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SYNOPSIS

IN SEARCH OF STEADY STATE

This thesis was initially a study of "low energy" settle%ents

in New Zealand, By putting on mental blinkers and making gross
assumptions that whalever was not investigated would not upset
the overall conclusions made a string of pearls approach
plausible., But what the study required was a holistic approach,
An examination of the meaning of a "low energy" settlement
reveals that such a settlemeht is a “"steady state" settlement.
But just exactly what is ngteady state"? This thesis has
developed into the study of the context of a low energy future.
‘The accelerating energy interrelated problems that beset mankind
are outlined., Through the use of Energetics, the study of energy
flows through ecosystems, an understanding is made of the growth
and climax phase of ecosystems and why human settlements also
either adopt steady'state or decline. An exploratory study 1is
nade of the spatial, organisational, and economic factors which
together infldence the various patterns of steady state., The
principles of steady state, alas ,cannot be simply summed up as
nZero population growth, zefo economic growth". This thesis '
does not pretend to answer all the guestions that the reader
may raise. But it does put forward the important issue that the -
context of a low energy future is steady state. And very little
about steady state has been researched. The open-ended question

of "what is steady state" continues.,
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' Questions I am asking, Answers I am seeking,
Is seeking the Truth Living, OTr ig Living the Truth,
Because these two Paths I can see,
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. Chapter 1

THE PROBLEM

"The point is not to see who may be the more correct but to see
the areas which will be particularly vital in the future and
also to note some of the profound moral, ethical, and human

questions which will be raised.™
- Sir George Thomson

INTRODUCTION -~ FUTURE FORECASTING

Before the reader starts turning the following pages let there
be no misunderstanding between us, The purpose of this thesis
is to present a future forecast of what steady state means for
mankind, In any forecast the predictions are laced with the

value judgements and assumptions of the forecaster, Some of the
following areas may be, as yet, unfamiliar to the reader. '
None the less, this is the time where I bear a responsibility

to be as frank as I can and list all my own assumptions and
value judgements which relate to the following pages and to out-
line the purpose of this thesis.

1. A forecast can be a prediction or a plan. We plan those events
subJect to our control and predlct those that are not,
This thesis is a forecast., I am certain (and the following
pages will support each of my convictions) that mankind will
not prove the exception to the laws of thermodynamics and as
part of an open ecosystem, will be subgect to the same laws

#of growth Eventually when our high grade energy resources

are depleted or are too expensive to further extract from the
ground, mankind will either live 1n a homeostatic, steady
state, symbiotic relationship within his closed ecosystem of |
Earth, or else he, like others before him, will face extinction
I make the assumption that mankind will continue to survive.
I do not wish to be foolhardy, and make rash predictions.,
Instead I will attempt to predict the future we are able to
have rather than the future we would desire to have,
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The following diagram will illustrate my point,

Figure 1-1
Growth to Steady state

We are now on the rapid growth part of the logistic curve and
possibly near the hump of the transition period. Why the hump?
Mankind unlike other organisms within our ecosystem has been
able to tap high grade energy resources and the momentum of the
growth made possible creates this transition period‘where there
will be a decline before steady state is feached. I have chosen
to investigate the steady state part of the growth curve, This
could be at point TT’ T2, or Ty in time. This is an assumption
in itself that point Tpn, will be similar to point T, which I

will continue to outline,

At point Tn in time our high grade energy. resources such as oil,
coal, and gas will be depleted. The only other sources of energy
will be solar based energy such as hydro-electricity, phytomass
{plant tisSue) burning, wind power, and solar conCentrators.

Of course we have nuclear fission energy and solar photo cells.
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This thesis is concerned with long term steady state and there
are strong practical reasons why nuclear energy is excluded.
(see section on The Problem - Alternative knergy Sources). 1
also have a strong personal value judgement againét the use of
nuclear fission as an energy source on ethical grounds that we
bear a responsibility to future generations of mankind ndt to
endanger their existence and leave them a heritage they will
have to guard for centuries, This thesis is also concerned only
with technology that we have fully developed now, Ve need to be
cold hearted realists and irresponsible optimists have no place
in this field, Nor am I taking the stance of the pessimist as

we must also be open to new ideas. Due to our diminishing
capital for further investment in large scale developments, I

am disregarding the far off possibility of fusion energy. Should
our level of technology improve then the implications of this

is that the carrying capacity and the‘consumervlevel of life can
both increase.

Steady state for mankind means zero population growth. If we

were to adopt a policy of ZPG now we would not be able to

attain ZPG for a number of generations due to the momentum of
population growth, in spite of the low growth we have now in

some countries. This gives some indication of the earliest period
that we can attain steady state in New Zealand.

This undergraduate thesis will be looking at the direction of
change required to achieve steédy state rather than at magnitudes
I realize tnat in the shdrt space of'time that has been available
many areas will not be covered. I will do my best to'cover those
that are the most important. This in itself will reflect my own
priorities. You, as the reader have a duty to point out the areas
where I, through lack of experience oOr understanding, have made
false assumptions, This type of study is too important for one

to withhold criticism. On one point I rest assured - that
regardless of criticism and discussion we will have steady state
or become extinct, irrespective of our present world view of

what steady state means,
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Because we have much to cover and because the social and
environmental problems that mankind faces are well documented

I will make direct quotations to give an outline of these

K T A VAT I - ) P

problemsf If you, the reader are well versed in this field, 1
suggest that you skim over the remainder of the chapter for

any new information and commence in Chapter 2 where an introduct-
ion to energetics is made, I make no apologies that this, a
‘thesis for a. Bachelor of Architecture degree covers a diverse
range of topibs not normally explored., I believe that the train-
ing an architect receives offers him an advantage over many
other disciplines to encompass the full complexities which
directly or indirectly influence future settlements and indeed
the survival of mankind itself.

*In the Appendices section at the back of this thesis is presente
some statistical information on New Zealand. As you read through
the thesis you may wish to refer to the Appendices to assure -
yourself that New Zealand is not a unique land of Utopia which
is excluded from the findings in this thesis. (From time to
time direct reference to New Zealand will be made and where
reference to the App hdices is recommended this will ‘be indicat

1qgwllst«‘

feferences) A reCOmmended read

in. the same.way. as: 0
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THE PROBLEM - REDUCTIONISM

‘"W§e have been trained to think, or have accepted as common Sense
that what goes on around us can be understood as some set of
simple causal sequences in which, for instance a causes b and
b causes c, then ¢ causesd and sO OI. This is only good enough
when a causes b but has very 1ittle effect on anything else, and
similarly the overwhelmingly most important effect on b is to
cause c. Many of our own individual actions still have this
character. That is really because they are in some ways relatlvely
feeble compared to the whole mass of things and processes of which
“they are a part, The change which has occurred or is occurring
now is that the effect of humab societies on their surroundings
~are now so powerful that it is no longer adequate to concentate
on the primary effects and neglect all tae secondary influences,"
' C.H. Waddington |
"Tools for Thought"
St Albans, Paladin, 1977. pxi.

"There is., perhaps, a deep-lying reason why our mental represent-
ation of the universe always mirrors only certain aspects or
perspectives of reality. Our thinking, at least in occidental

but possibly in any human language, is essentially in terms of
opposites. As Heraclitus has it, we are thinking in terms of warm
and cold, black and white, day ‘and night, life and death, belng
and becoming," | ‘ : .

Ludwig von-Bertalanffy

"General System Theory"

¥

New York, George Brazilier, 1968. p2i7.
"gince the time of Galileo and Newton, modern science has been
dominated by the ideal of explanation by reduction to the smallest
isolable component's behaviour in causal terms. Phenomena,
however compex, were sought to yield 1solated causal relation,
and the sum of these were believed to constltute an explanatlon
of the phenomena themselves. Thus two-variable linear causal
interaction emerged as the principal mode of scientific explan-
ation, applying to the primitive components of a given complex
of events. Explanation in these terms presupposed atomism and
mechanism as & general world view. But where contemporary science
progressed to the rigorous observation, experimental testing and
interpretation ... such explanations no longer functioned.

continued soo
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Complex phenomena prdved to be more than the simple sum of the

properties of isolated causal chains, or of the properties of

their components taken separately.“
"he Relevance of General Systems Theory"

Editor E. Laszlo
New York, George Brazilier, 1972. p>.
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THE PROBLEM - EXPONENTIAL GROWTH

There is the well known story of the farmer who noticed a water-
1ily on his pond which doubled its size every day. To start with
the water-lily covered only a small area of the pond and the
farmer said to hell with it. Eventually it got quite hig and
covered a fairly sizeable area, The farmer said to hlmself that
he would take care of the water-l1ily when it grew to cover half
the pond. And it did. And the following day the water-1ily
completely choked up the entire pond.

Or, there is the story of the peasant who, when asked by the
Sultan what gift he desired 1n return for saving the 1ife of his
daughter, replied that all he desired was to be paid in grains

of wheat - with one condition. On the first day he should be paid
one grain of wheat and for each day hence until all the squares
on the Sultan's chess board had been marked off for each day,

he should receive double the number of grains of the previous
day. The puzzled Sultan agreed to these terms. How soon did the
Sultan request the peasant to choose an alternative gift?

"1, Given steady exponential growth, the absolute size of the

stock of any resource has very little effect on the time it takes
to exhaust the resource.

2. Given already high. absolute demand on a particular resource,
the rate of growth in demand thereafter has almost no effect
on the time it takes to exhaust the resource,

3. The time for concern about the potential exhaustion of a
resource comes when no more than about 10% of the total has
been used up,"
William Ophuls
"Ecology and the Politics of Scarcity"
San Francisco, Freeman, 1977, pb65.
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THE PROBLEM ENERGY

"Analysis of the depletion of conventlonal stock 11m1ted energy
resources is itself a complicated enterprise, Much confusion is
sometimes engendered in this connection by failure to distinguish
clearly between reserves and resources. The term ‘'reserves'
generally refers to materials whose location is. known (proved
reserves) or. inferred from strong geologic ev1dence (probable
reserves) and which can be extracted with known technology under
present economic conditions (that is, at costs such that the
materlal could be sold at or near prevailing prices). The
npregources" of a substance includes the reserves and, in addition,
material whose location and quantity are less well established
or which cannot be extracted under prevailing technological

and economic conditions. The tern nyltimate recoverable resources"
describes an estimate of how much material will ever be found
and extracted (implicitly including an asséssment of how much
effective technology will ever become and how much civilization
will ever be willing to pay for the material). Such estimates

are necessarily very crudé. ...

Probably the least sophisticated approach to the analysis of
depletion is to estimate the lifetime of the supply by dividing
present proved reserves by the present rate of consumption, This
approach is the origin of the often-heard statements to the effect
that, 'We have X years worth of petroleum left'. The method errs
because consumption is not likely to stay constant and because
proved reserves often bear little relation to ultimately
recoverable resources. ...A somewhat more instuctive way to
assess the lifetime of a fuel is to divide available estimates

of the ultimately recoverable resources by a level of consumption
several times the present one (on the assumption that consumption
will level off before too long) or a level of consumption
continuing to grow as it has in the recent past. A shortcoming

if a constant consumption is assumed 1is the sensitivity of the
result to highly uncertain estimates of the resource *and of the
equlllbrlum level of consumption; if continuous growth is
assumed, the result is not so sen51t1ve to errors in the resource
estimate but is very sensitive to the growth rate chosen,

7
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The most realistic approach seems to be:the one devised by
geologist M. King Hubbert, He notes that the production cycle
for any stock-limited resource is likely to be characterised by
several phases: first, .increasingly rapid growth in the rate of
exploitation as demands rises, production becomes more efficient,
and costs per unit of material fall; then a levelling-off of
production as the resource becomes scarcer and starts to rise
in price; and finally a continuous decline in the rate of
exploitation, as increasing scarcity and declining quality proceed
more rapidly than can be compensated for by improving technology,
and as substitutes are brought fully to bear."

P.R. & A.H, Ehrlich and J.P. Holdren

"Fcoscience: Population, Resources,

Environment"

San Francisco, Freeman, 1977. pp40OO-1.

300
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"The future of oil supply is uncertain. The cases consideres in
this analysis show differing years and different levels of peak
production, with dissimilar levels of production‘in the year 2000,
However one conclusion is very clear: potential o0il demand in
the year 2000 is unlikely to be satisfied by crude 0il production
from conventional sources., ... The end of the era of growth in
0il production is probably at the most only 15 years away.
'However; there may be a decade or.so of more or less constant
0il production after 1990 in which consumers will have to make
the adjustments necessary to face a decline in oil supply."
"Energy: Global Prospects 1985-2000"
Report of the Workshop on- Alternative
Energy Strategies.
Project Director Carroll L. Wilson
New York, McGraw-Hill, 1977. ©pl145.

Energy Conservation and kfficiency

n, ., what are the prospects for usihg energy with greater
efficiency and therefore reducing demand significantly? In fact,
very large savings, possibly as much as 25 or 35 percent of
consumption, could be made without major technological break-
throughs or drastic changes in l1ife-style, Already, for example,
the increased cost of energy has lead businesses to engage in
energy cost accounting, and substantial economies (15 to 30
percent) have been made by some plants, However, once the easy
targets, like sheer waste, have been dealt with, it will become
progressively harder to make further economies without either
technological breakthroughs or major social changes. ... In fact,
any gains in efficiency are likely to be counterbalanced«by
another form of diminishing returns - declining net energy
yields, Energy is always needed to produce energy. eese The
trend towards declining net energy yield is (therefore) already
in evidence, and it is certain to become more pronounced in the
decades to come. ...there can be little doubt that the process
of energy production must become more energy (and capital)
intensive and that.most calculations of reserves, because they
do not take into account the increasing amounts of energy needed
to turn the reserves into useful forms of supply, grossly
overstates the actual quantity.of net energy available to us
in the future. '

William Ophuls

''Energy and the Politics of Scarcity"

San Francisco, Freeman, 1977. ppili-5,
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Firewood

"Dwindling reserves of petroleum and artful tampering with its
distribution are the stuff of which headlines are made, Yet for
more than one third of the world's people the real energy crisis
is a daily scramble to find wood they need to cook dinner,., Their
search for wood, once a simple chore and now, as forests recede,
a day's labour in some places, has been strangely neglected by
diplomats, economlsts, and the media, But the firewood crisis
will be making news - one way or another - for the rest of the
century."

Erik P. Eckholm

UThe QOther knergy Crisis: Firewood" in

"Worldwatch Paper 1"  p5.

Washington, Worldwatch Institute, 1975.

See Appendices ppl194-203
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. THE PROBLEM - UNEQUAL DISTRIBUTION OF RESOURCES

"Every recent scientific analysis of the food - production
problem shows in fact, if not in the overlaid political
interpretations, that people go hungry not because the world
cannot. produce enough to feed them but because they are too poor
to afford it. To claim that many people go hungry and cold in the
world because there is not enough adequate food and fuel has no
more basis than the c¢laim that some people in the United States
are poor because there is not enough wealth to go around, The
"basic fault that gives rise to these calamitous problems is the
unequal distribution of wealth - between rich countries and poor
ones, and, within each country, between rich people and poor
people. Their origins will not be found in the earth's ecosystem
or in the present state of it's available resources,"
" (my own underllnlng)

-Barry Commoner ,

"The Poverty of Power"

New York, Bantam, 1977. pp218-9.

"By 1972, people in Developed countries on the averagé consumed
directly,of indirectly, four times as much food per person as
people in the Lower Developed countries.”

United Nations Statistical Yearbook

Gross nationalvproduct and population, 1073 (percentages)

GNP Population

North America 30.0 6.1
Europe (excluding U.S.S.R.) 31,8 13.2
U.S5.S.R. 10,7 6.5
Asia (including Middle East

excluding Japan) 10.2 A 52.7
Japan : 8.3 2.8
Central and South America 5.2 7.9
Africa ’ 2.4 10.2
Oceania . ‘ 1.5 0.6
TOTAL ‘ 100.0 100.0

Based on World Bank Atias, 1975; Population, per
Capita Product, and Growth Rates in

"Reshaping the International Order"

Jan Tinbergen: Co-ordinator

London, Hutchinson, 1977. pl2.
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uLet us define as 'rich' all populations in countries with an
average fuel consumption - in 1966 - of more than one metric ton

of coal equivalent (abbreviated : Cu€s) e.. (using United Nations
figures throughout): ' '
Table 1 (1966)

Rich (%) Poor (%) World (%)
Population (millions)
-~ 1,060 - (31) 2,284 (69) 3,384 (100)
Fuel Consumption (million tons c.e.)
4,788 (87) 721 (13) 5,509 (100)
Fuel Consumption per head (tons c.e.)
L.52 0,32 1.65

... If the 'rich' population grow at the rate of 1+ per cent and

the tpoor!' at 23% per‘éent a year, world population will grow to

about 6,900 million by 2000 A.D. ...1f at the same time the

fuel consumption per head of the trich' population grows by

21 per cent, while that of the 'poor' growsvby 4% per cent a

year, the following figures will emerge for the year 2000 A.D.
Table 2 (2000)

Rich (%) Poor (%) World (%)
Population (millions) | |
1,617 (23) 5.292  (77) 6,909 (100)
Fuel Consumption (million tons c.e.) 4
15,588 (67) 7,568 (33) 23,156 (100)
Fuel Consumption per head (tons c.e.) . .
9.64 143 _ 3435

...These figures are not, of course, predictions: they are what
may be called exploratory calculations. ...It is clear that the
trich' are in the process of stripping the world of its once-
for-all endowment of relatively cheap and simple fuels."
' E.F., Schumacher
"Small is Beautiful"
London, Abacus, 1977. pp20—1.
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gTransportation‘and Equity

"Past a certain threshold of energy consumption, the transport-
ation industry dictates the configuration of socilal space.
Motorways expand, driving wedges between neighbours and removing
fields beyond the distance @& farmer can walk. ...Past a certain
threshold of energy consumption for the fastest passenger, a
worldwide class structure of speed capitalists is created., The
exchange value of time becomes dOmlnant and this is reflected
in language: time is spent, saved invested, wasted and employed.
As societies put price tags on time, equity and vehlculat speed
correlate inversely., High speed capitalises a few people's time
at an enormous rate but, paradoxically, it does this at a high
cost in time for us all. ... Beyond a ctitical speed, no one
can save time without for01ng another to lose it. ... Beyond a
certain velocity, passengers become consumers of other people's
time, and accelerating vehicles becomes the means for effecting
a net transfer of life-time, The degree of transfer is measured
in quanta of speed. This time-grab despoils those who are left
behind, and since they are the majority, it raises ethical
issues of a more general nature than kidney dialysis or organ
transplants. ...The need for unequal privilege in an industrial
society is generally advocated by means of an argument with
two sides, The_hypocrisyof this argument is clearly portrayed
by acceleration, Privilege is accepted as the necessary pre-
condition to improve the lot of a growing total‘population, or
it is advertised as the instrument for raising the standards of
a deprived minority. In the long run, accelerating transportation
does neither. It only creates a universal demand for motorised
conveyance, and puts previously unimaginable distances between
the various layers of privilege., Beyond a cerain point more
energy means less equity," ' |

Ivan D Illich

"Energy and Equity"

London, Calder & Boyers, 1974, pp35-45.

See Appendices ppl197
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THE PROBLEM - CAPITAL

GNP Indicator

" GNP is a poor measure of the quality of life. On the one

hand it aggregates so many wildly diverse things into one number
that the number does not say very much, At the same time 1t
excludes from consideration such a broad assortment of factors
that ... the quality of our lives can diminish as GNP swells.,
Robert Kennedy spoke movingly of the shortfalls of éuch GNP
accounting:

For the gross national product includes air pollution
and advertising for cigarettes, and ambulances to clear our high-
ways of carnage, It counts special locks for our doors, and jails
for the people who break them. The gross national product includes
the destruction of the redwoods and the death of Lake Superior,
It grows with the grthh of napalm and missilés and nuclear
warheads, and it even includes research on the dissemination of
bubonic plague., The gross national product swells with equipment
for the police to put down riots in our cities; and though it
ig not diminished by the damage these riots do, still it goes
up as slums are rebuilt on their ashes. It includes Whitman's
‘rifle and Speck's knife, and the broadcasting of television
programs which glorify violance to sell goods to our children,"

Denis Hayes

"Energy: The Case for Conservation' in
"Worldwatch Paper 4" p51.

Washington, Worldwatch Institute, 1976.

Capital and Space~-Colonization

"Most technologlsts would deny any preten51on to replacing
nature. Yet- there are abundant examples of failure to count the
financial cost of technological schemes. One is found in the
assertion, which has unfortunately begun to achieve some currency,
that the way out of man's ecological bind here on earth lies in
space, ...1t is abundantly clear that, whatever the ultimate
potential for founding extraterrestrial colonies or whatever
the ultimate cosmic destiny of the human race, space offers‘no
escape from the limits to growth on this planet. To rocket into
space just one day's world population growth (approximately
200,000 people) would be a major undertaking (assuming 100
persons per shuttle flight, 2000 flights. would be necessary).
This alone would generate colossal environmental problems -

continued ...
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normous quantities of energy for fuel, pollution of the atmosphere
(especially the ‘vulnerable stratosphere) by toxic exhaust gases,
and so on -and trying to keep pace with population growth would
e out of the question, Moreover the expense would be staggering.
According to the latest NASA estimates, it would require $160
“to 1ift each pound of pay load into orbit with the space shuttle
'now being developed; it would therefore cost $20,000 per 125 -
~pound person'or about $4 billion for those 200,000 persons
(exclusive of space-colonization or other life-support costs,
which would be substantial). Thus keeping pace with the world's
population growth for just one year would réquire a sum exceeding
the U.S. gross national product, It is apparent that even highly
developed and routinised space travel is not likely to involve
large-scale movement of people and materials from earth, at least
not in any foreseeable future."

William Ophul

uEcology and the Politics of Scarcity"

San Francisco, Freeman, 1977. pl22.
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THE PROBLEM - ALTERNATIVE ENERGY SOURCES

Nuclear Reactor Hazards

Radiological hazards arising from the nuclear reactors can be

. divided into three categories: v

1. routine and accidental radiation doses to workers in nuclear

power plants;

2. radiation doses to members of the public resulting from
routine emissions of radioactivity from reactors in normal
operation;

3, radiation dosés to members of the public from accidents or

sabotage at reactors,

there are at least four modes of potential fallure modes

(in no implied order of liklihood):

1. human error and/or mechanlcal fallure internal to an
1nstallatlon;

2. human error and/or mechanical failure external to the
installation (such as a plane crash);

3. natural catastrophe (earthquake, tornado, tsunami) ;

4. malicious human activity (war, sabotage, terrorism).

...Reactof sy tems themselves are extraordinarily complex, and

neither the probabilities of component failure nor the possible

failure modes of the systems are known with sufficient assurance
to permit a meaningful calculation.of a catostrophic event of

Category 1, listed above. Although there has been no major

accident to date (in loss of human life) at a commercial power

reactor, there have been enough serious malfunction to confound
the calculators of such probabilities. ...As of mid-1975, there
had been little more than 1000 reactor years of power-reactor
experience worldwide., Therefore,on the basis of experiehce alone,
no one can be sure that the probability of a catastrophic
accident is not as high as 1/1000 per reactor-year (although

so high a figure seems unlikely).
(my own underlining)
P.R. & A.H, Ehrlich and J.P. Holdren
"Ecoscience : Population, Resources, Environment"
San Francisco, Freeman, 1977, ppLh2~7.
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An Accident

"At noon on March 22, 1975, both units 1 and 2 of the Browns Ferry
plant in Alabama were operating at full power, delivering over
2,100 megawattis of electricity to the Tenessee Valley Authority
(TVA). Just below the plant's control room, an electrician and
'an inspector were trying to seal air leaks in the cavle-gpreader
~room, where the electrical cables that control the two reactors
are separated  and routed through tunnels to the reactor
buildings. They were using strips of spongy foam rubber to seal
the leaks. They were also using candles to determine whether

or not the leaks had been successfully plugged, by observing

how the flame was. affected by the escaping air.

The electrical inspector put the candle too close to the foam
rubber, and it burst into flame. The resulting fire disabled a
large number of engineered safety features at the plant, including
the entire emergency core cooling system (ECCS) on Unit 1,
and almost resulted in a meltdown accident." '

David Dinsmore Comey

"Phe Incident at Browns Ferry" in

"The Silent Bomb"

Editor Peter Faulkner

San Francisco, Vintage Books, 1977. D3

Effects of Radiation

"If a major accident occurs, enormous amounts of radioactive
fission products will be released into the atmosphere. A large
number of people will be exposed directly to massive doses of
radiation., What will happen to them?

. No one would survive a whole body doses of greater than about
600 rem unless they received good supportive therapy; even then
their chance of surv1v1ng would not be large.

. A dose of 300-350 rem will be deadly in half the cases, although
good medical treatment mlght extend this to 500 rem.

. A dose of 200 rem or more received in a single brief exposure
will be fatal in some cases., ... The important question is, how
does the level go before we can declare unequivocally that no
génetic damage will occur. In 1960, James F, Crow, professor of
genetics at the University of Wisconsin School of Medicine and
president of the Genetics Society of America, provided the
chilling answer: ..s Continued
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Genetiéists are convinced that there is no threshold for
radiation-induced mutations: that is, there is no dose so low
that it produces no mutations at all.~Each dose, however small,
that reaches the germ cells between conception and reproduction
carries a risk to . future generations proportional to- the dose"

Richard Curtis and Elizabeth Hogan

"What You Don't Know Will Kill You" in

"The Silent Bomb" ppb4=~70.

Nuclear Power and Energy Demand

"pocume, as the technology optimists want us to, that in one
hundred years all primary energy will be nuclear. ...In order
to produce the world's energy in one hundred years ... we will
merely have to build, in each ‘and every year between now and then,
four reactors per week! And that figure does not take into account
the lifespan of nuclear reactors, If our future nuclear reactors
last an average of thirty years, we eventually shall have to.
build about two reactors per day simply to replace those that
have worn out,"

M. Mesarovic and E. Pestel

"Mankind at the Turning Point"

New York, New American Library, 1974, pl132.

Breeder Reactors

"Breeder reactors ... arevarranged so that some of the initial
nuclear reaction produces secondary nuclear reactions that
create additional radioactive fuels. The radioactive reaction
of one kind'of fuel causes a second type to become radioactive
and capable of reacting to make more heat. Because the reaction
generates some new kind of fuel while u51ng ‘the first fuel it
is called a breeder reaction, There are some breeder-reactor pilo
(test) plants in operation, but how‘much net energy they will
generate is not yet clear. One uncertainty isvthe costs (high
in terms of both money and energy) that will be necessary for
long-term storage of radioactive wastes., The breeder proCesses
involve a very poisonous element, plutonium. Because plutonium
is so toxic, special care must be exercised in the operation
itself, in disposing of wastes, and preparing for possible
accidents."

H.T. & E.C. Odum

"Energy Basis for Man and Vature”

New York, McGraw-Hill, 1976. p183.,
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Disposal of Nuclear Reactor Waste

'!No international agreement has yet been reached on waste disposal,
.. High level' wastes continue to be dumped into the sea, while
quantities of so-called 'intermediate' and 'low-level! wastes
are discharged into rivers or directly into the ground. An AEC
report observes laconically that the liquid wastes 'work their
way slowly into -the ground water, leaving all or part (sic!) of
their radioaétivity held either chemically or physically in the
soil'.

The most massive wastes are, of course, the nuclear reactors
themselves after they have become unserviceable, There is a 1ot
of discussion on the trivial economic question of whether they
will last for twenty, twenty-five, or thirty years. No-one
discusses the humanly vital point that they cannot be dismantled
and cannot be shifted but have to be left standing where they
are, probably for centuries, perhaps for thousands of years, an
active menace to all life, silently leaking radiocactivity into
air, water and soil," '

E.F. Schumacher
"Small is Beautiful"
London, Abacus, 1973. ppli3-4.

"Current reactor technology is extraordinarily inéfficient.
Although alternative technologies exist (for example, Canada's

CANDU reactors), the so-called light-water reactors now pre-
dominately used to generate power burn only naturally fission-
able uranium 235, which constitutes only a tiny fraction of
naturally occurring uranium (composed largely of uranium 238).
The uranium 235 must be concentrated by laboriuos and highly
energy-intensive techniques before it can be used for reactor
fuel, Although minable uranium ore has not yet run out, proven
‘reserves (especially of domestic uranium) will hardly last
until 1985 if nuclear generatlon grows as rapidly as projected.
...Current light-water reactors are also relatively inefficient
energy converters, transforming only about 30 percent of their
fuel 1nto electricity. (as against 40 percent acheived by the
most efficient fossil-fuel plants). The rest of the potential
energy in the uranium 235 is turned into waste heat, "

William Ophuls

"Ecology and the Polltlcs of Scarcity"

San Francisco, Freeman, 19Y7. pp90-1,
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THE PROBLEM - POLLUTION

"yhat we have to face is not an occasional dose of poison
which has accidently got into some article of food, but a
persistent and continuous poisoning of the whole human

environment."
- Rachel Carson,
n"Sjilent Spring,"
Harmondsworth, Penguin, 1965
Climate

"The 1mpact of the world's four billion people on climate can
already be measured locally where ever population density is

great. Even more worrisome, local changes may also be triggering
shifts in global climatic patterns and trends. Unfortunately,
the impact of man's activities on the world's weather is not
fully understood. A growing population generates increasing
amounts of carbon dioxide, airborne dust,and thermal pollution,
It fuels an expanding demand for food that may soon be the
justification for attempts by hard-pressed countries to tamper
with their climate. These unforeseen and often abrupt cllmatlc
changes add yet another element of uncertainty to an already

uncertain future,"
Lester R, Brown, Patricia L. McGrath,

Bruce Stokes,
"Twenty-Two Dimensions of the
Population Problem" in
- Wyorldwatch Paper 5" p37.
Washington, Worldwatch Institute, 1976.

"Phere are half a million man-made chemicals in use today, yet
we cannot predict the behaviour or properties of the greater
part of them (either singly or in combination) once they are
released into the environment, We know, however, that the
combined effects of pollution and habitat destfuction menace the
survival of no fewer than 280 mammal, 350 bird, and 20,000
plant species. To those who regret these losses but greet them
with the comment that the survival of Homo sapiens is surely
more important than that of an eagle or a primrose, we repeat
that Homo sapiens himself depenas on the continued resilience
of those ecological networks of which eagles and primroses are

integral parts,"
"A Blueprint for Survival"

Pagepguin, 1977. ppc0-1.



THE PROBLEM - FOOD

."Durlng perlods of expanding energy, technological agriculture,
and modern medicine, the world as a whole produced enough food
and at the same time expanded p0pu1at10ns. By the 1970's there
was doubt that food production could be expanded much more,
Agrlculture is now based mainly on fossil fuels, and fossil-fuel
energy is being: rapldly depleted and becoming harder to get. Also,
many of the methods of stimulating agricultures have been used,
and now yields increase less for each effort to stimulate themn.
When countries with too many people for their own food supplies
have experienced famines, the rest of the world has sent its
surpluses, preventing the terrible episodes of starvation and
disease that accompanied famine. No really strong force has
compelled any country to 1imit population or to change it's
culture to avoid famine, By the 1970's the world food pools
existed only in the industrialized'agricultural nations, and these
pools have begun to disappear as costs of fossil fuels rise. Any
further growth of population is sure to bring worse food shortages
and more famines,"

H.T & E.C. Odum

"Energy Basis for Man and Nature'

New York, McGraw-Hill, 1976. pp207-8.

"If systems of food production, processing, and distribution
worldwide were '"modernised" to the same degree as in the U.S.
and the U.K., the equivalent of 40 percent of the world's
commercial fuel consumption in 1972 would be required to feed
Earth's 4 billion people today."
' Gerald‘Leach

"Energy and Food Production" in

Food Policy, Vol 1, no 1. ppbé2-73.
",,, there have been some danger signals that we would be foolish
to ignore, One is the disappearance of the world food reserve
between 1972 and 1974. The planet's grain reserves could not now
feed people for more than a fortnight, whereas, in the last ten
to fifteen years, we have never had a reserve that could last
less than 80 to 90 days., This is a very large cut in one of the
resource bases that, until recently, we thought to be adequate."

‘Barbara Ward |

RIBA Journal, Dec. 1974, pi3.
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nThree-fourths or more of the food in an Asian's diet comes
‘directly from grain - 135 to 180 kilograms per year. An affluent
American ( or New Zealander ) accounts for the consumption of
nearly a ton of grain per year, but 80 percent of it is first
fed to animals. Because Americans ( New Zealanders ) are feeding
higher on the food chain, most 0T the rood 1s lost Lo human
nutrition," o

Lappe, F.M.

"Diet for a small Planet,"

New York, Ballantine, 1975. p138.

"If energy accounting rather than financial accounting is used

to evaluate the efficiency of food-production systems, a surprising
fact emerges. The books are not balancing for the more advanced
agricultural systems, which are running up an energy defecit. As
the geographic distance from producer to consumer lengthens, as

the degree of processing increases, and as energy is substituted

" for labor and land, the defecit increases accofdingly."

Lester R. Brown

"By Bread Alone'"

New York, Praeger, 1974. p106.

"Energy is another factor which dominates the whole field of
agriculture, While fuel supplies were cheap and abundant we were
slow to appreciate that agriculture in the developed countries
is highly energy-intensive. The increasing cost of fossil fuels
and the growing awareness that these resources are finite have
prompted many studies of the economics of food production
~expressed in terms of energy rather than money. '

How many calories does it cost to put a calorie of food on the
table? In simple human societies which obtain'théir food without
fossil food subsidies a typical ratio of food calories gained
to fuel calories invested is around 10. In advanced technological
gsocieties some analyses have given a ratio of calorie output
to calorie input of O.1.

Of course these figures in isolation give an over-simplified
view of agriculture, and I would not advocate on the strength of
them that we revert to a peasant economy to increase productivity.
But I do believe that simple comparisons of this nature do
illustrate quite dramatically the very great dependence of our
agriculture economy on energy: not simply on its cost but on

its, availability, ese CoOntinued

Page 28



It seems inevitable that a growing scarcity of the fossil fuels
needed to power maehinery on the farm, to produce fertilisers
and pesticides, and to process and transport agricultural products
must have profound long-term effects on production,' ‘
Hon., L.W. Gandar, Minister of Science & Technology
Opening Address to symposium on the management

of dynamic systems in New Zealand agrlculture
"Management of Dynamic systems in New Zealand
Agriculture" pl0,.
Wellington, Science Information Division DSIR, 1977,

"Hearing talk of food shortages and future production constaints,
some scientists calculate reassuringly that, with present day
technology put to work on all potentially arable lands, planet
earth could feed fifteen, twenty, or even forty billion inhabitants
But rarely does the real world of human events intrude upon
theoretical computations wearing such a gaunt face as it does in
the case of food., ...Bven as capital and energy consideration
hamper the realization of hypothetic agricultural potential,
every ton of fertile topsoil unnecessarily washed away, every
hectare claimed by desert sands, every resevoir filled with silt
further drains world productivity and spells higher costs for
future gains in output, ...Losses of productive capacity due to
environmental stress must also be con51dered in the context of
the reckless, inadequately measured takeover of current and
potential farmlands by urban sprawl and other competing uses, a
myopic activity occurring in both rich and poor countries.,
...Land losses to non-agricultural uses join the losses to
environmental deterioration to reduce the ability of our planet
to prbduce food,"

Erik P. Eckholm .

"Losing Ground : Environmental stress and

world food prospects."

New York, Norton, 1976. pp181-2.

See Appendices p221,
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Food and the Oceans

‘For the past years much public attention has been paid to the
‘degradation of the environment. Whilst much of this concern has
centred on essentially local issues there is a growing awareness
that the processes involved are global in scale. The biggest,
most 51gn1flcant changes are probably those which have occurred
in the vast expanses of the world's oceans and seas, yet it is
these changes which have received the least attention, ... SO
far no marine biologist has contradicted the assertion that the
seas are in decline, On the contrary, more and more are coming
to express serious concern as they receive worse and worse
evidence, Little of this concern has leaked through to the medla
‘and thereby expressed itself as a solid body of opinion; none-
theless decision-makers the world over have spent the last two
years getting increasingly éoncerned, and hardly a week goes by
without an international conference being held on some aspect of
the marine environment. ...As well as increasing the quantities
of naturally occurring elements we are further upsetting the
stability of the chemical composition of the seas by introducing
entirely new substances into them, ...Whatever the details, there
can be no disputing that marine life is a critically important
element of the cyclic processes which occur on the surface of
our planet and that to disrupt it serlously is to disrupt
the cycles equally seriously. It can be seen that any threat
to the world ocean and the 1ife within it is also a major threat
to the immediate and log-term survival of man, It could well be
that the decline of the marine ecosystem is the most ctitical
environmental threat facing mankind,"

Colin Moorcraft

"Must the Seas Die?"

Melbourne, Sun Books, 1972. ppl4-27.

Food and Water

"In the final quarter of this century, the lack of fresh water
rather thanvof land may be the principal constraint on efforts
to expand world food output., ...With water becoming increasingly
scarce, man will have to pay more attention to the efficiency
with which crops, particularly cereals, use water. ...The effic-
iency with which it’is used will increasingly determine the
adequacy of food supplies in the future. |

Lester R. Brown

"By Bread Alone'

New York, Praeger, 1974. pp92-104,
bage30




Implications of Severe Malnutrition in Chidren

"The serious malnutrltlon prevalent in our overpopulated world
causes incalculable suffering, waste of human life, and loss
of human productivity. Malnourishment, espe01ally protein
deficiency, inhibits the development of protective antibodies
and lowers resistance to dlseases, thus contributing to higher
death rates and loss of productivity in less developed countries.
But even more alarming is the growing body of ev dence that.
malnutrition in infants and young children may have essentially
permanent effects, It has been known for a long time that severe
undernourishment during the years of growth and developmeny will
result in a certain amount of dwarfing and delayed physical
maturity, even if the deficiency is temporary and a normal diet
is later restored. What is far more ominous is the evidence that
malnourishment before birth and during the first two or -three
years afterwards may result in permanent imbairment of the brain,"

P.R. & A.H. Ehrlich and J.P. Holdren

WEcoscience : Population, Resources, Environment"

San Frabcisco, Freeman, 1977.  p309.

Infant Mortality Rates

Country Rates per 1000 live births
New Zealand 16.2
Canada 171
United States 17.6
Australia . 16.7
France 16.0
Sweden 10.8
Egypt . 103.3
Liberia ' , 159.2
Philipines 72.0
Peru 65,1

Chile 78.8 (1970)
’ UN, Demographic yearbook, 1973.
"Ecoscience" p309,
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THE PROBLEM - POPULATION

"While you are reading these words, four people, most of them
children, will die of starvation - and twenty-four more babies
will have been born."

Dr Paul R. Ehrlich

"The Populatidn Bomb"

London, Pan/Ballantine, 1971,

Doubling Times of the human population

Date Estimated world population Doubling time
8000 b.c, 5 million . - 1500 years
1650 A.D. | ‘ 500 million 200 years
1850 A.D. 1000 million 80 years
1930 A.D. 2000 million 45 years
1975 A.D. 4000 million 36 years
2000 A.D. ' ' 2! 21
Table from

Ehrlich, P.R. & A.H. Ehrlich & J.P. Holdren
"Ecoscience : Population, Resources, Environment"
San Francisco, Freeman, 1977. p183.

Age Composition

"One of the most significant features of age composition of a
pOpulation is the proportion of people who are economically
productive to those who are dependent on them, The prOportions
of dependents on Lower Developed countries is generally much
higher than in the Developed countries, primarily because such
a large fraction of the population is under 15 years of age.
Thus the ratio of dependents to the total population is higher
in the poor countries and lower in the rich countries, although
the ratio is somewhat misleading because of the greater
utilization of child labour in LDC's. This unfortunate dependency
ratio is an additional burden to the LDC's as thay struggle for
economic development," .

P.R. & A.H Ehrlich and J.P. Holren

Ecoscience : Population, Resources, Environment"

San Francisco, Freeman, 1977. p205

See Appendices pp188-193
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