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Original KEMA Study on Emission Benefits 

 Study was conducted in 2007 and compared a flywheel to traditional 
technologies 
- Study highlights 

- Showed emission savings from utilization of storage 
- Study provided a simple “snapshot” of potential trends 
- Compared a flywheel to natural gas, coal, and pumped hydro systems 

- Methodology “vetted” at 2007 EESAT Conference 
- Next steps called for a “deeper dive into actual performance numbers 

- Actual simulations of specific ISO 
 

 Today, study is still cited as the main “Emission “ Study for such 
applications 
- Results referenced in many cases as a secondary benefit of storage systems 

- But model simply lacked the granularity such roles require 
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2nd Generation Study on Emission Benefits 

 Goal was to update the study using tools that have been developed 
since the time of the first study 
- Actual ISO territories were modeled instead of the original “snapshot” 

approach 
- Used emission models of actual generators instead of a “generic” plant 
- Coordinated with actual ISOs to collect the data for the study 

- CAISO model included 590 power plants and 14 control areas 
- PJM Model included 600 power plants and 19 control areas 

 

 Results provided a more accurate assessment of the potential 
emissions savings to utilizing advanced storage systems vs. traditional 
power plants 
- Study substituted specific plants with Lithium and flywheel devices from a 

25% penetration of regulation supplied up to 100% of the regulation 
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Tools Used for the Study 

 DNV KEMA KERMIT Model 
- Designed to study a power systems 

frequency behavior over a 24 hour period 
- Able to simulate AGC signals as well as grid-

scale storage  
- Defines hourly and sub-hourly generation 

schedules for 100s of generators 
 

 Emission feature of KERMIT Tools 
- Incorporates a dynamic emissions model to 

estimate CO2 and NOx emissions for 
combustion turbines, coal plants, and 
combined cycle plants 
- Estimates emissions based on a generators 

current output level and for utilizes ramp rates for 
combustion turbines 
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Courtesy Dr. Jay Apt & Dr. Warren Katzenstein 



Results for PJM Territory 

 Emissions reductions seen for PJM 
- Key Points about PJM 

- Largest of the ISO/RTO Territories 
- Regulation provided by a combination of 

coal, combined cycle, and hydro plants 
- Largest of ISO territories – regulation 

typically represents approximately 1% of 
total load 
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 Drivers for the market 
- Only a portion of the generators supplying services considered less efficient – 

hence optimal savings occurred when portion of regulation total supplied by 
storage 

- Really don’t have devices dedicated to regulation, typically will provide 5-20% 
of their output to regulation market 

- Can’t really “bump” device out of market – devices typically go back to 
performing in real time energy market 

 
 

 
 

 
 

Selected Day
CO2 Tons        
Base Case

CO2 Tons        
50% Storage

Difference
Estimated 

Month Total
21-Jan 887359 887314 45 1395
18-Feb 639117 639081 36 1008
20-Mar 544915 544881 34 1054
11-Apr 665802 665765 37 1110
10-May 658456 658406 50 1550
15-Jun 999290 999230 60 1800
10-Jul 944278 944250 28 868
15-Aug 848813 848763 50 1550
7-Sep 842677 842613 64 1920
28-Oct 675138 675097 41 1271
11-Nov 667589 667553 36 1080
13-Dec 961636 961605 31 961

Total Year 15567



Results for CAISO Study 

 Results less conclusive 
- Simulations were run over 6 days throughout the year – model was not able to 

pick up trends or patterns of reduction or increases 
- Why?   Regulation market made up of pumped hydro, combustion turbines, combined 

cycle plants 
- Follows similar trends to PJM where generators contribute partial amounts of 

nameplate capacity to regulation 
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 Using storage to replace Spinning 
Reserve 
- Examined as a potential area of 

benefit 
- Four cases examined 

- Hypothetical 100 MW of spinning 
reserve where it is replaced by 20 MW of 
storage and 80 MW of traditional 
generation 

 
 

Before After Before After

1 64.59 63.20 70.81 56.65

2 3.32 0 5.67 0

3 79.00 63.20 70.81 56.65

4 15.80 0 14.16 0

NOx (lb)
Case

CO2 (ton)



D
oc

um
en

t n
um

be
r 

 
 
 
 
 
 
The authors gratefully acknowledge the support of the 
Department of Energy/Office of Electricity's Energy Storage 
Program 
 
Questions? 


	Slide Number 1
	Original KEMA Study on Emission Benefits
	2nd Generation Study on Emission Benefits
	Tools Used for the Study
	Results for PJM Territory
	Results for CAISO Study
	������The authors gratefully acknowledge the support of the Department of Energy/Office of Electricity's Energy Storage Program��Questions?


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


