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Abstract 
 
Cooling circuits are one of the most important parts in industrial production lines. However, when using 
water for cooling applications it is very important to take care of pipework surfaces. The change of 
material properties increases undesired side effects. For example microbial growth (e.g. fouling), scale 
deposits as well as corrosion can significantly compromise cooling effects with regard to dwell time and 
COC (cycles of concentration). Furthermore, increasing surface roughness and hydrophobicity require 
more pumping power, higher water flow rate, and ultimately higher costs of operation.  
This paper is reporting on energy efficient water treatment in compliance with water quality regulations 
along with reducing the risk of bio-contamination for example from Legionella. The paper will address 
bacteria proliferation, microbial capacity in pipe works, and technological strategies for reducing the 
microbiological population capacity in pipe works without increasing maintenance efforts. 
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1. Bacteria and biofilm in technical water circuits 
 

Free bacteria are normally no technical problem, as long as biofilm formation is 
prevented. Biofilm formation is a complex process. In literature is described (Freitag et al., 
2012) that residues of bacterial cell walls are in particular phospholipids and fatty acids, which 
are playing a key role in this case. However, adenosine triphosphate (ATP), which is 
ubiquitous in all living things, can play an important role. Such residues are known to be 
available when bacteria die and cannot be reused immediately substantially.  
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On the walls of heat exchangers bacteria are exposed to elevated temperatures leading 
to their death. If bacteria are retained in filters and concentrated, while the nutrients can pass 
through the filter unit, then a part of the concentrated bacteria "starves" to the point where 
bacteria count and nutrients coincide again. In case of dead bacteria are not removed residues 
from their cell walls serve to develop a biofilm. 

Hydrogen bonds play an important role for the formation and development of biofilms. 
The proton permanently oscillates between two partially negatively charged partners without 
bonding to either one of them. Consequently, it is relatively easy to replace one of the partners 
without chemical changes. An equilibrium at the boundary of the material surface is achieved 
between removal of phospholipid and ATP and substances replacing them. Ideally, these 
substances are able to mask surfaces in such a way that the reattachment of biofilms becomes 
considerably more difficult. 

 
2. The natural power of water molecule and return to use by catalysis 

 
In liquid water, the proton oscillates - driven by infrared radiation of the sun - constantly 

at a rate of several hundred m/s (more than 1 000 km/h) between different partners. Preferred 
"partners" are the partially negatively charged oxygen atoms of the water. However, the proton 
energy is also sufficient to degrade other dissolved matter that causes aging and corrosion on 
surfaces. While this self-cleansing function of water occurs permanently, the process is too 
slow for technological use and requires a suitable catalyst in order to speed it up and achieve 
relevant removal rates. A requirement is that these catalysts have structures, which are able to 
convert the kinetic energy of the protons into usable chemical energy without destroying at the 
end. 

On the surface of special alloys built from nickel, chromium, iron and containing 
mineral-metal-catalysts, it is possible to selectively and efficiently support the self-cleaning 
effect from the protons. Another key factor in this process are hydroxyl radicals, which are 
homolytically linked to the surface of the alloy. They are thermodynamically stabilized and 
due to their surface charge attract biomolecules. By using visible light they can be activated 
and lead to the decomposition of the biomolecules describing the technology as "light-induced 
catalysis". Currently technological embodiments so called MOLLIK-catalyst modules (Fig. 1). 
 

 
 

Fig. 1. MOLLIK-catalyst module with integrated LED unit (visible light spectrum) 
 
3. Biocide-free removal of biofilm 
 

In the presence of MOLLIK-catalyst modules ATP and other components or 
metabolites of living and/or dead bacteria are converted – under action of water and modicum 
of visible light – into biosurfactants. These are products, which are not able reducing any living 
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harmful organisms and/or asset impair the vitality, but they are adapted to exchange binding 
partner of hydrogen bonds.  

 

 
 

Fig. 2. Principle of biofilm removal by biosurfactans 
 
Providing suitable alternative structures – instead of the material surface – on the 

hydrogen bonding may interact with these substances by receiving a new hydrogen bond. The 
biofilm is not chemical modified by this purely physical process. However, he loses contact 
with the material surface and can discharge easily from water. Here occurs no biocidal effect 
on the biosurfactants, too. 

 

 
 

Fig. 3. Detached biofilm 
 
Under technical conditions the concentration of biosurfactants is wet chemically 

inaccessible in the water, cause of the fact that their concentration is very low and biosurfactans 
are adsorbed on the pipe work surface and filter materials. Because of this adsorption the 
hydrophilicity of the surfaces increases, which inter alia results in saving pump energy. At the 
same time biosurfactant adsorption prevents the formation of biofilms and existing biofilms 
are removed.  
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In the presence of MOLLIK the biofilm detachment occurs as a purely physical process, 
where free bacteria and other living organisms are neither destroyed nor quenched or otherwise 
made harmless. A biocidal effect does not exist. That is preservation by adsorptive coating of 
surfaces at the molecular level. This adsorption is a reversible process, so a permanent use of 
MOLLIK technology is recommended for ensuring the facility performance. 

 
4. Technical examples of energy-efficient catalytic water treatment  
 

Typical technological applications are: 
a) Integration of MOLLIK-modules in technical circuits, 
     for example, in cooling circuits, in swimming pools and pretreatment tanks. 
b) Integration of MOLLIK-modules at once through applications,  
    for example in feed water lines of RO-plants, industry complexes and power plants. 

Due to the action of biosurfactants formed far from the place of origin, it is possible to 
use the MOLLIK for partial flow treatment (about 20% of the total water flow). 
 - Catalytic water treatment at cooling circuit of a pharmaceutical company in 
Bitterfeld/Germany (Körner et al., 2015), means an open cooling circuit, with the following 
characteristics: system volume: 3.5 m³; circulation rate: 100 m³/h; COC: 3.0 till 4.0; make-up: 
portable water; 1x MOLLIK-module: weight: 4.9 kg, size:  250 / L: 600 mm, power 
consumption: 60 Watt*h/day (12 V DC) (Fig. 4). 
 

 
 

Fig. 4. MOLLIK-module installed at cooling basn (Körner et al., 2015) 
 

- Working at cooling circuit of refinery (Fig. 5), (Ernhofer, 2014) means an open cooling 
circuit, with the following characteristics: volume: 2000 m³; circulation: 3500 m³/h; COC: 3.0 
till 4.0; make-up: well water (partial-softened); 2x MOLLIK-module: weight: 85 kg, size: (L 
x B x H), 1200 x 800 x 910 mm; power consumption: 350 Watt*h/day (12 V DC). 
- Catalytic water treatment at public swimming pool (Fig. 6) (Maurer et al., 2013) means a 
hot whirlpool with the following characteristics: temperature: 36°C; pool volume: 10 m³; 
circulation: 100 m³/h; make-up: portable water; 1x MOLLIK-module: weight: 4.9 kg, size:  
250 / L: 600 mm, power consumption: 60 Watt*h/day (12 V DC) 
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Fig. 5. MOLLIK-module installed at cooling basin 
 

 
 

Fig. 6. MOLLIK-module installed at storage water tank of whirlpool 
 
- Application at pretreatment of automotive painting lines (Fig. 7) (Klimkewitz et al., 2014). 
At VBH 10 (clear water tank after bonderizing) there is only a bypassing flow of 15 % main 
flow treated by MOLLIK, with the following characteristics: temperature: RT; volume: 50 m³; 
circulation: 80 m³/h; make-up: demineralized water; 1x MOLLIK-vessel at bypass: weight: 90 
kg, size:  360/L: 1500 mm, power consumption: 100 Watt*h/day (12 V DC), bypassing flow: 
12 m³/h. 
- Usage at storage water tanks for fouling prevention (Fig. 8) (Koppe et al., 2011), means an 
UF-permeate storage tank, with the following characteristics: volume: 10 m³; flow rate: 30 
m³/h; make-up: bank filtration; 1x MOLLIK-module: weight: 3.9 kg; size:  250 / L: 370 mm; 
power consumption: 60 Watt*h/day (12 V DC). 
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Fig. 7. MOLLIK-Module with stainless steel vessel 
 

 
 

Fig. 8. MOLLIK-module during installation at feed water tank of RO 
 

- Once-though application at make-up of a power plant (Fig. 9) (Hagen et al., 2015). Make-
up supply (installation point before filtration unit) has the following characteristics: tank 
volume: 50 m³; flow rate: ≤ 1000 m³/h; make-up: seawater; 2x MOLLIK: weight: 60 kg, size: 
(L x W x H):1200 x 800 x 910 mm, power consumption: 350 Watt*h/d (12 V DC). 
 

 
 

           Fig. 9. MOLLIK-module at make-up supply of power plant            
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5. Concluding remarks 
 
In evidence to numerous technical applications in cooling and process water systems, 

catalytic water treatment with energy efficient MOLLIK-technology is removing biofilms on 
pipe works, container walls and even on activated carbon in filter units. Based on the 
degradation of these microbiological shelters, the aerobic colony units according to Drinking 
Water Ordinance and for pathogens – such as Legionella – reduced significantly.  

Finally, microbiological concentration is sustainably falling below the intervention 
value of the relevant technical regulations. As a result the heat transfer performance of the 
cooling circuit is rising. Furthermore availability and lifetime of the facility are increased.  
 
References 
 
Ernhofer R., (2014), 10 years cooling-water treatment with MOL®CLEAN technology at  Bayernoil (in 

German: 10 Jahre Kühlwasserbehandlung mit dem MOL®CLEAN-Verfahren bei BAYERNOIL),  
Bayernoil Journal, 4, 22-24, On line at: http://www.bayernoil.de/fileadmin/downloadpool/BO-
journal/2014/BO_journal_04_2014_web.pdf. 

Freitag J., (2012), Tote Bakterien machen Böden fruchtbar, Pflanzenforschung.de,  c/o Genius GmbH –
Wissenschaft & Kommunikation, 17.12.2012.  

Hagen K., (2015), Antifouling-, insbesondere Antilegionella-Konzepte unter Beachtung der 
Wasserqualität in der Abflut und der Korrosion im Kühlkreislauf sowie Möglichkeiten der 
Risikominimierung, VDI-Wissensforum „Kühlkreisläufe in Raffinerien, Chemiewerken und 
Kraftwerken“, Mannheim 02.07.2015. 

Klimkewitz O., Koppe J. R., Stenzel F., (2014), Erstmalige Anwendung der biozidfreien 
Wasserbehandlung in Lackierstraßen bei AUDI, 13. VDMA-Wasser- und Abwassertagung, 
Frankfurt am Main, 02.12.2014. 

Koppe J., Koppe J. R., Guttmann P., Jentsch H., Richter M., List K., Hagen K.. Meyerhoff , (2011),  
RO-Anlagen - Chemiefreie Antifouling Strategie, VGB München.  

Körner J., Koppe J. R., Lausch H., (2015), Light-induced catalysis protects against fouling - Biocidefree-
water treatment of cooling circuits (in German: Lichtinduzierte Katalyse schützt vor Fouling – 
Biozidfreie Wasserbehandlung von Kühlkreisläufen), Process, 4, 78, On line at: 
http://www.process.vogel.de/thermische_verfahrenstechnik/articles/486138/.  

Maurer M., Koppe J., Hagen K., (2013), Degrading biofilms and preventing Legionella (in German: 
Biofilme abbauen und Legionellen vorbeugen), BäderBau, 4, 35-37, On line at: 
http://issuu.com/fachschriften/docs/baederbau04_2013. 

 



<<
  /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


