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A Study on Increasing the Efficiency of Biogas Production using
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Abstract In this study, we attempted to improve the biogas production efficiency by varying the mixing ratio of
the mixed sludge of organic wastes in the improved single-phase anaerobic digestion process. The types of organic
waste used in this study were raw sewage sludge, food wastewater leachate and livestock excretions. The biomethane
potential was determined through the BMP test. The results showed that the biomethane potential of the livestock
excretions was the highest at 1.55 m'CH4/kgVS, and that the highest value of the composite sample, containing
primary sludge, food waste leachate and livestock excretions at proportions of 50%, 30% and 20% respectively) was
0.43 m'CH4/kgVS. On the other hand, the optimal mixture ratio of composite sludge in the demonstration plant was
68.5 (raw sludge) : 18.0 (food waste leachate) : 13.5 (livestock excretions), which was a somewhat different result
from that obtained in the BMP test. This difference was attributed to the changes in the composite sludge properties
and digester operating conditions, such as the retention time. The amount of biogas produced in the single-phase
anaerobic digestion process was 2,514m’/d with a methane content of 62.8%. Considering the value of 2,319m’/d of
biogas produced as its design capacity, it was considered that this process demonstrated the maximum capacity. Also,
through this study, it was shown that, in the case of the anaerobic digestion process, the two-phase digestion process
is better in terms of its stable tank operation and high efficiency, whereas the existing single-phase digestion process
allows for the improvement of the digestion efficiency and performance.
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Table 1. The facility for an object of study.

Plants Specification Quantity
Anaerobic * Gas production : 2,319m’/d
digester * CHy content : 60% 2
(One-phase) * VS reduction : 45%
Concentrator * Moisture content : 94% 2
Gas - oo
desulfurizer H,S removal ratio : 98% 2
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Concentrator Anaerobic digester

Gas desulfurizer Gas engine generator

(Concentration)
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Step II ‘
(Anaerobic digestion)

[

4

Step I ‘
(Gas purification)

4

Output
Fig. 2. The stages of anaerobic digestion process in study.
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Table 2. Compounds of nutrient media for BMP test.

Compound Concentration(g/L)
Phosphate KH2PO4 0.27
buffer K2HPO4 | 035 \
NH4Cl | 0.53 |
, CaCl2 - 2H20 | 0.075 |
Mineral salts
MgCL2 - 6H20 | 0.1 |
FeCI2 - 4H20 | 0.02 |
MnCI2 - 4H20 | 0.0005 |
H3BO3 | 0.00005 |
ZnC12 | 0.00005 |
CuCl2 | 0.00003 |
Trace metals
NaMoO4 - 2H20 | 0.00001 |
CoC12 - 6H20 | 0.0005 |
NiCI2 - 6H20 | 0.00005 |
Na2SeO3 | 0.00005 |
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Fig. 3. Analysis of gas production by BMP test.
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Table 3. Analytical condition of GC-TCD.

Parameter | Condition
GC |GC-2014 (Shimazu, Japan)
Capillary column (DB, 0.53-mm diameter, 30-m
Column length, J&W Scientific)
Detector ‘TCD (flame ionization detector)
Carrier gas ‘Helume gas, 20 mL/min

Injector temp.

Detector temp. ‘200 T
50T

|
|
l1s0C |
|
|

Oven temp.
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Vep, ¢ Produced methane volume(mL)

M; : Methane content(%) at sampling time

My : Methane content(%) at previous sampling time
V) : Biogas volume measured by syringe(mL)

Vo : Gas phase volume of the reactor(mL)
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Table 4. Biogas production characteristics of substrate according to mixing ratio used in BMP test.

Substrates Mixing ratio VS load Biogas production CH; yield CH, content VS reduction
s (kgVS) (m'/kg VS) (m/kg VS) (%) (%)
Raw sewage sludge 0.0025 0.52 0.27 62.0 62
Food wastewater 0.0063 0.14 0.07 55.0 56
Livestock excretion 0.0009 1.55 0.80 61.0 39
Raw sewage sludge
+ 50 : 50 0.0044 0.38 0.14 61.4 70
Food wastewater
Raw sewage sludge
+ 50 : 50 0.0017 0.67 0.29 62.4 50
Livestock excretion
50 :30: 20 0.0033 0.79 0.43 64.3 76
Raw sewage sludge
+ 30 : 50 : 20 0.0041 0.68 0.35 61.5 84
Food wastewater 40 : 40 : 20 0.0037 0.76 0.40 623 78
+
Livestock excretion 60 : 20 : 20 0.0029 0.68 0.34 58.5 74

593



FHAlsl7| 48te] =2 A7d A6E, 2016

(FH5F+7EER)E TSTE 3.6~6.0%, VSTE 3.1~ Table 6. Inflow ratio of various sludges used substrate in

5.0%0]%921 TS thH] VSFHEE-S 79.6~84.5%% = anacrobic digestion.

AFEISAT). Table 5+ Test mode -HwAloA] Fl= Item Ra:/lusgg‘zage Wa:tziiter ;z::;zi

2Eg&EHA Y He 1Y EFEE YERIATH Inflow (m'/d) 737 193 14.5
Fig. 4014 AIA& AAD Ea&elx 4877150t Ratio (%) 68.5 180 135

&R 1HEFE WS AuRd MEZEo] 2

A Uebds & F A%eH, ol JF2RH wYEs 3.5 HIO|27tA Wit & mEteE 24

S B SRR HeA, iIAAYEAE ¢ 2 AFgA B S B EFEUAE UdeR |

A 2 R, FE AT 53l wel fFo) AsA 714 AsEAAY vl ot A I HESES

el ez B4FQI, AHEH Table 791 A AAYH A SEAE ©L7]

A7 83 Control mode +ATA A Hit 2,380m’

Table 5. Characteristics of mixed sludge in periods of test /d, CHy % 61.5%= Hon £d&AE 2483
mode operation. Test mode & HEHA|I 3= 1,520~2,514m/d ,CHy 5%

Mixed sludge . w 1= =2 K

Item (food wastewater + livestock excretions) 54.9~62.8% U%E L}E} 1— ]L E‘% = Eﬂ X] = A%
TS(%) VS(%) VS/TS(%) 6]' Test mode Iﬁ%ﬁ]"] 7IJ]'I" %65—7] i§}7]§9’] }é

Test 1 6.0 5.0 79.6 SR 1% Asv|AEe] A&FS 9§43 FalH
Test I 53 45 83.6 E0 = Test [,MHANA J_E}E% | AH o= o
Test I 3.6 3.1 84.5 = ATFS Hol A3xe] Bl 2EE B oA
Euagth ofF £4712k] kel Wl LB ELE

Al Z71ek o] Test MEA A= Hat vlo] @7k
Aateko] 2,514m/d, CHy 578 62.8%=2 ATthd A4
o] 7k AAY 589l 2319m/d, CHy 78 60%2S W
e FEoR AT Fig. 5+ 977115t vlel
o7k A D REge] WEFO|E YeER

|

it

niration(%)

60 u
8
g
& ap

20

00

0 5 w15 20 g8 30 F 4 4 50 55 B0 BSOS
Operating Time{day)

"" Table 7. Comparision of overall system performance data
n obtained in study period.

0TS{food waste + livestock excretions) wy3(food waste + livestock excretions) Test

Fig. 4. The TS & VS concentration variation of mixed Ttem Control 1 g m
sludge during the Test mode operation. Biogas production (m'/d) 2,380 2,082 1,520 2514
Biogas yield (' /kgVs) 060 044 028 053
3.4 HZEUE AHHEME &S2{X| FEYHIZ CH; content (%) 615 556 549 628
FRZ7] sty SEAY] 7143 S]] wE
BMP test 235 1ejste] @4 A& 214 T4 o e e s
2 Table 67} 71;‘0] B A S84 68.5%, =TT
18.0%, 7155 13.5%% YER} BMP test Ao} _
Cha Aol &t éﬂg gtk o]E Lab test® A

Fig. 5. CHs content variation of biogas production in
operating time.

|||I||| B
| o3

H| Il il
M| Hnl\lhh\ﬂ ‘

BMP test <} NZ‘&% a7 %HEoﬂAH oAzA A
_/;\_51-13]/‘3@-,,] T': %" S = S
T O IR A% AR Ak

Operating Time(day)
CHAratio —Bingas production

594



A &

717 &3EA A9

E&EAE o8 Hpolerts AaE St AT

3.6 LK ZYS 24
AT g A @71 ABERAA FeA A

o
E=ney
=

)

U=
)
=2

=

%

o

tlo % p
N, oo
of
ol

0%

oL

K

(ot o oot 3o o
N
o2

2 Table 8ol A<}

%Xi

o,

A

Az

2ol A3 AR A &£¥A dEo
ontrol mode Ao 61.1%= LERS

C
E3&eAE AHEe H87]7] Test mode &7

M 48.4~56.6%% Control mode &7 E7 o]
L 885 HAY o] Test mode =73t &

IA(&F, 7h53)9] s, szl
2 9"z ute} tha =Fo) 7}
2 ARHY, 53] & AT o Alde] v
SRR G AshbE(RYE 7
—u| Ao da g iﬂewm 23} o u}
3 &g} | AETe 7]

wy rlo

e
% g BT 5

o

1'>

EH —

E

M
T,
4,
£
22
KU
>
2
o,

Table 8. Reduction of VS according to VS loads in

anaerobic digestion.

Test
Item Control
il m
Flowrate of sludge o0 84.3 1092 1075
(m'/d)
VS loading rate
3,968 4,701 5,482 4,750
(kg/d)
VS Influent 58,017 55,771 50,206 44,190
(mg/L) | Effluent 22,482 24,051 23,533 22,690
VS reduction (%) 61.1 56.6 52.8 48.4
Control Test 1 Test 2 Test 3
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~ 700 y“m‘“
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Fig. 6. VS removal efficiency variation from anaerobic

digesters(A,B).

595

4. AE

e
-
rle

o P TR
L‘i
1o
o
;

L)
to 0
N
Ay G

to r—{n:
}:r

dlo fo fob ot ox

oz o

R E3 gl wef tha
Ei A+S A G+7F o] A7
T AlRolA] wEh ko] B A
, EHHE SlojAE A £2A
(50) : SF(30) : 7FEE(20)0] A5} e
A 0.43m/kg VSE 7P HA o Egugm %
A ATk ZF A5 BMP test 232 28] By
HRo] @7k Aakel din] WEE-S 55~64.3%2
UERt mlo] @ 7k2ell $HreE HEshy Wshe 1

7] 37 ot Vs 71E SelA 2 &l SlolA
= DAAE A & 39~62% Bt HekA RS A
G 74~84%= £ et ofeh 22 Ave

HFo] ¥ v Bes) A PO B 2shpy 1
u} #3 7122 g A HRTAT 2}

2,380m"d, WEHE 61.5%= UFE}LLth

YA E AP A R AFESIH S 9= o]
A Ft 1,520~2,514m7d, HEEE 549~
62.8%= ZAME AT o= & ATt Al Al
F 9 S F7E Astxe] AAsE (el 7t



HERE TP

S84 A17H A6S, 2016

lo,

LT

(1]

(2]

(3]

(4]

& H et o m\OT o w2 Lo N
e

)

tlo

oZ

A 2,319m/d)7|E 0% & o
AR F7HE 3]0

717 28kl A

=N

=
<]

}.

ol

% %ﬂsﬁﬂ\siﬂﬂ7k
- }ﬂﬁ%%l %i@ggéﬂﬂ%ﬂ
12 A}R3ko] of A8 VS
Eia= 15kgVS/m d= zx}&]g}guq o9 7px
S 0.53m/kgVSuice, PTETES 62.8%%
E]—‘J-T:]— e ASZUE 4L ddoA &
&l 9] A EHES BMP testoll A e}
A= tha Aolet A Fe1A - HE ¢ 7
685 : 180 : 135%924ﬂ}k4ﬁ =
Z ol QoI A &8 o X%ﬂﬂ
*ﬁeml%,gﬁgaﬂ % %ﬂﬂi
56.6%% A <&A|
&5 29 O]

[

03“:,

7(

1_

>v

48

L= m“ 4o

v
FHL =
A 2+

o
R

rN

of M O o (L M x Lo

oy o

References

Angelidaki 1. and Ahring B. K., “Anaerobic digestion of
manure at different ammonia loads : effect of
temperature”, Water Research, Vol. 28, 727-731, 1994.
DOI: http://dx.doi.org/10.1016/0043-1354(94)90153-8

Gerardi M. H., "The microbiology of anaerobic
digesters", Wily-Interscience, 99-103, 2003.

Odeegard H., "Treatment of anaerobically pretreated
effluents", Proc. Sth International Symp. On Anaerobic
Digestion, 225-230, 1988.

Kim, N.C, Yoo, K.Y., Ahn, JW., Kim, Y.J., Heo, K.,
Jung, Y.G., Bae, J.G., " Principles and applications of
biogas production technology by anaerobic digestion", J.

596

of KOWREA, Vol. 10(1), 7-23, 2002.

Demirer, G.N, Chen, S.,
of unscreened dairy mamure",
40, 3542-3549, 2005.

DOI: http://dx.doi.org/10.1016/j.procbio.2005.03.062

"Two-Phase anaerobic digestion
Process Biochem., Vol.

B3]

[6] Ministray of Environment, "Environmental Assessment
and Activation Plan of Renewable Energy", Korea

Environment Institute, 2010.

[7] Ministray of Environment, "Comprehensive research on
Waste-to-Energy measures", Korea Environment Institute,

2008.

Jules B. van Lier, Katja C. F., Alfons J. M. S., Everly
C. M, Gatze L., "Start-up of a thermophilic upflow
anaerobic sludge bed(UASB) reactor with mesophilic
granular sludge", Applied Microbiology Biotechnology,
Vol. 37, 130-135, 1992.

DOI: http://dx.doi.org/10.1007/BF00174217

Owen, W.F., Stuckey, D.C., Healy, J.B., Young, L.Y.,
McCarty, P.L., "Bioassay for monitoring biochemical
methane potential and anaerobic toxicity", Water Res.,
Vol. 13, 485-492, 1979.

DOI: http://dx.doi.org/10.1016/0043-1354(79)90043-5

Stainer R. Y., Adelberg E. A. and Ingraham J. L., The
Microbial World 4th ed., 705-706, Prentice Hall Inc.
New Jersey, 1976.

Pfeffer J. T,
fermentation of domestic refuse",
Vol. 16, 771, 1974.

(8]

9]

[10]

[11]

"Temperature effects on anaerobic
Biotech. and Bioeng.,

& & E(Jong-Cheal jung) ["3|H]
e 19821 59 ~ 2014 69 : 4
3T 7] 3E )
©1999d 39 ~ 2001 2¢¥ : WA
gt gk EE3E S I(E e
21Ah
020149 3¢ ~ AAl : SAYEL
gt 71$Rgger1Est Al
(A
020144 9€ ~ A : ZF=AFANYJME AL
<thlEor
e, 74, 7153st



NEFd 2 F7144 233NN EFEAE o837 Hpolerts Bdag S

g % E(In-Do Chung) [EalH]

e1985d 29 : FEdistn o
71 A8 8 (E A A

©1990\d 29 : Fduigta o
A3t ak(E shkAh

¢ 199611 9¢ : Kanazawa Univ. 3}
73&stal(3ghaa

019979 3¢ ~ A : TSR
AR wug

EEE]

3}k
o}

7

El
ol
2

019921 29 : 7Yy
7} (o]EHAAh
* 1998 24 : Aot &7
o

=1
p
2

3} (o] halR)

02004 29 : IAUEL S E
&3} (Fshaah
020061 2¥ ~ A : TAUEW

#7tol L AN W

597




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


