“Energy, Ecology, and Economics

BY HOWARD T ODUM

Many are heginning to see that energy, ecology, and economics form a single, unified svstem,

states the author, who gives twenty points to explain the energy control of our economy and the

relationship 1o the environment. The net reserves of fossil fuels are mainly unknown, he says,

but thev are much smaller than the gross reserves which have been the basis of public discussions

ane decisions that imply thar growth can continue, He offers a general answer to the present

world situation, where “boom and bust” economies may soon be forced toward a sieady state:

refect economic expansionism, stop growth, use available energies for cultural conversion to

steady state, and seek out the condition now thar will come anyway.

As long-predicted encergy shortages appear, as questions
about the interaction of energy and environment are raised
in legislatures and parliaments, and as energy-related infla-
tion dominates public concern, many are beginning to sce that
there is o unity of the single system of energy, ecology, and
cconomics. The world's leadership, however, is mainly ad-
vised by specialists who study only a part of the system at a
time.

Instead of a single system’s understanding, we have ad-
versary argiments dangerous to the welfare of nations and
the role of man as the earth’s information bearer and pro-
grammatic custodian. Many economic models ignore the
changing furce of energy regarding effects of energy sources
as an external constant; ecoactivists cause governments o
wisle cnergy in unnccessary technology: and the false gods
ol growth and medical ethics make famine, discase, and cata-
iytic collupse more and more likely for much of the world.
Some encrgy specialists consider the environment as an an-
tugonist instead of o major cnergy ally in supporting the
hiosphere,

Instead of the confusion that comes from the western cive-
ilization’s characteristic educutional approach of isolating
variables in wnonel-vision thinking, let us here scek common
sense overview which comes from overall energetics. Very
simple overall energy diagrams clarify issues quantitatively,
indicating what is possible. The diagrams and symbols are
explained further in a recent book (1)

For example, Figure 1 shows the basis of production in
interaction of tuel reserves, steady energies of solar origin
and teedback of work from the sysiem’s struciure. Figure |
15 the computer simulation of this model for our existence.
showing o stewdy state afier our current growing period. As
the duel tank is drained, we return to a lower solar base of
simpler agriculture, Simple macroscopic minimodels based
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on overview of world energy provides the same kind ot trend
curves as the detailed models of Forrester and Meadows (see
Ref 2). With major changes confronting us, let us consider
here some of the main points that we must comprehend so
we may be prepared for the future. .

1. The true value of energy to socicty is the net energy, which
is that after the energy costs of getting and concentrating that
energy are subtracted.

Many forms of encrgy are low grade because they have to
be concentrated, transported, dug tfrom deep in the earth
or pumped from far at sea. Much energy has to be used di-
rectly and indirectly to support the machinery, people, sup-
ply systems, etc to deliver the energy. If it takes ten units
of energy to bring ten units of energy to the point of use, then
there is no net energy. Right now we dig further and further.
deeper and decper, and go for energics that are more and
more dilute in the rocks. Sunlight is alse a dilute energy that
requires work o harness.

We are sull expanding our rate of consumption ol gross
energy, but since we are feeding o higher and higher per-
centage buck into the energy secking process, we are decreas-
ing our percentage of net energy production. Many of our
proposed alternative energy sources take more energy feed-
back than present processes. Figure 2 shows net cnergy
cmerging beyond the work and structural maintenance
costs of energy processing.

2. Worldwide inflation is driven in part by the increasing
fraction of our fossil fuels that have to be used in geting more
fossil and other fuels.
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It the mwney circulating is the same or increasing, and if
the quality energy reaching society for its gencral work is less
because so much energy has to go immediately into the
cnergy-getting process, then the real work to society per unit
money circulated is less. Money buys less real work of other
types and thus money is worth less. Because the economy
and total energy utilization are still expanding, we are misled
to think the total value s expanding and we allow more
money Lo circulate which makes the money-to-work ratio
even larger. Figure 3 shows the circulation of money that con-
stitutes the GNP in a counter-current to the energy flow.

3. Many calculations of energy reserves which are supposed
to offer years of supply are as gross energy rather than net
energy and thus may be of much shorter duration than often
stated.

Suppose for every ten units of some quality of oil shale
proposed as an energy source there were required nine units
of energy to mine, process, concentrate, transport, and meet
environmental requirements. Such a reserve would deliver
1/10 as much net energy and last 1/10 as long as was calculat-
ed. Leaders should demand of our estimators of energy re-
serves that they make their energy calculations in units of
net cnergy. The et reserves of dossil fuels are mainly un-
known but they are much smaller than the gross reserves
which have been the basis of public discussions and decisions
that imply that growth can continue.

4. Societies compete for economic survival by Lotka’s prin-
ciple (3), which says that systems win and dominate that
maximize their useful total power from all sources and flex-
ibly distribute this power toward needs affecting survival.

The programs of forests, seas, cities, and countries survive
that maximize their system’s power for useful purposes. The
first requirement is that opportunities to gain inflowing
power be maximized, and the second requirement is that
energy utilization be effective and not wasteful as compared
tv competitors or alternatives. For further discussion see
Lotka (3) and Odum (1),

5. During times when there are opportunities to expand one’s
power inflows, the survival premium by Lotka's principle is
on rapid growth even though there may be waste.

We observe dog-cat-dog growth competition every Lime a
new vegetation colonizes a bare field where the immediate
survival premium is first placed on rapid expansion to cover
the available cnergy recciving surfaces. The early growth
ceosystems pul out weeds of poor structure and quality,
which are wasteful in their energy-capturing efficiencies,
but effective in getting growth even though the structures
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are not long lasting. Most recently, modern communitics of
man have expericnced two hundred vears of colonizing
growih, expanding to new energy sources such us tossil fucls,
new agricultural lands, and other special energy sources
Woestern culture. and more recently. Eastern and Third
World cultures, are locked into a mode of beliel in growth
as necessary to survival, “Grow or perish™ is what Lotka's
principle requires, but only during periods when there are
energy sources that are not yet tapped. Figure 3 shows the
structure that must be built in order to be competitive in pro-
Cessing energy.

6. During times when energy flows have been tapped and
there are no new sources, Lotka's principle requires that
those systems win that do not attempt fruitless growth but
instead use all available energies in long-staying, high diver-
sity, steady state works.

Whenever an ecosystem reaches its steady state after peri-
ods of succession, the rapid net growth specialists are re-
placed by a new team of higher diversity, higher guality,
longer living. better controlled, and stable components. Col-
lectively, through division of labor and specialization, the
climax team gets more energy out of the steady tlow of avail-
able source energy than those specialized in fast growth
could.

Our system of man and nature will soon be shifting from
rapid growth as the criterion of economic survival w steady
state non-growth as the criterion of maximizing one’s work
for economic survival (Figure 1). The timing depends only
on the reality of one or two possibly high-yielding nuclear
energy processes (fusion and breeder reactions) which may
or may not be very yielding.

Ecologists are familiar with both growth states and steady
state, and observe both in natural systems in their work
routinely, but economists were all trained in their subject
during rapid growth and most don’t even know there is such
a thing as steady state. Most economic advisors have never
scen a steady state even though most of man’s million year
history was close to steady state. Only the last two centuries
have seen a burst of temporary growth because of emporary
use of special energy supplies that accumulated over long
periods of geologic time.

7. High quality of life for humans and equitable economic
distribution are more closely approximated in steady state
than in growth periods.

[')-uring growth, emphasis s on competition, and large dit-
ferences in cconomic and energetic wellure develop: com-
petitive exclusion. instability, poverty, and unequal wealth
are characteristic. During steady state, competition is con-



trolled and climinated, being replaced with regulatory sys-
tems, high division and diversity of labor, uniform energy
distributions, little change. and growth only for replacement
purposes. Love of stable system quality }epl:mc:& love of net
gain. Religious cthics adopt something closer to that of those
primitive peoples that were formerly dominant in zones of
the world with cultures based on the steady energy flows
trom the sun. Socialistic ideals about distribution are more
consistent with steady state than growth.

8. The successfully competing economy must use its net out-
put of richer quality energy flows to subsidize the poorer
quality energy flow so that the total power is maximized.

In ecosystems, diversity of species develop that allow more
of the energies o be tapped. Many of the species that are
specitalists in getting lesser and residual energies receive
subsidies trom the richer components. For example, the sun
leaves on top of trees transport fucls that help the shaded
leaves so they can get some additional energy from the last
riys of dim light reaching the forest floor. The system that
uses ils excess cnergics in getting a little more energy, aven
from sources that would not be net yielding alone, devel-
ops more total work and more resources for otal survival.
In similur ways, we now use our rich fossil fuels to keep all
kinds of goods and services of our economy cheap so that
the marginal kinds of energies may receive the subsidy bene-
fit that makes them yielders, whereas they would not be
able to generate much without the subsidy. Figure 4 shows
the role of diversity in tapping auxiliary encrgies and main-
taining flexibility wo changing sources.

9. Energy sources which are now marginal, being supported
by hidden subsidies based on fossil fuel, become less econom-
ic when the hidden subsidy is removed.

10. Increasing energy efficiency with new technology is not
an energy solution, since most technological innovations are
really diversions of cheap energy into hidden subsidies in
the form of fancy, energy-expensive structures.

Most of our century of progress with increasing efficien-
cies of engines has really been spent developing mechanisms
to subsidize a process with a second energy source. Many
calculations of efficiency omit these energy inputs. We build
better engines by putting more energy into the complex
factories for manufacturing the equipment. The percentage
of energy vield in terms of all the encrgies incoming may be
less not greater. Making energy net yielding is the only pro-
cess not amenable to high energy-based technology.

11. Even in urban areas more than half of the useful work
on which our society is based comes from the natural flows
of sun, wind, waters, waves, ¢ic that act through the broad
areas of seas and landscapes without money payment. An
economy, to compeic and survive, must maximize its use
of these energies, not destroying their enormous free sub-
sidies. The necessity of environmental inputs is often not
realized until they are displaced.

When an area first grows, it may add some new energy
sources in fuels and electric power, but when it gets to about
50 percent ot the arca developed it begins to destroy and
diminish as much necessary life support work that was free
and unnoticed as it adds. At this point, further growth may
procduce a poor ability in economic competition because the
area now has higher energy drains. For example, areas that
grow too dense with urban developments may pave over the
areas that formerly accepted and reprocessed waste waters.
As a consequence, special tertiary waste treatments become
necessary and monetary and energy drains are diverted from
useful works to works that were formerly supplied free.

A corolliry of the previous principle of using rich energies
o subsidize marginal ones 15 that the marginal energy sour-
ces will not be as net yielding later, since there will be no
subsidy. This truth is often stated backwards in cconomists’
concepls because there is inadeguate recognition of external
changes in encrgy guality. Often they propose that marginal
energy sources will be cconomic later when the rich sources
are gone. An energy source 1s not a source unless it is contri-
buting yiclds, and ability of marginal sources to yield
goes down as the other sources of subsidy become poorer.
Figure 4 shows these relationships.
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12. Environmental technology which duplicates the work
available from the ecological sector is an economic handi-
cap.

As growth of urban areas has become concentrated, much
of our energies and research and development work has been
going into developing energy-costing technology to protect
the environment from wastes, whercas most wastes are
themselves rich energy sources for which there are, in most
cases, eeosystems capable of using and recycling wastes as a
partner of the city without drain on the scarce fossil fuels,




Soils take up carbon monoxide, forests absorb nutrients,
swamps accepl and regulate floodwaters. 1F growth is so
dense that environmental technology is required, then it is
too dense o be economically vital for the combined system
of man and nature there. The growth necds to be arrested
or it will arrest itself with depressed, poorly competing econ-
omy of man and of his environs. For example, there is rare-
ly excuse for tertiary treatment because there 15 no excuse
for such dense packing of growth that the natural buffer
lands cannot be a good cheap recycling partner. Man as a
partner of nature must use nature well and this does not
meun crowd it out and pave it over: nor does it mean devel-
oping industrics that compete with nature for the waters
and wastes that would be an energy contributor to the
survival of both.

13. Solar energy is very dilute and the inherent energy cost
of concenirating solar energy into form for human use has
already been maximized by forests and food producing
plants. Without energy subsidy there is no vield from the sun
possible beyond the familiar yields from forestry and agri-
culture.

Advocates of major new energies available from the sun
don't understand that the concentrations quality of solar
encrgy is very low, being only 10-'"* kilocalories per cubic
centimeter. Much of this has to be used up in upgrading to
food quality. Plants build tiny microscopic semiconductor
photon receptors that are the same in principle as the solar
cells advocated at vastly greater expense by some solar
advocates. The plants have already maximized use of sun-
light, by which they support an ecosystem whose diverse
work helps maximize this conversion as shown in Figure 5 A,
I man and his work are substituted for much of the eco-
system so that he and his farm animals do the recycling and
management, higher vield results as in sacred cow agricul-
ture (Figure 5 B). Higher yields require large tossil fuel
subsidics in doing some of the work. For example, making
the solar receiving structures (Figure 5 C), whereas the
plants and ecosystem make their equipment out of the ener-
gy budget they process. Since man has already learned how
to subsidize agriculture and forestry with fossil fuels when
he has them, solar technology becomes a duplication. The
reason major solar techinology has not and will not be a major
contributor of substitute for fossil fuels 1s that it will not
compete without energy subsidy from the fossil fuel econo-
my. Some energy savings are possible in house heating on a
minor scale,
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14. Energy is measured by calories, btu’s, kKilowatt hours, and
other intraconvertible units, bui energy has a scale of guali-
ty which is not indicated by these measures. The ability to
do work for man depends on the energy quality and quantity,
and this is measureable by the amount of energy of a lower
quality grade required to develop the higher grade. The
scale of energy goes from dilute sunlight up to plant matter
to coal, from coal to oil to electricity and up to the high qual-
ity efforts of computer and human information processing.

15. Nuclear energy is now mainly subsidized with fossil fuels
and barely yields net energy.

High costs of mining, processing fuels, developing costly
plants, storing wastes, operating complex safety systems,
and operating goverment agencies make present nuclear
energy one of the marginal sources which add some energy
now, while they are subsidized by a rich economy. A self-
contained, isolated nuclear energy does not now exist. Since
the present nuclear energy is marginal while it uses the
cream of rich fuels accumulated during times of rich tossil
fuel excess, and because the present rich reserves of nucle-
ar fuel will last no longer than fossil fuels, there may not
be a major long-range effect of present nuclear technology
on economic survival. High energy cost of nuclear construc-
tion mav be a factor accelerating the exhaustion of the richer
fuels. Figure 4 illustrates the principle.

Breeder Process: The Breeder Process is now being given
its tirst tests of economic effectiveness and we don’t yet know
how mner yielding it will be. The present nuclear plants
are using up the rich fuels that could support the breeder
reactors if these turn out o be net yielders over and be-
yond the expected high energy costs in safety costs, oCCi-
sional accidents, reprocessing plants, ete. Should we use the
lust of our rich fossil fuel wealth for the high research and
development costs and high capital investments of pro-
cesses oo late o develop a net yield?

Fusion: The big question is will fusion be a mujor net yield?
The feasibility of pilot plants with the fusion process is un-
known. There is no knowledge yet as o the net energy in
tusion or the amounts of energy subsidy fusion may require.
Because of this uncertainty, we cannot be sure about the
otherwise sure-leveling and decline in wial energy lows
that may soon be the pattern for our world.

16. Subsiantial energy storages are required for stability of
an economy against fluctuations of economies, or of natural
causes, and of military threats.




The Frantic rush o use the Jast of the rich oiis and gas that
are casy b harvest For g litde more growth and wourism is
me he wany o i ntadn power stability or political and mili-
Ly security for the world community of nations us o whole,
World stability requires a de-vnergizing of capabilities of
vist war, and an evenly distributed power base tor regular
detense establishments, which need (o be evenly balunced
without great power gradients that encourage change of
militiary boundurics. A two-year storage is required for sta-
bility ol 4 component.

of a country relative to others depends on the relative net
energy of that country inclieding its natural and fuel-based
energies minus its wastes and nonproductive energy uses.

Countrics with their own rich energies can export goods
and services with less reguirement for money than those that
have to use their money o buy their fuels. Those countries
with inlerior energy Hows into useful work become subor-
dinate energy dependents to other countries. A country that
sells oil but does nat use it within its boundaries to develop
useful work is equally subordinate since a major flow of
neeessary high quality energy in the form of technical goods
and services is external in this case. The country with the
strongest position is the one with a combination of internal
sources of rich energies and internal sources of developed
structure and information based on the crergy. The relations
of energy sources to payment bulances are given in Figure 6.

kinds of growth-priming activities may favor economic
vitality and the economy’s ability to compete. Institutions,
customs, and cconomic policies aid by accelerating energy
consumption in an autocatalytic way,

Many pump priming properties of fast growing cconomies
have been naturally selected and remiain in procedures of
government and culture, Urban concentrations, high use of
cars, ceomnie subsidy w growth, oil depletion allowances,
subsidies o population growih, advertising, high-rise build-
mg. efe are costly moenergy for their operation and main-
tenance, but favor ceconomic vitality as long as their role as
pump primers is successtul in increasing the flow of energy
aver and beyond thetr special cost, Intenscly concentrated
densities of power use have been ceonomic in the past be-
cause their activitivs have aecelerated the system’s growth
during a period when there were new energy sources to en-
IWRIH P;Ih"'«._
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19. During periods when expansion of energy sources is not
passible, then the many high density and growth promoting
policies and structures become an energy liability because
their high energy cost is no longer accelerating energy yield.

The pattern of urban concentration and the policies of
ceonomic growth sirulation that were necessary and success-
tul in coergy growth competition periods are soon to shill.
There will be a premium against the use ol pump priming
aaracteristics sinee there will be no more unpumped

energy o prime. What did work before will no longer work
and the opposite becomes the pattern that is cconomically
succasstul. All this makes sense and is commonplace to those
who study various kinds of ccosystems. but the economic

‘advisors will be sorely pressed and lose some confidence

until they lcarn about the steady state and its criteria for
cconomic success. Countries with  great  costly  invest-
ments in concentrated cconomic activity, excessive trans-
portation customs, and subsidies to industrial expansion will
have severe stresses. Even now the countries who have not
gone so far in rapid successional growth are selting out to do
so at the very time when their former more steady state cul-
ture is about to begin to become a more favored economic
state comparatively.

20. Systems in nature are known that shift from fast growth
to steady state gradually with programmatic substitution,
but other instances are known in which the shift is marked
by total crash and destruction of the growth system before
the emergence of the succeeding steady state regime.

Because energies and monies for rescarch, development,
and thinking are abundant only during growth and not during
energy leveiing or decline, there is a great danger that means
for developing the steady state will not be ready when they
are needed, which may be no more than § years away but
probably more like 20 years. (1f fusion energy is a large net
energy yiclder, there may be a later growth period when
the intensity of human power development begins to affect
and reduce the main lite support systems of the oceans, at-
maspheres, and general biosphere.)

The humanitarian customs of the carth’s countries now
in regard o medical aid, famine, and cpidemic are such that
ner country is ablowed o develop major food and other erit-
ical energy shortage because the others rush in their re-
serves. This practice had insured that no country will starve
in a major way until we all starve together when the reserv-
es are no longer there.
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being normally as a device for infant mortality and merci-
ful old age death, It provided on the average an impersonal
and accurate energy testing of body vitalities, adjusting the
survival rate 1o the energy resources. Even in the modern
period of high encrgy medical miracles. the energy for total
medical care systens is a function of the total country's
energies, and as energies per capita fall again so will the
energy for medicine per capita, and the role of disease will
again develop its larger role in the population regulation
system. Chronic discase at its best was and is a very energy-
inexpensive regulator.

Epidemic discase is something else. Nature's systems
nirmally use the principle of diversity o eliminate epidem-
s, Vice versa, epidemic discase is nature's device to elim-
mate monoculture, which may be inherently unstable, Man
i presently allowed the special high yields of various mono-
cultures including his own high density population, his paper
souree in pine trees, and his miracle rice only so long as he
has special energies w proteet these artiticial ways and sub-
stitute them for discase which would restore the high diver-
sity system, ultimately the more stable tlow of energy.

The terrible possibility that is before us is that there will
be the continued insistence on growth with our last energics
by the ecconomic advisors that don’t understand, so that there
are no reserves with which 10 make a change, o hold or-
der, and to cushion a period when populations must drop.
Discase reduction of man and of his plant production sys-
tems could be plancrary and sudden if the ratio of popula-
tion to food and medical systems is pushed to the maximum
at a time of falling net energy. At some point the great
gaunt towers of nuclear energy installations, oil drilling, and
urban cluster will stand empty in the wind for lack of enough
fuel technology w keep them running. A new eyele of dino-
saurs will have passed its way. Man will survive as he repro-
grams readily to that which the ecosystem needs of him so
long as he does not forget who is serving who. What is done
well for the ecosystem is good for man. However, the cul-
tures that say only what is good for man is good for nature
may pass and be forgotten like the rest.

I.I;tL;l.‘_Wuﬁ_u_".'HﬁUus !ﬂL‘L‘-l'y. H1 ] palcum:umgy called ortho-
genesis which suggested that some of the great ammals of
the past were part of systems that vere locked into evolu-
tionary mechanisms by which the larger ones wok over from
smualler ones. The mechanisms then became so fixed that they
carried the size trend beyond the point of survival, where-
upon the species went extinct. Perhaps this 1s the main ques-
tion of ecology, economics, and energy. Has the human system
frozen its direction into an orthogenetic path toward cultural
crash, or is the great creative activity of the current energy-
rich world already sensing the need for change? Are alter-
natives already being tested by our youth so they will be
ready for the gradual transition to a fine steady state that
carries the best of our recent cultural evolution into
new, more mimaturized, more dilute, and more delicate
ways of man-nature?

In looking ahead. the United States and some other coun-
tries may be lucky o be forced by chunging energy avail-
abilities o examine themselves, level their growth, and
change their culture towards the steady state early enough
s0 as to be ready with some tested designs before the world
as a whole is forced to this. A most feartul sight 15 the be-
havior of Germany and Japan who have little native ener-
gies and rush crazily into boom and bust economy on tem-
porary and borrowed pipelines and tankers, throwing out
what was stable and safe to become rich for a short period;
monkey see, monkey do. Consider also Sweden that once
before boomed and busted in its age of Baltic Ships while
cutting its virgin timber, Later it was completely stable on
water power and agriculture, but now after a few years of
growth became like the rest. another bunch of engines on
another set of ml flows, a culture that may not be long for
this world.

What is the general answer? Eject economic expansionism,
stop growth, use available energies for cultural conversion
to steady state, seek out the condition now that will come
anyway, but by our service be our biosphere’s handmaiden
anew.
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Figure 1 A Ganeralized world model of man and nature based on one-
shot lossil fuel usages and steady solar work. Pathways ara flows of
anargy from outside source (circle] through interactions (pointed blocks
marked ‘X° to show multipher action) to final dispersion of dispersed
haat, The tank symbol refers to storage. Here world fuel resarve storage
helps build a storage of structure of man's busidings, information, pop-
ulation, and culture.
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Figure 1 B. Graphs resulting from simulation of the model in Figure 1 A,
Available world fusl reserve was taken as 5= 10" kilocalories and
anergy converted from the sclar input and converged into man's produc-
tive system of growth and maintenance was 5 x 10'% kilocalories when
structure was 10'% kilocalories. Peak of structural growth was variable
over a 50-year pericd dapending on amounts diverted into waste path-
WAYS.
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igure 1 C. The steady state observed in some simulations of Figure 1 A
ras an oscillating one as in the graph shown here.
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Figure 3. Relationship of money cycles to the energy circuit loops.
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Figqure 2. Energy flow diagram illustrating energy laws, and the diference
between net and gross anergy flows.
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Figure 4. Relationship of general structural maintenance to diversity and
secondary anergy Sources.

c’\' * Diversaty

Secaond
Energy
Source




Mutriemis, Wesdesg,
Garengivl  Pregasalion

' imgecl Controd
Vorand O omioimed

REIN ) L VR Py

gure 5 A. Man a minor part of the complex forest scosystem.
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gure 5 C. Fossil fuel subsidized agriculture as a colonial member of &
chnologics! society of man with maximum possibie solar conversion.
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jure 6 A Disgram showing how energy sources and energy loss path-
iys affect the balance of payments and general economic competition
sition of & single coumry. Befter balance results when one’s own
ergy sources are berter, and cne’s wasta less.
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5. Energy systems symbuols used for showing  mathemsatcal and  ener-
getic relationships between the parts of our =vslem of energy, cnomat-

s andd coodogy.

Source Pasaive mu:
Storage Sink
All outside encrgy sources Mow m from sources mdicated wih ghe
circular symbol and these sources deliver causal forcmg swcipons, Al
slorages of energy, struclure. money, wlormatien. value, ore are rep-
resented by the tank shaped symbol and these tanks are called staig
varigbles. All energies leave systems as dispersed  heat that has o
more podential for domg uselul work. In the diagrams the dspersal
unusable heat energy s called a heat sink.

Iz
Jy [ }
Work Gate Zell Maintenants

When two different kinds of lows of energy (or materals, mformatson,
or services that carry encrgyd inleract an processes where botl are
necessary, we draw a work gale symbol. The system hus a2 Xoof o
action of one flow so facilitates the Tow of the other and vice vera
that the process s o multiplier actas As o all processes, wselal energy
that drives the processes emwerges as degraded. po longer reusable

dispersed encrgy leaving the carth through the heat sink. (Hear o
carth ulimately i reradicied ool W space from the wp of the s
sphere. )

Selfl maintaining entities such as populations, cilies, industres, and
other organiztions thal feed cnergy from siorage back imo muit-
plicative pumping actions are shown with the boexagom! svimbol Tie
cnergy dispersed in maintaining the system, s growth, and s work
services i oshown passing oa the boltom in o heat sink.

Q L%

Pateatial Adding
G“:ﬂ:‘q .lum:!mn Transachan
Work

When new storages are developed., encrgy Liws require than muck of
the cnergy be dispersed mto unusable heat i order 1o mauky the
process of storing go fust enough o be most competitive, The
symbel for potential generaiing work shows the necessary beal dis-
persal that s requared Tor any sring prosess

When two energy Gows may be substituted [or vach ther, we show
their junction as the convergence of lines. This means that the Jow-
add {in contrast to the work gae where other kinds o iileracions
are the resultl,

Because money fows as o countercurrent to the Tow of CneTEy, giunds
and services (the latter 1wo alao carrying energy, we represenl puth-
ways that invelve coonemic ransactions with the  diamomnd  shoape
symbol and two coumter diagrams pathways, The energy cost of doing
eonomic business s shown s the energy Bost o e Beat sk,

The d_iug:'um~ miay be cxamined ss 06 they were o series of wanter fanke
and pipes with witer fowing betwesn the tanks, bemg driven by

pressaies of the storages of outside pressures and  the energy o e
wiler pressure ullimately leaving the system in the varsms trgtivesal
heat dispersions. The disgrams can thus be vessalioed o belp see

cemplexity of systems aid recognize Just frone dhe contregratnms whs
Kinds o resporses might follow proposed manipolations. As furthet
given in (11 the diagrans are also ways of wrnmg mathematical dafic

ential equations for muking precise mathematical descriptionns ol 1o
Fatiwrn=hipes.



