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An alga technology system has been developed, built and operated for the absorption of carbon dioxide and the production
of biodiesel raw material. The main critical point in the technology is the separation of micro algae from the breeding
medium (densification of the alga suspension). This is the most cost- and time-intensive part of the technology. The
success of options in the literature, as well as further applicable phenomena and operations have also been studied. Along
with flocculation, clarification and autoflocculation phenomena, special attention has been paid to membrane separation
operations. Our aim is to devise a densification and separation process that has a low energy need and an advantageous
operation time. The ultrafilter membrane splits the original mass flow (which consists of homogenized suspensions of
different density) into two parts. One part passes the membrane, this is the permeate (deposited feed medium), the other
is the concentrate, also called ‘retentate’ (in this case the concentrated alga suspension). This retentate can be easily and
quickly cleaned of the accumulated metabolic products and remaining salt which can later cause a significant disturbance
(at processing or in the following examinations). According to the assessment of the experimental results, the optimal
solution seems to be membrane separation, on different grounds. It has a low energy need and an advantageous operation
time and results in an appropriately clean suspension (i.e. void of metabolic products and salt). A PLC-controlled device
equipped with a ZW-10 module was used for the densification experiments. The latter is the property of the Department

of Chemical Engineering at the University of Pannonia.
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Introduction

Algae are considered to be one of the most efficient
organisms on Earth because of their outstandingly high
reproductivity, and generally high lipid content. As for
their reproduction, they can double their biomass in 24
hours [1, 2, 3, 4]. Their lipid content is 20% on average
(60-80% for certain species) [1, 5, 6, 7]. Research for oil
production from algae is primarily focused on micro algae.
These are photosynthesizing organisms, the size of which
does not exceed 0.5 mm. They can be, with a good
chance, the solution to carbon dioxide and nitrogen
oxide absorption, because they convert them with
photosynthetic energy conversion [8]. The end product
of the process contains a significant amount of solar
energy stored as chemical energy. As a result, “high
amounts” of biodiesel can be obtained [4, 9, 10, 11, 12].
Besides the above mentioned advantages, algae can not
only be used for fume gas cleaning, but they also use
certain components of wastewaters as nutrient substrates,
thus cleaning the wastewaters. The contamination
provides an excess of nutrient for the algae which start
to grow in an exponential rate.

In contrast to the above mentioned advantages, their
major disadvantage is the high cost need of production.

Harvesting of the algae (harvest, dewatering, drying), the
extraction of lipids and their conversion are the most critical
steps in the production of alga-based biofuels because of
the high investment and operation costs. Thus the biggest
challenge to the technology is cost minimization, which
can be done first at the separation step.

Harvesting can be done by microfiltration,
centrifuging, flocculation, sonochemical processes or by
other technologies currently under development [13,
14]. In addition to chemical flocculation, clarification
and autoflocculation phenomena, special attention has
been paid to membrane separation procedures.

Our aim is to devise a densification and separation
process which has a low energy need and an advantageous
operation time.

Experimental

Ultrafiltration

Although the operation has “filtration” in its name, there
is significant difference between traditional filtration and
ultrafiltration. In the former, the liquid medium pressed
through the filter moves perpendicular to its surface and
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at least one of its components is accumulated inside or
on the surface of the filtering medium. As opposed to
this, the ultrafiltering membrane splits the original mass
flow (alga suspension) into two. One of the two parts
passes the membrane, this is the permeate (the separated
nutrient substrate), the other is the concentrate (in our
case: the concentrated alga suspension). The momentary
performance of the filter depends on — besides the applied
pressure differences — the viscosity of the medium to be
filtered, the size distribution of the solid grains, the
thickness of the filter cake, its imporosity and rheology.
In the case of the membrane module, no filter cake is
formed. Thus the properties of the filter cake do not
have an effect on the actual performance of the filtering;
however, the applied driving force and the flow of the
medium parallel to the membrane do.

The permeability of the membrane is significantly
affected by the applied pressure difference, while osmotic
pressure in general has only little effect. Thus the permeate
flow can be described with the following equation:
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Where Jy is the rate of filtration, & is the hydraulic
permeability factor that is dependent on the material, L
is the thickness of the filtrating layer, and u is the
viscosity. This representation is analogue to the D’ Arcy
law. The gradient is the quotient of the pressure difference
between the two sides of the membrane and its thickness.
The parameters before this function can be summarized
as the liquid permeability constant P, which is the water
rate of the membrane. The water rate gives the maximal
filtering performance of the membrane measured with
pure water.

Operational characterization of ultrafiltration

When characterizing the operations, it is advisable to
use units that supply the most information of the state of
the process from the combination of the most easily
measurable parameters. The concentration factor (CF) is
a generally used descriptor which is defined as follows:
input volume V| )

CFz=——————=—
retained volume V,

The capacity (REC) is indicative of the amount of
the purified solution.

_ volume of permeate ¥, 3)

REC

input volume v,

With the volume balance equation V) = V, + V,,, the
two measures can be expressed as follows:

o )
1-REC

The device used for ultrafiltration

A PLC controlled device, equipped with a ZW-10 module
was used for the densification and purification experiments
(Fig. 1). The device is the property of the Department of
Chemical Engineering of the University of Pannonia.

Figure 1: The device used for the measurements

As regards the permeate flow, the device carries out
an outside-in operation. The measurements were done
with a ZW-10 immersion module supplied by the company
Zenon. According to its specifications, the membrane is
capable of retaining particles as small is 1 um [15, 16, 17].
The module is of hollow fiber type, its outer diameter is
4.5 mm, and it consists of strings of 0.4 pm pore diameter

(Fig. 2).
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Figure 2: Configuration of the ZW-10 membrane module.
A: permeate outtake, B: air injection

The total surface area of the membrane is 0.9 m?,
from which the membrane venting density is 289 m*/m’.

According to the manufacturer’s specifications, the
pressure difference between the two sides of the
membrane (4p,,) cannot be outside the £0.5 interval for
a prolonged period. If the value of |4p,| is constantly
above 0.6 bar, an irreversible decrease in membrane
permeability can be expected. This decrease is due to
structural changes and pore collapse.



The module functions as part of a PLC controlled
device. The construction of the device is illustrated in
Fig. 3.
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Figure 3: The construction of the ultrafiltrator device

Air is blown into the device immediately next to the
membrane fibers which enhances the cleanliness of the
surface while also ensuring a steady sludge content due
to the mixing effect of the air bubbles.

One of the key units in ultra filtration is the permeate
pump. This pump is responsible for permeate eduction
in UF (ultra filtering) mode, while in BP (back pulse,
backwash) it is responsible for the backpumping of the
permeate. The frequency switch in the control module
ensures the two-way operation of the pump as well as
the stepless regulation of the motor speed.

A manometer (Dp) is installed at the permeate eduction
side which gives information about the overpressure on
the permeate side of the membrane.

The micro alga suspension is introduced to the
technical vessel (TK-1). This is a rectangular prism with
a volume of 30 dm’, equipped with a level indicator (LI),
a pH-meter probe (pH-1) and a thermometer (TI).

The permeate (separated nutrient substrate) is
introduced to the 10 dm® TK-2 permeate vessel. The
permeate need of the backwash is also supported from
here. Periodic eduction of the permeate is possible through
the eduction pipe end, while continuous eduction is
possible via the overflow valve.

After overall cleaning, a ZW-10 membrane module
was installed in the device. The previous record of the
module is known, experiments were done with it on
living sludge wastewater. The required conservation
procedures were carried out before storage.

Before it was put in practice, the regeneration
procedures required by the distributor were carried out
on the membrane.

Testing of the used module was done with tap water.
This test is informative of the success of conservation
and that the membrane is ready for measurement.
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Densification experiments

The measurement was done covering the whole
operational range with the minimally necessary step
interval. The main device parameters are given in Table 1.

Table 1: Device parameters

Ultrafiltration Backpulse
Volume flow [1/h] 20 25
Time [sec] 600 60

The suspension in the densifying vessel was
pneumatically mixed with an injector fed by the air
compressor. Sample supply was carried out in the
followings with the use of a 1 dm® graduated cylinder in
order to avoid fluctuation in the liquid level. In order to
gain the most data possible from the given sample
volume, the measurement was divided into several
phases. The alga suspension was removed from the
photobioreactors in portions of 40 dm® for filtering.

After densifying 40 dm® to 20 dm’, cleansing with
distilled water was used. Washing was done until the
complete removal of remaining salts, organic material
and metabolic products in the suspension.

The extent of cleansing was monitored by measuring
the extract content and the electrical conductivity of the
permeate.

The following 40 dm® of alga suspension was
concentrated according to the method described earlier;
after this 20 dm’ cleansed concentrate from the previous
densification was given to it. This concentrate was then
washed with distilled water again.

The densification experiments were carried out
repetitively until reaching the highest possible
concentration factor with the device.

Cleansing (washing the concentrate with distilled
water) was done until reaching the lowest electric
conductivity possible as well as reaching an extract
content lower than three decimals (Fig. 4).

The effect of washing the concentrate on the permeate
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Figure 4: The effect of washing the concentrate on the
permeate flow
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Results

By using the ZW-10 membrane module in 7 densification
phases, 280 dm” of alga suspension feed was concentrated
to 20 dm’, the final concentration factor being CFiy, = 14.

The change in extract content of the concentrate is
summarized in Fig. 5.

Densification

extract content [g/1]
[\=]
S

densification process

Figure 5: Change in extract content of the concentrate

The decrease in extract content in the first phase is
due to the washing. As it can be seen, approx. 50% of
the alga suspension consist of residual salts and other
organic materials. The initial alga suspension (40 dm®)
was concentrated for a concentration of 13 g/l to 12.2 g/l
(20 dm®). The final alga concentrate has a concentration
of 30.4 g/l with respect to algae in a volume of 20 dm’.

Thus, the extract content was raised from 1.22% to
3.04% during the processes.

3,5

S 3 3,04
o\ >
s 2,5 /
Q
2 21
]
S 15 122> - Concentrate [
2 1 — P
5 —= Permeate
505 0,97

0 0

1 2
Ultrafiltration beginning and end

Figure 6: The extract content of the concentrate and the
permeate at the beginning and end of the experiment

Summary

According to the evaluation of the experimental results,
the membrane separation process seems to be the best
solution by the following reasons. It has a low energy
need, an advantageous operation time and results in a
suspension that is appropriately clean (void of metabolites
and salts) and is appropriately concentrated.

ACKNOWLEDGEMENTS

The authors express their gratitude to Chemical
Engineering Institute Cooperative Research Centre of
the University of Pannonia and the TAMOP-4.2.1/B-
09/1/KONV-2010-0003 application for financial support
of this research study.

REFERENCES

1. K. ZHANG, E. KoJIMA: Effect of light intensity on
colony size of microalga Botryococcus braunii in
bubble column photobioreactors, Journal of
Bioscience and Bioengineering 87, (1999)

2. M. BRIGGS: Widescale Biodiesel Production from
Algae, University of New Hampshire, Physics
Department (2004), 5

3. E. J. HWANG, H. S. SHIN, S. R. CHAE: Single cell
protein production of Euglena gracilis and carbon
dioxide fixation in an innovative photo-bioreactor,
Bioresource Technology (2006), 322329

4. Y. CHISTI: Biodiesel from microalgae beats bioethanol,
Institute of Technology and Engineering, Massey
University, New Zealand (2007), 126-131

5. E. W. BECKER, J. BADDILEY: Microalgae:
Biotechnology and Microbiology, Cambridge Univ.
Press, Cambridge, Inc., New York (1994), 178

6. M. C. POSEWITZ, R. E. JINKERSON, V. SUBRAMANIAN:
Improving biofuel production in phototrophic
microorganisms with systems biology tools, Biofuels
2,(2011), 125-144

7. D. SHI, D. SONG, J. Fu: Exploitation of Oil-bearing
Microalgae for Biodiesel, Chinese Journal of
Biotechnology (2008), 341-348

8. M. OLAIZOLA, S. M. MASUTANI, T. NAKAMURA:
Recovery and Sequestration of CO, from Stationary
Combustion Systems by Photosynthesis of
Microalgae, Final report, U.S. Department of Energy,
Office of Fossil Energy National Energy Technology
Laboratory (2005), 21-197

9. J. BENEMANN, J. SHEEHAN, P. ROESSLER, T.
DUNAHAY: A Look Back at the U.S. Department of
Energy’s Aquatic Species Program: Biodiesel from
Algae, NREL Report NREL/TP-580-24190 (1998), 3

10. J. BURLEW: Algae Culture: From Laboratory to
Pilot Plant, Pilot plant studies in the production of
Chlorella, Carnegie Institute, Washington DC
(1953), 235-272

11. I. H. JUNG, S. H. CHOE: Growth Inhibition of
Freshwater Algae by Ester Compounds Released from
Rotted Plants, Journal of Industrial and Engineering
Chemistry (2002), 297-304

12. G. HOrRVATH, L. HANAK, R. BocsI: Microalgae
production in service of fuel production, Hungarian
Journal of Industrial Chemistry, 38(1), (2010), 9—13



13.

14.

15.

A. SUKENIK, G. A. SHELEF, M. GREEN: Microalgae
Harvesting and Processing: A Literature Review,
Report, Solar Energy Research Institute, Golden
Colorado, SERI/STR-231-2396 (1984), 6-57

B. JEURISSEN, E. POELMAN, N. DE PAUW: Potential of
electrolytic flocculation for recovery of micro-algae,
Resources Conservation and Recycling (1997), 19

P. LE-CLECH, T. A.G. FANE, V. CHEN: Fouling in
membrane bioreactors used in wastewater treatment,
Journal of Membrane Science, 284(1-2), (2000),
17-53

71

16. A.G.FANE, H. C. CHUA, J. ZHANG, J. ZHOU: Factors

17.

affecting the membrane performance in submerged
membrane bioreactors, Journal of Membrane Science,
284(1-2), 1 (2006), 54-66

B. TAE-HYUN, T. TAE-MOON: Interpretation of fouling
characteristics of ultrafiltration membranes during
the filtration of membrane bioreactor mixed liquor,
Journal of Membrane Science, 264(1-2), (2005),
151-160




<<
  /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 0.0000
  /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 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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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


