ARG BT
UOAE, T H Rl E R AT A EYE L, RIS A
TR &R = F et 7

=2 HIEFHE First-order. Modified First-order 0 Gompertz 3f 9 #i## RF =S Lk AU SR
Table 2 Model estimation results of 9 substrates by First-order, Modified First-order and Gompertz models

YRR FEIE R R
e BH Cellulose Animal manure Fat and protein
Modols Puensers  TEAE RN BEEAE  AERAT RKE IR IRGC B®E 1AL
Dry Maize Fresh Wheat Maize Hydrolyzed chicken Dead adult Food Dead
alfalfa leaf alfalfa straw stalk manure chicken waste chick
BMP,/(mL-g") 228.10 259.00 272.80 314.00 334.90 542.40 3.9E05 687.40 1255.00
kd! 0.228 0.150 0.261 0.177 0.101 0.085 2.0E-05 0.181 0.014
First-order 5
R 0.9861 0.9600 0.9785 0.9830 0.9882 0.7340 0.7924 0.9663 0.9038
RMSE 5.71 12.37 8.20 9.94 8.97 74.57 107.9 39.10 80.92
BMP,/(mL-g") 24120 249.10 2860 363.70 393.80 474.60 86.76 605.50 380.20
Modified ky/d?! 0.274 0.123 0.305 0.153 0.199 0.058 0.013 0.137 0.020
First-order R’ 0.9973 0.9975 0.9963 0.9956 0.995 0.9950 0.9864 0.9862 0.9953
RMSE 1.90 3.29 3.75 5.04 6.09 9.99 27.66 25.62 17.92
BMPm/(mL-g") 224.20 251.10 368.30 312.90 325.20 524.70 591.80 651.90 694.70
Rm/(mL-g"~d") 3043 31.29 43.78 25.07 18.2 40.28 31.89 93.48 30.21
Gompertz /’cG(,mpem/d'1 0.138 0.129 0.167 0.081 0.060 0.079 0.061 0.148 0.049
R 0.9774 0.9947 0.9707 0.9728 0.9720 0.9970 0.9825 0.9924 0.9932
RMSE 2.61 4.77 9.75 12.75 14.17 8.24 32.05 19.00 21.77

T BMPAIRE T B TT, Ry AP BEERE, ke ko T komperz F IR NE) T2 5o
Note: BMP,, is the ultimate biochemical methane potential, R,, is methane production rat, k and k> and kgompert- are kinetic constant.
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Fig.3 BMP estimation and experimental results from First-order,
Modified First-order and Gompertz models
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(BMP,,) 158 XA F e 7= A ks B AR 8 H AN TR0 )
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FEARISE TS R bRV VDI 4630 H 1 BMP o /F 4 B F
DU 7 F e U0, B F P F e a2 i R
1 1% () BMP {H

2350 T A FEIIEHE BMPo (AR 45 A P0RLH )
BMP, L)% LL BMPo /4 BMP 156 45 o B[R] W Am vt i
HIR M 4asi e sl 76 9 Bk, FH%E. Tk, &
EifE . ANEREA. RoRZE WFOKIRR. KAERS . BB
INFEXS (] BMPyo, 73 51 : 220.49. 241.01. 262.10. 310.84.
305.80 508.41. 520.90. 630.7 F1 618.05 mL/g. JHfREL T
SRR 2K fRIRE BMPo #8iA %] 500 mL/g Bl L,
HrPNIERS ) BMP o B o £F4E 2528 BMPo 7E 200~
400 mL/g ], HH/NEREFE BMP o, T EH T BMPyy,
B TKZEHTKM i 21.2%, BEE 1S BMPo LL T
e 15.9%. 75 TR, ISR R NS TR, 1ok
20> BMP 1545 R AT 90% (K17 FULE I (Il BMPogyy) 1),
AR, B R BMP o[855 SRR 45 I BMP
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W52 Z (R A) . 25 b, AEYDRHFE R, EH BMPy,
1D 7 FEGEARLAE A ) D) 7 FE o 9 ) TRD6) LU ARV A2 w47
[y, FLA BMP o fUBAE SR BMP I, 1) AR5 T
TRIGIS T 20 ATl A BRI R] K 1 A2 6 ¥ 5K BMP,
BMP o, 15 A 0] EAGRRIE, ANHO AR A 01 U,

RN 3) BMP o, LA 1) 42 [A]— KR EE7K -  1¥] BMP
B, AT LRSS ) R P TR R (1) 85 SR o AR SCOE () ek
o, PG T R, SRR TR R T R R
Lot Sy ek, B D SRR R BRI A
T WRIEEL, IETFEESTHRWER . s Tiiih 21

x3 FRMYMERFSENT 1% IR L5 RE B BMP RiRIEA K LI

Table 3 Comparison of experiment duration and BMP between experiment reaching production level 1% and reaching end

P H =S5/ T 1% Daily biogas<<1% RIS 45 HHT Test end P/ R R T [F) 447 4 L 451
S 1%
Types of substrate BMP,y/(mL-g™) 72%7@& BMP '“Wf“]’”““l/ k%kﬁ BMP 45/% feFrsSrllltiletgion
Fermentation time/d (mL-g™) Fermentation time/d time/%
T % Dry alfalfa 220.49 16 230.72 30 95.57 46.67
T K Maize leaf 241.01 16 257.58 41 93.59 60.98
4% Fresh alfalfa 262.10 15 282.11 31 92.91 51.61
/NEREFT Wheat straw 310.84 26 324.12 37 95.90 29.73
T KZE Maize stalk 305.80 26 339.27 42 90.13 38.10
0 2 TR AR
Hy dmly;iﬁfigﬁ manure 508.41 20 532.47 68 95.48 70.58
KHEA Dead chicken 520.90 36 567.14 68 91.85 47.06
45} Food waste 630.70 12 646.80 18 97.21 33.33
/NFERY Dead chick 618.05 49 684.30 68 90.32 27.94
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I S E LG o 3 AN T RN 9 Rk 8l ) 2 1AL k (R4
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Note: k, k Fll kGomperz Were the kinetic constant of First-order, Modified
First-order and Gompertz, respectively.

B 4 First-order. Modified First-order #= Gompertz 27! #1449
YRR 2h A 5
Fig.4 Estimated kinetic constants of substrates by First-order,
Modified First-order and Gompertz model

MR ER (TR 22 B (80 7 2 Kk (0.148 )
e (R 2) . JEHAE 9 Bk BMP o . B
SRR TR K ZNFERS K] BMP o, [ AEAR 5 (X
G R DI ENE: I B NIV (s s S T D@ Rl =
S SRR KB T TR A AL R R A
MIMETE, fHILAE 9 ARl RIS S5 /NI Bl 0 25
S50 0.061 A1 0.049 d', EE T First-order. Modified
First-order 2 MERWHEIAE (K 2) , ARILHA R
WAL RN =S, B4, K. AEXSS R T
KT 36 F1 49 d iK% BMPy,, HJRNEHT T 68 d J5H:
FE BT 218 ETF RS U R, NFERY f—Ff
R i S 5 A0 (K k) o X 3 KR IR A G R i T R
(0.079 &™) By fif A 91 iy 2 S0k B Fr i 14 P iz
Tl ol 1) B A A ) T R T AR I 14 Jo DA i e g U7
YR RBYRI, T EBEEAERIEORIAE 9 FhIFEYIRL
oh R AR, B Oy o 0138, 0.129 F
0.167 d'o /NEREFFELF4E 2K BMPo i, (HILE )
BN 0.081dT, AHXTEAK, TR K ZE A B AR R
(0.060 d™") 11T KM, (EL4E 28R h RPN AR,
T B T R R AR AT Y R R KRR, K
SRETKZE.

RS R AU, HOER A REN H T
A T REAE g 0 78 J5URE R b 37 1 A 1 SR A 7 B e k)
() AR N ) 2 FEEAT UM o WG B AR 5y g 25 8 Bk
T, SN PR, TP R TR BREAAR A 5% B A S e
W% P AT R o T AT I B A 20 g 2 Bt W
YIRHE B 508, IR RRIX R RS, T FE 2% 18
PR R e JE 3 K i B AR VA R T I8 AT R AR T
HEATIE R R RS o ML b8 B mT DL AT 4 25 J5UR) A
A5 A RN ORI LA R R B AR, I HoAAT]
FATADO w1 Wb 47, I AT Ve A TRER



5 24 1) B

A BT R ) AR R PR B)) 00 5 (R ORI RO Al 267

FRE SR s T FORZERUNZZREFF 167 R ocils S (e 4T 4
FIRR A BARR IS 5, (KRR A . ey
WG B TR e R AR e, R =H
Levs )i, XA LRI A i FR R R . DRI
H T IR E A S TR R R, BT
BT = el 1, BN 256 7= el R IX — 2% 240
LAy, 6 TR R AR ok, s S E s
FIAR T4 2R 000k, AT —LEFAb #2722
Mo PRIA, &Y AL H GE e Mk ) B R . =
TR GEE g, T R AT 2 B AT AR
FHUSY, TR o T 3 5 B () A B R A T AR R T M R
YIRHO PR R, W KRR AN EERATFN 20, X T4
WiiE, A HAR SRR ), MRk,
THAD 3 5 (1) U RS A5 BE AE 458 0 I 1) PN R TS FL 28 e 1) 7 HR O
W), WA E R B KR IR TR R
o, (AR, ZEAY ) PR A AL B R A R R S e E AL AL B
7ok e A Y 1 L g3 i W S B2 ST S L B RS WA = £ ]
SRR AR TR IR I VDR A5 7 L A B AR — e )
B, s TYRIRE S .
3 & it

D B TR ke ) RS, S5 GAHIHESUR
FRAE, BT TR S B N R T, AT
A RKEVHA CRERBERL (B RIEYIRD it iS4t
T IR AR AR S

2) FIM AMPTS FrtEfL-- & T H J o0 RA A A,
N RV 3 R0 ik 22 45 2 A Y IR W] i 0k 7 VR H AT
BEAVERTAT LR R

3) FET G ) L ) e R S i R
i ik, XERIE R iR SR, AR T
17 HU R 0 A < AT 98 A%, ANt 78 70 1)
FRARNIEFD) . LTI AT AT AL IR KR, 1R
AL R A AR R )RS D) RS

(B * X #]

(1] F&p, RJi. P EA . FoE Ay A fe i 5% it < &7
T[], AMGETE, 2011, 16(1): 37—42.

Cheng Xu, Zhu Wanbin. Industrial marsh gas-the cinderella

in China’s renewable energy mix[J]. Sino-Global Energy,

2011, 1(16): 37—42. (in Chinese with English abstract)

(21 FiRe, HERE, AT R AR AR R AR
PEB L], KRR T, 2013, 33(9): 141—148.
Cheng Xu, Cui Zongjun, Zhu Wanbin. The upcoming bionatural gas
in China: A strategic emerging industry[J]. Natural Gas Industry,
2013, 33(9): 141—148. (in Chinese with English abstract)

[3] Esposito G, Frunzo L, Giordano A, et al. Anaerobic
co-digestion of organic wastes[J]. Reviews in Environmental
Science and Bio/Technology, 2012, 11(4): 325—341.

[4] Mata-Alvarez J, Dosta J, Romero-Giiiza M, et al. A critical
review on anaerobic co-digestion achievements between
2010 and 2013[J]. Renewable and Sustainable Energy
Reviews, 2014, 36: 412—427.

[5] Li Jiang, Wei Luoyu, Duan Qiwu, et al. Semi-continuous
anaerobic co-digestion of dairy manure with three crop

(8]

[10]

[11]

[12]

[20]

residues for biogas production[J]. Bioresource Technology,
2014, 156: 307—313.

Moody L, Burns R, Wu-Haan W, et al. Use of biochemical
methane potential (BMP) assays for predicting and enhancing
anaerobic digester performance. in 44th Croatian & 4th
International Symposium on Agriculture[C]// Opatija, Croatia:
Faculty of Agriculture, University “Josip Juraj Strossmayer”
in Osijek, 2009: 930—934.

BCEE, A, I, SR PR R ) i BOR Kk
HVPR[]. AT A REIR, 2013, 31(5): 72—79

Cheng Xiyu, Li Chao, Li Bing, et al. Technologies and
equipments used for testing biochemical methane potential
(BMP)-a review[J]. Renewable Energy Resources, 2013,
31(5): 72—79. (in Chinese with English abstract)

Stromberg S, Nistor M, Liu J. Early prediction of
Biochemical Methane Potential through statistical and kinetic
modelling of initial gas production[J]. Bioresource
Technology, 2015, 176: 233 —241.

Labatut Rodrigo A, Angenent Largus T, Scott Norman R.
Biochemical methane potential and biodegradability of
complex organic substrates[J]. Bioresource Technology, 2011,
102(3): 2255—2264.

Long J H, Aziz T N, Francis L, et al. Anaerobic co-digestion
of fat, oil, and grease (FOG): A review of gas production and
process limitations[J]. Process Safety and Environmental
Protection, 2012, 90(3): 231 —245.

Menardo S, Gioelli F, Balsari P. The methane yield of
digestate: effect of organic loading rate, hydraulic retention
time, and plant feeding[J]. Bioresource Technology, 2011,
102(3): 2348 —2351.

Schievano A, D’Imporzano G, Orzi V, et al. On-field study of
anaerobic digestion full-scale plants (Part II): New approaches in
monitoring and evaluating process efficiency[J]. Bioresource
Technology, 2011, 102(19): 8814—8819.

Cavaleiro A, Ferreira T, Pereira F, et al. Biochemical
methane potential of raw and pre-treated meat-processing
wastes[J]. Bioresource Technology, 2013, 129: 519—525.
Ponsa S, Gea T, Sanchez A. Anaerobic co-digestion of the organic
fraction of municipal solid waste with several pure organic
co-substrates[J]. Biosystems Engineering, 2011, 108(4): 352—360.
VDI. 4630, Fermentation of organic materials
-Characterization of the substrate, sampling, collection of
materials data, fermentation tests[J]. Verein Deutdcher
Ingenieure, Dusseldorf, Germany, 2006.

Kreuger E, Prade T, Escobar F, et al. Anaerobic digestion of
industrial hemp—Effect of harvest time on methane energy yield
per hectare[J]. Biomass and Bioenergy, 2011, 35(2): 893 —900.
Chen Y, Cheng Jay J, Creamer Kurt S. Inhibition of
anaerobic digestion process: A review[J]. Bioresource
Technology, 2008, 99(10): 4044—4064.

Lagerkvist A, Morgan-Sagastume F. The effects of substrate
pre-treatment on anaerobic digestion systems: A review[J].
Waste Management, 2012, 32(9): 1634—1650.

Fu Shanfei, Wang Fei, Yuan Xianzheng, et al. The
thermophilic (55°C) microaerobic pretreatment of corn straw
for anaerobic digestion[J]. Bioresource Technology, 2015,
175:203—208.

Yang Dongyan, Pang YunzhiZ, Yuan Hairong, et al
Enhancing biogas production from anaerobically digested
wheat straw through ammonia pretreatment[J]. Chinese
Journal of Chemical Engineering, 2014, 99(10): 576—582.



268 Ak TREZAR Chttp://www.tcsae.org) 2015 4¢

Organic substrates evaluation based on biochemical methane potential
and degradation Kinetic

Li Chao'?, Liu Gangjin'?, Liu Jingxi?, Chen Liumeng®, Zhang Cheng®, Dong Taili*, Deng Liangwei’
(1. Key Laboratory of Development and Application of Rural Renewable Energy, Ministry of Agriculture, Chengdu 610041, China;
2. Nova Skantek (Beijing) Co., Ltd., Beijing 100012, China; 3. Institute of Applied Agricultural Microbiology, Jiangxi Academy of
Agriculture Science, Nanchang 330200, China; 4. Shandong Minhe Biological Technology Co., Ltd., Penglai 265600, China)

Abstract: The purpose of this paper was to develop a standardized method for substrate evaluation process in biogas plant or
relevant anaerobic digestion laboratory, which could increase the efficiency, strictness and scientificity of current substrate
evaluation process when the substrate evaluation test standard was absent. The substrate assessment method was proposed by
analyzing the data of accumulated gas production and the degradation dynamics of substrates with the help of mathematical
model. The first-order model, modified first-order model and Gompertz model were used to fit the biochemical methane
potential (BMP) curve of wheat straw, separated stem and leaf of maize, dry and fresh alfalfa, chicken manure, food waste,
dead chick and adult chicken respectively, and in the meantime the kinetic constant and the estimated maximum BMP of these
9 substrates were estimated. The simulation performances of these 3 models were statistically analyzed and compared to find
the suitable model for the substrate evaluation process. The modified first-order model had the highest simulation precision of
BMP curve while the first-order model showed the lowest precision. The Gompertz model showed a moderate simulation
precision of BMP curve, and the maximum BMP value simulated by the Gompertz model was more close to the experiment
value among the 3 models. The BMP,,, (accumulated biogas production when single-day biogas production accounted for 1%
of BMP) was raised in German guideline VDI 4630, which was a standardized way to define BMP value and corresponding
necessary experiment time, thus avoiding the subjective judgment during evaluation process. In the meantime, when adopting
the BMP,,, as judging index, the accumulated methane production accounted for more than 90% of the ultimate accumulated
methane production, and the necessary experiment period was reduced by 27.94%-70.58% compared with the whole
experiment period. The BMP values (based on BMPys,) of 9 evaluating substrates, wheat straw, separated stem and leaf of
maize, dry and fresh alfalfa, chicken manure, food waste, dead chick and hen, were 220.49, 241.01, 262.10, 310.84, 305.80,
508.41, 520.90, 630.7 and 618.05 mL/g (volatile solid, VS) respectively. Fat-containing substrates, like dead chick and hen,
possessed the highest BMP. The kinetic constant generated from the model simulation was objectively referred to the
degradation speed of substrate. The analysis results showed that among 9 substrates, the dry and fresh alfalfa had the highest
kinetic constant, which meant they were very easy to degrade. The kinetic constants of other cellulosic substrates (except
maize stalk and wheat straw), chicken manure and food waste were just lower than alfalfa, and they were also easy to degrade
in anaerobic digestion process, while the degradation of dead adult chicken was the slowest because of the presence of oil. By
comparing the simulation performance of the 3 models, the Gompertz model was recommended for the maximum BMP
estimation and the modified first-order model was more suitable for kinetic constant estimation. The introduction of BMP;.,
improved the efficiency of substrate evaluation for biogas plants. As the substrate degradation speed was also one of the
important factors for substrate evaluation, the comparison of substrate’s kinetic constants was necessary as well.

Keywords: biogas; fermentation; kinetics; biochemical methane potential; substrates evaluation




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


