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Power flow model consisting of Figure 2: Simula?tion result for a 5 kWh !\Ia/NiCIz batt'ery, temperature-
H Ly F Battery = PV power input controlled heating power and self-heating due to discharge (upper panel),
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Figure 1: Simplified illustration of the PV home storage model. standard. P_Batt SNB_ e~
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3. PERFORMANCE ANALYSIS Table 1: Model parameters. -4000
Parameter study with variation of: Parameter Na/NiCl: battery Li-ion battery . 1 : : : : '
= PVareafrom 3 m?to 42 m2 (0.5 to 6 kW) Usable 80 % 95 % S os |[ SOCLB
= Daily consumer demand of approx. 5, 10 and 15 kWh/day capacity o SOC SNB
= Battery capacity of 5, 10 and 15 kWh Maximum Tenmax = f(SOC) Tchmax = f(SOC) 0.6
charging rate 04 |
. . Maximum 0.3C 0.5C
Energetic evaluation based on system parameters such as self- discharging 0.2 f-
sufficiency, self-consumption rate, battery module efficiency, rate 0 — | | . |
battery utilization, number of equivalent charge/discharge cycles Round trip ~ 88 % 95 % 198 198.2 198.4 198.6 198.8 199
and idle times. i.e.: efficiency (el.) (internally calculated Time/d
' depending on self-heating)
Self-consumption rate  SCR = Econsumer,pv+Batt (1) Heat_ing / =~ 12 W/kWh 1.2 W/kWh . Figure 3: Simulation result for a 5 kWh Na/NiCl> battery compared to a 5 kWh
5 Epy Cooling Temperature controlled heater ~ Constant cooling power Li-ion battery, showing different charging power (upper panel) depending on
Battery utilization  {charge = % (2) system power the state of charge (lower panel).
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. — attery Cost assumptions according to literature data
Battery utilization SNB Battery utilization LIB o 5kWh battery
e 70 < 70 Table 2: Basic electricity cost calculation assumptions CAPEX Investment costs
S 60 I ~ 60 o O O 4 10kWh battery Electricity costs (mains supply) 31 ct./kWh N full charging/discharging cycles per year
R i B ; = I o g 0 015 kWh battery PV electricity production cost 8 ct./kWh DOD Depth of discharge
~ 40 - . i & E ~o40 3 e . o o 5kWh battery Feed-in remuneration 10 ct/kWh Crated Rated capacity
30 = i T g 30 2 . s LCOS Na/NiCl, DEG Annual degradation rate
20 e & ° . 20 | ¢ o 4 10kwh battery CAPEX  100-400 €/kWh Y Project lifetime in years
10 |4 10 +8 015 kWh battery Lifetime 15 years r Discount rate
o LB : : : o L0 ‘ ‘ : LCOS 3.5-14.0 ct/kWh O&M Operation and maintenance costs
o 10 2 302 40 50 o 10 20 302 40 50 LCOS Li-ion Viesiaual  Residual value (after project lifetime)
PViarea/m PVarea/m CAPEX  700-1000 €/kWh Peec_in  Charging electricity costs
) ) ) . ) Lifetime  10-15 years n(DOD)  Round trip efficiency at DOD
Figure 4: Performance analysis of Na/NiCl, battery and Li-ion battery home storage systems, self-consumption LCOS 20.5-39.0 ct/kWh
rate and battery utilization according equation (1) and (2).
Annual electricity costs Annual electricity costs 5. SUMMARY AND OUTLOOK
o 2000 5 kWh SNB home storage - 2000 > kWh LIB home storage = Na/NiCl, battery and Li-ion battery technology was investigated in the
% 1800 | e 5 kWh/day % 1800 | 5 kWh/day application of a PV home storage system by annual simulations
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. . ; \ e 15 kWh/day I () { { } { } \ e 15 kWh/day compared to Li-ion batteries at current prices
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1200 e\ 1200 { ...... { ...... A\ cectria higher charge/discharge rates and no heating demand
bl Td F 3 1 ¢ frsﬁqrglcr'idy 1000 3 { } } fersrf:r;cr:zy = A holistic comparison requires the consideration of degradation rates
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Figure 5: Annual electricity costs of a PV home storage system with Figure 6: Annual electricity costs of a PV home storage system with a [3] VDI 6455 Sheet 1: Reference load profiles of residential buildings for power
a 5 kWh Na/NiCl. battery compared to full mains supply for 5 kWh Li-ion battery compared to full mains supply for different . ' - . .
. heat and domestic hot water as well reference generation profiles for photovoltaic
different power demands. power demands. ;
plants, VDI-Gesellschaft Energie und Umwelt, 2019

www.ikts.fraunhofer.de © Fraunhofer IKTS

Contact: Laura Nousch | Fraunhofer Institute for Ceramic Technologies and Systems IKTS | System Integration and Technology Transfer | System Concepts | Winterbergstrasse 28, 01277 Dresden, Germany |
Phone +49 351 2553-7235 | laura.nousch@ikts.fraunhofer.de | DOI: 10.24406/ikts-n-644108




<<

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /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 true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /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 false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /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 false

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /DEU <>

  >>

  /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 /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [3600 3600]

  /PageSize [1108.346 1567.559]

>> setpagedevice





