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Mr, President, Members of the Jury, Institute Ta Vie, Honored Guests,
today's speakers.  Thank you for this honor 1o pur science and recognition of the
importance of environment for man and i3 link with energy. A ceremony should
be a time for renewing human purpose. A theory of encrgy quality hierarchy
sugeests the human rolé on earth and the carrying capacity of the world for man.
Becanse no system can undestand its own complexity, we use overview models
o see the encrgy role of man,  Using the same scientilie concepts with which we
lock owtward to the stars or inward to the atoms, let us examine the middle-sized
realms of energy in which eivilization exists to learn how cnergy flow operates
environments, economics, and (he community of nations,

A HIERARCHY OF ENERGY QUALITY

Shown in Fig. 1 is the basie pattern of energy How and strocture that is
believed ta develop at all levels of sise because it draws more power in competi-
tiom, The system draws more power hecause ic develops higher quality energy as
structural order, maintains the order against deprecialion, and uses the storage
as a means to leedback high quality services to pump in more encrgyve  Sec Fig.
1 [a).

Shown at [4) isa chain of such energy transformations.  Dilute low quality
energy of sunlight is on the left and as energy is passed throngh each stage of con-
centrating and increasing of quality, most of the potential cnergy is used, being
degraded as dispersed heat with entropy incréase. The chain of energy trans-
formatons and steaetural systems constitutes a hierarchy of energy guality with
the highest quality energies on the right,  Ererzy quality is measured by the energy
used in the transformation. Most scientists are familiar with energy chains that
they graph as power spectra, for example. turbulence, food chains. molecular
energies, cosmic rays, sea surface waves, ote.

When cvaluations are made, an energy quality scale is obtained relating the
amount of one type of energy required to develop another. Sunlight and dilute
heat gradients are law quality encrgy; fossil fuels, rainwaters, animal carnivores,
storms, and human food products are high quality encrgics; elevated mountains,
biological genetic processes, and himan intellectual activities are very high quality
cnergy flows.  An energy quality factors is defined as the ratio of Calorics of energy
of sunlizht necessary to be converged in support of the Calories of high quality
energy developed.  See the Table 1,

High quality encrgy develops more work enly when it has lower quality

*A rewponse wt prize wwacding cererony of Toseiiute de La Vie, Parls, June 18, 1975,
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Fig. 1. Hiernrehy of energy guality transformations, (a) energy
flows in one unit; (b) chain of units.

Tasue 1. Erergy Quelity Fasbors®

Kilocalories of aunlight

Type of Energy required
por Kilocilorie

Sunlight 1
Giross plant production, dispersed 1ud
Net produciion of wood 100
Fossil fuel at point ol use 2000
Electricity 7000
Elevated rain water HO00
Supermarket food 20,0010
Genlogical uplift 2 W, 000
Boale manuseript production 2,000,000,1000

#For more cxplanation see Odum and Odum {1976)

energy in large quantity that it can amplify thus justifying the energy cost of its
development., Using high quality energy alene does not vield the work potential
of which it is capable, Using high quality energy without amplification is a drain
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on the system’s ability to compete rather than a means for maximizing its power
fow.

THE HUMAN PLACE

As shown in Fig. 2, human activities are high quality energies on the right
of the long chain of life support transformations. The human system is supported
and competitive so long as it feedsback its service as an amplifier and servant to
the biosphere.

PFLA HTS

CYCLES

;L CAL/M2/DAY

{a.)

PLANTS

(b.}
Fig. 2. Simplilied energy chains in support of man. (a) man on renewal
resources; (b)) man using energy of ‘eorth eycles; at first he use storages
fister than the rencwable rate.

LOW QUALITY ENERGY LIMITS TO HIGH QUALITY MAN

The ultimate carrying capacity of the carth for man is  determined by the
encrgy flows available to his life support system. Since man i5 a high quality
cnergy flow, cnergy quality theory requires that his work amplify low quality
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energy if it i¢ to deliver the maximum work output possible. The systems that
try to operate without matching energy use their high quality energy for low
quality purpose, produce Tess vield than their competitors and are eliminated, The
cloze [eedback of human service that was characteristic of life on renewable energy
is shown in Fig, 2a.

More recently rich accumulations of high quality energy are being used to
divert low euality energy from its old system’ as shown in Fig, 2 (b}, The so called
high standard of living is the high quantity of high quality energy in use per person.

However, the limiting quantity in delivery ol the maximum work possible
i5 the steady inflow of the low quality solar energy available to be amplified, With
or without the extra high quality energy, the ultimate carrying capacity for man
depends on dilute solar energy.  Fig. 3 shows the support energy flow for man’s
systems of cities, agriculture, tourism and other carth uses as a function of the rich
energics being used. The efficiency of converting rich energies into high quality
work declined as the ratio of high cquality energy to solar energy increased. The
limiting curve is familiar in many fields of science. Here is its use in aggregate
for the world.

A CARRYING CAPACITY RATIO FOR DESIGN OF MAN WITH NATURE

Energy quality theory provides planners a formula for estimating in advance
what energy expenditures will be economic.  As shown in Fig. 4, local free energy
{such as sun, wind, rain, and land) can attract purchased, high-quality encrgy
with which te interact and gencrate products and services for sale.  The systems
that match the purchased energy with more natural free energy ean charge less and
capture the markets. The ratio of purchased energy to local energy is called in-
vestment ratio.  In the United States the vatio of purclised energy to free matching
energy i5 about 2.5 Calories of fossl fuel equivalent to 2000 Calories of solar energy
for about 2.5 to 1 where both are expressed in Insil fuel equivalénts). Plans to
put more than 2.5 units of purchased high quality energy in a development may
not be economic since the goods and services produced lor sale cost more and the
prices charged are higher than those of their competitors with better ratios of ree
energy inflow,

The carrying capacity of an arca i5 indicated by multiplying the solar energy
by the ratio of purchased energy to free encrgy of competitors.  The eatio in France
iz about 1.9 to 1.0, The world ratio 50,3 to 1.0, Diuring growth periods those
ahead in building structure capture the energies from those that lag in develop-
ment. In this century industrinlized countries developed a higher ratio. When
energies are no longer rich cnough 1o support growth, energies are caprured by
those with a better ratio of local energy to purchased encrgy. More even dis-
tributions of energy are to be expected in the future as soon as the rich oils are
gone. The relative dominance of nations with high vatio of purchased to [ree
energies will decline.

The invesiment ratio suggesis a utopian plan for allocation of high quality
energies over the earth for the good of all.  Each arca should be allowed to pur-
chase rich energies (fossil fuel, water, scarce minerals) in proportion Lo the flow
of natural energics in their geographical area including their territorial seas, The
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Fig, 3. Carrying capacity for man and the inflow of high quality
energy. {(a) encrgy dingram showing the role of rich energy
in diverting solar energy from agrarian to mdustrial
patterns; (b) graph of carrying eapacity a3 o

function of flows rich energy.

ratio of high quality energy allocated to resident free energies should be that of
the world as a whole:  Currently the ratio of fossil luel 1o solar energy expressed
in fossil fuel equivalenis is (0.3 o 1.

By this distribution the environmental energies and the rich mineral energies
interact to generate maximum work: the plan encourages good utilization of the
carth’s environments and renewable resources and inhibits the waste of the rich
energics, With work developing in proportion to area, energy inequalitics may
be less, competition less, excess energics for wars less, and destructive rates of grawth
reduced. Inlernational tension may be most likely where encrgies are increasing
relative to neighbors, whereas declining energies cause countries to pull back their
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Fig. 4. Disgram showing the world’s current use of high quality
fossil Fuels to amplify and develop free energics of the sun.

zomes ol influence.  Wars may result when there are miscaleulations about relative
power.

If monies éirculating in the world eould be adjusted to have an  unchanging
ratio to total energy fHow, inflation would be eliminated. The buying power of
money for work done by man, machine, and by nature would be constant,

NET ENERGY FOR MAN

The present pattern of civilization is based on having much high gualicy
energy ta control low quality energy. Consequently our present ways require
large net energy inflows of high quality. A net energy source is one that yields
maore than it requires for processing (where both are expressed in energy units of
the same quality). The world is finally concerned with the declining reserves of
high quality fuels that support the present civilizations. Ave there alternate
sources?

An examination of alternative energy sources shows that many proposed
sources vield less energy than they require for processing. Others yield some net
energy, but not enough to be competitive. Many net energy calculations are
misleading because they do not use energy quality factors to determine the full
energy costs of higher quality inputs, Many caleulations underestimate the work
of develaping high quality goads and eervices that comes from throughout the econo-
my of developed countries. These can be estimated in proportion (o the money
involved. The general work of the economy allocated to a process is to the total
work of the cconomy as the money circulating in the process is 1o the total money
circulating. For each Calorie of energy in eguivalent fossil fuel delivered one
may estimate the Calories nsed in getting the energy.  Buying [uels from the near
east now vields 6 Calories for one delivered back in exchange. Mining coal in the
western United States yields 8 Calories for one invested in the work (Ballentine
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1975).  Nuclear energy may eventually yield 2.5 Calories for one invested, although
there is almost ng nel yield yet {Lem 1973}, Our oil ghale caleulation finds in
initial pilot plants less encrgy delivered than invested (Gardner 1975), A cal-
culation of the potential north sea oil suggested little if any net energy. With
most propoded energies less net vielding than the present ones and  with these
becoming less net energy yielding each year, it is only a matter of time until the
carrying capacity for man's hich energy life siyles decline moving (o the left of the
eurve in Fig. 3.

ENERGY TOO RICH TO USE

Some hope there will be a vew energy source such as nuclear l[usion that
is unlimited, so that il can be used both for low and high guality voles. Then
growth could not be stopped.  The ecological principle of ecolbgical exelusion would
eliminate those restricting their energy use, and another explosive growth period
would result,  Whereas the groswth of this century has involved tolal metabiolism
by hwmanily of 49 of the organie budger and 000559 of the leat budger;
the new growth swould be al least an order of magnitude higher and could displace
the earth’s billion vear old life supporl system,

There are, however, reasons to think that such energy, fortunately, will not
become available to man. ‘The realm of min cannot use energy ol much lower
quality until it has been concentrated into higher gquality, and this requires most
of it to be degraded with entropy increase.  Perhaps, similarly, energy that is
severnl orders of magnitude more concentrated than the realm of man also cannet
be used until it has been diluted down to lower concentration.  Even ordinary
nuclear fission may: be barely a net encegy yielder because much of its high in-
tensity energy 15 dispersed in the process ol getting its lempersture down to a
usable range. Nuclear fusion is even more intense than fission and may require
even more dilution. Enecrgy costs of the steructures may be even greater.

RENEWABLE FUELS AND MINERALS

Commonly we regared the fossil fuels and rich material ores as non-renewable
resourdes, but this may be (oo pessimistic.  The sedimentary mountain building
and wvolcanic cyeles of the carth are atill generaling new reserves as part of their
normal cyele, Lstimates of the ratio of deposition of organic matter (0.4 Calories
per square meter per day) are of the same order of magnitude a8 man’s present
rate of oil use (.6 Calories per square meter per day). Some part of the organic
matter going into sedimentary deposition will continue to be developed in form
available to man 43 a renewable flow of fuel but at a reduced rate, 'There will
be some material resources generated too.  One may imagine life for man based
mainly on the energy Hows of sun, wind, water, and tdes with the fossil [uels and
key earth materials used judiciously for medicine, maintenance of information,
communication, and other valuable necessities.

TOWARD STEADY STATE

In the long run the sell designing aspects of the dynamic biosphere may
achieve distributions of energy use like those we described in the utopian even
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distribution of the investment ratio, because this pattern ultimately generates
more veal work.,  Ilmay be man’s role as programmmable servant of nature, whether
he is aware of it or not, to facilitate and maximize the How of energies producing
growth from storages when it is possible and evenly distributed steady states when
the only available energy fows are steady, Human systems of the earth may be
expected to prevail that facilitate the maximum useful work, Even some of the:
intensive chemical processing of industry that is considered a pollution locally, on
a larger scale may be facilitating a more rapid and ultimately more stable flow
of earth cycles,

Az the remaining rich energies of vil become deeper and deeper in the
ground and further at sea, net energy from the rich stored deposits become less
important, the investment ratio declines, and the high quality energy once again
becomes only that generated by upgrading the sun through the transformations
of productivity and earth cyele. The world habitat for humanity and the eco-
systems should be more stable without the explogive flash of energy consumption
of this century,

What we most need now are political leaders to learn about these sydtems,
explain the trends to the world's people, and help lead human culture to the lower
cnergy steady state.  What better use 18 there for the remaining rich oil than
helping to plan transitions and lead the way, The high energy aspects of man’s
present pattern may decline, but the basic vole for man seems assured as high
quality feedback of complex service facilitating the use of the sun and insuring the
carrying capacity of the biosphere for us-all.
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