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Learning Objectives

Explains how liquid desiccant based coupled with an indirect evaporative cooler can
efficiently produce cool, dry air.

Explains how a liquid desiccant membrane air conditioner can efficiently provide cooling
and dehumidification without the carryover problems of previous generations of liquid
desiccant systems.

Provides an overview to a liquid desiccant DX air conditioner that can efficiently provide
cooling and dehumidification to high latent loads without the need for reheat.

Explains how liquid desiccant cooling and dehumidification systems can outperform vapor
compression based air conditioning systems in hot and humid climates

Explains how liquid desiccant cooling and dehumidification systems work.
Describes a refrigerant free liquid desiccant based cooling system.

ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education Systems. Credit earned on
completion of this program will be reported to ASHRAE Records for AIA members. Certificates of Completion for non-AlA
members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such, it does not include content
that may be deemed or construed to be an approval or endorsement by the AIA of any material of construction or any
method or manner of handling, using, distributing, or dealing in any material or product. Questions related to specific

materials, methods, and services will be addressed at the conclusion of this presentation.



Agenda for Session

» Technical description

> Benefits

» Laboratory testing



“Desiccant Enhanced Evaporative”
(DEVAP) Air Conditioning

Desiccants:
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What Problems Does DEVAP Air
Conditioning Address?

» Vapor compression:

» Uses a lot of energy

In the US, ~15% of annual electric
generation

» Major contributor to peak power
up to 50% in western states 2

Credit: Wikipedia user Wknight94 3

» Often inefficient at humidity control

» Uses environmentally harmful refrigerants

1. DOE Buildings Energy Data Book - http://buildingsdatabook.eren.doe.gov/
2. Western Cooling Efficiency Center — http://wcec.ucdavis.edu
3.  http://en.wikipedia.org/wiki/File:Big Bend Power Station.jpg



http://buildingsdatabook.eren.doe.gov/
http://wcec.ucdavis.edu/
http://en.wikipedia.org/wiki/File:Big_Bend_Power_Station.jpg

Sensible and Humidity Control
with Vapor Compression
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DEVAP Cooling Process
(Using Liquid Desiccants)

Psychrometric Chart at O ft Elevation (14.7 psia)
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DEVAP Heat and Mass
Exchangers
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Membrane Contained Liquid
Desiccant

ooy Membrane
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SEM photograph of a micro porous membrane
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Dehumidifier Fluid Flows
(In one channel pair)
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DEVAP Cooling Process
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Heat and Mass Exchangers for
Desiccant Regeneration
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Credit: Andrew Lowenstein
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DEVAP System Diagram
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» Electricity (fans and small liquid pumps) < 0.2 kW/ton

»Thermal Energy (natural gas, waste, or solar heat)
depends on latent load



Annual / Hourly Commercial Building
Energy Simulation - Phoenix, AZ

(Using a 2-stage regenerator & natural gas as thermal source)
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» EnergyPlus used to generate loads with a small office
benchmark building model (10,000 sqft)

» DEVAP simulation follows hourly sensible and latent loads




Model Estimate:
40%-80% Source Energy Savings
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Note: DEVAP a/c model matches hourly sensible and latent cooling from E-Plus “small
office benchmark” simulation. Results for different building types will vary.



Model Estimate:
80% Peak Electric Demand Savings
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Note: DEVAP a/c model matches hourly sensible and latent cooling from E-Plus “small
office benchmark” simulation. Results for different building types will vary.



Laboratory Testing
(Fall 2011)

Credit: Warren Gretz
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Prototype Unit #2
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AHRI conditions (15t Stage Only)

Psychrometric chart at 12 psia
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AHRI conditions (2"d Stage Only)

Lab test Model
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AHRI

conditions

Lab test

Psychrometric chart at 12 psia
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Rainy Day:
High Latent, Low Sensible

Psychrometric chart at 12 psia
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Hot-dry
High Sensible, Low Latent
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Benefits: Desiccant Enhanced
Evaporative Air Conditioning

Estimated savings
(commercial buildings):
— 40%-80% energy

— 80% peak power

Controls temperature and
humidity separately

No harmful refrigerants
Natural gas or waste heat

rgy use (MWh/yr)
B (&) (2]
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Questions?

Eric Kozubal
Eric.Kozubal@nrel.gov



	Seminar 14 – Desiccant Enhanced Air Conditioning
	Learning Objectives
	Agenda for Session
	“Desiccant Enhanced Evaporative” (DEVAP) Air Conditioning
	What Problems Does DEVAP Air Conditioning Address?
	Sensible and Humidity Control with Vapor Compression
	DEVAP Cooling Process �(Using Liquid Desiccants)
	DEVAP Heat and Mass Exchangers
	Membrane Contained Liquid Desiccant
	Dehumidifier Fluid Flows �(In one channel pair)
	DEVAP Cooling Process
	Heat and Mass Exchangers for Desiccant Regeneration
	DEVAP System Diagram
	Annual / Hourly Commercial Building Energy Simulation - Phoenix, AZ�(Using a 2-stage regenerator & natural gas as thermal source)
	Model Estimate:�40%-80% Source Energy Savings
	Model Estimate:�80% Peak Electric Demand Savings
	Laboratory Testing �(Fall 2011)
	Prototype Unit #1
	Prototype Unit #2
	AHRI conditions (1st Stage Only)
	AHRI conditions (2nd Stage Only)
	AHRI conditions
	Rainy Day:�High Latent, Low Sensible
	Hot-dry�High Sensible, Low Latent
	Benefits: Desiccant Enhanced Evaporative Air Conditioning
	Bibliography
	Acknowledgements
	Questions?


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /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 false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 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

  /CropGrayImages false

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /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

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /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 (U.S. Web Coated \050SWOP\051 v2)

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  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

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



