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Letters to the Editor

Emergy definition
| June 1997

Dear Editor

I write as the author of the nomenclature ‘emergy, empower, emdollar, embit,
energy memory and the maximum empower principle’ in relation to your recent
article “Interface ecosystems with an oil spill in & Venezuelan tropical savannah’
{Prado-Jatar and Brown, 1997), in particular, concerning their list of definitions of
my nomenclature {pp. 54). Since their definitions depart so dramatically from my
own (Scienceman, 1987, 1993), not referenced or gquoted by these authors, I find it
necessary to make the following comments in reply,

My decision to suggest the nomenclature was not taken lightly, but as a
conseguence of studying *Systems Ecology' (Odum, 1983) for about 2 years. With
a student background in mathematics, practical and theoretical physics (including
Einstein’s unified field theory) and research in chemical engineering, I found
energies of different forms is theoretically necessary. However, I had never heard of
‘embodied energy’, and found the use of this phrase by assorted authors using
different algebras very confusing, (Odum, 1983, pp. 251 268). 1 therelore, slowly
proposed the new nomenclature 1o clearly distinguish Odum’s concept (rom all
others, particularly from that of Costanza (1980}, which was subsequently described
by Georgescu-Roegen (1986, pp. 269 272) as “the greatest algebraic swindle of the
century’,

The nomenclature is therelore designed Lo clarify two issues: first, the combining
of energies of dilferent forms and second. embodying or using them up. The first is
made very difficult because the MNational Bureau of Standards (1986) does not
include any symbol for ‘energy quality’, long used by engineers for equating coal
and electrical energies by a factor of four. Furthermore, their symbol J, (referring
to the surname of James Joule) is used to describe *work, heat and energy’ alike.
But *work’ is a useful energy transformation’, and ‘energy is a measure of the
ability to do work only when comparing quantities of energy ol similar forms’,
{Odum, 1996, pp. 18). The phruse of Prado-Jatar and Brown {1997), that energy is
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“sometimes referred (o as the ability to do work” is therefore ambiguous und mosi Iy
quite wrong.

Prado-Jatar and Brown also define ‘energy as a property of all things which can
be turned into heat’. Bul mass can be turned into heat using Einstein's theory of
special relativity, (E = mc®), so why bother with units for mass {g), as used in their
tables and appendices? [ therefore recommend that the symbol *[)'be used to refer
e any Torm ol energy, which can then be transformed into heat encrgy “hl', Afier
all. people are constantly referring to solar energy, nuclear energy and information
energy, for example, so | now use the phruse “form energy’ 1o deseribe the symbol
11 But, tenergy quality”, in the Odum system has been quantilicd using his “encrgy
transformation ratio”. I recommended cither “transformations’ or “intensity” instead.
combined next day by Odum into “transformily’, a continuous guantilative vari-
able. The word ‘transformations’ can still be used for discrete steps.

Second, the phruse ‘embodied energy” was very ambiguous. For example, one can
compare the embodied bullets and jelly-beans inside President Reagan: bullets
remain bullets afler removal, but jelly-beuans quickly disappear into other forms of
eoergy such as chemical or mechanical energics. | therelore contrcted the [lirase
‘embodied energy” into the new word ‘emergy’, and the phrase ‘embodicd joule’
mio ‘emjoule’, in order to clearly distinguish Odum’s concept from all others, |
deliberately chose something different but not too different, I recommend syimbols
‘em.J” to refer to embodied joule’, and ‘emj’ to refer o an ‘emjoule’. The woard
‘emjoule’ was not a surname, so its symbol does not start with cupital *E*. The '
must not be confused with the ‘jerk’, a unit of time rate of acceleration in
mechanical engineering (Den Hartog, 1948, pp. 161). The ‘emergy joule” is mean-
ingless!

We must now confront the issue that *work’ is not ‘energy’ in Odum’s lexicon.
Odum originally used the phrases ‘equivalent energy’ and ‘equivalent joule’, mean-
ing that different forms of energy were suid 1o be eguivalent if they were able 1o do
similar quantities of uselul work, delined as an energy transformation, He referned

cach form to a busic, common or source form, such as solar or coal energies and
used the symbol *sej’ to mean *solar equivalent joule’, still using it {Odum, 1988) to
refer to solar equivalent emergy toduy! But this is far oo confusing, so [ now prefer
Lo use solar equivalent energy (se.d), embodied solar equivalent energy {em,se.J) and
solar emergy (semj), Entitics can be equivalent without bemg embodied or used up!
Prado-Jatar and Brown continue 1o use ‘sef' however, instead of “semj, thus
continuing the confusion,

Lest anyone complain about cndless new termimology, at s stage 1 should
mention that the reverse is really true. 1 am really trying to clean up long
cstablishment confusion, In particular, the Indo-European word ‘wergon®, (Ayto,
1990, pp. 200), spawned the words ‘work, encrgy, orgy, organ and lHurgy’ and
Aristotle referred to ‘activity’ as ‘encrgeia’ (en ergon). The phrase “embuodied
cnergy” had become over used, too confused, so | now describe ‘emerey” as mesning
cnergy memaory’, meaning o measure of the quantity of original form ecnergy which
has been totally used up or transformed into a new form of energy. The original
furm has disappeared and has become only 4 memory, a memory stored up in
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emergent properties and transformity. Maybe the equation source emergy (wergon,
activity, work done) {g,) (semj) = transformity I{tnerg;y quality) (tr) = (q,) form
energy (1) completes clarification of the nomenclature? .

Tifg afth::r usef of the phrase ‘embodied energy’ can also be clarified. As described
in detail by Odum (1996, pp. 268), when ‘embodied energy’ is Parumnad between
assorted carriers, very different quantities result, none of which conform to the
usual Laws of either the first or second law of thermodynamics. | now refer 1o them
as mangled-energies to contrast with energy memory, which obeys memory algebra,
also not energy conservalion algebra. Mangled-energy cxamp!cs are entombed-en-
ergy, entergy, (enJ): matllered-energy, matergy (gt mcneuzcd-m_n:rgy_. MONErgy,
{$.)) and recycled-energy, recergy (J.J). None of these has any physical sngmfmnu_c,
although all are mathematically possible. They can be called input-output or hybrid

ncepis. )
l:ﬂl reréummend transformity (tr) be written as semj/fJ rather than sej/J as used by
Prado-Jatar and Brown, ]

Prado-Jatar and Brown also list the word ‘emdollar’, symbol "EME, as d.
measure of the money thatl circulates in an economy as the rc:.sull. ol some process”.
This use of my word ‘emdollar’ {Scienceman, 1993), {mmdl}, is actually the up:s:u.i:
down application of my original concept. 1 had in mind the xlarge practical
applications of ‘emjoules’, to mean the quantity of sulur emergy flowing countercur-
rent to one US dollar (3), say in 1980, {or E12 semj). Slmilarly,ll pmpcm:d the
‘embit’ {semb), as the quantity of solar emergy required to maintain a unit of
genetic information, (or E23 semj) (Odum, 1996, pp. 241). T saw ‘ernj?ulc. emdollar
and embit' as comparable to length measures ‘inch, foot, yard. Odum and
Prado-Jatar and Brown, are now really using ‘emdollar’ to mean an emergy based
international US equivalent Gross National Product dollar (EMS). Bad luck for the
‘empound’ (EM£}), ete! ———

To summarize my nomenclature, | ndw never refer to ‘emergy analysis’, "Energy
analysis' (Odum, 1983, pp. 251) refers to the scientific activity of n:dlii:u-}msm
(cutting everything up), whereas ‘emergy e\ralualiuq* andl ‘systems encrgy refer to
putting everything back together again, or synthcsns.l using all energies enpressed
together in units of a common form. ‘Emergy analysis’ is therefore an oxymoron,
so | always refer to ‘cmergy synthesis’ instead, (Huang and Odum, 1991 Lan and
Odum, 1994). . .

Similarly, I avoid usc of the synonyms, 'kind’ and ‘type’ fnr TDITEI Ul'cn::rglcs,
for they confuse the nomenclature and denigrate the ‘form’ Impllc.'lll.nns of trans-
formity”, ‘informution” and ‘conformation’. Comparisons can be ﬂuﬁlh'l!ﬂu:-h' with
historical analogues, such as Marx's use of "embodied abstract ];.;bour urlne {_I1gurr:
of human work in a capitalist system), and Freud's use of jd_ns_,:mlfmdnd libido
{body energies combined) to produce neurotic systems and civilizations, but that
must be for future papers. . .

Finally, although not mentioned in the Prado-Jatar and Brown list, I_wu.h to
mention ‘empower’. The concept power in the 51 is defined as Ih_e watt, or umle nn;:
of change of encrgy, joules per second, symbol W()/s) and dimensions ml l. 4
Similarly, | have defined the word ‘empower’, with unit ‘emwatt’, to mean the time
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rate of change of emergy, e.g. symbol semw (semj/s). Except 10 say that “transfor-
mity is nol dimensionless” (Odum, 1988, pp. 1135) no one, to my knowledpe, has
displayed any new dimensions of emergy or transiormity in relation to the S1 units,
except my own provisional paper (Scienceman, 1993) which inserted a ‘p’ (meaning
‘past’) in the dimensions of relevant quantities. It is therefore appropriate for “the
maximum power principle’ (Odum, 1983, pp. 6; Hall, 1995, pp. 311-330) to be
renamed ‘the maximum empower principle, a hypothesis which explains much of
science’ (Odum, 1995, pp. 521), but not “the maximum emergy principle’ {Brown
and Herendeen, 1996, pp. 221).

Darvied M. Sciencemuan
cfo Australian Rural Group, Lid.
PO Box 307, Bathurst, NSW, 2795,

Australia
I June 1997
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Letter to the Editor

The Authors respond
1 August 1997

Dear Editor

This letter is in response to the letter by David Scienceman (Scienceman (19973
regarding emergy terminology, prompted by our recent comr?'butiﬂn_ to Emfugff-ue‘
Engineering (Prado-Jatar and Brown, 1997). In our manuscript, Whl_l:l:l dealt with
emergy evaluation of a Venezuelan oil spill, we provided several definitions 5uch_ us
energy, emergy, transformity, ctc. Dr Scienceman appears to have taken exceplion
to these definitions. He is concerned that we have defined several things and used
terms differently than he prefers.

Dr Scienceman’s contributions during his stay with H.T. Odum in Florida as
visiting scholar from Australia were important, as were the contributions made by
many during those years, Developmeni of concepts, terminology and methodolo-
gies during that time was a team effort of faculty, visiting scholars, students n:fd
friends led by H.T. Odum. It was a most stimulating period when the group in
Guainesville, meeting regularly in our seminars and courses, made signiﬁcanl.l pro-
gress in advancing the concepts of emergy and conducting numerous slua.?m_ol‘
processes, regions and nations that supported our theoretical work, Many scientific
reports, manuscripts, theses and dissertations were published during those years,
often with differing terminology, as our use of terms and nomenclature coalesced.
It was during this period that Jean Michael Cousteau and his late father Jacques
Yves Cousteau provided research funds and logistical support lo our group.
Through their support we were able to evaluale many cconomies and pm;lummn
processes around the globe, helping to advance the concepts and prmc:_ples of
emergy evaluation. The Cousteau’s Vice President for Science and E.duc'.al.:.un, Dr
Richard Murphy, was instrumental in getting our group involved with the
Cousteau Society and contributed to several of our studies.

Dir Scienceman brings up several points regarding our definitions. First he takes
issue with our definition of energy, suggesting that it is ambiguous, T agree, In light
of what we understand about energy quality and our work using emergy, the term
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energy and its definitions are very ambiguous, but never-the-less they still exist,
Second, he is concerned that we use the phrase ‘equivalent solar energy” when
describing solar emergy, fearing, | believe, that we will then be tempted to suggest
that ‘sej” means solar equivalent joule. However, we are well aware that “sej’ is the
unit abbreviation for solar emjoule. He now prefers “semj’, but we do not see the
need to change the nomenclature.

Sciencemnan also is concerned with our use of the term ‘emdollar’. He believes
that the emdollar should be a fixed standard reference guantity, relative to the US
dollar, For several years now, in published literature, scientific reports, theses and
dissertations, we have used the term to mean the amount of economic activity that
is related to a given flow of emergy. The quantity of emdollars associated with an
emergy flow is obtained by first calculating a ratio of the total emergy use in an
ceonomy, U, to gross domestic product, GDP... (U)GDP; whose units are sej/$).
Lmergy flows can then be divided by this ratio to express them in emdollars. A unit
other than dollars is necessary to describe this measure, since it in no way resembles
price, that which dollars usually measure. We continue to use the emdollar as the
unit measure for the amount of economic activity associated with (fAowing counter-
current to) a given amount of emergy.

Numerous proposals for new symbols are contained in Dr Scienceman’s letter
including: ‘f)" for form energy, ‘h)’ for heat energy, ‘se.J” for solar equivalent
cnergy, ‘em.se.]’ for embodied solar equivalent energy, etc. Some of these we find
useful for concepts we have been wrestling with for a decade or more (i.e. form
cnergy = (1}, but believe that their use will add confusion rather than clarity. The
profiferation of symbols does not serve well o synthesize, but requires us to travel
Garther and larther down the road of reductionism splitting concepts into an ever
mcreasing speciation of terms and symbols.

In all, David Scienceman made important contributions to our work in careful
and thoughtful propositions of words and nomenclature to describe convepts und
theories that have been in the making for decades. We acknowledge his contribu-
lions yet feel that they do not constitute ownership.

Murk T. Brown

Department of Environmental Engineering Sciences
University of Flonda

Gainesville, FL 32611
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Letter to the Editor

Another reply
15 July 1997

Dear Editor

You asked for comment on David Scienceman's letter regarding Energy termi-
nology. As a visiting scholar from Australia to the Department of Environmental
Engineering Sciences at the University of Flonda, Dr Sc:cnc:_man contrnibuted in
major ways to the concepts and application of emergy evaluah_un off and on over
a 10 year period. | prefer ‘emergy evaluation’, since the process is both analysis and
synthesis at the same time. _

The concepts were published earlier under different names. Appendix E (pp.
316 317) in Environmental Accounting (Odum, 1996) provides dates of use and
numerical values for cach span of years starting in 1967. )

It was a team agreement in 1983 that new terminology was necessary lor the rigor
of the energy hierarchy concepts to be clear. Elisabeth C. Odum suggesied embergy
as short for embodied energy. As a library scholar without equal, David researched
the basis for scientific nomenclature and linguistic roots. Emergy, transformity and
empower were used by us thereafter in many theses, dissertations, papers and
books. One editor found emergy to be confusingly close to energy in sPc]Img and
made me change it to enmergy for that paper. E. Tiezzi recognized the importance
of an emergy-related entropy concept: emtropy. )

Since 1983, all of us used sej as the abbreviation for solar emjoules However, I
see nothing wrong with semj as its abbreviation except for its length. Embit seems
confusing (possibly implying a product) when what is meant is emergy per bl1l'..
Transformity is the emergy per joule of a particular form of energy {Sll:l:!'lﬂtﬂhll:i 5
7). But as an abbreviation in a numerical table s¢j/[j is not helplul bccaus;'.c lhc. ffor
form doesn't say which form of encrgy. tl"f.:r be complete one I?as 1o write sc_l_.n'ocm]
joule or sej/snake movement joule. A recent paper was mtlﬂeq “The ratio -_:bl‘
emergy to exergy”. Where only one kind of exergy is in the demmmatolr that ratio
is transformity. Adding different kinds of available energy as exergy ignores the
hierarchical differences in kinds of energy (types, forms). I refer you to my book,
Environmental Accounting (Odum, 1996).
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Scienceman’s letter is needed (o show how these definitions follow the tradition
of care with units and dimensions from physics and engineering. On the other hand,
he could be more charitable by not criticizing verbal explanations intended for
other kinds of audiences, so long as the concepts are correctly used, Scienceman
also uses concepls qualitatively for some purposes such as his delightful energy
systems representation of the plot in Wagnerian Opera, With his help we assembled
o booklet manuscript entitled ‘The Writings of David Scienceman’ and hope that he
will make final corrections and authorize its publication.

Howard T. Odum

Department of Environmental Engineering Sciences
University of Florida

Gainesville, FL 32611
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