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Emergy and Its Importance
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In ordinary commercial dealings among people, the
value of a product or service within the economy of a
state or nation is determined by what someone is willing
to pay for it. Payment is usually made with money, for
example, dollars when U.S. currency is used. Markets
and agreements between people on prices govern these
economic exchanges. The governance of small-scale
economic transactions in markets is not affected by this
discussion; however, the value of the environment needs
to be considered in a different way when setting public

policy.

People know that money is paid for their work
and that money is not paid to the environment. Yet the
environment does important work that is essential for all
economic activity. When people take products from the
environment, such as water, wood or animals, they do
so without paying for nature’s work in providing those
products. Anything taken without payment becomes a
debt or liability on the financial balance sheets used by
all human enterprises. At present modern society owes
a tremendous debt to the environment, but this debt is
not entered on the books kept by government, industry,
and commerce. As a result our present environmental
debt is not being counted, controlled, and serviced in a
reasonable way. One problem is that up to this time, we
have not had an adequate method of accounting for these
debts.
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Only people can accept money for products and
services, so the environment can not and does not use
money as a measure of value. Value in an ecosystem
is measured not by money, but by flows of available
energy. Available energy is energy with the potential to
do work. All natural systems maximize flows of available
energy to compete effectively for resources. The
capacity to maximize current energy flow is determined
by innovations and changes that have occurred in the
past. Changes, which result in higher energy flows in the
present, are often carried forward into the future. When
everything required for an energy flow is considered,
scientists find that it is actually the sum of the flows of the
past and present available energy within a system that
is maximized. However, both the available energy used
in the past to make the inputs required for a product and
the available energy transformed in the present during
its production must be measured using a common unit to
account for the fact that energies have different qualities,
i.e., different ability to do work when used in a system.

The truth of the statements in the last paragraph can
easily be verified by each individual by considering their
own past. We all know that what we do today and what
we get paid for doing it, in large part, depend on what we
have learned and what we have experienced in the past.
Without our past use of food, shelter, books, and without
our families to support our learning and teachers to impart
their knowledge to us we would not be what we are today
or be able to do the work that we do in our jobs.

In the latter part of the 20" century, H.T. Odum and
his colleagues found and tested a way to quantify the past
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use of available energy of all kinds on a common basis. They
defined the new quantity that accomplished this and called it
emergy. Emergy is all the available energy of one kind used-
up both directly and indirectly in the past to make a product
or service that exists in the present (Figure 1). Emergy is
expressed in its own unit, the emjoule, which connotes the
energy (joules) used in the past, as compared with joules
of energy available in the present in those products and
services. For most evaluations of environmental systems,
we use solar joules as the base unit. The solar energy used
in the past to make a joule of available energy in the present
is called the transformity of the product. Transformity is the
amount of energy of many kinds that is used-up in making
a unit of available energy in something else. It has units of
solar emjoules per joule of available energy (sej/J).

The definitions of emergy and transformity above give
rise to the Fundamental Equation of Emergy Evaluation:

Emergy (solar emjoules, sej) = Transformity (sej/lJ) x
Available Energy (J)

Emergy allows the work that the environment contributes
to economic activity to be quantified; and since all activities
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are based on the transformation of available energy
in some process, economic and social quantities can
also be documented in terms of their emergies. When
all environmental, social, and economic quantities are
expressed in emergy and placed on a single balance sheet,
they are directly comparable and we have a comprehensive
measure of the condition of the system. The balance of
these factors will tell us whether our current system is
operating in a sustainable manner, i.e., the emergy assets
of the environment, economy, and society of a nation,
region or business must exceed their liabilities for the entity
to be healthy and sustainable.

In summary, emergy can be thought of as a kind of
energy memory that is carried forward in the capacity of
each individual thing to do work, when it is used for its
intended purpose within a system. It is important because
maximizing emergy flows is hypothesized to be the criterion
that determines success in evolutionary competition.
Therefore, we must understand and use nature’s value
system if we hope to assess the environment fairly for
accounting purposes and discover the information that we
need to make wise public policy decisions.
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Figure 1. Emergy can be calculated for anything for which the production process is known. The main emergy inputs required for grain

corn produced on a hectare of land in Florida, Arkansas, and Minnesota are given along with the energy yield of corn and the
emergy (sej) and transformity (sej/J) of the yield. Florida and Minnesota use Brandt-Williams (2002) as a template. Arkansas
uses Odum et al. (1998) as a template, and thus a few inputs are summed but not shown for this state.

References

Brandt-Williams, S.L. 2001 (revised 2002). Handbook of Emergy
Evaluation. Folio #4. Emergy of Florida Agriculture. Center for
Environmental Policy, Environmental Engineering Sciences,
University of Florida, Gainesville, FL. 40 p.

Odum, H.T., Romitelli, S., Tigne, R. 1998. Evaluation Overview of
the Cache River and Black Swamp in Arkansas. Center for
Environmental Policy, Environmental Engineering Sciences,
University of Florida, Gainesville, FL, 1998.




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


