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EEIO
Total Energy:

2.1 × 10−3GJ/kg

MFI
Total Energy:

0.85 × 10−3 GJ/kg

Sulfuric Acid

 Differences in energy accounting between models creates difficulty in deriving an 
“apples to apples” comparison.

 MFI total energy is generally but not universally lower than EEIO total energy, 
contrary to expectations.

 Agreement in energy consumption by sector is variable even among products 
within the same sector.

 Further study and method development is required for these results to provide 
information around data gap identification and prioritization.
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𝑻𝑻: Direct throughput ($) by 
sector for production of 𝒇𝒇, 

based on economic 
exchange matrix 𝑨𝑨
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Elements of 𝑫𝑫 multiply 
columns of 𝑩𝑩 to obtain 
direct use of fuel 𝑖𝑖 for 

production of 𝒇𝒇.

Top-Down Calculation Method EPA’s U.S. EEIO model (Yang et al., 2017)

Bottom-Up Calculation Method NREL’s MFI tool (Hanes et al., 2016)
MFI-calculated fossil fuel and renewable energy consumption by commodity were 
aggregated using BEA sector codes to obtain direct energy consumption by sector.

Hydrochloric AcidEEIO
Total Energy:

6.9 × 10−3GJ/kg

MFI
Total Energy:

55 × 10−3 GJ/kg

Top Sectors by Direct Energy

Top Sectors by Direct Energy

𝒈𝒈𝑖𝑖 = 𝒃𝒃𝑖𝑖𝑫𝑫

The sum of the direct 
use fuel 𝑖𝑖 is the total 

energy consumption for 
production of 𝒇𝒇. 

IO-LCA Methodology

IO-LCA Results

 Direct fuel consumption takes place within the process of interest (sulfuric acid 
production, in this case) while indirect fuel consumption takes place upstream of 
that process, such as within electricity generation facilities.

 The IO-LCA results show that biomass is the main direct energy source for 
producing sulfuric acid, while natural gas is the main indirect energy source.

 Separating direct and indirect supply chain energy consumption will provide 
additional information on where data gaps exist within the bottom-up MFI dataset, 
and how impactful each data gap is on energy consumption results. 

 Work is ongoing to compare the IO-LCA results, at the sector level, to MFI results 
at the process level. The level of aggregation in the IO-LCA model is expected to 
create some difficulties in this comparison.

𝒙𝒙 is total throughput ($) by 
sector for production of 𝒇𝒇

Columns of 𝑨𝑨 are 
scaled by elements of 𝒙𝒙

to obtain direct ($) 
inputs to each sector
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Elements of 𝑫𝑫 multiply 
columns of 𝑩𝑩 to obtain 

direct use of energy 
resources (GJ) by sector

Ratios of direct fuel consumption to 
produce 1 kg Sulfuric Acid

Ratios of indirect fuel consumption to 
produce 1 kg Sulfuric Acid

Approach 1: Compare direct energy by sector

Background: The MFI Tool
 Materials Flows through Industry is a bottom-up

supply chain modeling tool (Hanes et al., 2017).
 A linear network model is used to quantify energy 

consumption and greenhouse gas emissions in U.S. 
commodity supply chains.

 MFI draws on a database of material and energy 
inputs to manufacturing processes, covering 1,536 
processes for 739 commodities.

 This project aims to both identify gaps within the MFI 
database and provide information on the relative 
impact of each gap on MFI results.

Summary
 Two methods for identifying data gaps in a bottom-

up model are developed and tested.
 This study uses NREL’s Materials Flows through 

Industry (MFI) bottom-up supply chain model and 
an input-output life cycle assessment (IO-LCA) 
model based on a recent EEIO model of the U.S. 
economy.

 Preliminary results indicate that Approach 2 (below 
right) provides sufficient information for data gap 
identification, while Approach 1 (below left) requires 
additional development to yield valuable insights.

Background: The IO-LCA Model
 The Input-Output Life Cycle Assessment model is a 

top-down LCA model.
 The data of the economic component of the IO 

model are from the U.S. Department of Commerce 
Bureau of Economic Analysis (BEA).

 The energy use in the IO model are from the U.S. 
Environmental Protection Agency’s (EPA) U.S. 
Environmentally Extended Input-Output (USEEIO) 
model (Yang et al., 2017) .

 The most recently available inventory of industrial 
energy (year 2007) was used.

Approach 2: Compare direct and indirect fuel inputs
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𝑴𝑴 = 𝒈𝒈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 𝑻𝑻𝑩𝑩 Indirect fuel consumption = total – direct
𝒓𝒓𝑖𝑖 = 𝒈𝒈𝑖𝑖 /𝒈𝒈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 Ratio = fuel 𝒊𝒊 consumption/ total consumption


	Slide Number 1


<<
  /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 300
  /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 300
  /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


