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ABSTRACT: Biogas plant with anaerobic digestion is receiving high attention as a facility for both livestock
waste treatment and electric power generation. Objective of this study was to perform life cycle assessment
(LCA) of a biogas plant which incorporates swine and food waste (7:3) as source materials for biogas
production. In addition, the biogas production process was compared with the prevalent composting method
as a reference in the aspects of green house gas (GHG) reduction potential and environmental impact. The
biogas method was capable of reducing 52 kg CO, eq. emission per ton of swine/food waste, but the
composting process was estimated to emit 268 kg CO, eq. into air. The biogas method was evaluated as
more beneficial to the environment by mitigating the impact on abiotic depletion potential (ADP), global
warming potential (GWP), ozone depletion potential (ODP), eutrophication potential (EP), and photochemical
ozone creation potential (POCP), but not to acidification potential (AP).
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Fig. 1. Overview of the biogas plant used in this study.
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Fig. 2. System boundary of LCA applied to the biogas
plant equipped with an anaerobic co-digestion process.
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Fig. 3. Specifications of the biogas plant based on the
operational data used in this study.
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Table 1. Input and output data of the biogas plant for a dayl)

Input Output Comments
Input materials (m /d) 5 - TS 4.9%, VS 3.6%
- Swine waste (m /d) 35 - TS 2.2%, VS 1.4%
- Food waste (m /d) 1.5 - TS 12.3%, VS 10.8%
Electricity (kW/d) 84.9 626 Assuming that all biogas was converted to electricity
Biogas (Nm’/d) - 252+20 CH, 67.9%, CO: 31.6%, HoS 0.5%
Diesel (L/d) 36.9 Used for the generator
Heat (Mcal/d) - 689 Currently the heat produced is not used for maintaining the
facility
Liquid fertilizer (ton) - 5 N : 0.45%

YAverage data obtained from the actual operation of the biogas plant in May, 2008.

Table 2. Properties of liquid fertilizer after biogas fermentation

- TN NHsN NOsN TP KO
P mg/ L
LF AY 8.0 4500 3,212 - - -
LF B? 8.2 2,410 2,120 0.7 380 3,300

YData from the facility used for this study. Cited from i."




Mo

410 A

o

Table 3. The result of LCA for biogas plant

Impact categories]) Unit

Scenario 1?7

Scenario 2° Scenario 3

ADP kg antimony-eq./ton - 021 -0.20 -0.29
GWP kg COy eq./ton 52 50 70
oDP kg CFCl1-eq./ton 547E7 11.0E-7 5.45E-7
AP kg SOreq./ton 0.67 0.69 0.86
EP kg PO; eq./ton -0.0116 -0.0064 -0.0174
POCP kg CyHyeq./ton -0.038 -0.034 -0.052

Y Abbreviations: ADP(abiotic depletion potential), GWP(global warming potential), ODP(ozone deplet1on potential),

AP(acidification potential), EP(eutrophlcatlon potential), POCP(photochemical ozone creation potential).

Basm scenario

described in the method section. ?Scenario that doubled the distance of transport to the basic scenario. *Scenario that
increased the biogas production by 30% from the basic scenario.
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Table 4. Estlmated gas emission of 1 ton of the mixture of swine waste and food waste during the composting period

of 90 days"
; i eaion? Contents Estimated gas emission
Gases Unit emission (/ton raw material) (/ton rav% material)
NH; 1274 g NH3N/kg T-N 4.74 kg T-N 604 g NH>N 733 g NH3
NO 46.5 g N, O-N/kg T-N 4.74 kg T-N 220 g NoO-N 691 g N,O
CH, 19 g CHs/kg OM 452 kg OM 859 g CH,

DThe mixture ratio of swine waste:food waste was 7:3. ?The data were cited from Fukumoto et al.

23)




A7 S o] &9 SRR/ E T

a3hg vl @b A R A WEY 7 411

Hpo] @ 7kA AAbel] AREE ER /ST E((7:3) 1 £
< B3k 3 5 733 g NHs, 691 g N;O, 859 g CHy&
WS A0 E FAEITE B3 §71E S 36% 48
at1,® Wgko g Asky ek o]9)9] HEI} COE e}
otk 7Hgshd 322 kg CO7F t7] o2 wiEd) 1
HEE ERL/SAHEOM 4.5%) 1 %] Hu|3} 24
T W] Fo® HiEshs 2471%(CO,, CHy, NXO) -2
248 kg COreq. @ ARSI 74 247k~ 7]of&8
N,O, CHy, CO, Z+2} 86%, 0.7%, 13.3%% N,O7}F T3
S 28k otk v f71ES] el HE ARl
COxEh= Ze adsha T3 f7]1% F2 COE th7] o
A et Zs fekekd Eujst 3y F BAshE COx
k5% (carbon neutral) 7HES Zg3to] oA A €]
sh= Zlo] Bfde ol o] A9 Eulgt Y & 2A7EA
W& 216 kg COs-eq./ton waste(OM 4.5%) Sith

9] Aif= vlo] 97k A3kE To AP Al HAA O 52 kg
9] COreq.& A5 F A%tk 21e w#fstd 7|9 g
H)3} Wi oA vlo] ek b o R ABso M4 268
kg COreq./ton®] 27N A5 F Ala= UERdTH
o] 5 ton/d Hpo] 27k AldelA <A7F 489 ton CO»-eq.
A5 F Qlvke AS etk 9259 247k 2
A 229 R8s A
Hpo] @7k W 9] A=Al Tjo] F gk Ho|tk

e e

/a1 E rle] @7k AR Ao Hjgh &
A7k MiERE ARYBE7HLCA) S AREste] EAet
Ak 30%2] FAH7]Eo] o] e ks ARl 74%%E 7]
ofshz Zlow uepgorn], dAAdcw =iu/sAH7E
(7:3) 1 & #2|Al 52 kg COreq./ton?] &A7}A7} Wl
A e Ao Yepdtt sARt sUs s Eulst &
7AFolle 247k4 216 kg COreq./tons HiESHE 2102
F7EASIE Euls WS vlol ek AL o g
growH 268 kg COreq./tons A Q& Ao% 3
7rEl e, Ao et Agtolehs SHeME
get Zo® H7HEt S e 22 A f7)
Tdehs w78 82 upo] @7k Al e g4 0
e W F 5 e AR ZgEd=dE, =
7k olglel EEuVlE, AEedullE 5 thFE
717 #H71E0] ol TFsOR ofF Hpo|erkAl] dRE
A5 ow ggshs Jlo] 7R whol erkastel o &
gotA 282 Zlor Z|der g i AL d8AE
grshz 2 9A] ol|A] defat A7 wllE el A
71018k Aow g,

2, oY mo
do rlr X nlo

AL AL
B AT 2008 BENEH BTSN LA
A9 Hlo] QoliX] o] gAA T Ao gtow 43
Hl ek
b

10.

11.

12.

13.

. AR (2007) wiRREEA o] o ZpEEg] Hlole

7k Ak db)gl o] &,
FASFaHEX]2 103-113.

g EXJALE 818] 2007 HE

- S8E, AR, 8, e, o (2002) s/

Fo] Z3L03lof| o3t ulo] @7t o] g4 A43) )
2115110 (1), 46-51.

. Angelidaki, I. and Ellegaard, L. (2003) Codigestion

of manure and organic wastes in centralized biogas
plants, Appl. Biochem. Biotech. 109 (1), 95-105.

. Raven, R. and Gregersen, K. H. (2007) Biogas plants

in Denmark: successes and setbacks, Renew. Sust.
Energ. Rev. 11 (1), 116-132.

. TR (2007) A HZIE S 9 A2EE,

p. 740.

. Murphy, J. D., McKeogh, E. and Kiely, G. (2004)

Technical /economic/environmental analysis of biogas
utilisation, Appl. Energ. 77 (4), 407-427.

. Hao, X,, Chang, C., Larney, F. J. and Travis, G. R.

(2001) Greenhouse Gas Emissions during Cattle
Feedlot Manure Composting, |. Environ. Qual. 30
(2), 376-389.

. Pattey, E., Trzcinski, M. K. and Desjardins, R. L.

(2005) Quantifying the Reduction of Greenhouse
Gas Emissions as a Result of Composting Dairy
and Beef Cattle Manure, Nutr. Cycl. Agroecosys. 72
(2), 173-187.

- G, PFE, AT (2006) FAREC] U AEM]S Y

sty ARGy, eI EEFeE 7 (1), 19-24.
Berglund, M. and Borjesson, P. (2006) Assessment
of energy performance in the life-cycle of biogas
production, Biomass Bioenerg. 30, 254-266.
Finnveden, G., Johansson, J., Lind, P. and Moberg,
A. (2000) Life Cycle Assessments of Energy from
Solid Waste, Stockholms Universitet.

Chevalier, C. and Meunier, F. (2005) Environmental
assessment of biogas co- or tri-generation units by
life cycle analysis methodology, Appl. Therm. Eng.
25 (17-18), 3025-3041.

AT (2004) 2k A2 ) D73, p. 112,




412 A - &dut - o]Yy - At - AFE

14. Czepiel, P., Douglas, E., Harriss, R. and Crill, P.
(1996) Measurements of N,O from Composted Organic

plant from life cycle assessment (LCA), International
Congress Series 1293, 230-233.

Wastes, Environ. Sci. Technol. 30 (8), 2519-2525. 20. Mancarella, P. and Chicco, G. (2008) Assessment of

. He, Y., Inamori, Y., Mizuochi, M., Kong, H.,,
Iwami, N. and Sun, T. (2000) Measurements of
N>O and CHi from the aerated composting of
food waste, Sci. Total Environ. 254 (1), 65-74.

L EENSA FAAATA (2006) THETR AR A
9, p. 273.

. Intergovernmental Panel on Climate Change (IPCC)
(2001) Clinmate Change 2001, Radioactive Forcing of Climate
Change, The Scientific Basis. Cambridge University

Press, UK.
ALFAET (2007) FFGHEA IS YA,

. 70

[}
<PD> YPYFH FYI IR DR,
. Ishikawa, S., Hoshiba, S., Hinata, T., Hishinuma,
T. and Morita, S. (2006) Evaluation of a biogas

the greenhouse gas emissions from cogeneration
and trigeneration systems. Part II: Analysis techniques
and application cases, Energy 33 (3), 418-430.

U, e, A (2002) fEEE g8 F o

NS Tz FENSA, p.179-223.

. Amlinger, F., Peyr, S. and Cuhls, C. (2008) Green

house gas emissions from composting and mechanical
biological treatment, Waste Manage. Res. 26 (1),
47-60.

. Fukumoto, Y., Osada, T., Hanajima, D. and Haga,

K. (2003) Patterns and quantities of NH3;, N>O and
CH; emissions during swine manure composting
without forced aeration-effect of compost pile
scale, Bioresource Technol. 89 (2), 109-114.





<<
  /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
  /DetectCurves 0.0000
  /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 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


