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Waste management, carbon economy and white biotechnology:
prospects and challenges

Nilakshi Gohain and Durlav Narayan Singha

Waste management through implementation of ‘white biotechnology’ and ‘carbon economy’ has significantly
contributed to the reduction of greenhouse gas emissions and growth of waste biomass-based economy. The
global impacts of adaptation of these concepts have actually caused increased awareness for safer disposal
of waste without landfilling. Although India is among the leading countries that promote white biotechno-
logy and carbon economy, waste management has not been well addressed in terms of bioconversion of
waste into products. It is important to delve deep into the basics of these concepts and analyse the scope of

applications.

Waste management in terms of recycling
and bioconversion of waste into valuable
products is an underexplored area in
India. Although awareness programmes
have been initiated across the country for
popularizing waste management, the real
scenario is not satisfactory. The concept
of waste management should not be con-
fused with the clean-up programmes.
Waste generated at the domestic and in-
dustrial scale needs different manage-
ment strategies. Identification, collection
and proper segregation of different types
of wastes are the most important steps in
the waste management chain. Basically,
waste management is a socio-economic
challenge. Every citizen is equally re-
sponsible for generating waste and
should contribute to the management
domain. Waste generated at the domestic
level needs to be processed using proper
disposal methods. However, the overall
scenario of waste management system in
Indian urban and rural areas is still
under-developed. This can be attributed
to the shortage of technical knowledge,
financial investment and skilled persons
against the large volume of waste gener-
ated. In recent times, there have been
some initiatives for bioconversion of
biodegradable domestic waste into ver-
micompost and organic manure. Moreo-
ver, awareness programmes are being
organized for proper segregation of do-
mestic waste before disposal. In a strict
sense, waste management should not
contaminate the environment during any
step of the adopted strategies.

Value addition is a new domain to the
core meaning of a waste management
system. In particular, waste generated by
many industries (such as sugarcane, ap-
ple juice, pulp and paper, beer, etc.) is
much rich in carbon, nitrogen and other
vital micro- and macronutrients required
by microorganisms (e.g. bacteria and

fungi). These industries generate large
amounts of nutrient-rich waste (million
tonnes) annually that is mostly dumped
into the environment. Emission of green-
house gases (GHGs) (CHy, CO,, etc.),
microbial putrefaction and groundwater
contamination, habitat for disease vec-
tors, etc., can have direct adverse effects
on the environment and human health'.
New trends in regulations for a ban on
landfilling of solid/liquid waste have
been imposed in different continents®™*.
India also needs to implement such strin-
gent regulations.

One of the most successful strategies
of value addition of waste is application
of the concepts of carbon economy and
white biotechnology. These concepts
originated to utilize sustainable, low-cost
carbon sources for the cost-effective
production of high-value chemicals uti-
lizing microbial natural ability to
degrade carbon-rich lignocellulosic bio-
mass such as sugarcane bagasse, paper
waste, etc. This approach reduces emis-
sion of GHGs (concept of carbon eco-
nomy) into the biosphere and also adds
value to waste by live microorganisms
(white biotechnology). In fact, white bio-
technology has been declared as an
integral part of the solution to climate
change. Moreover, waste biomass-based
economy has been projected to have a
high probability of reaching the market
by 2030 (ref. 5). In the last few decades,
application of carbon economy and white
biotechnology has shown promising re-
sults in terms of reduction of GHG emis-
sions and cost-effective production of
many high-value chemicals such as bio-
ethanol, biobutanol, fumaric acid, citric
acid, hydrogen gas and several industrially
important enzymes such as lipase. Some
of these products have been successfully
scaled-up to commercial production. The
global scenario of value-addition appro-

ach of waste management is highly en-
couraging. Study on mechanistic details
of the microbial ability for bioconversion
of lignocellulosic biomass into high-
value products has actually paved the
way for further research on the enhance-
ment of product yields.

India is among the leading countries
that promote carbon economy and white
biotechnology in academic and industrial
research. However, compared to the
number of studies carried out at lab-
scale, converting them into large-scale
production is scarce, and this warrants
further research. It is high time to delve
into the environmental fate of different
types of waste and make people aware of
the inevitable consequences of improper
waste management.

1. www.global-warming-forecasts.com/meth-
ane-carbon-dioxide.php (accessed on 17
September 2018).

2. www.epa.gov/solidwaste/nonhaz/municipal/
landfill/msw_regs.htm (accessed on 17
September 2018).

3. Monte, M. C., Fuente, E., Blanco, A. and
Negro, C., Waste Manage., 2009, 29(1),
293-308.

4. Testa, F., Daddi, T., Giacomoa, M. R. D.,
Iraldoa, F. and Frey, M., J. Clean. Prod.,
2014, 64, 91-97.

5. www.oecd.org (accessed on 17 September
2018).

ACKNOWLEDGEMENT. We thank the
Department of Biotechnology, Government of
India for providing funds (sanction no.
BT/22/NE/2011 dated November 30th).

Nilakshi Gohain* and Durlav Narayan
Singha are in the Advanced Level Institu-
tional Biotech Hub, Department of Bota-
ny, Dakshin Kamrup College, Guwahati
781 125, India.

*e-mail: gohainnilakshi@gmail.com

1054

CURRENT SCIENCE, VOL. 116, NO. 7, 10 APRIL 2019




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


