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Background

Biological carbon sequestration, in particular, engineered photosynthesis systems,
offers advantages as a viable near-to-intermediate term solution for reduced carbon
emissions in the energy sector. Photosynthetic (or “natural” sequestration) systems
produce usable by-products (biomass). Further, such systems could minimize capital
and operating costs, complexity, and energy required to transport CO, that challenge
sequestration in deep aquifers or mines. Lower capital costs are extremely important,
especially to small generators, who may not be able to afford separation and CO,
delivery systems that are only cost effective if done on very large scales. For coal
to remain competitive, especially in the rapidly emerging distributed generation
market (< 50 MW), and to ensure future fuel diversification, a portfolio of viable and
practical sequestration techniques will have to be developed. Photosynthetic systems
should be a part of that portfolio. The concept behind engineered photosynthesis
systems is straightforward. Even though CO, is a fairly stable molecule, it is the basis
for the formation of complex sugars by green plants through photosynthesis. The
relatively high content of CO, in flue gas (approximately 14% compared to 350 ppm
in ambient air) has been shown to significantly increase growth rates of certain species
of microalgae. Therefore, application is ideal for contained systems, engineered to
use specially selected strains of microalgae to maximize CO, conversion to biomass,
absorbing greenhouse gases. In this case, the microalgal biomass represents a natural
sink for carbon.

Primary Project Goal

The main purpose of this research was to demonstrate and optimize low-risk methods
of CO, mitigation based on existing biological organisms capable of significant CO,
uptake and offer a valid near-term solution for the CO, sequestration problem.
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Simple diagram of the photosynthetic conversion process of CO, to biomass and oxygen




Objectives

The project demonstrated the technical and economic feasibility of using an

“optimized” enhanced photosynthesis system that (a) separates and uses various
spectral regions of direct, non-diffuse sunlight to maximize cyanobacteria growth,
(b) directly decreases CO, concentrations in the emissions of fossil generation

COST . ; - ..
units, (c) reduces the required space needed to mitigate CO, emissions (compared
Total ProjectValue to other biological techniques) by an approximate factor of 25, and (d) simultaneously
$1,369,495 produces enough electrical energy to nearly self-power the entire sequestration system.

DOE/Non-DOE Share
$1,075,022 / $294,473 .
Accomplishments

» Isolated 15 unialgal cultures for biological sequestration suitable for deployment
in flue gases at adiabatic saturation temperature

ADDRESS

National Energy

Technology Laboratory * Performed several long-term “continuous” runs of the solar-powered bioreactor

where the cyanobacteria attached, grew, and were harvested (in repeated cycles)
1450 Queen Avenue SW
Albany, OR 97321-2198
541-967-5892

* Measured productivity of cyanobacterial growth was shown to depend on light
level (not saturated in the bioreactor due to careful lighting design), with the
average productivity being approximately 50 g/m*day in “typical” Ohio sun
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Fairbanks, AK 99709
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» Life-cycle economics of entire bioreactor design were analyzed, with the key factor
being the need to reduce the cost of the solar collector and light delivery system

» Extrapolation of productivity testing data indicates that approximately 0.7 acres
of bioreactor footprint is needed to remove 55% of CO, emitted (time-averaged
throughout the day) per 1 MW of coal-fired power generation.
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Benefits

Three major benefits, in addition to CO, mitigation, could result from the use of this
novel method of photosynthetic sequestration. The production of oxygen would be
one benefit. Oxygen is a natural product of photosynthesis. The second benefit of
this project would be the reduction of gaseous pollutants including potential NH,
slip (from selective catalytic reduction to control NOy) and NOy. In terms of other
pollution control, this process could provide NOy control at no additional cost.
First, the flow process used to enhance soluble carbon concentration is a natural
scrubber. Not only is NOy converted to nitrates, SOy is converted to sulfates and
sulfites, and any NH;, that might slip through an upstream SCR process for NOy
reduction will be scrubbed as well. Both NOy and NH, scrubbing are not only an
additional benefit; such scrubbing is beneficial to photosynthesis, as the microalgae
require nitrogen to grow. The third benefit would be from the production of biomass
with beneficial end-uses. The resulting biomass has numerous beneficial uses. In
addition to being a potential fuel, microalgae have been used as soil stabilizers,
fertilizers, in the generation of biofuels, such as biodiesel and ethanol, and to produce
H, for fuel cells. In recent tests, it also has shown suitable ignition characteristics to
be co-fired with coal in pulverized coal-fired generation units.

CUSTOMER SERVICE
1-800-553-7681

WEBSITE

www.netl.doe.gov

Project246.pmd





<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




