
   

 

 

  
   

   
  

  
        

   

 
 

 

 
 

 

 
  

 

 
 

 

 

 
 

 

    
 

 

ETV and Energy 

Greenhouse Gas Technology Center 

The U.S. EPA Environmental Technology Verification  (ETV) Pro-
gram’s  Greenhouse Gas Technology (GHG) Center, in cooperation 
with  Southern Research Institute, verifies advanced energy tech-
nologies  that improve efficiency or otherwise reduce greenhouse 
gas emissions1.  These may  include: 	

 Technologies that produce or use sustainable or renewable  
energy sources  
 Technologies that offer improved efficiencies for environ-

mental performance  of fossil  fuels  
 Technologies in hydrogen infrastructure  
 Technologies associated with distributed electrical  generation, 

including combined heating/cooling and power applications.  

The GHG Center has verified a total of 13  technologies  for  distrib-
uted energy production and energy  efficiency: six microturbine/
combined heat  and  power (CHP) technologies and three  fuel cells 
that generate energy  at the point of  use; two gas processing systems 
designed  to make biogas  amenable  for use by distributed generation 
energy systems;  two internal combustion  engines with heat recov-
ery for distributed electrical power and  heat  production; and  one 
ground-source  heat pump for onsite water  heating (see  Table 1). 

The complete  verification reports for these technologies are avail-
able on the ETV Web Site at  http://www.epa.gov/nrmrl/std/etv/vt-
ggt.html. These reports provide  full descriptions of  the  verification tests and 
results.  The GHG Center has collaborated with a number of organizations on 
these verifications, including the State of  Colorado, the New Yo rk  State En-
ergy Research  and Development Authority (NYSERDA), New York City, 
and the EPA CHP Partnership.   

ETV Greenhouse Gas  
Technology Center 

Lee Beck, US EPA Project Manager 
beck.lee@epa.gov, 
Tel: (919) 541-4021 The GHG Center recently i nitiated a strategic p rogram to i  dentify and de-

velop verification opportunities relating to the conversion of synthesis gas 
(syn-gas) to  liquids.  A number of gasifiers  generate syn-gas  (CO and H2  
blended with other gases) from coal, biomass, and waste s treams (municipal 
solid waste, tires, etc.).   There is increasing interest in the commercial pro-
duction of  ethanol, methanol and Fischer-Tropsch liquids  from syn-gas.  In 
some cases, these processes  are being scaled down for in-situ production of 

Tim Hansen, 
Southern Research Institute 

hansen@sri.org
Tel: (919) 806-3456 

liquids only.  In other cases, larger i nstallations could c o-produce ex-
cess heat  and power i n addition to the li quids.  Ultimately, the result 
may be cleaner bu rning fuels, reduced gr eenhouse  gas and ha zardous 
air pollutant emissions,  improved energy security, and improved sus-
tainability.  
 

ETV Water Quality Protection Center 

Ray Frederick, EPA Project Officer 
frederick.ray@epa.gov, Tel: (732) 321-6627 

Tom Stevens, NSF 

Water Centersstevenst@nsf.org, Tel: (734) 769-5347 

Verifications conducted by the ETV Water Quality Protection (WQP) ETV Drinking Water Systems Center 
Center and Drinking Water Systems (DWS) Center, both operated in

Jeff Adams, EPA Project Officer cooperation with NSF International, often report, as an operation and
adams.jeff@epa.gov, Tel: (513) 569-7835 maintenance requirement, the electrical power consumption or fuel

usage of the system during ETV testing.  This information can help Bruce Bartley, NSF International 
bartley@nsf.org, Tel: (734) 769-5148 technology end-users or purchasers gauge the potential energy

consumption of a technology for their intended purposes. 
1The ETV Program operates largely as a public-private partnership through competitive cooperative agreements with non-profit research institutes.  The program
provides objective quality-assured data on the performance of commercial-ready technologies. Verification does not imply product approval or effectiveness.
ETV does not endorse the purchase or sale of any products and services mentioned in this document. 

Distributed Power Generation at a Glance 

GHG has focused on the use of fuel cells,   
microtubines, and engines as distributed  
generation sources.  Distributed generation 
(DG) refers to power-generation  equipment 
that provides e lectric power at a site much 
closer to end-use customers than central station  
generation.  In addition to the efficiencies  
passed on by  the technologies themselves, 
power transmission losses can be avoided and 
reliance on electricity from large electric utility 
plants can be reduced.  When well-matched to  
a facility’s needs in  a properly designed CHP 
application, net fuel consumption and overall 
emissions can also be reduced.  An added   
environmental benefit of some DG technolo-
gies is  the ability  to fuel these systems with 
renewable energy sources such as   anaerobic 
digester gas or  landfill gas,  which reduces 
natural resource consumption.  Furthermore, if 
released to the atmosphere, these gases  
contribute millions of tons of methane emis-
sions annually in   the United States (U.S. EPA, 
2006; Southern Research Institute, 2004). 



 

  

 

  
 

 
 

  
 

 

 
 

 
 

 

 

   
   

 

 

 

  

 

 

 

 
 

 

  
 

     
 

 
 

 
   

   
   

 

 
 

 

 
 

 

 
 

 

Table 1.  Verified GHG Energy Technologies 

Technology Name Technology Description/Application 

Microturbines and CHP Systems 

Capstone Turbine Corporation, Capstone 60 kW Microturbine
CHP System 

Natural-gas-fired microturbine with heat recovery system for distributed electrical 
power and heat generation 

Capstone Turbine Corporation, Capstone 30 kW Microturbine
System 

Biogas-fired microturbine combined with heat recovery system for distributed electrical 
power and heat generation 

Honeywell Power Systems, Inc., Parallon® 75 kW Turbogenerator Natural-gas-fired microturbine for distributed electrical power generation 

Honeywell Power Systems, Inc., Parallon® 75 kW Turbogenerator 
with CO Emissions Control Natural-gas-fired microturbine for distributed electrical power generation 

Ingersoll-Rand Energy Systems, IR Power Works™ 70 kW Micro-
turbine System 

Natural-gas-fired microturbine with heat recovery system for distributed electrical 
power and heat generation 

Mariah Energy Corporation, Heat PlusPower™ System Natural-gas-fired microturbine with heat recovery system for distributed electrical 
power and heat generation 

Fuel Cells 

DFC 300A Molten Carbonate Fuel Cell A natural gas fueled molten carbonate fuel cell from which excess heat is recovered 
for use on-site. 

Plug Power, SU1 Fuel Cell System Proton exchange membrane fuel cell for distributed electrical power generation 

UTC Fuel Cells, LLC, PC25™ Fuel CellA Landfill gas clean-up and phosphoric acid fuel cell combined with heat recovery
system for distributed electrical power and heat generation 

Gas Processing Systems 

NATCO Group, Inc., Paques THIOPAQ Sour gas processing system for biogas purification 

US Filter/Westates Carbon, Gas Processing Unit (GPU) (verified 
with the PC25C Fuel Cell Power Plant) Carbon-based digester or sour gas processing system for anaerobic digester gas 

Internal Combustion Engines 

Aisin Seiki Co., LTD., 6.0 kW Natural Gas-Fired Cogeneration Unit Gas-fired internal combustion engine combined with heat recovery system for distrib­
uted electrical power and heat generation 

Martin Machinery, Inc., Martin Machinery  
Internal Combustion Engine 

Biogas-fired internal combustion engine combined with heat recovery system for  
distributed electrical power and heat generation 

Ground-Source Heat Pump Water Heating System 

ECR Technologies, Inc., EarthLinked® Water Heating System Ground-source heat pump water heating system 
A This technology was verified twice: first at municipal solid waste landfills and including a gas processing unit to operate using landfill gas (1998), and sec­

ond at a wastewater treatment facility and including a gas processing unit to operate using anaerobic digester gas (2004).  UTC Fuel Cells, LLC was known 
as International Fuel Cells Corporation when it was verified in 1998.  This technology has since been renamed as the PureCell™ 200. 
kW = kilowatts 

Environmental and Sustainable Technology Evaluations (ESTE) 

ESTE projects address specific, high-priority information needs of the EPA. ETV completed its first waste-to-energy 
ESTE Project in 2008, during which two biomass co-fired boilers were tested using woody and pelletized biofuels. Client 
offices within the EPA with an explicit interest in this project and its results include: Office of Air and Radiation (OAR), 
Combined Heat and Power (CHP) Partnership, Office of Air Quality Planning and Standards (OAQPS), Combustion 
Group, Office of Solid Waste (OSW), Municipal and Industrial Solid Waste Division, and ORD’s Sustainable Technology 
Division. In addition, letters of support have been received from the U.S.
Department of Agriculture Forest Service and the Council of Industrial Boiler
Owners.  

ETV expects to complete its second waste-to-energy ESTE project involving a 
anaerobic digester in the summer of 2009.  The digester is being used to treat 
animal wastes at a large-scale farm. Methane and energy generation, organic 
solids reduction, phosphorus reduction, and potentially pathogenic
microorganisms reduction will be verified. 

References 

Southern Research Institute, 2004. September. ETV Verification Statement: PC25C Fuel Cell Power Plant—Model C. 

U.S. EPA, 2006. EPA/600/R-06/082.  September.  ETV Case Studies: Demonstrating Program Outcomes, Volume II. 

U.S. EPA ETV, http://www.epa.gov/etv. EPA/600/F-06/015 
October 2006, 

(updated June 2009) 

ESTE Biomass Co-fired Boilers 
Lee Beck, EPA Project Manager 

Beck.Lee@epa.gov, 
Tel: (919) 541-4021 

ESTE Anaerobic Digesters 
Wendy Davis-Hoover, US EPA,  
Davis-Hoover.Wendy@epa.gov, 

Tel: (513) 569-7206 



<<

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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



