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MICROBIOLOGICAL PATHWAY OF ANAEROBIC DIGESTION
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Adapted from: WEF. "Wastewater Treatment Plant Design. Water Environment Federation." Alexandria,
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Figure by MIT CCW,
Adapted from: Sawyer, C. N, P. L. McCarty, and G. F. Parkin. Chemistry for Envirgnmental Engineering
and Science. Sth ed. Boston, MA: McGraw-Hill, 2003.
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Figure by MIT OCW.

Adapted from: Sawyer, C. N., P. L. McCarty, and G. F. Parkin. Chemistry for Environmental Engineering
and Science. 5th ed. Boston, MA: McGraw-Hill, 2003.
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SUBSTANCE

MODERATELY INHIBITORY
CONCENTRATION, mg/L

STRONGLY INHIBITORY
CONCENTRATION, mg/L

Na™T 3500 - 5500 8000
K+ 2500 - 4500 12000
Cat™ 2500 - 4500 8000
Mgt 1000 - 1500 3000
Ammonia-nitrogen (pH dependent) 1500 - 3000 3000
Sulfide (un-ionized gas) 200 200

Copper (Cu)

0.5 (soluble)
50-70 (total)

Chromium VI (Cr)

3.0 (soluble)
200-250 (total)

Chromium IIT

180-420 (total)

Nickel (Ni 2.0 (soluble)
ickel (N1) 30.0 (total)
Zinc (Zn) — 1.0 (soluble)

Toxic and Inhibitory Concentrations of Selected Inorganic Materials in Anaerobic Digestion
Figure by MIT OCW.

Adapted from: WEF. Wastewater Treatment Plant Design. Water Environment Federation, Alexandria,
Virginia, 2003.
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LOW-RATE ANAEROBIC DIGESTION

— Digester gas
SCUM
Feed sludge ——» —— SUPERNATANT —— Effluent to
treatment plant
ACTIVE LAYER
STABILIZED SOLIDS

— > Digested solids

Figure by MIT OCW.

Adapted from: WEF. Wastewater Treatment Plant Design. Water Environment Federation, Alexandria,
Virginia, 2003.



Section Through an Anaerobic Digester with a Floating Cover
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Sludge to recycle «—Q B

Sludge in —>Q

Sludge in —>Q

<«—Concrete support
Digested sludge out <— Q] PP

v /1167/

Figure by MIT OCW.

Adapted from: Reynolds, T. D., and P. A. Richards. Unit Operations and Processes in
Environmental Engineering. 2nd ed. Boston, MA: PWS Publishing Company, 1996, p. 582.




TYPES OF MIXING SYSTEMS FOR ANAEROBIC DIGESTERS

Compressor
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O

\/

@ Gas recycle & draft tube

Gas <— Drive
>

:L\
N

bl

\/

@ Impeller & draft tube

Gas Compressor

iy

@ Impeller

Figure by MIT OCW.

Adapted from: Reynolds, T. D., and P. A. Richards. Unit Operations and Processes in
Environmental Engineering. 2nd ed. Boston, MA: PWS Publishing Company, 1996, p. 584.




Gas injection
lines

Screw-impeller sludge

mixing pump with Ra_w sludge

draft-tube assembly influent
Digested Heat
biosolids exchanger

overflow

EGG-SHAPED ANAEROBIC DIGESTER
Mixer —)
Feed /Scum door
N -
[ I( ‘r
9 i <—— Hopper
5 ¥
§ Platform O
Platform to other | @ N
digesters = Pipes Supernatant
BJL withdrawal
B 2
8 5
Tower —> s
o= Piping to
= withdrawal
bottom sludge
— Gas
spargers
370
¥ "
o]
8
Figure by MIT OCW.
Mixing Systems For Egg-Shaped Anaerobic Digesters
Alternate biosolids
Separator [ ]<—— Scam Breaker 1 wasting to storage tank

A

S

L Solids recirculation
header

Gas header

To gas utilization
Nozzle for mixing

Unconfined gas mixing Mechanical draft-tube mixing Pumped recirculation mixing

Figure by MIT OCW.
Adapted from: WEF. Wastewater Treatment Plant Design. Water Environment Federation, Alexandria,
Virginia, 2003.
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®

Figure by MIT OCW.

Adapted from: Hammer, M. J., and M. J. Hammer, Jr. Water and Wastewater Technology.
5th ed. Upper Saddle River, NJ: Prentice-Hall, Inc., 2004. Figure 11-56.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /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 /sRGB
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


