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Imagination
is seizing
power

Thisis a book about technologies that could help
create aLess oppressive and more fulfilling society.
It argues for the growth of smali-scale tachniques
suitable for use by individuals and communities, in
a wider socid context of humanised production
under workers' and consumers contral.

The book is not a blueprint. We don’t imagine we
hare al the answers. Some «f the proposals made
mav turn out t0 be misconceived. But we cannot
know in advance which wiil, and which won't. W-
&we keprt the range as broad as possible, ranging
from the sensible and piecemeal (‘we used to do
that during the war’) through ithe straightforwardly
radical (for example, workers self-management) t”
the more-or-less utopian (say, repopulation of the
countryside). This gives a considerable variety,
reinforced by the idiosyncracies of the authors, who
each interpreted their brief in different ways. Some
of the articles are verv technical, others more
practical; some detailed, seme giving just the broad
outlines. They often contradict “ne another. This
simply reflects the state of the art: a crazy-holy
repertoire of theory and practice from which we can
grow what we think tits the dream.

It is nor a recipe book. although it does contain
detailed instructions about seme things. Some
authors got carried away and wrote definitive mono-
graphs on their subjects. We didn’t have the heart to
cut al these, sa there are some quite meaty pieces
here and there. But -+ zi= whole it's a general turn-
on book, broad rz+-:**:n deep, aming a making
clearer how techr: . ~p=iives might work in a
transformed society, #m: .5 part of the process of
creating one. We have tized o keep just enough
detail 1= give you an idea how it might fed to do
these things yourselves.

Some readers might feel that because we concen-
trate so much on small-scale technology. we have
emphasised only the home and v 'ghbourhood, and
therefore the technologies of consumption, at the
expense of the factory and workplace, and the
technologies of production. To some extent this is
aue, But it iSnot because we underrate the import-
ance of basic industry. It isbecause (a) what is need-

ed in the factories isnot change of technology but
of control, work-patterns, and products, and (b)
because we want ta show alternatives which will
partly replace factory production. The organisation
of factory work is beyond the framework we chose,
but we try t” show wher.. .. possible, where the
present proposals relate to it. Other ‘gaps’ in our
coverage (for example medicine, education and
many others) are more sketchily filled in in the
Directory/Bibliography at the end of the book.

The organisation of the material is simple enough
1t islaid out in sections, each with a snort editoria
introducing the individua articles and explaining
(if necessary) their claim to represent ‘radical tech-
nalogy’. In between the sections are interviews with
theorists and practitioners of radica technology,
which explain themselves, and a series of drawings
by Cliff Harper which we call Visions. The Visions
are a very important part of the book, because they
correct a bias toward hardware which any tech-
nology book suffers from. It is se much easier t”
draw ehings than relationships or feelings or organisa
tions, and the hardware always tends to come over
more vividly. In the Visions, we have tried t”
express the social context of Radical Technology,
situations which, athough they may look utopian,
really couid be implemented now if sufficiently large
groups of people got themselves together. Truly,
they are our visions (and Cliffs) of ‘how it could be',
and ‘pictoria theses' to be criticised, modified or
taken further, first in the head and then in the fields
and streets.

The book begins and ends with attempts t” define
the scope of ‘Radical Technology'. firstly with a
short account of its bastard origins and the currents
of thought which have influenced it, and findly with
a fengthy bibliographic essay and directory of
heroes, practitioners, critics, wild ideas, and almost-
sgher intentions.

It took a lot more hard work than we expected 1o
get this wretched book together, and we're sick ot

! the sight of it, so now we're off for bit of

breakfast.
Over in you.




GENERAL INTRODUCTION

5 Gwen that modern capitalist industrial societies are
1 morally contemptible, ruthlessly exploitative,

' ecologically bankrupt, and a hell of a drag to live in,

is there anything we cun do to change them?

i Let us grant that remedial gimmicks such as eco-
ol omic growth jags, foreign aid, Billy Graham, cata-
vtic afterburners. and lobotomy on demand are not
gomg to do the trick.

Let's face ir, nobody has ail tie answers. But
isomething has got to be done, and this bock is a
compﬂitlon ot proposals which we think are going
tinthe right direction. *We”zre a group of friends

whe fc: the past four vears have been producing a
m-gazine { Undercurrenzsyunder the dogan
Radical Science and Peopic’s Technology'. It always
saves iot of rouble to have a strong party line, and
| trving to weok this out, we are perpﬂrualh tracking
" the elusve seast which werow call ‘Radical Tech-
nology’ in order to cage it once and for al. In spite
of all v, efforts i+ remains at large. Who knows
where it will strike next?

But to resume the kunt: the word ‘radical’ litersl-

v means ‘going to the root’, and accordingly ‘radical

itechnology’ implies a fundamental re examination of

Ithe role of technology in modern societies. It aso
impites @ commitment to the ideals of the political
Left. Let's sav we're into Z:beration. We have to

break through the politic-i, economie, socia, and
. psvchological forces that constrain and oppress us.

i 7he troubie 1s these forces hold one another together

i a web of mutua reinforcement so censistent that
Iit's hard to know where to begin loosening their
' - grip: parterns of ownership, status games, the way
- you work, what vou learned at schocl, what the
'nelghbom's think, Who gives the orders, what turns
| youon, what vou see on TV, what you can or can-
"not buy Technotom, is cne of these also, but
We think it's a good piace to get your fingers in the
. crack. Out of that assumption a syncretic model is
gde»eiopmg which is both descriptive and normative,
| and suggests that real socialism will requize areasses-
‘ment of the whole basis of productive activity:
' machines, methods, products, work-places, work-

| Motock devouring the workers. Feom Frite Lang's Metropois !

patterns, training. alocation of work loci of control,1

reward systems, distribution, pricing, economic
co-ordination, attitudes, engineering principles,
conventional scientific theory

Where doe? this ‘model’ come from? You can
only ever see it out of the corner of your eye, so it's
difficult to say. But we can |dent|fy a number of influ
ences Which have accumulated over the years, start-
ing in the febrile days of the late '60s, when young
scientists and technologists — and even some old
ones-were dropping cut like flies into spaces of
personal and political discovery they never dreamed
existed.

CRITICS OF INDUSTRIA? SOCIETY

Industriaiisation hasn't always been an easy pill to
swallow, and it has had its critics. In the past few
decades, as Western capitalism moved into high

gear for its assault on rhe consumerist Parnassus,

a new version of 19th century pessimism

emerged, with critics arguing from several different
standpoints that the whole thing was quite intoler-
able. Writers like Huxles. Mumiord, Eltul, Marcuse,
Roszak and Iilich hardly constituted = coherent
school of thoughrt, but they had in common a belief
that modern-technological-indusuial society itself
engendered most of the problems, not just particula
forms of it, such as capitalism. This implied dis-
mant'ing the technostructure and decentralising
into a simpler, more spartan and generaly n

form. Some critics wenteven further and ass

that the scientific world-view itself.- objective,
analytic, reductionistic, dispassiorate, manipu-
latory — was the root of modern alienation. This ;
implied 2 romantic, even mystical, reconstruction |
that drew inspiration from pre-industria techno-
logies and ‘primitive’ cultures (see Bibliography

2.52). Well, some of us fell for this and some of us
didn't, but it certainly made us think about techno-
logy and ‘modern consciousness and whac being
human was all about.

COUNTER-CULTURE

Meanwhile, it was hard to be young in the sixties
and not get caught up in the wild cu'tural revolution
against the dominant values of industrial culture —
reliability, ambition, obedience, technica rationality
privacy, competitiveness, consuming, mask-wearing
etc — influencing and influenced by the anti-indust-
rial intei!zcruals. The freaks were into relationships,
communalism. head trips, being rather than having
or doing. T'heir technologies (apart from domes.
beads. and candles) were inner technologies, for
exploring worlds in the head, and creating a mode,
amood. aviston, a way of seeing and feeling more
aive. It was true the freaks tended to be parasitic

on society as a whole, living in the interstices. But
theyv were cheap to run and they pioneered a whole




new life sevie of hedonic poverty. Some of us got
into that trip and were never the same again.

ECOLOGY

i Another plague Of the taze sixties was the Apaca-
; lyptic Mania. Some of us caught thisvery badly.
' We did get over it eventualiv, but what remained
" was an awareness the Old Left never had, and till
i hesitates to take into account, of the physical and
: biological congtraints on global human action. You
| can't go on growing forever, increasing energy con-
sumprion, use of raw materials, population; and you
can’t treat the biosphere 1ike an infinite rubbish
dump. Suspecting a basic incompatability between
* industrial rechnology and long term environmental
stability, manv people felt that the only redly safe
technologies in the long run were those which imi-
rated ‘Nature’ as far zs possible, or at least treated
i her with appropriate deference. This led them to
i the Jamiliar coteria Of arcadian rechnology in small-
| ness, frugafitv, antiquity, rurat setting, use of natural
marerials. and the culr of ‘sdlf-sufficiency’. More
‘pragmatically., it spawned ‘biotechnics’ or ‘Low-
mpact Technology’'. and zli che familiar gadgetry
of rencwable-rescurce devices itke windmills, solar

. collectors, methane digestorsere. of which this book |

. hasits due share.

. THE THIRD WOELD

+ ‘T'he speeracie of advanced technology applied in the
non-industial countaes was extraordinary, even
under the aggis of 4 ‘benign’ atd programme. It
reduced o1 . r than increased employment, pro-

{ duced lu- . oods for the ruling class rather

1 |
E
24 | and exchange patterns, and creared atremendous
¥ | dependence on foreign supplies of material. parts
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than essentials fothe masses, accentuated the
disparity of citv and countryside, eroded old skills

{ and technical assistance. ‘Development’ did take
' place, if GNP isany witness. but ina hideously
cdistorted form. As analternative it was suggested
(originally bv Schumacher) thar smaller-shale.

_| Habour-intensive technics based on local skills and

| resources ‘intermediate technology’ would
| dlow more even development, production geared to

| real needs, and greater self-reliance. This impressed

us as further testimony of the evils of Big Techno-
logy and of the remarkable ‘Taming Power of the

i Small’.

! The only missing ingredient was socialism. At this
point, inevitably, China enters the story. She was

practising many principles of radical technclogy in

ra strikingly origina way, reviving the old arts and

blending them with the new; decentralising factories:

\ judicioudy combining big and small technology o as:
| to get the best out of those; usirg natural materials

i and waste-products; encouraging self-reliance at al

. levels; and creating a balance of mental and manual
work in a context of rigcrous equality and

| guaranteed welfare rights. What wasimportant to |
| us was that the Chinese sc¢ aed to invert the conven-- |

| tional strategy. Instead of putting the sole emphasis
on economic growth and hoping that social benefits
would accrue as a side effect, the Chinese set out

to establish socia justice and minimum living stand-

}ards, and found that economic growth appeared as

. if from nowhere, They put people before economics
and the heavens did not fall down, even at a GNP

per capita of under $200 — whatever that might

rmean in China's case. it can be done. The Chinese

| were, and remain, an inspiration.

i I The taming power of the small ‘I

7




A NERAL INTRODUCTION

THE ANARCHO-UTOPIAN TRADITION

Right from the beginning we were al socialists or
one kind or another. We didn't need any persual.ag
that capitalism had to go. And yet, ma~ . the
things we felt were most wrong in cap.ialist society
were heartily approved by many others who called
themselves socialists. We began t0 realise that there
are twe great streams Of socialist thought. One,
represented by Marxists and social democrats. how-
ever deep its disagreement with capitalism, at least
shared its rational, materialist values of Progress.
Science, Efficiency, Specialisation, Growth, Central-
ised Power, and fascination with the numbing
achievements of smart-ass technalogy like Apollo
and Concorde. And ' 18 no.
have 3 macel of socia: .sopment similai iN many
resmects to the ideology T corporate liberalism:
wiat soclety should be organised for maximum pro-
duction, with the products themselves being the
principal rewards, offered as compensation for the
inevitable alienations of life and work in an
industrial economy. Of course, under these tough-
and-reabstic forms of socialism, distribution would
he fairer, work safer, products more rationd, and
public services much better. This was not in auest-
ion. But the basic separation of production and
consumption, the assumption of aiienation-with-
compensaticn, and technocratic criteria for social
priorities, was broadly the same as liberal capitalism.
Even the projected future was Similar. Provided we
all worked hard and behaved ourselves, eventually
a state would arrive (‘post-industrial society’, ‘com-
munism’ ) in which machines would take over most
of the work and we could aif go out and play.

But the other great stream of socialist thought,
represented by tize anarchists and utopians, looked
at things quite differently. At first one could hardly
take them seriously. They seemed to believe that
the subtle human satisfactions should be given
priority over production requirements; that j‘fe
should be satisfying in al its aspects; that power
should flow from below: that th< action is not al
in the city; that production and consumption need
not be segregated in the factory and the home, but
could be fused in the community; that revolutions
are born of hope, not despair.

It is probably true that inthe 19th century all

!'this was hopelessly impractical — premature as they

sav — but later examples of local or regiona economy

~— | run by anarchist collectives, although short-lived
for external reasons, encouraged us a great deal. It

| became obvicus that there were no technical or
economic reasons why decentralised, participatory
producer- and consumer-control production systems
could nor be set up which would be quite ‘efficient’
enough to provide all the necessities and a good deal
mere. The main obstacle O realising it may be”
merely that people hardly dare believe it could be
true. Iz became clear that part of our task was to
persuade them that it was. What do we do while
waiting for&e revolution? We let our imaginations
off the leash and get on with building parts of the
post-revolutionary society wherever and whenever

They seemed to we can.

What emerges from these varied influences is a
jumble of theories and elements:
! A theory of technology and society which insists
i that we can control technology, but if we don't it

will control us;

Recognition of physical and biological constraints
on human activity;

Social structure emphasising group autonomy and
and control from the bottom up;

A bias towards smplicity and frugaity in life and
. technology wherever possible;

Prefer& e for dire& gratification in production
rather than through the medium of commodities;

An exploratory rather than a dogmatic application
of the theory (suck as it is. );

Willingness to learn from unlikely sources suck as
‘primitive’ cultures and technologies, ‘mystical’
experiences or abilities, and even liberal socia
theory.

This may seem a strange chimera. Well, we have
no monopoly on radical technology. Make up your
own criteria if you don't like these.

Two topics deserve more comment. One is the
question of romantic sensibility in technology, and
related to it, economic restraint as a positive and delib-
erate life style. A focus on ‘inner life may be far more
rational than we think in terms of buzzes received
for effort expended. Neither need it be incompatible
with a fine command of the hardware — as Robert
Pirsig demonstrated in Zen and ¢he Art of Motor-
cycle Maintenance. Likewise, frugal life-games may
be far more efficient than opulence-games in terms

Tae biggest turn-om of ajt

Orwell, who was well disposed towards anarchism,wrote somewhere that
you couldn’t expect to have acroplanes in an anarchist society. But he was
wrong; A collectivised aero-engine plant in Barcelona, 1936.




of resources necded fo: satisfaction gained — down
there in the lower reaches of of the marginal utiliry
CUrVEs.

The other topic, in many ways complementary
to the last, concerns the nature of production and
how sinall-scale community technologies can fit into
a wider nationa or regional economy. Some goods
must be mass-produced centrally. 1t is possible
but unlikely that ‘aiternative technologies’ could be
introduced in factories. What is realy needed is
change of ownership; change in the patterns of
immediate control: change of work-organisation on
the shop Boor; and ¢hange of products. And this in
a context of reduced factory work, as useless pro-
duction is progressivelv cut out. and the output of
useful goods and services increases at the community
: and household levels. Of course. rotation of work,

adjustments of monev and other rewards. consul-
&ion with consumers, variable hours, and so on,

all have to be continually debated. The aim is an
opumur halance of public, community, and private
production.

What's the next step? Most of the ideas that have
ken around for some time can be found in this
book. The programme continues in its ad hoc way.
We finish this little hunting parry with a few of the
ideas we are working onithinking about/wondering
if. There's more in the Bibliography.

@ Comprunity projects: self-building; community
workshops {see Vision NO 5}: community gardening
{see Vision No 1}: patient-controlled me jical centres;
zero-profit enterprises; self-crganised projects by

: unemployed people; swap-shops and recycling

idepots: tool-sharing schemes; food conspiracies;

| consumer takeovers of established coops.

GENERAL INTRODUCTION

|

& Industry: workers’ co-operative takeovers in
existing firms; dternative product possibilities;
campaigns for the right to do socidly useful work;
community and consumer consultation; specia

i retraining schemes; support for strikes and sit-ins.

@ Alternatives for scientists and technologists: a net-
work of ‘free range’ technologists engaged in com-
munity work, repairs, evening classes, and research;
science based living collectives; wandering technical
tinkers; new courses in technica colleges, univers
ities, polytechnics, and schools; directories of alter-
native work for scientists and technologists.

@ Land reform: campaigns for measures to bicak up
large holdings; forms of collective ownership, com-
munity land trusts; repopulation of countryside:
nationa self-sufficiency in food; city allotments.

© Rural communities: conversion of conventional
farms and derdlict land to intensive husbandry;

new rurd villages (see Vision No 3); clearing house
for information on available land; small industrial
projects; directories of part time work; exchanges
between city and country; courses in new technique:
@ Legal and economic changes: campaign for
guaranteed annual incomej flexible work tir.s; new
laws concerning communal groups and collective
ownership; alternative finance, credit anions, com-
munity levies.

@ Analysis: economic analysis of particular
dternatives; radica Technology Assessment; ‘mal-
employment anaysis — what work-s actually use-
less? Planning for transition to a low-energy society;
encouragement of radical technology and radical eco-
nomics thesis topics for students.

That's al. There is a lot of work to do, but one of
the nicest discoveries one can makc is to realise that
work is the biggest turn-on of al if you think it's
worthwhile and vou control it yourself. Kropotkin
said something nice about this;

‘Struggle that all may live this rich, overfiowing

life, and be sure that in doing so you will find

a happiness that nothing else c2a give’
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INTRODUCTION

abiv the:
Human heings can survive without all the other basic
techm this book: without Energy,
Is. Communications. But not

S in thie Food Secrion, after a brief look ar the

evils of Agribusingss, we concentrate on practical
advice about how fu
John Sevmeur shows how the self-sufficient small-
holder in the country can produce all the food he

i e at the same time frecing him-
s of the feruliser and pesticide
e 3 Hills then demonstraies
han dweller with a patch of
o grow a major portion of

forees which evervwhere
brare abour nyounseen but powerful.
Newtwe murn to some forms of food production

Iy

which may seem unorthodox, at

least in the West, but which can be
highly productive: Tree Fanning,
Fish Farming, and Hydroponics.

Hydroponic techniques
are rejected by some grow-
ers as'‘too artificia’,, even
though organic nutrients
can be used, and even
though in some urban
situations where there
is little or no soil it is
difficult to think of
any other practical
way Of growing food.
We think it is bevond
the scope of this section
te detemnpt t” resolve p
the conflict between |
these Views.

Neither do we fee we should attempt to
resolve the conflict between the unashamedly-
carnivorous views of John Seymour and the
forceful plea f Or vegerarianism made by Tony
j()y(‘f‘.

Essentialtoany discussion on food is information
on bow innck food, and what varieties of food, are

i

i




INTRODUCTION

up inan attractive and palatable way. John
Sevmeur describes some simple methods of
food preservation, and Monica Hill explains |
the essentials of une of many appromhes to !
cookery: M.crobiotics. But we cannot pretend
that in the few thousand words in this section
we can do more rhan scrat~h the surface of this
vast subyect. Even the books in the Bibliography
provide only starting  points. Moreover,
techniques for increasing individual and regional
sdf-sufficiency in food form: only one
element — though a very important
one — in the overdl struggle
for liberation from the power
of the State and Big Business
in all spheres. The various
food production techniques
described here al imply, in varying
degrees, mgjor political changer,
of which Land Reform is the most

'
I

i needed by the Lody te keep it performing Important.

e hecalthily and v. Fohn Shore looks at But the experience of growing one’s own food is

g our bodily ww thev can best be one which, people find, changes their heads signific-

z  saristicd. antly, and gives them confidence in their own ability

£ Equallveesseniiall aiter vouve grown vour to chalienge the monopoly of state and corporate
food, are techmagues Yor storing ntount i@ power in wider felds. You've gor to starr som=-
necded, together with methods for serving it where, and the garden is a better place than most.

|
Martin Ince & Barbara Kern |
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The arcient art of agricufture has today become the
modem ‘science’ of agrifusiness, where culture has
been taken out of hushandry, and where ecologicai
principles have beceme dominated by economic
principles. Over the past few decades, the replace-
ment of crafts and the continuous introduction of
innovation has fundamentally changed the nature
of food production.

The firs: innovation was the replacement of
iabour by machine. The number of ‘horseless’
machines on farms increased from 3 50,000 in. 1942
to over three million in $953. Machines increased
the effectiveness of the system by imposing an

apoarent techoological order on the workforce. The

resulting increase i organizationa efficiency. by
raising the proportion of output to input, appeared
to legitimate the authoritarian and hiererchical
relations of production that accompanied this

i process.

A second basic innovation was the introduction
of the ‘package deal’—the combined use of
artificial fertilisers, new pesticides and new plant
strains-during the late 50°s and early 60’s. In the
UK, nitrogen consumption quadrupled and
potassium consumption doubled in the 20 years
after 1950. Iasecticides were the first pesticides to
be widely used, but now herbicides are used in
greater quantities. Plant breeders concentrated on
producing strains rhat were resistant to the new
waves of pests. Corn varieties were selected to
produce less straw. A mini ‘green revolution’ took
place.

WHAT ARE THE ADVANTAGES O F
SUCH A SYSTEA?

Above all else agribusiness is claimed to he efficient.
But it is necessary to chalenge the term ‘efficiency’. |
Efficiency in terms of what?

Nor in terms of exergy, a..yway. British wheat
growers produce 2.2 energy units for each unit
expended; potato growers produce 1.1 units, and
sugar beet, when refined to sugar. gains only 0.49
units. Batter; eggs produce 0.16 and broiler
chickens produce 0.11 units of energy for every
one expended. Compare this performance with
that of Yucatan maize fanners who produce 13-29

{ million tons, during th: same period. These
mcreases were accompanied by extensive mono-
‘ i culturing of crops and the establishment of larger
' farms as the main food producers.
i Since then, however, yields have stabilised. The
| five year average for 196670 of these crops was
dows: on the previous five year average in England
and Wales. ‘ The yield per acre was 27.9 cwts per
| acre for barley, and 31.4 cpa for wheat. It is true,
| however, that yields have now improved dightly,
‘ the 71-73 average being 34.6 cpa for wheat, 31.3
lcpa for barley.
i It isnot even true to say that the ° efficiency’ of

units of {vod erergy, and primitive gardeners in New agribusiness is determined solely by economic

Guinea who produce 20 units, for each energy unit
expended. Erergy inputs into the agribusiness
system are increasing enormously, but the food
energy produced is rising only margindly. For
instance in the US, food energy consumed has risen
from about 150 keal.10!? in 1940 to about 250
keai.10' 7 in 1970. whereas energy input rose from
700 keal.10'? in 1940 to 2250 keal. 16" % in 1970.
Nor is agribusiness efficient in terms of produce-
ivity—that is, output per acre. Yields in England
; and Wales of barley and wheat increased from 17.4
( and 19.0 cwe per acre {cpa) during 194044, to
| 285 and 32.1 cpa for 1961-65. Production of

wheat rose from i'% miliiontons to 3.4 million tons,

i and output of barlev from 2.2 million tons to 5.7

cntena. Agribusiness is efficient by only one
| economic criterion-the ratio of gross monetary out
put to input. All other considerations, including
productivity, are secondary. Thus, following the
definition of the Ministry of Agriculture. Fisheries
and Food, there are two sorts of farms: fgh-
i pesformance (HP) farms—thiose with the highest
retio of output per £i00 input-which have *higher
net incomes, specialise more and have lower labour,
rent and machinery costs per acre”; and low
performance (LP) farms—the quarter of farms
with the lowest such ratio. The advantage of large
firms is clear-reduced labour and machinery costs
per acre. But the productivity (ie. output per acre)
bears no relationship to this r.easure of performance
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WHAT ARE THE OBVIOUS COSTS?

These can be cousidered in three parts. exploitation

of nature; exploitation of labour; and the associated
political costs.

@ Exploitation of Nature: direct polfution. The
most widely known pollutive effect is that caused
by pesticides, the mgjor undesirable properties of
© which are persistence, broad range of activity. and
widespread use. All the members of the
organochlorine group, which includes DDT and
Dieldrin, are powerful and persistent. It was the use
of Dieldrin, Aldrin. and Heptachlor as seed dressings
on wheat that first aroused attention asto possible
side effects of insecticides irs this country. in th-
springs of 1963 and 1961 bird deaths increased
alarmingly, causing a public outcry. Game birds and
predatory mammals and bids were affected. It was
shown that the deaths were not solely due to the
ord toxicity of pesticides, but that certain predators
had beer: declining in numbers since World War 11.
This decline was linked with a reduction in the shell
thickness, caused by increase in the production of
enzymes-which broke down the oestrogen
necessary for controlling calcium deposition. Thus,
instead of simply asking rhe question “how much
pesticidc will kill an animal?” it became clear that
the possible leng term effects on animal populations
had to he investigated.

Attention was then focused mainly on DDT, as
it was the most widely used of the powerful and
persistent pesticides; The main cause for concern
was its build up in food chains, especialy in aquatic
fauna, The effects on soil fauna coald ill he
Dr:t another fifteen miles to go . . - of quict combines, cool clean aie,  Measured even 12 years after application. The main
. communa} chirchat, and changing countryside. drawback to DDT use became the build up of
g resistance among insect populations to the chemical.
Low-performance dairy, livestock and cropping Thus, the withdrawal of use of DDT in the US was
[ farms produce outputs comparable to those o, due more to the recognition of its future non-

: similar “high-performance’ farms, for most size profitability than to the recognition of its harmful

i groups. So-cslled ‘low-performance’ mixed farms effects on biologica systems.

' (of ali sizes) condstently outyiclded ‘high- Long term studies concerning other pesticides

' performance’ farms during 1970-72. LP farms effects on soil pcpulations have been notoriously

produced £85 per acre, HP farms £63 per acre on sparse, and often poor. Most soil micro-biological
average. The greatest discrepancy occurred on the work has been carried out totaly ignoring the vole

¢ larger farms (over 1800 acres), where high- of soil mesofauna. Thus, the long term effects of

. performance farms produced cnly 70 per cent of medium persistent herbicides (eg. Simazine) or soil

: the output of low-perfoimance farms. High- sterilants have yet to be established. Much basic re-

performance farms had, of course. a higher search needs to be done before the bland reassur-
return on labour input (about £550 compared to ances of the Agribiz companies can he accepted.
£410 per £100) and higher net farm income (about Serious short term probiems have so far occurred

£29 compared to £7 per £100). And these are the only rarely in p&rice. AU insecticides are highly
determinants of efficiency. soluble in fatty tissues and kill by disrupting nerve

Thus, talk of making cur farms more efficient in - impulse transmissions. Schradan, an crgano-

; order to provide for increased food demands is pure  phosphate, caused many bird deaths in the 567s,
mystification. Agribii efficiency does not produce but was replaced by more selective compsunds of
more food automatically, nor is that a measure of low toxicity.

ATH3IM SH

its success. It produces more efficient fabour, more
efficient capital, and if it produces morefood, well
! s0 much the better, hut that is a secondary consid-

Fertilisers, too,cause pollution problems.

© Artificid =itrates, unlike their organic counterparts,

are not retaincd by the soil. Thus, they are essent-

;eration. The drive to increase the technica (ially ‘leashed’ into waterways. Not only is this a
; efficiency of the food production process is in fact waste-which. considering that it takes five tons of
; a drive to maximise the creation of surplus value, or | il to produce one ton of fertiliser, cannot he

| profit. . afforded-hut it creates overfertilisation of

~
L%}
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| vegetation in waterways. This process is catled
| extrophication, and it reduces rhe available oxygen

" for fish life. Nitrates can alse be transformed to
nitrites, whick aae athreat to watercourses, and are
especially dangerous to chitdren. This possibility is
likely to increase as pitrates are being used in ever-
increasing amounts, despite price rises due to
increased energy costs. :

The effects of continued fertiliscr dressings can
also cause two further serts of damage to the soil.
When ecidification, caused by leaching, is not
rectified by iiming, damage to soils may ensue.
Long lastiny; damage kas also occurred by excessive
application Of micronuirients such as Boron.

The recent change to using excreta as unamended
fluid slurry, instead of good old maw-composted
material (farmvard manure), has aiso brought its
pollution preblems. These include transfer of
organic material to streams via surface runoff,
accumulation of elements i plants a concentrat-
ions undesirable to animal health, and further
lezching Of nitrates t0 groundwazer. If can aso
block soil pores, reducing aeration, ad thus
reducing the nitrification process. Carryover of
disease is 2lso encouraged by the loss of oxidation
properties.

& Exploitation of Natuve: degradation of ecosystems
While pollution affects ecosystems directly, there
are ather ways in which natural halances can be
affected. The most profound ateration is caused by
the very nature of agriculturc—the aeration of large
areas of single crops. Without 2zricutture there
would be no such thing 2s pests.

That said, however, there iSno need for Agribiz
to exaggerate the problem by its insistent mono-
culturing, whether it be by the yellow peril of
monotenous barley or by the green slums of
commissioned forest.

Biological controls have beea degraded in various
ways. The one thar has attract=d most attention is
the removal of heagerows. Although the president
of the National Farmers Union has been heard to
remark that “evidence shows that there is no loss of
natural controls by removal of hedgeiows, providing
there are other hedgerows nearby”, there is a lot of
evidence to the contrary. In some studies yields
have been improved by 20 per cent. Ancther
method of degradation is straw burning after
cropping. This was only made ‘economic’ when the
carryover of stem pathogens, due to continuous
cor crops, increased. Such rreasures are borm of

, of liver damage have now been underlined by the

economic necessity rather than sensible husbandry
or sane ecology. It is interesting to calculate the
energy wastage in straw burning.

Another example of how modern methods create
probiems rather than solve them, is provided by the
use Of insecticides which may kill the natural
predators. thus giving rise to new pests which avoid
the primary insecticide. A classic example of this is
rhc appearance of red spider mites inorchards, as a
major pest. Similarly, the ability of insects
continudly to become immune io insecticides
means that ever-new formulations are required.
“Suil, it makes for good business-if what you need
is another pesticide. sir!”

A final word on the subject of natura controls.
Imagine you do find that dream dome with a plot
of land of your own; you may well be unable to
grow anything organicaly, especidly if your land
backs unto a pea farm. Even if you manage to avoid
the spray. and your plats are kept covered, the
natural predators probably won't escape the ugiy
fingers of capitalism.

*Exploitation of Labour In the part 20 years, haf
of the workforce-a total of 400,000 people-has
moved from the land: a telling indictment of the
outdoor conditions created by agribusiness.
Although some see this as a move to greater labour
efficiency, it is probable that the total number of
people involved with food production is till the
same-the test being employed in factories
producing fertilisers, pesticides, and lots mote
surplus vaue.

Since 1956, according to the statistics, 2009
people (over two per week), including 334 children
under tbe schooi-leaving age. have lost their lives
through accidents on farms in England and Wales.
The largest proportion of these have been caused by
tractors overturning, or from falls. Legidation has
now curbed this figure. Since the introduction of
the Agriculture Act (1952) there has been only one
fatal accident due to pesticide use up to 1972.Prior
to the bill there had been .ight fatalities on farms.
But ir: 1972 there were four fatalities.

Most accidents with pesticides, however, have
occurred away from the land. Nearly a hundred
people have died from accidentally drinking
Paraquat, for instance. The dangers of liver damage
due to long term, low level exposute to DDT (and
other chlorinated hydrocarbons) is most acute to
those manufacturing the compound. The dangers

ATN33M SHINY v
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recent discovery thartanother chiorinated hydro-
carbon {Vinvi Chloride) causes liver cancer. The
acute roxiciry of orzanonhosphateshas Likewise
been associated with dangers of kandling, rather

~than long term ecological damage.

Agricultural workers arc prone to other diseases

i by virtuc of thewr contacz with soif and animals, vet

the only discases recognised as occupational hazards
are dermatitis, Weil's discase and Farmers Lung.

. Agrienltural workers are in tact subject to many
" other discases, including brucellosis and tetanus,
- Agribusiness techniques have 2iso exposed workers

for prolonged periods to severe dust hazards in

- grain driers and silos. The long term hazards of
: these dusts are not known. And any chance of

! agricultural workers being afforded the same
- protection as industrial workers {meagre though
- that is) has just been eliminzred by the exclusion of

the Agricuizural Inspectorate from the New Safety
and Health st Work Bill

Ercreascd mechanisaton has brought with it the
costs that have been assoctated with automation in

- other industries. Regard for profics rather than

. ergonomics has meant that many older tractor

- drivers suffer from back eomplamts, and deafness.
: More inddiously, machines have created job

: specialisation, isolation, repetitive tasks. so that

- conditions of work bear Iizzie resemblance to ‘the

outdoor life.” A more realistic view of modern
faming than contented cews pormayed in butter
and cream adverts, would be of the dairyman in his
concrete and steel ‘herring bone’ parlour milking
80 cows, three rimes a dav, with the only respite
king a visit from the ver,

Probably tie worst exploitation is concerned
with housing. Tradition has required that farm-

i workers live at the place of employment, often in a

tied cottage Because Of this. and the acute housing
shortage now felt inrural areas, workers have to
tolerate housing conditions that elsewhere would be
unacceptable; cottages are 10" often damp, cramped
and without proper sznitation. There are also
geographic disadvantages regarding shopping,
transport and education.

@ Political costs. The tied cottage is also at the base
of the iniguircus distribution of power in landed
circles. Rather than being paid a respectable wage,
workers are accustomed = having a tied cottage.

It means that they lack bargaining power, since
their homes are at risk as welt as their jobs.

The geographical isolation between Workers on
neighbouring farms has been further exaggerated by
the division of labour within each tarm. Whereas
previously many jobs were carried cutr communally,
this is now confined to harvest rimes: and even here
there is the specialisation of driving, gathering, and
bagging. This In turn has led to wesk uniorisation,
with little militancy. The sre area where significant
militancy has occurred seems to be in the orchards
of Gilifearim—absani in Belgium recently 40060
took to the roads with flatis and bird scarers.

In the UK, however, farmers are now acquiring a
reputation for militancy. Et is not difficult to see
“try. More and more they are caught in a bind.

{ *The Great Outdoor tife’—a study of alienation.
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Food prices continue to soar, yet produce prices
are controlled by other interests-the government,
the Common Market, and the food companies. Not
only are thzy shackled by world capitalist forces
and speculation, they are increasingly being reduced
to the status of techniciang/sharecroppers for
industry. They heve become dependent on food
processors (for example, pea industries) not only to
buy their crops, but also to tell them when to plant
and to supply the capital to buy their package deal.
Farms have had to increase in size (the number of
farms in Canada, for instance, declined by 20 per
cent from 1961-71) t withstand fluctuations in
return on capital, and to make possible the
necessary investment in machines and fertilisers in
order to guarantee high yields.

In doing so, farmers become further dependent
on the farm supply sectors of industry. Iris
dependency on virtual monopolies in each areg;
Massey-Ferguson, David Brown, Ford, and john
Deere dominate farm machinery; ICl, Fisons and
Shelimex control fertilisers; Fisons, Mzy and Bzker,
Geigy and Shellstar are the leaders in pesticides; and
the infamous seven mgjor ail giants, control the
fud applies.

The centralisation of power from the land to the
boardrooms of Agribiz is exaggerated still further by
the system’s dependence on one man for the suppiy
of phospiate rock. Mohammed Lamrani of
Morocco corerols a third of the exports, and mor¢
than one half of the export growth, of phosphate

| rock. And as for oil?




-
o

Foobh

AGRIBUSINESS

The influence of Agribusiness also dictates
governmental research to suchan extent that
virtyally €! money in this field goes to “articulating
the paradigm of pesticide and fert:liser usage’.
Rothamsted Research Staticn is built on super-
phosphate. Virzuaily no research is undertaken on
organic husbarndry. and very little on biological
control mechanisms. Yt again, the economic
merthod iS propagated under the guise of the
scientific method.

PROSPECTS FORTHE FUTURE?

It is now recognised that energy is power-that
energy iSjust as unecually distributed as wealth,
and lirs in the same few hands. It is not so widely
recognised that rhis iruth applies equally to food.
The staggering mcreases in food prices in the last
two vears are nor duz to a sudden increase in the
world popularion. Samething new is happening to
worid food suppkies. it started in 1972 wher three
probiems emerged. For the first time. the USSR
entered the US market and purchased 400 million
bushels oi wheat. Secondly, the production
advances that came to be lumped under the phrase
‘green revolution’ began to level off. Findly, the
richer countries. al experiencing boom times,
sharplv increased their consumption of meat. This
last &or may be the reason why the USSR
decided to enter the wheat market at the time it
did. Th= Russians needed greatly increased supplies
of grain to produce meat; previous shortages had

always been accommodated, and the *72 harvest was:

the fifth best ever for them. But as a result of
Russian purchases in ' 72, the grain reserves in the
US fel! from 120 muilion tons to 21 million tons.
The USSR’s entry into the consumer and
capitalist market has had two main effects. It has
created such a sengitivity in the market that

speculation is widespread, and it is better to invest |

in food than in money. This senditivity has exposed
the weakness in the whole system. For instance,
when the anchovies recently returned <o Peru’s
coast it meant that :he underdeveloped countries
would be better able to afford their own, much
needed protein, bui that soya bean farmers in the
US would suffer.

It is clear, however, that underdevel oped
countries arc in genzral mo¢ going to benefit. The
change in the market has meant that the US has
assumed greater control over disiribution. The US
was the main exporter for eight of the 20
commodities which showed the greatest increases
in prices during 1972. The rest of the developed
couatries controlled a further eight. The under-
developed countries controlled only four, but were
the main exporters of the 20 commodities with the
lowest price izcreases of al the 67 world
commodities. Which isn’t much consolation for
countries like Mozambique which have been
‘encouraged’ ro produce cash crops at the expense
of homeconsumed food crops. The increase of
control by the US ziso had more obvious political
effects. Critical supplies of wheat were denied to
the Chilean Governmeont under Allende—even

tnough Chile offered to pay cash. When Allen:de
was over thrown, the US approved the sale. and
even Offered credit.
Meanwhile. asa few businessmen made money
and gained power from the market’s uncertainzy,
pressure was increased on producers to produce
more. This was the case in the UK just as much as
elsewhere. The recent inflation of land prices
(prices tripled in two years), coupled with the
annua loss of 50,000 acres of urbanisation,
exacerbates the problem still further. These
pressures will dictate that ‘efficiency’ must become
still more ‘efficient’ with al the ausurd
contradictions that that entails.

WHAT CAN BE DONE?

‘Alternative’ forms of agriculture, as outlined in the
nages that follow. can and do chalenge many of
the implicit values of agribusiness. For instance, we
» are constantly reminded that we iive in a consumer
i society. The public’s willingness to accept an
thomogenous final product is indispensable in the
transition from labour intensive agriculture to
highly specialised automated agribusiness. The

manipulation is built into the final product itself.
Thus, by creating an apparent choice in relatively
i unimportant aspects, such as the size and colour of
leggs the real choice of nutritive value, price and
t ecological impact is obscured. But by indisting on
. consideration of these factors aternative agriculture
(:’can ckallenge the values of agribusiness.

However, it is not enough merely to pose the

i alternatives; it is necessary also to chalenge the
economic system within which agribusiness is

; founded. To do so from an agricultural perspective

' requires certain novel forms of organisation.

“ Organisatien around and among farmworkers is
essential, but as we have seen, this is difficult

because of problems inherent in the unusua

: position of such workers. Hence other challenges

| are also necessary. Two possibilities are open. The

| formation of cooperatives—not consumer

cooperatives alone, but aso productive and

| distributive cooperatives-needs to be encouraged

Vin order to reduce the control of agrimonopolies. If

- will aso be necessary to ignore a! the rules of the
capitalist game and jusi landgrab, inordsr ..
illustrate forcefully the inequities of lan.
distribution. Both efforts should succeed.
diversifying both the means of preductizn and the
crops thzi ic produces.

Inde:d the em:phasis throughout should be on
diversification. Diwversification in underszanding the
problems as being o merely technial or economic
but political too. Diversification in approach, not
merely being iocwards alternatives but to challenging
the system directly in as many ways as possible.
And diversification in the end product. avay from
monocultures and dependency or, a few distant
technocrats, towards natural systems controlled by
the people working them.

Charlie Clutterbuck
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ANIMAL FARM

It is absurd ever to guess at the acreage necessary to
support a person. because land varies enormoudy
in productiveness, andse do husbandmen. But it
may help to know that weli-farmed land of good
quality. without imported fertilizer but with
animal manure. wiil grow two ions of wheat an acre
or eight tons of potatoes. Vegetable requirements
can be produced on: avery small acreage indeed but
Man (vegetarians included) cannot live on vegetables
aone-that 1s if vou mean vegetables in the accepted
sense, excluding grains. Anvone whesays “| am
compietely seli-supporiing decause I pow al my
own vegetables™ is talking nonsense.

The aim should be the integration of soil, plant
ad animal that is found in nature, but guided by
the knowledge of Mze. The common urban belief
that amimals are inefficient because animal protein
requires more iand to produce than vegetable
protein is atfallacy, aseverv countryman who's
forked aheap of animal manure on his potato patch
must know. For although it iStrue that an animal
only transforms a smali proportion of the vegetable
food that i cats into food far man {or other
predators) it is not true that the vegetable matter
nor so transformed is wasted. Et is transmuted, in
fact, into a better manure for the land than it

- would have been. Your rumen is yvour best compost
heap.
The stockless holding can onfy maintain its
fertility by importing fertilizer from outside itself.
: Theamount of waste vegetable matter that can be
‘composted grown on the holding is never enough to
maintain fertility. The great stockless agribusiness
i farms of Eastern England and the grain belts of
America continue beczuse Of vast amounts of
imported ammonium sutphate, and the vegan seif-
supporter buys or begs farmyard manure from his
ranimal-keeping neighbours or hisland gradually
becomes sterile. The amount of shit produced by a
human is amost negligibie.
v |f a Briton has his farrshare of Britain he will
have about half an acre of good arable land per
member of his family, but as most people elect to
. live in towns we can at least double that and assume
five acres of land for afamiiv of four. To maintain
and increase the fertility and heath of this area
without imported fertilizer, herbicides or pesticides
demands a great wariety of both plants and animals.
A thorough rotation of crops must adways be
practised, for one crop is not affected by the
diteases of another, and one species makes different
demands on the soil and puts different residues back
mnto it.

The same applies to animals: al grazing,

browsing and rooting animals suffer from interna
parasites. Keer one species oo long on one patch

¢ and parasites will build up to lethal proportions.
Follow one species b another and each species

| parasites will die when ingested by another

| species,

;  Different species also make different demands on
i grazing. Thus adult csttle can eat long coarse grass

SMALLHOLDING

This illustration, like those that follow, is taken from John and Sally
+ Seymour’s book Self-Sufficiency (Faber and Faber, 1973).

and should be put first on to new grass. Sheep and
horses crop close to the ground and should follow
cattle. Goats like scrub and bush country and prefer
leaves to grass. Horses suffer on too lush grass-

they thrive on poor grazing. Pigs eat grass too but
will thrive in woodland and can mine deep down for
roots, underground insects and the like. Geese will
thrive on good short grass but need grain to fatten
them. Hens also eat grass and clover but need grain
to lay eggs. They eat weed seeds and insects, harmful
and otherwise. Ducks and geese of course thrive on
wet land and on water. To deny ducks open water,
as agribusiness does, is as cruel as keeping hensin
battery cages. Ducks eat the snails that cause liver-
fluke.

Let us imagine that a family takes over five acres
of scrubland. First put pigs on to it, concentrated
say at haf a dozen pigs on haf an acre. Electric-
fence them or ¢ontain them with pig-netting, or else
tether them, but if there are trees and bushes you
can't tether. Take a small piece of land at a time,
pig it for three months, then burn the scrub and
level, and plant crops. When al the land is thus
cleared (pigs will clear amost anything) gradually
establish a proper rotation.

Put say two acres down to ley (this means
temporary grass-and-clover), an acre to corn, an acre

aoc.r
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to other crops. Subdivide your two acres of grass,
put s oung cattle on first (because it will be free of
lung-worm) follow, them with old cattle, follow these
with sheej and you: horse, and Zoliow these with
geese. Afcer threc years pleugit (Or pig)onczors of
grass and plant say half an acre of wheat. the rest
with potatoes and jerusalem art:ciokes. The three
years of grass will have improved the soi: enormous-
ly. After you've harvested the spuds and such of the
jerusatem artichokes (well-dubbed fartichokes by
the irreverent) as you want for soup and seed, shove
the pigs on to clear the remains. Follow the roots
with spring barley and oats, the wheat with roots.
Undersow the spring barley and oats with grass-and-
clover seed and thus you will have haf an acre of
fresh “ley’ (grass-znd-claver) to run your calves on
next year. Follow the haf that you have put again
to reots with spring corn undersown with grass-and.-
clover. The famous Norfolk Four Course Rotation
is. wheat—roots—barlev—grass-and-clover, Follow
this on your four acres of farm-cropped land and
you won't go far wrong. You will grow al the wheat
you need for bread, the barley you need for beer
and animal feed, and the grass you need for grazing
and hay and your land will improve in humus-
content, structure and fertility from year to year
until it becomes the equa of any land in the
world.

If it needs lime, lime it from time to time. Cut

some of your grass for hay every year. Clamp roots-
fodder beet is one of the best, mangolds are fine for

. milk-production in the winter. marrow-stemmed

kale, rape and hungry-gap-kale are winter fodder too
--to be grazed off i situ. In the summer work for
the winter. Remember, Britain is not New Zealand
where grass grows for ten months of the year.

On your acre kept for gardening tollow a rotation
too. Of course the fruit patch cannot be rotated,
but it is better to plant standard ¢ie high) hard fruit
trees SO that you can graze underneath them with
ruminants or ringed pigs, and necessary that you
heavily muck (farmyard manure) soft-fruit rrees
nearly every year. Brassica (cabbage tribe’ love lime,
so if necessary lime before them. Peas and beans
(leguminosae) follow comfortably brassica. ‘Roots
(parsnips, carrots, salsify, turnips, beet) come nicely
after leguminosae. Potatoes come well after them,
but muck seawily for potatoes. Always pig the land
after you have lifted the potatoes-the pigs will get
what you left. Th lime-then brassica again.
Remember that in the garden and the field,
leguminosae (beans. pess, clovers, lucerne) make
nitrogen, S0 the more you can grow the less you will
miss the artificial fertilizer bag.

Now, on such a holding, everything benefits by
everything else. Nothing is wasted. All crop residue
and kitchen refuse goes to either pigs, poultry or
cattle, Straw from corn isused for litter for pigs
and cattle and turned by them into tovely muck.
Oats straw, though, is fed to cattle and horses to
supplement hay. All shit from all animals goes back
into the land. Skimmed milk from butter-making
goes to fattening pigs, calves, or young poultry, whey
ridge pad

ridge chain  crupper

meeter
strap

from cheese-making the same. Pigs will fatten on
‘barley-meal and whey or skimmed milk. After corn-
harvest follow the scythe with hens. They will eat
the spilled corn and aso the weed seeds. Move hens
in movable arks over grassland-their manuring and
scratching does great good. Aim to grow all your
own protein-fish-meal is now £150 aton and going
up and the fish-med plants denude the seas. Pulses
of all sorts (the seeds of leguminosae) are high in
protein-especialy soya beans, good grass-and-clover
cut young and made into hay and silage is also high
in protein; fodder beet is fairly high; dairy by-
products are high; but corn , vheat, barley, oats. rye,
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maize) is fairly low. Experiment with high-protein
crops and defy the debt-collector from the ‘farmer’s

| co-op’.

Hens will iay eggs on young grass and grain

. alone. Hens will go broodv and rear their own chicks
" much better than an incubator can. Let them. Sows

will farrow twice a year cut of doors with the
mezgicst of shelters and provided you don't keep
them on the same land more than four months at a
time wall never getill. Two cows will provide you
with milk, butter and cheese, help the ~igs and
poultry with their by-products, help 1 land with
their manare, and give vou two calves a year for
beef, or for money if you are squeamish. The pigs
will do much of your cultivating, but amare also
will help enormously. She will live on what you can
produce on the holding atone, work amazingly
quickly and well (she is ten times faster than a
garden cultivator) and witl do what no tractor in
th= worid has ever done yet — reproduce her
SpeECies,

One more thing. Plant erees somewhere on your
heiding, z2nd lezve same wilderness for wild plants
and animais. Ti:e Earth was not created just for our
benefit.

ORGANIC GARDENING

COMPOST CULTURE

John  Seymour

Anything written on organic gardening must begin
with raxing a compost heap. This is the essential
recycler that makes it possible to garden without
chemica fertilisers.

Thereare many systems of composting and the
oldest and casiest wasinvented in China some four
thousand ycars ago. Had the Chinese invented
water Sanitation instead, they would have starved
their land of potash as weii as humus. Today, we
can only hope that they wili not take a great ‘leap
forward’ to chemical fertilisers for they could still
ruin the fertility of their soil by copying our follies
rather than developing their own methods towards
greater ecologica efficiency.

In small gardens seme kind of compost bin is
desirable to hold the heat in, for tidiness and to
avoid the need for turning. Those who have plenty
of bricks or breeze blocks can build one like a
square cornered ‘U, with dots in each side of the
open end to take removable boards for the front.
Wooden ones can be buiit like topless and bottom-
less ‘cold frames' three to four feet high, also with
removable board fronts.

if you are making a brick bin, dip your bricks in
bucket of water or soak them with a watering can,
: the cement will stick to their surfaces. Set the
"icks or blocks so the joints do not come one
»ove the other (any wall;provides a model) and
ave a few half inch wide'gaps at intervals for extra
ntilation. Secondhand bricks are good bin-making
iaterial, but corrugated iron and sheet asbestos are
sor insulators. Wood is excellent and if it is
‘eosoted and then given a coat of black or green
ltumen paint, which, unlike ordinary paint, sticks
a top of this most preservative undercoat, it could
st twenty years.

Start the hap by setting two double rows of
-ickends running from the back to the front of
e heap and protruding under the bottom of the
zard front. These should be on the soil, for no bin
wuld have a cement floor which prevents the
orms getting in, and which makes it impossible to
iove. Wooden bins (and those made with posts at
te corners and inch mesh wire netting with opened
at cartons string-stitched inside them to hold in
1e heat and moisture) can be moved round the

e
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" Above: Generat view of compost heaps. The man with the machine is
chopping up stemmy chrysanthemuns mro smal pieces ready for the
compost heap. Righ: General view of the inside of a compuost box

showing brick ventilation underneath. Spot the black cat.

garden, leaving extra rich patches wherever vour
compost heap has rested.

On top of the brick air channels, spread rough
refuse such asbrussel sprout or cabbage stumps
:smashed with an axe back on something hard so
that thev rot eventualiv. Add herbaceous plants, or

tomaro haulm, to prevent the lawn mowings or
sappy weeds biocking fhe draught. Then pile on
your first eight inch laver of weeds and garden
rubbish.

Composi making iskke baking bread-there are

many methods but all are ways of using bacteriz and
ifungi to make a product wc want-compost is as
" unnatural’ as aflint axe. a Loaf of bread, a glass of
beer. or a chunk of cheese. An easy way is to pile
up your weeds in frort of the bin and every
morning rake dows the compost bucket from under
the kitchen sink and rip it on your heap, before
covering it With two or three forkfuls of rubbish to
keep off birds and dogs. Then empty over it a
bucket fuil of what is policely known as ‘Household
Liquid Acuvazor’, which is one part of urine to
three parts of water.

This is the besr activator of all because it supplies

nitrogen as ammonium carbonate-which favours
some highiv efficient cellulose breaking bacteria,
and contains almos: aii the potassium we take in
with cur food. Anafvses of sewage and municipal
compost oaly show a rrace of potash, because it
has been washed away in the efflucnt and wasted in
growing the agae that cause eutrophication in
water-courses, SC recycle your potash through your
compost heap to feed vour soil. There are no
disease bacteria carried by urine in temperate

climates, though in tropical countries the eggs of
the bilharzia parasite are carried.

If everyone used this activater, (also known as
‘Chairman Mao's Favourite™) we should save
thousands of tons of potash fertiliser, and make

better compost more cheaply than we do. There
are. of course, many organic and inorganic
activators which can be used according to the
directions on the packets that grow more expensive
every year, but everyone has his ct her private
supply that costs nothing. Chemical closet contents
can be used as an activator, but the probiem jsto
get enough vegetable waste to go with thisin

winter.

Many people are working et designs for a

" methane gas generarot that will run on cur bodily
wastes and kitchen and garden rubbish. Such
generators will enable usto use the heatr our

i compost produces ro cook our vegetables, and heat

and light our homcs, yetstill have zaoughleftin
the residue 1o ‘power’ rhe carthworms, soil bacteria

jand all the life in vur soils on which fertility

| denends. How exavtly we shall use our methane

‘ restuessin our gardens remains to be discovered by
. rescarch,

YHOH




A good compost heap should reach 160-170°F
during its first ten daxvs, and the heat will then fall
as the fung take over. This temperature witl cook
weed seeds ke grams of rice and kill out the spores
of plant diseases. li vou wish t0 improve the
compost breakdown. just turn the heap, forking it
out Of the bin. clearing the 2ir channels and torking
it back again. which produces asecond heating and
beeter breakdown. If vour heap gets too wet, coves
it with asguare of old carper which will'hold the
heat in and et the szeam out: ii too dry, cover with
old polvihene bags so that moisture condenses on
their undersides and runs Back into the heap, which
wili also need watering in Grv weather. In winter it
is easy to waste the po:ash and other plant foods in
rainy Of spewy weather, SO rig a permanent or
removabie roof with reom 1o ger under for adding
the dav’s contribunicns.

These can include potaze pechings, tea leaves:
coffee grounds. and ai kitchen wastes other than
plasticr, nvion. manmade fibres, bones and vacuum
cleaner dust. (Thislastitem used to be included,
hut modern vacuum cleaners appear to include lead
atlovs, which add lead poliution to vour soil, apart
from the lead from petre: which blows in through
your windows if veulive inatown. Milk bottle
tops and the foil some peopie useround roasts can
be 149 parts per million lead, and the lead worn off
irom type is the reason why the proportion of
newspaper in compost should be kept below 10%).

Most gardeners can manage wo fillings of a
compost hesp in a vear—one made in summer for
autumn USe, and an autemn and winter heap for
spring. If vou have large quantities of grass
avaiiable from aplaving field “se this mixed with
weeds, and add layers ot enough lime to whiten the
surface every cight inches. Then thrust stakes down
into the air channels while vou are building the
heap, puliing them out afterwards to give extra
ventilation.

But if vou hare dead izaves available, and these
are sometimes delivered free by council roadmen,
do net ‘nciude them in the compost heap. Instead,
make a wire netiing sutrounded enclosure and stack
it full of leaves, treading them down, and watering
them if they zre in the kest place for the stack,
whzhisin dn shade under trees where nothing
much will grow. Dead leaves rake about two years
to decay with the heip of woodland fungi, and
despite ali that is said bv orthodox writers with an
eve {0 tne firms that advertise peat, there are no
poisonous leaves. Oak and beech make the best
leaimould, but plane and chestnut leaves wili rot
in rime. taking perhaps three years. Leafmould has
its plant foads locked up by the tanains and is
availablen providing the moisture-retaining and
soil-lightening power of humus. Use it as well as,
not instead of, compost, and those who have sandy
soils or clays that bake hard in summer should dig
or rotavare 2l they can into their gardens.

If you have an old garden thet is overgrown,
borrow or hire aretary mower Like aHayter and a
rotavator. You may have to hire the service of the
operator of the latier, too, but it will probably be

ORGANIC GARDENING

Sward garden. This is a no-digging echnique involving a ciover bed
worthwhile, especialy if the garde’ is on clay or
was part of afield. Clear the rough grass -with the
mower to use in your first compost heap, then
rotavaie it three times in dry weather with about
three weeks between each. This will kill out the
couch grass by letting the air in, and even destroy
some of the docks, but before each rotavation go
over and pick up any growing root sections for
burning.

This clean sweep policy is vastly better than
clearing small corners and dotting rose, currant and
gooseberry bushes in them, for it uses your one
opportunity to reduce weed roots to humus and
kili out the millions of weed seeds that are waiting
to germinate under the jungle. Never have your
land ploughed, unless it is also cultivated and given
two heavy harrowings, for ploughing.only merely-
gives aridged surface through which docks will
grow.

If you have a bed of nettles, cut them with the
rotary mower every six weeks. They make excellent
compost materia and you will kill them out in
about two years.” This policy aso kills bracken in
time. Those who are short of compost material and
have spare space should buy the sunflower seed
sold cheaply for parrot food and sow this an inch
deep and a foot apart each way. pulling up the
plants when they are four feet high, before the
stems get too woody to break down easily.

Old gardens are often short of lime. You can
check the lime content with a soil tester, which
contains a kind of liquid litmus paper and a colour
chart to give the ‘pH’ of your soil, which is the unit
in which acidity or alkalinity is measured. Neuzral,
which is what you need, is pH 7.0, and though you
can compensate for deficiencies by adding daked
lime to the quantity indicated by the tester,
mushroom compost is a better answer. This
consists of straw, dried blood, horse manure and
ground chalk, and brings good humus as well as
lime to give a good start to a new garden betore any
compost is ready. Do not buy the more elaborate
kind of soil testing kit because these give their
“answers’ interms of what chemica fertilisers are
‘ required .

Putatoes should have the best of the compost
which is ready in the spring, because they show the
bLttcr flavour from compost most strongly. If yours
,ts a small garden, plant Duke of York, because it

| can he lifted to scrape new when it is in full flower,

Qo0
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! and left to die down by August when it will keep a

long way through the winter. The best keeping

potatoes are Desiree for flavour, and Maris Piper

¢ which 15 not oniv excelient on taste but resists

- potate eelwnrm. This is found in old gardens and

: allotments and brings small to:iage that turns

¢ vellow early and tiny tubers. Maris Page is the

| tastiest of the potato biight resisting kinds. and

_ those who distike scabby skins (which few

: gardeners worry zbout because the skins peel off)
can try Penitand Crown and Ulster Concord. for

_baking in their jackezs.

Spacings and quantities, timings and sowing
seasons would zzke too much space to give here,
but detai’s are available free for a stamped

I are oniy shortened by about three inches, instead
i of being cut to stumps as they are by greengrocers.
Two other goed winter crops arc khol-rabt and

Chinese radish, both sown in July a foot between
rows and thinned o six inches apart, Both are eft
in the ground until about March, for pulling as
required, and both are best grated raw for salads.
Chmese Rose, the radish, 1s mild tasting compared

. with ordinary radishes though with the same

. flavour, and cven though 1t runs to seed in the

spring the roots donrot go woody and strung. Khoi-

rabi has a swollen stem, so it starts by looking like

a Ccrazy turnip growing above ground. and its nutty
flavour is wasted by cooking, as is the vitamin C, |
which is 37 mg per 100 gm: raw, but only 8.9 after

1
|
I
|
i
I

addressed envelope in fig for Survival issued by the b0|I|ng for 30 minutes as directed by orthodox

Henry Boubl day Research Association, Bockmg,
Braintree, Essex. This Association of organic
gardeners also gives away a bookie* on safe pest
control methods calied {7 Place of Poisous.

Asthe potatoes are dug, plant cabbages such as
Winter Monarch (hred for raw eating in salads as

well as cooking) or Christmas Drumhead in August,

and from July till the end of August put in leaks.
These should have been sown in April ana put in
by mereiv dropping a plant, roots down. into a
hole about eight inches dsep thrust in to the soil
with 2 ‘dibber’ ara pointed broke’ fork handle.

:Fill the hele with water and after perhaps two

' hoeings to keep the weeds down, they reed no
more work. Leeks are perhaps the ideal winter

ey
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thick from August planting they provide an
excelient scurce of vitamin C in the leaves if these
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cookery books.
Many vegetarians are organic gardeners, and all
vegetarians should be, for they gain most by the
flavour improvement from compost cultivation. i
Parsnips. sown in April or even early May so they
are not woody are also nicer raw than ccoked, but
i the finest value for root salads is Cook’s Delight
beet, so called because it needs no cooking. Sow”
in March for summer eating, and in May to store
. through the winter (between layers of peat in a
! box in a dry shed like carrots) it will grow mote
' food value to the square yard than almost anything
!'that is easy in a small garden. Each stands up out of
. the ground for up to a foot and can grow to 4lb.
without gr0W| ng woody. It never bleeds, so a large
one can stay in the fridge for wating day after day.
Another” bargain for space’ s Sutton’s Windermer
lettuce, which is a frilly kind for maximum vitamin
. C, with thicl: midribs for highest carbohydrate and
leaf protein that bring the average specimen up to
1ib. a lettuce. Their rea garde’ value liesin the
fact that they can last for more than a month from
a single sowing, if the thinnings are transplanted
about eight inches apart each way. Successive
growing from Match till August will keep up a
supply right into the autumn. In a very small
garden a vegetarian who concentrated on
Windermere, Cook’s Delight. and Chinese Rose,

Left above: Japanese pumpkins—harvested in October 2ad sown
through the winter to make pumpkin soup and eggless lemon curd.
Left below: High protein beans—daffa beans growr in the survival
garden as a storable winter pratein scurce. Below: Ladybird larva
attacking aphids-greenfly. Opposite: Tagetes Minuta, the weedkiller
plant which alse prevents potato eet worm.
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khol-rabi and iecks for winter would probably grow
the most food for least trouble to supplement rice,
pulses, or pea tribe grains such as ientils or beans.

Another value vegerable is ontons from sets
(small bulbs) plantedin March an inch deep, with
vare taken to prevent anv oOf the brewn skm

showing the sparrows where they are, on well

. firmed soil. They need none of rhe attention of
seed onions and are mmune to onion fly. Dig them

and dry them in bunches in August with time to
plant |late cabbages such as January King after
them.

Vegetables of the cabbage family, brussel sprouts,
cabbage, cauliflowers, broccoli, savoys, turnips,
radishes, Chinese radish and khol-rabi should be
concentrated together because they are all subject
to clubraot disease, for which there is no organic
remedy and no completelv effective chemical one
either. Farmers controi it by rotating their crops
for it dies out in the soil after nine years, and by
liming and keeping to pH 7.0 iz can be kept down.
Gardensrs can rarelv rest their Soil this long.

One old remedy 1s te drop three inch long
sections of rhubarb stem down the dipper holes at
planting rime, whichcanbe effective, but research
continues {at the Henry Doubled: Research
Association)to find abetter one. Organic gardeners
should keep thetr cabbage crops together so the
soil gets some rest, and 1t they have rrouble, grow
sprouting broccoli, which has some resistance.
Potatoes too should be Like lightning-never

striking the same place twice, but the onion {amily,
peas ard beans, and the beet and icttuce order ran
even: follow each other for five years in succession
' without a build-up of disease probiems.
Whatever may be claimed about pest and disease

resistance from compost growing, this is never
100% suve, and caterpillars, cabbage aphids and
white fly are problems for al gardeners. Organic
gardeners however control them as far as possible
by sparing our friends so they may eat our foes.
The best al-round spray is nicotine, made by
simmering 2 oz. of fiiter tip cigarette ends (ask in
your local cinema if you are a non-smoker) in a
quart of water for half an hour, filtering through a
cloth and diluting with six parts of water for
aphids, and four for cabbage caterpillars. T his
mixture is a powerful poison, but spares ladybirds,
their larvae and hoverfly larvae, which are the best
aphid eaters, and is spent in twenty-four hours,
unlike DDT, aldrin and dieldrin which keep on
killing towards Silent Springs. Boil it up as you
want it-no child will mistake your tin of cigarette
ends for a soft drink, as 80 people so far have taken
Paraquat for coca-cola and died.

The ideal remedy for blackfly, our commonest
aphid, on broad beans. is to sow them in November !
and take off the soft tips which the aphids attack |
as soon as the pest appears. Take ther: up when the
crop is eaten in July, then plant sprouting broccoli
to enjoy from March to May, and pull out in time
for outdoor tomatoes, to ripen mostly off the
plants for bottling to last the year round, and after
these cow broad beans again. This is the kind of
cropping routine that gets a quart of production
out of a pint pot of rcom in a smal garden, which
is as important as packing in the words into a tiny
space in this book, in relation to al that there isto
say and iearn about organic gardening.

Lawrence D. Hills.
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khol-rabi and leeks for winter would probably grow
the most food for least trouble to supplement rice,
pulses, or pea mibe grams such as lentils or beans.

Another value vegerable is onions from sets
{small bulbs) planted in March an.ach deep, with
care taken ro prevent anwv of the brewn skin
showing the sparrows where they are, on well
firmed scit. They need none oi the attention of
seed onions and are immune to onion fly. Dii them
and drv them in bunches in August with time we
plant late cabbages such as January King after
them.

Vegetables of the cabbage family, brussel sprouts,
cabbage, cauliflowers. broceoli, savoys, turnips,
radishes, Chinese radish and khol-rabi should be
concentrated together because they are al subject
to clubroot disease, for which there is no organic
remedy and no completely effective chemica one
either. Farmers contrel it by rotating their crops
for it dies out in the soil after aine years. and by
limimg and keeping to pH 7.0 it can be kept down.
Gardensrs can rarelv rest their soil this long.

One old remedy is to drop three inch long
sections of rl.ubarb stem down the dipper holes at
planting fimme, which car be effective, but research
continues fat the Henrv Doubled=:- Research
Assgcianonj to find a better one. Organic gardeners
should keep their cabbage crops together so the
soii gets some rest, and i thev have trouble, grow
sproutipg broceoli, which has some resistance.
Potatoes too should be like fightning—never
striking the same place twice, but the onion family,
peas and beans, and the beet and fcttuce order ran
even follow each other for five years in succession

without abuiid-up of disease problems.

Whatever may be claimed about pest and disease

M

resistance from compost growing, this is never
100% sure, and caterpillars, cabbage aphids and
white fly are problems for al gardeners. Organic
gardeners however control them as far as possible
by sparing our friends co they may eat our foes.
The best al-round spray is nicotine, made by
simmering 2 oz. of fiiter tip cigarette ends (ask in
your local cinema if you are a non-smoker) in a
quart of wazer for half an hour, filtering through a
cloth and diluting with six parts of water for
aphids, and four for cabbage caterpillars. This
mixture is a powerful poison, but spares ladybirds,
their larvae and hoverfly larvae, which are the best
aphid eaters, and is spent in twenty-four hours,
unlike DDT, aldrin and dieldrin which keep on
killing towards Silent Springs. Boil it up as you
want it-no child will mistake your tin of cigarette
ends for a soft drink, as 80 people so far have taken
Paraquat for coca-cola and died.

The ideal remncdy for blackfly, cur commonest
aphid, on broad beans, is to sow them in November
and take off the soft tips which the aphids attack
as soon as the pest appears. Take them up when the
crop is eaten in July, then plant sprouting broccoli
to enjoy from March to May, and pull out in time
for outdoor tomatoes, to ripen mostly off the
plants for bottling to lastthe year round, and after
these sow broad beans again. This is the kind of
cropping routine that gets a quart of production
out of a pint pot of rcom in a small garden, which
is as important as packing in the words into a tiny
space in this book, in relation to al that there is to
say and learn about organic gardening.

Lawrence D. Hills.
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BIODYNAMICS

'BIODYNAMIC
AGRICULTURE

| During the past century, agriculture and

! horticulture have greatly increased yields,

. drastically reduced the labour needed, and

- developed more consistent products. Why, then,
| should we look for alternatives?

We are coming to see the price that has been
paid—in loss of quality and nutritional value,
disruption of ecological balances bringing
increasingly expensive problems of disease and pest
control, and a heavy dependence on fossil fuels and
other non-renewzble raw materials.

The biodynamic approach to farming is an
aternative approach which has becn under
development in many countries all over the world
since 1924. It is based on 2n cndernanding of
living nature deriving from Rudolph Steiner’s
anthroposophy. Its emphasis is on enhancement of
biological activitv in soif, plants and animals.

Like any other type of farming, success depends
above al on good husband?-skill, experience and
much attention to derail. Biodynamic farming has
rivich in common with good organic farming-the
use of carefully planned rotations, composting,
companion planting and so on. But it adds to such
practices the use of some specia preparations and
sprays (described in more derail below), and a
detailed attentiva to the rhythms of stn and moon
in planting. cultivating an.. harvesting. These
methods& e out of a conception of the farm as an
organism within the larger organism of the earth,
which itsdlf lives within an organised universe. But
before considzring this, what makes for a truly
biological practice of farming?

Natural plant communities, undisturbed by man,
follow ataw of succession, of step-by-step changes,
until the system as a whole arrives at a climax. It
has then achizved maximum stability in relation to
outside influences, and is nearly ‘self sufficient’.
But its productivity, in terims of capacity to feed
human beings, is usually minimai. A rational
farming system must therefore learn how to
achieve a comparable stability, a hedthy balance—
but at a much higher fevel of productivity.

It seems to b= widely believed that the basis of
organic farming systems is the use of organic
marurss. These pky an  important part, of course,
together with the use of crop residues, and the
inclusion in rotations of leguminous plants such as
clevers and pulses. These measures help restore
organic marter broken down and released by

i cultivarion.

But equally important are rhe balance of crops

! Applying biodynamic spray in Sweden.

both a concentrated feeding stuff and nitrogenous
fertilisation of the soil.

Similar methods of intercropping and planting
can be used in gardens. Companion plants bring
enhanced flavour and improved pest and disease
control, if properly carried out. (Relevant literature
is referred to in the Bibliography). !

In preparing organic manures and composts, a
proportion of anima manures is crucial in humid
temperate climates (this does not hoid to the same
extent in warm humid climates), so that a healthy
farm will carry a mixture of crops and livestock.
The material= available for comporting will vary
from place to place, but the essentia principles
remain the same. The mixtures to be composted
should contain carbonaceous litter and nitrogen-
containing materials in a ratio of about 23:o0ne,
together with, if possible, not less than 5% by
volume of soil. ‘The pile must be moist but not wet,

and structured so as to allow continued but not toot !

intensive aeration (good dimensions are 6-9ft wide
at base, 3-5ft high). Biodynamic treatment of
compost heaps will be described below.

WOH1SDHIE Yiv3g

 which exhaust and crops which renew the soil, and
: mixed planting withirn the farin area to control

i weeds, soit-borne pests, and sod-borne diseases such
as the club root which afflicts brassicas, Mixed

stands of grains being grown for 1eeding stuff

usually bring better yields and tower risk of crop

i failure. Suck grains can aso be grown mixed with

i beans, peas or verches, so that one fizld provides

Well-matured and ripened composts can be
applied a almost any time and tor any crop. Lrops
which are heavy feeders may benefit from partially
matured composts.

The above measures are fundamental to all
sound organic farming methods, as well as o the
biodynamic approach. But the latter is concerned
with two polar groups of factors influencing plant



growth and the life of the soil. The terrestria
factors include water, soil nutrients, and growth-
regulating and disease-controfling factors in the soil
Cosmic influences include the light, warmth and
rhythms of the atmosphere and the surrounding
cosmos. In a headthy farm, the terrestrial and
cosmic factors are maintained :n a harmonious
balance,

Composts and sound husbandry are essential.

Burthe biodynamic farmer has at his disposal some

special precarations to strengthen and maintain this
balance. These preparations, first described by
Steiner i ivis lectures on agriculture, are applied in
very smait guantities (it should be remembered that
life processes can o¢ affected by very small
quantities of trace elements, plant hormones and
other active substances in soil and plant tissues).
The following preparziions are in regular use: Two
sprays, no. 54 and po. 501. No. 500, which is
prepared from ~sw dung, is sprayed on moderately
damp scil betore SOwing or pianting, It has a
quickening effect cn soil life. The second spray,
no. 501. istased on silica It is sprayed on growing
plants, and enhances the effects of light and
warmrh, increases resistance to fungal attack,
enhances flavour and improves ripening of fruit and
seed. Observations by growers, :nd quite extensive
programmes Of experiment, have led to specific
modes of applying this preparation in accordance
with stages of growth and cosmic rhythms.

A second set of preparations is based on the
flowers or other parts of severa common plants,

BIODYNAMICS

‘ including dandelion, oak and yarrow. These are
| added to manures and composts after preparation,
1 and have the effect of improving the overall quality

1! of the resulting composts, including a higher holding

i capacity for nutrients, and improved growth-
regulating influence on the root systems of crop
piants. These effects have been weli-demonstrated
in a number of experimental programmes.

When biodynamic (and sometimes organic)
farming is dubbed ‘muck and magic’, there might
seem to be an element of ‘magic’ in the careful
observance of certain cosmic rhythms in
biodynamic practice. This derives from suggestions
from Rudolph Steiner, which have been followed
up in quite extensive experimental programmes.
Only recently has science at large shown signs of
taking serioudy the possibility of detectable
influences of moon rhythms and solar cycles on life
i on earth. But these are just one aspect of a variety
- of cosmic rhythms which are not without effect on
‘ the life of earth, which is itself organised in
complex cycles and rhythms.

There is now some good experimental evidence
that by observing appropriate patterns in sowing,
cultivating, and application of preparations, definite
effects are obtained on the yields and quality of
cerea and root crops. It ismot just a matter of
sowing or planting a new or full moon. A
significant factor is the sideral cycle of the moon
with respect to the constellations of the zodiac.

(A recently completed thesis a the University of
Giessen reports some of the latest findings).

This is obviously a significant and intriguing line
for further research, and must in due course have
far-reaching effects on our conception of the
relation of life on earth to the surrounding universe.
Nevertheless, it should be emphasised that taking
account of cosmic rhythms, while it may be a
valuable addition to, is no subgtitute for,
conventional farming skills, good husbandry and
practical experience. And while cosmic factors may
be universal, the terrestrial ones are enormously

variable from place to place, so that an essentia
part of good farming is to acquire an intimate
understanding of the soils and the climate of each
particular farm.

When biodynamic methods are applied with skill
and care, the results are quite soon aprarent in the
general health of crops and soil, and (sometimes
even more markedly) in the health and performance
of livestock.

NUTRITIONAL QUALITY

The nutritional value of produce is most usualy
assessed in zrms of quantities of protein, carbo-
hydrates, vitamins, mineras etc. There is nothing
wrong with such an assessment as long asiit is
realised that it is a very partial view of true quality.
Products of nature are, in a sense, like works of art,
and therr quality resides in the composition of
varius €lements into a whole. Our healthy senses
are an important and natural guide to assessing
these ‘works of art’, whose qualities xre expressed,
among other things, in scent and sméll, flavour,

Lotk
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{ rexture, keeping qualities efC. Here the contrast
I between organically and chemically grow” produce
l'is immediately apparent. The smei! of a cabbage
being cooked immediztely betrays its horticultural
his It should not be imagined that these
' qu ‘e mere frills to the nutritions] value.
I The acuvation of taste and smell rlay an important
' part in stimulating and regulating the whoic
i digestive process, in which there are subtletics as
delicute as those in the life of the soil. We arc
gradually becoming aware that the qualities of the
:serse impressions by which we are surrounded can
work into our mental and physica! hedth. We
should “or be surprised if fsod which is inwardly
disordered in its composition {even if thisis not
very obvious as taste and smiell) brings disorder into
our physical znd mental health. There is alarge and
little explore.’ rld of research here, which will not
be properly ap; .eciated until qualitative questions
about nuirition are taken as serioudy ar quantitative
ones,
On purely quanutative measures, organically and
biodynamiczily grown produce often shows clearly
+ superior features in terms of vitamins, minera
content, and true protein. But a least as significant
is the balance of these components. Some
experiments i1 Sweden have recently highlighted
this by compuring the protein, nitrate and vitamin
content of spinach and other plants grow” in
varying- conditions of light and shade. The
: cnemically weared plants, even when grown in full
' light, show characteristics of growth in shade-a
i higher proporti~~ >f crude protein and nitrate,
| but alower coucent of vitamin € and true protein.
. The organicaly grow”, and stili more the
: biodynamically grown plants, show a more
harmonious and mature balance of these
components which derives from a hedthier balance
of the terreszrial and cosmic growth factors.
Biodynamic research has made considerible use
of a technique of sensitive crystallisation which
| supplements conventional quantitative analysis, and
: shows semething of the quantitative constitution of
aplant or aproduct as a whole. The test depends
on learning to ‘red’ characteristic patterns of
copper chloride crystals formed when water is
evaporated from a solution in a shalow dish. Very
different patterns resuttr according to whatever
small quantities of organic substances for test are
added to the solution. It is a highly sensitive
method which requires carefuily controlled
condirions and much experience to use properly,
but there is now a considerable body of
experimental literature On it. It has proved a
- valuable addivional aid in exploring the difficult
iproblem of quality” in terms of the totzl balance
i 'and composition of components. The illustration
| 0" this pageis given merely as an example of the
I kind of work in progress.
! The emphasis on the totd compositon of
| foodstuffs as ‘works of art’ is reflected in
ibledynamic agriculture in the concept of a farm

ritself. Here, too, red heslth and lasting productivity ipartlynec&sgary in present conditions, do not

! depend on creating the right balance and

. relationships between al! the members of the farm
‘community-plants, animals, man, soil, water, air,

i light and cnsmic rhythms. This is not a romantic

l'ideal, but quite simply the basis for a truly

i ecological farming method. It will also lead to a

i much healthier relationship to the total energy

! resources of the earth. Some recent work at

. Sussex University and elsewhere has shown the

{ enormous dependence of modern ‘scientific’

- agriculture on huge supplies of energy imported

i either as manufactured fertilisers and farm

: chemicals, or more directly as fuel for enormous

‘ machines. Irrespective of their effects on the sail,

i plants and livestock, such methods are quite

| inapplicable on a world scale for any length of time,

i particularly in the less developed regions of the

+earth. A truly ecologica thinking would long ago

 have made this obvious. In so far as such thinking

: develops, it must lead inevitably towards orgaric,

| and then into biodynamic agriculture.

MARKETING

' Marketing of biodynamic produce began in parts of
- Europe under the trade mark ‘Demeter’ as early as
1928, and despite severe setbacks during the last
war, has since expanded to a considerable trade.
The trademark is a guarantee of defined standards
of production, nutritional quality and storage
procedures. Various staple foods, fruits, vegetables,
' some animal products and preserves, are available
with this trademark, which involves annua
inspections of crops by a biodvnamic advisory
service, together with spettesting and continued
research. For a good many products, maintaining
the standards means developing regionai systems
i for supply and marketing. (The elaborate
' industrialised systems for food processing,
ipackaging and long disrance shipment, although

4430% N

support rea quality). In Great Britain, a wcrking
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landscape with fields, grasses, trees, hedges, woods—and biedynamic
farmers!

among those interested in the organic movement of
‘welf sufficiency’. Here there arc obvious dangers of
an opposite cxtreme, leading to 3 multiplicity of
small, self-centred and fundamentally egotistic
idands looking after their own interests and

ignoring everyone else’'s

True ecologic- {thinking should bring a
realisation of « deep truth ina principle which
played agre&t part in the outlook of the Middle
Ages, namely the fact that in the living world, the |
whole is found in each part, while each partis a
member Of alarger whole: the microcosm is an
image of the macrocosm.
in practical biological terms, this means that
every living organism is in one sense *self-sufficient’.
in thatitisawhole, self-replating and self-
mainmining. Bur ar the same time it S an organic
past of a larger environment, in arelation of
murual dependence. Wharapplies to a single living
organism extends also to groups of organisms, to
farm, alandscape .aregion, and ultimately to the
whole carth itseii, There is no such thing in reality
s completely slf-sufficient farm (unless
somcone succeeds in the science-fiction dream of
enclosing themselves inasealed plastic bubble).
For the biodynamic farm. what matters is not seli-
sufficiency for its own sake, but the relationsbips
herween the various parts of the farm. and the
relationship of the farm as a whole to its nearer and
turther surroundings. The farmer will tfeel himself
responsible for a particular part of the carth, and
will try t0 make itintoa hedthy organism. atliving
work of art. But at the seme time, he will never
forget thathis farm is part of thelife of arcgion,
and of the whole carth, and that the life of the
carthitself s part of a wider cosmic life of which
we are Hree aware al present. No ‘miethods” of any
kind are likely 1o bear Tull fruit unless backed in
an awareness of this kind.
Lir. 31.0. Koopf and Jobr Davy
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¢ ably fresh, and our need for proteins and fats can

. Jprocesses of chemical breakdown and build-up in

There are a few things which constitute gzood food,
and many this whick zre eaten which are not
foods at al. One definition of food is “any non-
poisonous, organic substance that we can trans-
form into living tissue” (f). No single food is able
to sustain health. We require a mixed and balanced
diet.

A low energy diet aims at conserving energy —
that is, raking the essentia proteins, fats, carbo-
hydrates, vitamins, minerals, enzymes and water
direct from their sources without wastage (2). These
key elements are contained in most of the foods
that you can grow and preserve yourself. Carbo-
hydrates, vitamins, minerals and dietary fibre can
all be provided by raw fruits and vegetables, prefer-

be satisfied from plant or animal sources.

Food only becomes pan of the body after being
dismantled by the action of teeth, sdliva, gastric
juices, enzymes. muscu:lar movements of the
intestines and absorption by the bloodstream. The

the body are caled metabolism.
PROTEIN

uusuitable as a protein scurce—though the protein
can be extracted by processing (5).

FROTE/N COMBINATIONS

Our bodies need protein for growth, repair and
enzyme formation; any excess is wasted by
oxidation to provide energy or body far. But over-
«consumption of protein accelerates the metabolism,
strains the liver and kidneys and can cause calcium
deficiency.

In the body, proteins are dismantled into the 22
amino acids. Ot these, 14 can be synthesized by the
body, while the other 8, called essential amino acids
(EAAs) may be supplied in the diet. Growing child-
t'en also require arginine and histidine. Body protein
can only be formed efficiently #f all the 8 EAAs are
combined in one meal in correct proportions. A
meal dightly deficient in one or more EAAs will give
less protein than a correctly balanced meal.

What is this correct amino acid pattern? Mother’s
milk combines the EAAs, fats and less important
nutrients in ideal proportions for the nutrition of
babies. Only two per cent of cow’s milk protein is
wasted through incomplete digesdon and absorption
{6). However, our requirements change during
weaning and when growth is complete.

Some nutritionists have taken the egg as the idedl
IEAA pattern (7). The egg is given a net protein
utilization (NPU) of 100 per cent (NPU is the
proportion of nitrogen intake that is retained). NPU
values for foods can be found in (8) and (9). The
importance of NPU is stressed in (&) and its
companion volume (10), which contains many
recipes for foods combined to increase protein
utilisation. Fig 1 gives one example.

VITAMINS AND MINERALS

The total amount of protein in a food gives no
indication of the amount awailable to the body and
there is awide disagreement on protein requirements,|
But the important thiig is nor so much to count
grammes of protein as to make sure we do nor waste
it. We can cut down on our protein requirements by
egting plant protein instead of meat.

-If we examine the efficiency of various food
production systems we find that leafv crops such as
comfrey, alfalfa, kale and spinach can produce 26
times more protein per acre than beef cattle.
Legumes average 10, cereds 5, and milk 2 times
mozre protein per acre than beef. (3).

Plant proteins provide 70 per cent of the world’s
supply, yet people till believe that anima protein
is essential. But according to the HMSO Manual of
Nutrition {4); “If protein in the diet is supplied
from . . a very carefully chosen selection of
vegetable foods, the amount required may be as
little as if it came from animal sources alone,
because the variety of amino acids available may
enable the body to tura it economicaly into human
protein.” Which means that in a garden or allomment
of suitable size, we can grow al the foods needed
for a hedthy dier.

The simplest sources of protein, in order of
diiecmess, are leaf and root vegetables, fruits and
nuts, legumes and cereals, goats milk, yoghurt,
cheese and free-range eggs. In leaves, roots and

Vitamins and miner& are essentia for good health
:and are closely associated with the regulation of the
‘metabolism. They are found in most fresh, un-
processed foods, especialy raw fruits and vegetables
and are needed regularly’ in small amounts. (Likely
deficiencies, however, are B12 and D) The water-
ssoluble vitamins (C and the B group) are easily
destroyed or lost, usually down the drain with the
cooking water. B vitamins, abundant in brewers
yeast and sprouted whesat, are concerned with the
release of energy from foods. Vitamin C, essentia
for growth, the healing of wounds, healthy teeth
and bones is obtained if plenty of fresh raw fruit
and vegetables are eaten.

The body has a limited ability to synthesize
vitamin K and D. D is essentia for calcium and
phosphorus absorption, healthy bones and teeth.

Of the B vitamins, Biotin can be synthesized, and
Nicotinic acid can be formed from the amino-acid
trytophan. B12 prevents primary anaemia and is
made in the intestine by E.coli bacteria, but usually
too low down for absorption. Other sources are
brewers yeast, wheat germ, soybeans and comfrey.
Vitamins A, E and Pare al available from plant
sources.

Enzymes, regulators of chemical processes are
destroyed and minerals such as magnesium are
leached away during cooking.

FATS AND CARBOHYDRATES

fruits, however, the large proportion of inedioie

fibre, and the water-to-nroarein ratio, makes them

il

These supply the cdories of energy needed to move
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Fig 1. This diagrem shows that by Some notes 8
eating a combination of cheese wad NPLU: Nee protein utilisation  PHE: Phenylalznine
wheat, all the EAAS can be provided EAA’s:  Essential amino-acids  THR: Threonine
i ad te quantiti d 100% LEU: Lzucine TYR: Tyrtosine
0 adequate quantities anc LYS:  Lysine MET:  Mcthionine
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Complimentary effect of whole wheat and cheese amino-acids

Whoic wheat grains have a NPU of anly 43%, due to deficiencics in zll EAA’s
(57% in Lysine) except Cystine.

Hen’s egg is almost ideal, with a NPU of 94%.

By adding 50 grammes of cheese to the 100 grammes of wheat we can make up
the deficiencies and ger 2 NPU of 100%.
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and warm the body. Though fats supply more
energy, carbohydrates are quite adequate and too
much saturated fat should be avoided. If teken in
excess, fats and carbohydrates are converted into
body fat.

The three essential fatty acids (EFAs) must be
supplied in the diet since the body cannot
synthesize them. They are needed for the utilization
of carotene and the fat-soluble vitamins. Two
important EFAs are found (with vitamins A, D and
E)inthegerm of ceredls, in nuts and vegetable seed
oils. If eaten with fat, foods are retained longer in
the stomach, delaying the fecling of hunger.

Carbohydrates are sugars, starches and c&loses
Imilt up in plants from carbon dioxide and water
by phorosynthesis. Sugars are starches broken down
into glucose fa simple sugar) tw provide energy.

Cellulose is not digestible but provides essentia
fibre or bulk to the diet. Lack of fibre causes
intestinal disorders.

HEALTH AND ECONOM ¥

Eat foods whole for a balanced diet. The core of
apples contains 24 times more iodine than the other
parts { 11) and the skins of fruits contain minerals
such as magnesium. Harvest, rinse, scrub and prepare
food immediately before eating Digestion is easier
if each meal is started with raw food. Enjoy and
chew food thoroughly; this is essential for good
uigestion and kelps prevent over-eating. Drinking
at meal times dilutes and weakens the digestive
juices.

Don't paironise supermarkets, their philosophy
is to profit from low-quality, over-processed, over-

Table 1. Nurritional value of various vegetables.

Comyposition per ounce
| Vegrtable
Protein K calories Galdem I Vie A Thiamine Liboflavine Nicotinic Vie C Plansirg Harvest
Acid time time
g {mg}» tmg) {pg)}  {mg) (mg) {mg) (mg)
Asparagus 2.7 7 6 0.3 78 0.05 0.06 0.5 10 Permanent
bed
Broad beans 2.0 19 9 0.3 6 0.08 0.01 1.4 Q Feb—~Mav June—Aug
Butter beans 5.2 Q.15 0.20 May Oct
Haricot beans 6.1 73 51 1.9 - 0.13 0.08 0.6 - Ma: Nov
mynner beans 0.3 E ¢ 0.2 14 0.01 0.03 0.4 6 May— June July—Oct
Beetroot 0.5 12 a 0.2 - - 0.G1 01 1 April—June Sept—Oet
Broceoli 1.0 13 35 0.9 770 0.04 0,07 0.3 25 Mar—May Oct—May
Brussels sprou’s 10 9 8 - 0.2 19 0.03 0.05 0.4 8 Mar—April Nov—Mar
Cabbages 0.4 8 18 0.3 14 002 0.0 0.1 17 Mar or June or
May, june Jan—Feb
Carrots 8.2 7 14 0.2 850 0.02 0,01 0.2 2 April Qer
Caudiflower 1.0 7 5 9.2 1 0.03 083 0.4 24 Aprit-Aug Sepr—June
Celery 0.3 z 15 0z - 0.01 001 0.1 2 Nov—Mar
Chard 07 7 25 0.9 550  0.02 0.05 0.1 9 Aug ar Mar~July or
May Sept—Oet
Chicory lop susridonz) valne
Cucumbers .03 4 7 c.3 - .01 @1 3 April July—Oce
Kale i.7 is 7i a8 BSO  0.05 0.07 0.6 33 April Jan - April
Koblrabi 210 11 April-June July—Sept
Leeks 86 April Nov—May
Lettuces w3 3 7 0.2 50*  0.02 0.02 0.1 4 Mar—Aug May —Nov
Oniomns 0.3 7 e 1 - 0.0 0.01 0.1 3 Mar Sept
Farsmips .5 14 16 0.2 - 0,03 0.03 0.1 4 April Nov
Peas 1.6 i8 3 0.5 14 .09 0.04 1.0 7 Mar—July July~Nov
Potatoes 0.6 22 2 ez - 0.03 001 0.5 5.5 April Sept
Pumpking 120
Radisbes s 9 o4 3 0ot 0.02 0.3 7 Mar-Sept Aprii-Oct
Rbubarb 0.2 2 29 0.1 3 - 0.02 .1 3 Permanent
bed
Spinack 08 [ 20 0.9°* 284 003 0.06 0.4 17 Feb~Aug May
Sweetcorn 1.9 28 - - 25 004 on3 0.4 3 May Aug—Sepr
Tomatoes 0.3 4 4 0.1 33 0.02 0.01 0.2 6 April -May Aug—Ocr
Turmip roos 0.2 5 8 - 0.01 0,01 0.2 7 April—June June—-Aug
or Aug or Feb
Tureip greens 23 0.9 850  0.03 0.10 02 29

*  varies depending on how green the lettuce is; the figure is much higher for an open dark- green type, lower for a blanched or closely

hearteid type.

** Oxaiic acid in spinach interferes with ~bs. rption of calcium and iron, making them unavailable to the body, by forming insoluble salts.
Spinach shouid not be catch 120 gresn, althongh reasanable quantities are beneficial.

These nurvitional values ave not meart to be
absolrtely correct; foeds contain siightly
differevie nutvieres depending on bow fresh
they are, what tme of day they were picked,
bow they were groun. The values are mostly
from McCanee and Widdowoson's tables

giwen in appendix A of the Government's

Manua! of Nutrition (13S0 1970), It is known  come by, gs little work bas been done in 1bis
that the variery of the plane grown affeces the
rutritiomal quatities, sometimes very
significantly; tar example, a Ribston Pippin
apple contains 30.60 g of Vitamin C per 100
grams, while Golden Delicious contains only
8.20 mg. This sort of information is bard to

area. Organic garde ners insist that their prod-

fertilised prodrce. This may be true, since it
bas been shown that although fertiliscrs boost
the yields of potators, for example, thewater
content of the potatoes is much bigher.

tice bas higher nutritivnal value than chemically,



packaged food-substitutes. Refined carbohydrates
can cause illness. Try to get foods fresh from their
source. Righ water content foods {organically
grown apples, cabbage, etc.) can supply better
liquid than taps, endless cups of tea, coffee, cola or
alcohol. Make a habi: of sprouting nutritious grains
and protein-rich legumes (2), which are delicious
with grated, raw salads (72). Make your own
yoghurt ¢13) and to make sure you get good food
value; grow your own fruit and vegetables (14).

John Shore
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TFable 2. Amount of nitrients per meath provided by 10 sq ft of ground under different vegetabie crops.

Vegeralile Yield per  Months Distance  Yield Yicids of nutrient per 10 5q ft per month
10 feet wgrow  between  par
of row rows 10 sy ft  Proxin K calories Calcium  [on Vit A Thiamine Ribo- Nicotinic Vit C  Others
{Ibs) {inchves} (Ibs) Bavine Acid
®) {mg) (mgl  (pg} (ngh {mg) (mg} {mg)
Asparragus 35 12 50 0.8% a.8 225 7 .4 88 0.03 0.07 0.55 11.2
{pema-
oent}
Broad beams 5.0 & 20 3.00 24 225 107 3.6 73 0.95 012 16.50 107.5
. Burwey beans 5 5 23 25 42 1.2 Lou
FHaricor eans o7 [ F1] a.5 7.5 g1 63 23 - a7 & 975 -
Purzzrs beans 1% 3 24 7.5 ¢ 1320 270 5.0 425 0.3 0.9 §2.00 180
Beetroor & 4 8 13.5 27 G665 183 10.5 - - .52 £.25 5% High Caralgse
Braccol 9 10 24 4.5 7 73 25% 6.7 5,850  0.29 0.51 .15 180G  Paneothenic Acid
Brussels sprouts 5 12 23 2% 3 k] 27 0.7 63 o1 o.17 1.33 93
Cabbage, summer 15 3 23 7.5 16 320 mn7 12.¢ 518 a8 a4 +.00 i1 0]
Cabbage. wivter 15 -3 24 7.5 & 120 270 4.5 194 0.3 als 150 255
Carrots 10 & 8 15.0 8 180 400 8.0 40,000 ¢.8 Q.6 8.00 80
Cauliflowser. i
summry 0 % 30 1.0 16 120 & - 8.2 16 0.48 0.48 6.40 320
Cauliflower,
whzey 10 1] 30 4.0 & 8 32 L3 6 019 .19 2.36 128
Celery 7 8 23 3.5 2 14 105 1.4 - 0.07 007 0.70 34
Ceard, summer 30 £ 15 3.0 22 225 80C 28.3 17,625 .64 1.6 3.0 2KR
Chard, winrer 10 % 15 8.0 n 131 400 144 8813 032 0.8 161 144
Cucumber 9 & 50 2.2 - 25 41 1.7 - - .06 0.60 17
Kazle, borecole 3 6 30 1.2 5 48 227 2.4 2716 G16 0.22 1.9+ 168  High Vit
E K
Hale, tape 3 12 30 1.2 3 24 113 1.2 1,358 0.08 Q11 097 #4
Koblrabi 25 3 12 2.5 2,800 . 147
Leeks 7.5 7.5 12 7.5 558
Lertuces 75 3 8 1125 18 189 420 1.0 3,000 1.2 1.2 6.00 240
Doricms &s & 3 1275 10 249 305 iB - o35 0.35 3.50 103
FParemips 13 7 15 38 10 290 320 20 - 0.66 60 1.21 HQ
Feas 6.5 + 24 3.25 21 235 52 6.5 181 1.18 0.52 13.00 %1
Poraroes i5 5 27 6.7 13 470 43 43 - 0.64 0.21 10,79 116  Pantothenic
Acid +
Pyrodoxine
Radunbes 5 1 2 20 isn 293 §5.2 %6 03z .64 0.96 224
Rbukbarh 18 12 36 333 1 e 178 0. 12 00 008 0.34 13
{perma-
oesi,
Spinach, summer 5 z g 6.66 43 326 1,070 48.0 15,150 1.6 3z 21.35 L5
Sp-1ach, winter 5 7 2 6.65 12 90 306 137 4,329 0.46 0.91 6,10 261
Sweetcom 7.5 4 0] 300 22 335 - - 300G 0.48 0.26 4.80 6
Tomatoes 20 5 35 8.6 -] 85 85 2.0 727 .43 0.21 1.26 128
Turnip, summey 13 2 E 17.53 21s §35+ 2.690 8.7 27,220 2.01 4.27 27.80 1,675
Turnip, winter 13 & b4 12.33 T 180 897 13.0 9,087 .67 132 .27 558

* Tumip, root plus greens

Yields and analyses based on:

Bist and Ward: The Gardea Contruversy

** Thete vields are averages from several wurces
and could vary considerably; much higher
vields are swgpested by experienced gardeners.

HMSO: Marual of Nutrition
HMSO: Home Preservation of Fruit and Vegetables

Pawricia Pringle

L.D. Hills: Grow Vour Gum Fruit and Vegertables
V.H. Mottram: Human Nutririon
W.G. Smith: Gardening for Food

aoods
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MACROBIOTICS

A QUESTION OF
BALANCE

Zen-macrobiotics is a way of nourishing yourself. It
is part of away of life commonly known as Zen-
buddhism, originating in ancient China, and practised
by Zen-buddhist monks in and outside of
monasteries. The purpose of Zen-macrobiotics is to
keep your body’s b&chemical process operating at
full capacity with a minimum wastage of physica or
mental energy.

It was George Oshawa, a little Japanese fellow,
who first brought Zen-macrobiotics to the West.
When he was 16, orthodox Western medicine gave
him no more than two years to live, as he was
suffering from TB. Indeed his whole family had
aready died suffering from illnesses that could not
be cored by conventiona ‘scientific’ methods.
Having nothing much to lose, he turned to ancient
Chinese medicine, and came up not with acupuncture
but with Zen-macrebiotics. He hved happily to the
age of 67.

contractive and inward moving. Yin is matriarcha,
cold, dark, recepiive, earth and water, fluid, and
changeable in expression as the face of the moon.
Yang is patriarchal, heat, light, creative, air and fire,
rigid, and constant in expression as the light of the
un. It may seem odd, that Yin, or female motion,
is termed as both expansive and receptive, the latter
seeming to indicate impressionability and passivity.
The way it works is that Yin, by its very unformed,
dispersive drive to expansion, invites, and receives,
Yang rigidity and contraction, whereby a specific
form or shape is created, depending on the
integrational Yin-Yang pattern a that moment. In
that way, light divides darkness, and planets, by
pursuing their orbits in space, define time. By being
obstructed in its expansion, Yin is thrown back on
itself, and thereby regenerates, instead of dissolving
into nothingness. And by having an expansive force
to combat, Yang can actually realise its formative
powers in matter. It is important to relate this Yin-
Yang principle to food, because physicaly speaking
you are what you eat, and like every other form,
the human body has an inherent balance, created by

When he started propagating this diet in the
Fifties, he very much emphasized its medicinal use
in curing ourselves from our welfare diseases, and
the fact that it is part of a philosophy and a way of
life was not made quite clear enough. Consequently,
the red purpose and principles of macrobiotics have
frequently been misunderstood. Like the idea that
esting macrobiotically will incresse your conscious-
ness. it won't. what it increases is your sensual
perceptivity. Or that it is a sober diet with very strict

roles to follow, whereas the whole meaning of Zen-
macrobiotics is to grasp a principle so basic and so
essential to every form of life that it can be applied
to any individua situation, circumstance, or
metabolism,

This principle evolved from the concept of dual
forces, antagonistic and complementary, and it is
used to understand the laws according to which
these forces integrate and create. The Chinese term
them Yin and Yang, in the West we tend to think of
them as positive and negative, while bio-chemistry
defines them as acid-akaline, or potassium and
sodium Yii is expansive. outward moving. Yang is

AH YES [ THOSE WERE. |
THE DAYS ALLRICHTIE

ITHAT WAS THE [
APAZING, THITG
ABOLT CAFTALY

the interaction of the two forces.

Imagine your body like a see-saw, one end
extreme Yang the other extreme Yii. Keeping it
poised in balance, so that a constant harmony is
established on which you can base your (eventua)
increase of consciousness, can be done by fortifying
the centre through eating foods whose Yin-Yang
balance is close to your ewn molecular structure.
However, most peaple feed on foods that only
strengthen one end of the see-saw or the other. As
the body has to cope with these excesses, the centre
is extensively strained, and thereby prone to al sorts
of diseases. Wc are conditioned to believe that
physical suffering is quite natural, to a degree, but
that's not really true. There is such a thing as
physica perfection, practicaly attainable. It's a
guestion of balance.

There are as many different ways to achieve this
balance as there are people, but whole grains, for
example, contain a lot of trace elements essentia to
the well-functioning of the human system, and the
variety and quantity eaten can be adapted to any
individual’s needs. Brown rice, for example has a

HIdHVH 441712




MACROBIOTICS

VCOorR

v barley

\

v oais

wholewheat 5 vrye

millet a
rice a

chestilta

very Yang . . . YANG vVY Very Yin
More Yang aa . More Yin
Yang v Yin

bheasant aaa

Ak buckwheat

Aaapple
vYY¥peas pumpkin &4
astrawberry vientil A onion
E melon yyw ~ YOlive & parsley
. spinach ' .
vvvhanana wyhazlenut N A radish
almondwv
] OFange ¥y vvpeanut ¥ yvasparagus,
<,
| “~ vy cashew cabbagev Q;&
e . P
v¥¥ pineapple
vy grapefruir
Jig vy

shrimpwv
salmonww

Aacgg

sardine aa turkey aa

herring . .
. . duck
. . beef
frog.porkww Ak partridge
vvhorse snail vw

ONVA

Yin-Yang potassium-sodium ratio of 5 to 1, which is
the Yin-Yang ratio closest to that of the human
body. Brown rice aiso contains protein, fat, silicium,
magnesium, phospher, cacium, and vitamin Bs .
Ozts and corn are rich in fat, oats and barley are
rich in mmeral salts, whole wheat and buckwheat
are rich ine protein. All grains contain iron, calcium,
phosphorous, magnesium, protein, sugar, and an
assortment of vitamins.

In choosing fruits and vegetables you can't go far
wrong if you stick to what grows naturaly (not in
greenhouses) within a5@9 mile radius. Avoid
potatoes, tomatoes and eggplant. The Yin-Yang
ratio in a potato is 512 to 1, so it's very very Yii,
and known to be poisorous when consumed in
excesses. Most animal foods and their by-products
are chemically treated, and for that reason should
be avoided.

Macrobiotics is not to be confused with
vegetarianism. and if you can find organic meat, go
ahead and eat it, just remember it's nourishing the
extreme Yang end of your imaginary physica sce-
saw, so if taken in large quantities it will upset your

equilibrium. Wild bids, fresh fish and shellfish are
preferable in terms of balance.

In determining what is best for you, you use the
Yin-Yang principle to analyse your environment
physiologicaly. A cold climate will produce
predominantly Yang feeds, while a hot, or Yang
climate, will produce Yin feeds. Whether a fruit or
‘vegetable is more Yin or Yang can be seen partly by
observing its form, size, and colour. If you cut
open an orange, for example, you'll see the lines of
its flesh dmost explosively radiate outwards, and
it contains a lot of acidy liquid, which is enough at
first sight to qualify it as a fairly Yin fruit. If you're
in Morocco or Cdlifornia it's a harmonius thing to
cat there, because that is where it naturaly grows.
Up north you had better get your vitamin C out
of roschip or hibiscus tea, as al that acidy juice
makes you prone to colds. The diagram shows how
most foods are rated on Yin-Yang terms, so you can
see for vourself what sort of balance you are keeping
now, and where there is room for improvement.
Experimenting is the best way to find out where
you're at, foodwise (or otherwise) and remember

aood
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VEGETARIANISM

you are your own best medicinernan or woman.
Now for some basic recipes to start with:

¥ Rice: use one cup brown rice for two cups cold
water and % a teaspoon sea-salt. AHow to ¢
a rapid boil and then cook slowiy OVEL:
in a covered pot for about 45 mi
of pot is dightly scorched. Tl
Yang and very good because
For variety, combine with
need a slightly longer ¢
about half an hour b
salt when almost
important food
ingredient in a
mix lentuls wit!
Lefrovers can §
adding water
deepirying.

time.

Sourdough is m:  dough to stand
or two. You

f flour, one
teaspoon salt, and :
on what flour you
and work very well wi
the water. Kneading the
part of making bread, and thy
product depends on it. When ki
% hour, then bake it at approxima degrees
for 1to 1% hours. Again, this is a very basi FreCipe,
you can adjust it to your own taste and needs, mix
it with raisins, nuts, dates, sesame seeds, or, for
crunch, use some flakes instead of flour.

If you're a busy person with little time to spend
on food, you should try chapatis, a quick to make
bread that has survived a lot of cultura changes. Mix
equa portions of wheatflour and cornflour. Salt to
taste. Add water until dough doesn’t stick to your
fingers. Flatten with your hands or roll out and bake
in pan over low flame for about ten minutes. Try
buckwheat flour and unbleached white flour, too.
Make chapati extremely thin. When making pies and
pastries use more oil than you would for bread.

& Stews: vegetable stews are good when you use
quite a bit of tamari (Soya sauce) or miso (soya bean
paste), and become very nice casseroles if you add
some flour. Take care not to make it lumpy. Always
use vegetables thai are in season.

1 said earlier there were no rules to follow, just a
principle to understand and apply, but there is one
thiig you should never do, and that is use sugar.
Both brown and white sugar can’'t be broken down
into body sugar, so they dog up the bloodstream
and they’re plain poison.

Peace and harmony to you.

|CUT OUT THE

E TRIPE

Judging by the number of cookbooks on the

t, there seems to be a revivd in interest in
ism, As a mote or less strict vegetarian I'm
own the most common reasons why
one. People have many reasons for
& & habit and there really isn't such a

xplain. Anyway, here are some

duction is often a very unpleasant
y for the animal. In its extreme

e kept tightly enclosed in batteries
short lives. Within the current
s#tamework this is inevitable, and the

%8°1s in fact being extended to other domestic
animals such as sheep and pigs.

Such treatment leads to disease, neurosis and early
death, and subjectively many vegetarians feel that
the animals must be thoroughly miserable. In spite
of some controls in Britain animals still suffer, and
overseas, where much of our meat comes from, the
position is worse, In Australia for instance cattle
are still branded with hot irons, and sheep in New
Zealand get their throats cut without first being
anaesthetised.

BIOLOGICAL INEFFZCZENCY

Monica  Hill

We live in an extremely overcrowded world where
food shortage is a mgjor problem, aggravated by the
mesat eating habit, which in the short term could be
aleviated by widespread vegetarianism. Thisis
because if you feed some vegetable food to an
animal it converts it into its own tissues very
inefficiently.

With farm animals it is commen to talk of ‘Feed
Conversion Efficiency’. If you feed ten tons of
barley to cows it may be converted into one ton of
cow, ie with 10 per cent Feed Conversion Efficiency.
As only half the cow is eaten the efficiency is in
fact only five per cent. This means that in this case
you could feed twenty hungry people with the
barley that is needed to produce meat for one
person.

The efficiency of most animal production systems
is lower than this so that food production using
animals as an intermediary can be till mote
extravagant. We can't afford much meat in an
overpopulated world. Generdly speaking dairy
production has a greater biologica efficiency than
mesat.

Much of the world’'s wildlife resources are also
threstened by mesat hungry people who can't
produce encugh of it on their farms.

HEALTH REASONS

There are severa of these. The first is fat. Farm
animals today, like humans, are far too fat. This
means that when you eat meat you get much mote
fat than is natura and healthy. Wild animals just
don't have those white streaks of fat that we see in
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al the meat in butchers shops. Animal fat today is
recognised asa major Killer. Thousands of people
in Britain die from heart disease every year, and one
of the main causes is thought to be too much
animai fat—particularly cholesterol. If yvcu want to
be a survivor don’t eat meat.

Farm animals, like most fruit and vegetables, are
not organically grown. Because the consequences
of this are generally less well known than the
consequences of eating too much cholesterol I'll
mention ir in a bir more detail. Farm animals today
are subjected to mass medication on a grand scale
throughout their lives. Thev are dosed, drenched,
and injccred with awhole range of agrochemicals
designed to keep the parasites of intensive
agriculture at bay. Needless to say, some of these
substances are present in the animal when it is
slaughtered. Alse, some animals are dosed with
other substances such as hormones and antibiotics
and so on that have been shown to have serious side
effects. These haven't yet been demonstrated in the
people who eat the meat but it's enough to scare off
some of us.

Farm animals, being grass eaters, also consume
the agrochemicals that are applied to their food.
These may accumulate in their bodies, as DDT is
shown to do. When we eat meat we may be eating
the accumulated agrochemicais of huge amounts of
vegetable food-much more than we could ever eat
directly. Although DDT is no longer applied to the
land it 1s still present in the grass and therefore in
the animals thar eat it. Also, there are still some
agrochemical poisons being applicd to the land,
such as cadmium in superphosphate fertilizer, that
can accumulate in the meat of farm animals.

Animal foods often contain parasites such as
flukes and tapeworms. and disease-causing
organisms, whereas foods of plant origin do not.
There arc plenty of sick Germans who can attest to
the foolishness of eating raw meat.

ECONOMIC CONSIDERATIONS

Animal production, because it involves the
consumption of huge amounts of plant material
(much of which could be eaten by humans) is very
expensive. Despite the sale of cheaply produced
foreign meat in Britain, it still costs more than plant
foods. People living on a srrall budget smply can't

afford meat. Although meat is a concentrated
source of severa nutrients they are relatively
expensive. Whatever nutrient you need there is a
cheaper form to be found in the plant kingdom or
dairy products-so why waste money?

TECHNOLOGICAL INEFFICIENCY

Modern farming systems rely very heavily on
complex technology, as opposed to labour and
relatively smple machinery. Technology-intensive
agriculture uses large amounts of agrochemicals and
fuel to keep going. It is thus very dependent on non-
renewable resources such as fossil fuels, whereas
pretechnological agriculture depended mainly on
renewable resources of human labour.

In our small island where we eat more than we
grow, our sustained food production is very
precarious. We redly can't expect to be able to
continue our animal-based agriculture in a shrinking
world. We could however feed ourselves completely
on a predominantly vegetarian diet. The example of
the 10 tons of barley producing the half ton of
edible cow shows this. As the “post-industrial” age
draws closer it seems that vegetarianism offers the
only hope for the future.

Although animal production can be de-
technologised, this can only be at the expense of
reduced output. When resources are tight we will
need al our spare technology for plant production.
In the past, whenever there has been a food crisis in
Britain, the first types of foodstuffs to be affected
have been the least biologically efficient. In 1940-
1945 the biggest cutbacks were in beef cattle, with
smaller reductions in more efficient energy
converters like dairy cattle and pigs. Plant
production actualy increased.

| think we are beginning to see this again now.
Meat prices arc rising much faster than those of
cereals. Farmers are moving out of meat production
because people are now eating the grains that
previoudy went to cattle.

Britain '5slowly hut surely entering a vegetarian
era comoatiblc with its chronic food shortage and
the realization that energy- and technology-intensive
agriculture can't iast for ever.

Tony Joyce

w
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36 FISHFARMING

AFTERTHE GOLDFISH

In the fat East, ‘back yard’ fish ponds are an
important source of protein for many families. As a
result, one or two varieties of Tilapiz and Grass Carp

FOOD

LA

fish have been developed for this purpose; they AT TS
could, perhaps. be bred for conditions in this

country. Most Tilapia varieties need high day SRen ;
temperatures in order to achieve maximum growth.

One type, namely Tilapia rendalli, has been

successfully introduced to the river waters of

St. Helens, Lancashire. It survives chiefly because of
the waste heat dumped into the river by loca
industrial plaet. Perhaps more importantly, Tiapia
are resistant to high levels of pollution and low
levels of oxygen-a combmation not uncommon to
this part of the world.

Tilapia rendalli, (also known as Tilapia
melanopleura) and its cousin Tilapia tholloni ate
two varieties which feed exclusively on low-grade
vegetable matter. For this reason they can be fed on
kitchen waste, such as vegetable peelings and coffee
grounds, when they have grown bigger than 4—5 cmsi
in length. in many far Eastern countries, the habit
of throwing sewage into the fish.nonds is common
practice, and enhances the growth of the fish
(athough exposed, untreated sewage can be
hazardous to human health).

For breeding a suitable variety of Tilapia for this
climate, it may prove profitable to look firstly at
temperature control, since Tilapia are inclined to
over-reproduction at their optimum temperatures
of 20—21°C (68—70°F).

One omnivorous variety with a lower reproductive
potential is Tilapia sparrmani which will tolerate
temperatures as low as 80C (46—470F). Tilapia grow

1’.:__:!
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New Alchemists’ proposed integrated solar heating-aquaculture-
agriculture project.

quickly if fed daily:— my pair of T. mossembica

(omnivores) grew from 1% inches to 4 inches in the
first six months, and to a fat 6 inches length in thei
second six months. Most fish automatically stop

growing when they reach a size related to their pon
dimensions (although | have seen Tilapia almost as
bii as their tanks). By continuoudy circulating the
water in and out of their tanks, it is possible to tric

Tilapia Ducks Fresh water ‘mussels’ Crayfish Catfish

Yield: up to 3,000 kg/ Yield: 200 ducks/ (Lampsilis claibournen- | There are over 100 All ponds will drain
hectare of live fish hectare sis) specices of crayfish in into either of two
stocked at 3,000 Food input: nourish- Yield: minimum of US, all edible. Research | cooling/settling basins
fingerlings I hectare ment mainly from the 200 kg/hectare of will be needed to designed to insure that
Food input: virtually pond, some duck feed shelled mussel meats select most suitable thermally organicaily
nil as they feed upon necessary and research used as food crop, species, although cne enriched water does

phytoplankron. Ferrili-
zation necessary {(see
ducks)

Harvesting: Tilapia will
be harvested in the fall,
and small breeding
facilities maintamed
over winter, at 25°C
Breeding: monocsex
cultures to prevent
stuniing or overpopula-
tion, hybrid strains
100% male from
Tilapia bornorum
Tdapia mossansbica
Tilapia will not survive
winter outside of
artificially heaved
ponds, consequently
they will not upset
natural ecosystems if
they accidentally
escape

into most appropriate
source needed
Fertilization: reccnt
research in Czechoslo-
vakia demonsirated
duck manure produces
more putritious and
digestible varicties of
phytoplankton than
commercial phosphate
fertilizers

Pens designed so thar
duck wastes enter
ponds

being eaten fried or in
soups and shells for
buttons and ornaments
Food input: virtally
ni, and its filtering
action has besn shown
to increase fish
production (bass and
bluegills) by 40%
Source of soil: their
waste products known
as 'mussel mud’ make
superb soilt-fertilizers
for vegetable
production. One pond
will be [eft drained each
year, and planted to
vegetable crops. Duck
wastes and ‘mussel
mud’ will make
fertilizer input un-
necessary.

of Orcomectes spp
might be best for pond
culture

Yield: up to 1,000 kg/
hectare

Foed input: it is not
known in this poly-
culture system if «xtra
eraytish food will be
needed to mainrain

yields in pure crayfish
ponds. Culurists often
add hay, potatoes,
cracked corn, etc

not pass out of the
system
Yellow bullheads
(Ietaturus naralis} and
‘mussels’ which are
tolerant of turbidity
and enriched waters
will be stocked to
provide a further source
of good quality food
and fishing for the
community’s children
After draining the
sediment wilt be added
to winter garden or
vegetable garden

&

New Alchemy Institute’s polyculture system
(Adapted from W.0. McLamey, 1970)
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: fish into belie& g themselves to be in roomier
surroundings than they are. This has been achieved
- with Tilapia by Bill McLarney of the New Alchemy
Ingtitute, and with Rainbow Trout by Fre ~"

Mitchell of the Institute for Local Self-Resiauce in
Washington D.C. Dr. Mitchell’s system works in an

urban basement cc_itaining 530G gallon tank,
artificial lighting and’ pumpmg equipment. 500 to
1,000 trout are maintained in rap water which is
re-circulated every hour by a :ow-erergy electric_

pump.

In the New Alchemists system, solar-heated

! pords are stocked with young Tilapia a densties

: of 3,000 per hectare and achieve a harvest of up to
i 3,000 kilogrammes per hectare. Food for the fish is
almost totaly provided by phvtoplankton in the
water. These organisms are in twrn nourished by the
manure of ducks which hve on the same pond. The
ducks are fed on fairly standard duck feed.

Similar polycultural systems in Malaya make use
of severa species co-existing on rhe same area to
optimise local conditions. One example comprises
a 4.4 hectare pond next to pigsties. Running water
passes through the sties to carry their manure into
the ponds where Tilapiz and Chinese Curp are
stocked. The fish thrive on fast-growing diatoms and
crustacea produced by the pig dung. The ponds are
also planted with a fast growing acquatic vegetable
called fpomea Repens which is harvested by hand at
arate of several hundred kilogrammes per day.
These vegetable plants are fed to the pigs, thus
compieting the cycle. Overal, the farm produces
30,000 kilogrammes of pig-meat and 3,000
kilogrammes of fish each year.

John Weod

Bill McLarney in NewAlchemy Tidepia dome. The temperature of
the dome is regulated by opening sections of its skin.

HYDROPONICS

HYDROPONICS

the answer lies in solution

Hydroponics is the art and science of growing crops
without nsing soil, by feeding them on solutions of
water and nutrients which contain all the vital
elements necessary for quick and healthy
development. At first glance, such a method of
cultivation might well strike the average householder
or gardener as being directly opposed to traditional
systems of tilling the ground, and indeed-following
the views of some schools of thought-as unnatural.

Yet, if we will but take time to make just a brief
study of the relevant facts we will soon see that
athough hydroponics is of course very different in
practice to conventional farming and gardening. it is
actually a completely natural technique, based on
accepted ecological principles, and combining high
productivity with several important environmental
advantages for both plants and human beings.

In modern industrial societies, few persons, even
if they are lucky enough to possess a plot of earth,
have the opportunity-or the energy after a hard
day’s tail in factory or office-to dig, manure and
weed the soil in order to produce green food for
themselves and their families. In addition, the
problem of space is fast becoming more serious and
there are millions of people who would like to
garaen at weekends but who have not got any room
to do so. Meanwhile, the prices of vegetables and
fruits sold in shops and markets increase rapidly
and constantly, putting ever greater strains on
aready hard-pressed household budgets and
depriving men, women and children of the benefits
of fresh produce, aways essentia for a balanced and
healthy diet.

It is therefore not surprising that today more and
more persons are turning towards hydroponics as a
means of providing regular supplies of green foods
and fruit in their homes. Gardening without soil can
be very attractive to flat dwellers, people living in
apartments or in tower blocks, in overcrowded cities
and suburbs, or in other congested surroundings,
whose resources are limited. Because hydroponic
methods take up much less space than soil gardening
would they are ideal for such situations. Moreover,
soilless crop growing demands no hard manua work,
and there are no jobs to perform comparable to
those of digging, manuring and weeding the earth.
Provided a few simple rules are adhered to, anyone
can operate a hydroponic unit successfully in
conditions where ordinary soil gardening would be
impracticable.

The term ‘hydroponics means literaly ‘water
working’ and is derived from the Greek words bzdor,
water, and peoros, work. It was first used by Dr.
William F. Guericke, of the University of Cdifornia.
in the mid-1930's. Since that time, of course, many
advances have been made in soilless cultivation. so
that we now find hydroponic techniques well
established in many areas of the world. Numerous
different methods of soilless crop growing have been
developed, adapted to contrasting circumstances,

aood
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HYDROPONICS

such as climate, geography, finance and levels of i down by bacterial action before they can be
technology. Thus there are hydroponic systems for |assimilated by green Plants, the fertilizers are given

lazge commercial farms, others for desert or barren
regions, and still more for householders, amateur
gardeners and those persons interested in self-
sufficiency and dive& life-styles.

Plants need certain essentia items to grow and
produce harvests. These include: light, air. water, a
support for their roots, and food. Air is a gift of
nature; light may be too but it can also be provided
by man in the form of electricity; wafer similarly
can come from rainfal or by pipe and well; a
support for the roots can be supplied through
different devices;, while food may be offered in
convenient and ingenious ways, which are
completely acceptable and satisfactory to the plants.

In hydroponics. we strive to create the best
environmental conditions for crops. Instead of
giving plants eartk and manure to feed on or anchor
their roots in, we provide them with certain types
of substrares or growing media and nourish them on
solutions of water and fertilizers. Various misdeading
statements are made from timc to time asserting
that hydroponic methods of culture are artificia
and that the produce from seilless units is lacking
in nutritional value. Now athough it may well be
that food produced in factory farms is tasteless
and inferior, this is not the case with hydroponic
produce. In fact, the flavour and palatability of
fruits and vegetables grown without soil are
excellent, becavse the plants receive maximum
feeding with a well balanced range of nutrient

i direct as solutions to the crops. Higher plants cann
absorb immediately organic materials. A consider-
able time must elapse before the necessary change:
take place to make the nutrients present in such
substances available to crops. What we are doing in
hydroponics is simply to shorten this period
dramaticaly, thus providing immediate nutriment
in well balanced form to plants. This is why growl
is so much more rapid in soilless cultures and the
crops thrive so well. The process is perfectly natur:
and is in fact much safer and ecologicaly more
sound than the current soil farming practice of
spreading vast unbalanced quantities of chemicals
over the countryside.

GROWINGMETHODS

Many different systems and methods of hydroponi
are in use throughout the world today. Whilst som
of these techniques are intended to serve the
purposes of large commercial growers, quite a
number are ideally suited to the needs o: L.ousehol
communities and families, for self-support and
home production. Naturally, it is advisable to
consider carefully the standard of education and t
general socia and technological development or
condition of any community-those which exist ot
those which may be desired-when recommending
hydroponic technique for particular circumstances
It would be useless to introduce certain practices,

elements. Extensive tests and analyses have
‘indicated that the mineral and vitamin contents of
hydroponic crops are folly up to highest quality
standards. Fiours from hydroponically grown whesat
have proved bezter for bread making, while it has
been possible to incorporate extra iron and calcium
in tomatoes and other vegetables for feeding to
babies and invaids. On farms, it is now possible to
grow grass without soil in specia hydroponic units,
for feeding dairy cows and becf stock, which
matures in seven days after sowing. This green
forage is extremely high in protein and mineral
content and greatly increases milk yields and the
health and we'l-being of cattle or other livestock.

water inlet-pipe

trough \

aggregute

drainage holes

A simple howsehold hydropenic trough

Agricultural scientists and farmers know very well

that excessive artificial fertilizers, without the use
of any humus, destroy the tilth of, and degrade, the
land. But they continue to employ them alone or in
unbalanced quaxtities for purely economic reasons
to get money as quickly as possible, without thought
for the future. This is the chief criticism that can
be made of modem farming. Evils such as erosion,
disease, and destruction of the environment follow
upon this abuse of the good earth. But in hydro-
ponics there is no land to destroy, so any such
complaint cannot be made. On the contrary, by
creating vegetation where there has been none,
hydroponics performs a most valuable ecological
function.

‘The hydroponic method, in practice, means that
instead of applying organic or inorganic manures to

This picture shows how the
formula is applied. Salts are
sprinkled dry on top of the
trough and then watered in.
The fertiliser mixture must
be sprecd evenly between the
plants so  as to cover the
whole area. Here a simple
spreader made from a tin
with holes in its base is being
used, bt the job can be
done just as well by hand.

screeder

sprav e £
water washes
in salts

Jertiliser salrs
spread dry
between plahts

drainalfie hole
0 2

The nutrients, cnee they are dissolved by the s}?my of water,
go into solution and supply the plants roots with food. The
rui-away section here shows what happens.

land, where they have to be, in the first case, broken
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perhaps well suited to apeasant population living in
underdeveloped surroundings, to a more
intelléctually advanced group in an industrial
situatien. Quite gpart from differences in tastes and
habits, there is a need to provide a viable level of
‘ operations for each case, or else skills present in the
people concerned would be wasred. This is good
ecology—to match the system to the subjects
concerned, so that a satisfying and balanced life-
style is secured.

Let »s now consider a few methods of simple
hydroponics for food production:
{a) Sand or aggregate cifture. Very cheap hydro-
ponic units can be made by lining wooden greer-
grocers boxes or similar containers with polythene
plastic sheeting or by using plant pots and plastic
troughs. Normally, such receptacles should not be
less thap six inches degp and not over two feet
wide, though they may be of any convenient
length. For larger areas, beds or troughs, some
eight inches deep by a yard wide and again of any
appropriate longitudina dimension, can be prepared
by stretching the pelythene sheeting over the
ground or bare surface available, and supporting it
at the sides and ends by bricks, stones, boards or
other means. It is, however, possible to make almost
any shape of trough or container to fit in with the
circumstances oOf a backyard. kitchen, rooftop or
other site. Many other good places exist for soilless
gardens around the home, such az window siils,
verandahs, the sides of pavements, »nd waste ground

HYDROPONICS

Solution bucket
n position for
feeding

rough

|
[]
Solution bucket /4‘{;( “-,;2--.!

in position for
drainage

A small, easily made household unit. The bucket is filled with
nutrient solution which irrigetes the growing container when
placed in the elevated position. When lowered the bucket receives
the dr;frzage. The process can be coniinued indifinitely to maintain
growth

' APPIY g nutrients in a goilless bed formed ot' stones and sand.

Once the hydroponic container has been chosen
and lined with polythene, if necessary, a small
drainage hole should be made in the basg, or if it is
avery large and leng trough then severa holes must
be made. In the case of pots, there will be no need
to do this because apertures will aready exist in
their bottoms. Drainage holes are generally about %
inch in diameter and can be provided with removable
plugs. The purpose of these is to allow excess
moisture to seep from the troughs or pots. Gutters
may he provided to catch this liquid, or saucers and
trays can be placed underneath pots.

The next task is to fill the container with growing
medium. This is the substrate which anchors the
plants’ roots in position and acts as a reservoir for
the water and fertilizers. Sand, fine gravel, well-
broken bricks, washed cinders and charcoal,
vermiculite, and many other materials will make
excellent growing media. Allow the substrate to
come up to about % inch below the top of the sides
of the container. ‘Then smooth over the surface
carefully. Some hydroponic&s like to put an inch eor
two of pebbles or broken stones of larger size at the
bottom of the troughs or pots beneath the main
growing medium to ensure better drainage and
aeration. Sands for hydroponics should be of
medium and coarse grades, while the best sizes for
gravels are £/8th to % inch.

The hydroponic trough or container will now be
ready and should be watered with plain water to
make the growing medium about as moist as a damyp
sponge that has been lightly wrung out. Excessive
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HYDROPONICS

watering is bad, the containers should not be kept
flooded or water standing in them because this
prevents air from reaching the plants' roots. Sow
seeds not more than % inch deep in the substrate,

warm, dry summer weather daily additions will
probably be needed.

The solution can be applied in small units by
watering can, but in larger troughs or beds it is

or plant young seedlings by scooping out small holes ; easier to place it in an elevated tank or drum and

in the growing medium and pushing back the
material gently around the stems so that they will
gstand firmly. Spacing may e up to 50 per cent
closer than in soil gardening. It is a good plan to
raise seedlings at hume for hydroponics by sowing
the seed first in small boxes of sand and then
transplanting the young plants, when they are about
three inches in height into the main containers.

~ After sowing or planting have been completed,

| feeding or nutrient application must commence.
Nutrient mixtures can be made up at home oi may
be bought ready-made. If the first course is adopted,
the mixture shown in table 1 is a good general
purpose one for hydroponics. Weigh out these salts
on ordinary scales and mix them well together,

istormg them m a dry seated container. Larger

: amounts may be prepared by multiplying ali

| quantiities by a constant figure, so that the

proportions stay the same.

! To apply the formula to the hydroponic garden,

‘ mix one-third of an ounce, wiich is about one

| Standard unheaped teaspoonful, with one gallon of

water and spray or pour as maay galons of this

solution onto the surface of the growing medium as

i may be niecessary to keep it continualy moist, but

i not flooded or too wet. Thii should be done as often

as necessary. In winter, application of nutrient

solution once or twice weekly should suffice, but in

s alow it to run down through a hose pipe onto the
growing medium. Whilst applicaiicn isin progress,
and for a short time &fter, kecp the plugs in the
drainage holes. Later, these apertures may be
opened, to adlow excess moisture to escape and air
to be drawn into the substrate. The seepage can be
collected in a bucket. tray or sump and returned to
the tank.

Once weexly, open the drainage holes, to permit
| surplus liquid to run off, and every two or three
| months flush tiwough the hydroponic containers
with fresh plain water to remove any accumulated
residues, and then start again with solution
applications.

it is important to keep al hydroponic gardens
ciean ind well cared for. During absences, for
instance, on holidays, bowls, buckets or tanks of
solution may be placed beside troughs or containers,
and strips of cloth or wicks, with one end dipped
into the nutrient liquid and the other inserted in the
growing medium, to convey water and nutriment to
the crops
€ (b) Bengal method Thisis similar to the simple sand
or aggregate culture already described, except that
the growing medium or substrate is composed of a
mixture of about two parts of coarse sand and three
parts by volume of fine gravel, pebbles, broken
bricks or other materials, al well blended together.
The substrate is kept constantly moist, just like a

‘The Sharder process. Hydropenic rice in Bengal: the method is
ideal for providing food for househo! s, [t is an organically based
technigue. (Note ihe marure shells cr pots).

damp sponge that has been lightly squeezed out.
The method was devised in India, where great
poverty exists, and because not many persons could
afford solution tanks, the technique of dry
application is employed. This means that after
mixing up the formula the nutrients are scattered
evenly over the surface of the growing medium at
the rate of between one and two ounces of nutrient
per square yard of trough space. Spreading of dry
nutrients should bc done on average weekly.
Immediately after sprinkling the sats, they must be
watered with plain water from a can or hosepipe, so
that they dissolve and are washed down into the
substrate in solution, to become available as plant
food to the crops roots. In between the times of
nutrient spreading only plain water is given as
irrigation to keep the troughs always damp.

Simple home hydroponics in Bengai.
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A hvdroponic garden, frt the first trough are beetroots and cauli-
Aowers, gne monrh after sowing {Take our word for it}

1

Fertilizer Ounces
Ammonium suiphate 15
Potassum suiphate 3%
Superphosphate 5
Magnasium suiphate 3
FFerrous sulphate—enough to cover

the head of a match

2

Manure Ounces
Hoof-and-horn meal 15
Bonemeal 8
Ground chalk 4]
Ground magnesian limestone 18
Fresh wood ashes 20
Scrapings from a rusty iron nail—

enough to cover half a teaspoon

€ (c) Sharder process. In order o help people who

didike using fertilizers, or these living in areas
where local conditions make it difficult to obtain
adequate supplies of inorganic nutrieats, a process
called the Sharder technigque has been developed,
also in Bengal. Normal beds or containers of
aggregate are nsed, but to provide the crops with
nourishment, manure shells or pots are placed at
intervals along the troughs. These consist of
earthenware vessels, lined with some kind of sieve
or screen and pierced by a number of tiny holes in
the bottom. The pots are filled with a nutrient
sludge or semi-liquid manure, a typical formula for
whichis:

Fresh er dried dung ! handful
Matured oilcakes 4 teaspoc.fuls

Alternatively, such materials as hoof-and-hern meal,
bonemeal, shoddy, or similar plant foodstuffs can -
be utilised. Dried wood ashes are also farly
effective. To mature the oileake (cotton, castor,
groundnut or other feed cake or waste) knead it
with alintle water, add ground bones together with !
some potash (fresh wood ashes or saltpetre), then
store in a closed container for about two months.
This disposes of any odours.

When the manure shells are placed in the
hydroponic troughs, and sunk a few inches into the
aggregate, with only the upper portions remaining
exposed, they slowly reiense their nutrient contents
into the substrate. Covers should be put « ver the
vessels, and from time to time they may be refilled

Hydroponic vegetrable garden.

with nutrient sludge or topped up. Every three
months, flush through the beds or containers with
plain water to cleanse them. Normal irrigatiou with
water iS provided to keep the substrate aways
moist. ¢ should be noted that this process may be
classed as organic feeding.

The formula shown in table 2 may be used in
towns or industrial areas. Mix weli together and
dilzzte to a thick sludge with water. Place in pots
ojabout 2 Ib capacity each, prepared as already
described, and set them lit intervals of up to one
yard apart in the hydroponic units. The bottoms

' should be sunk three énckes into the substrate. The

shudge will slowly percolate into the growing
medinm, providing plan: nutrients. See that it is not
toe thick and that the liquid strains slowly oui of
the vessels into the troughs or containers. It should
not however run too rapidly. Top tip with water and
fresk formula monthly. Larger amounts can be made
by increasing the total bulk, keeping the relative
Proportions constant.

Sdf-sufficiency, eco-houses and various forms of
alternative technology, are today of increasing
importance. Severa designs have been proposed,
and used, which include the hydroponic preduction
of green food based upon the adaptation of
domestic waste matter for the nutrition of home
grown Crops. Waste 2nd excreta, after processing by
anaerobic digestion, algae farming, and other
treatments, can be employed profitably, thus making
for a self-contained life support system. When such
organic nutrition is favoured, production of methane
gis can be undertaken as well, so providing heat in
cold periods.

Ingenuity and inventiveness, together with
technological adaptations, have come to make
hydroponics an ideal means of producing large
amounts Of foodstuffs very economically in quite
simple ways, thus providing a significant
centribution to ecologica living. The field is open
to fu-ther developments and we should see
numerous such units in existence in the future.

by James Sholro Douglas
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TREEFARMING

GREAT PIGS FROM LITTLE ACORNS GROW

Most people have a picture of traditional farming as |
animals grazing in ilat pastures, or as golden wheat
waving in the breeze. But we have not aways used
cereal husbandry as our primary source of food. In
the Middle Ages. farmers of Western Europe used to
herd livestock into the deciduous forests where they
could feed themselves on seeds, nuts and berries
from the trees. Larger trees such as Beech (Fagus sp),
Oak (Quercus sp), Walnut  Juglans regia), and Sweet
Chestnut (Castanea sativay would often tolerate the
growth of smaler food-bearing trees beneath their
branches (for instance Hazel, Corylus sp, Cobnuts
and Filberts ezc.) making direct feeding easier for
the animals (mostly pigsy. This combination of

| several layers of vegetation represents the most

L productive use of availzble sunlight and soil in a

: given land-area. Manure from the animals would be

! dropped where it was most needed, automatically
ensuring that the woodland floor remained rich and

i fertile. Any surplus food would be gathered by the

| farmer and stored as winter feed. Nuiritionally, the

| feed from this svstem is of asurprisingly-high quality
- (see table 1) ana’ compares very favourably with the
cereal feeds currently used on our farms. Shelled
walnuts, for example, contain up to 16 per cent
protein, in additien to fat, calcium, iron and
vitamins B , Ribofiavin and Niacin.

However, since the Middle Ages, the use of cereal:
as a main crop superceded tree-farming. As a resullt,
farming became strictdy governed by seasons, with a
premium pot on planning one year ahead. Farmers
could now settle in one area but were committed to
obeying the rigid cycle of a handful of annual crops.
Modem agriculture now has these grasses trained to
follow a simple uniform geometry, tailor-made for
conveyor-belt machinery onour flat farms.

In the rain forests of New Guinea, nomadic tree-
fanners still employ a system of cultivation which
we call ‘swiddening’ {derived from an old Norse
word meaning ‘clearing’). Firstly, a clearing is made
in the forest and the cuttings are either burned or
composted to release their nutrients. A garden is
planted with a varied arrangement of vegetables to
ensure that variaticns in terrain are complemented

by, different nlant heights etc. The crops are
harvested sporadically, according to day-to-day
needs, in order to maintain urinterrupted continuity
of growth throughout the seasons. Nsw tree shoots
are carefully protected as they begin to grow
amongst the vegetables, since they alow the garden
to mature untended without undergoing a grassy
stage. Because of their deep roots, the you::g trees
(referred to by the New Guineans as ‘Duk Mi' -or
‘Mother of Gardens’) absorb the nutrients which run
away through the vegetable roots and which would
otherwise be lost. On bare hills, by the introduction
of trees, nutrient run-off can be reduced by a factor
of up to 100. The New Guineans seldom keep their
gardens for more than one year, moving to a new
location while the forest reclaims the last one. Pigs
are kept as a high protein investment for times of
sickness or stress, and represent their only method
of food storage. In this way, even though less than a
tenth of the forest is ‘used’ a any one time, it will
support 200 people per square mile in complete
ecologica stahility.

It is well-known that the major deserts were
produced by cerea farming on a large scale and
consequent erosion of the soil. Some experimental
work has been undertaken by James Sholto Douglas
to reintroduce mixed economy tree-farming in the
tropics. Certain drought-resistant trees such as
Algaroba ‘Prosopis juliflora) and Carob (Ceratownia
siltgur) have been used to upgrade poor soils and to
provide food for livestock and people. Gooc varieties
of Algaroba can produce up to 50 tonnes per
hectare annually (see table 2) in addition to their
long-term payoff in the form of timber. The
Algaroba pods are nutritionally superior to maize
and can easily be ground into meal for both human
beings and for animals. Livestock may be supported
in this way on indifferent soil at densities of 5 to 12
large animals per aeciare (cattle etc.) or up to 62
small animals per hectare (sheep etc.).

Such abundance is not confined to tropical
regions, one harvest from a single mature
Portuguese Oak has been shown to equal the output
from a whole acre of Maize, 1200 litres of Acorns.

Table 1. Cereals compared zo wre. products for nutzitienai content

Table 2. Cereal compared to iree erop yields for UK conditions

Species By tein (%) Carbo- Par (%)
bydrate (%)
Pine (Pinus sp) 31.0 13.0 47.5
Beechnurs {Fagus Syloatica)  20.0 15.0 55.0
Almond (Pranus antygdalus) 19.0 2(.0 54.5
Honeylocust (Gleditsiz sp) 16.0 30.5 7.5
Walnut (Juglaus sp) 16.0 15.5 64.0
zzinut (Corylus spi 128 17.0 62.0
Chesmut (Lustonez op? £.5 78.0 4.0
Acorn (Quercus sp) 5.0 60.0 20.0
Wheat %6 63.5 1.2
Qats 7.6 4.8 4.0
Barley 7.3 60.9 1.2

Approximate arnual
cereal haroest

Approximate annual tree barvest
(uncultivated mature rrees)

16 wonnes/hectare

{edible crop and leaves)

19 tonnesfhectare

{timber and other products)

4—6 tonnes/hectare

Table 3. Relative effects of different grasses on soil structure

Soil loss Nutrient
(tons/acre/year) run-off (%)
Bare 41.0 30
Majze 19.7 29
Wheat 10.1 23
Maize/wheat/clover 2,7 14
Permanent grass 0.3 12




"EONSERVATION FOUNDATION, UNITED NATIONS

nce only eight per cent of the world's land surface

suizzble for efficient cereal farming, it is difficult
see why Governments do not take a long-term
ew and reforest the land for food. The only
wsuitable regions would be the ice-caps:- even
eland has recently passed a bill in parliament for
aensive wree-planting to reduce both land-erosion
id the price of food.

Inan intensive forest system, many by-products
mid be profitably adapted for industries parallel
ith agriculture. Research carried out by NW Pirie
s shown that most Jeaves contain at least as much
‘otein as most vegetables in common use (see table
v It is afairly simple process to remove the fibrous
atter and to produce a high-grade curd for
pplementing human or animal diet. Thii would
'ovide an even greater food sutput per hectare than

| suggested by conventiona figures. Subsidiary ‘crops
| such as timber, horey, milk, chemicals, wool and
wild game are all benefits which would result
naturaly from a well-run tree-farm economy.
Obvioudly, initia investment costs woulid be high for
such a long-term farming cycle, but there are one or
two short cuts possible. The Juglans steboldiana
species of Walnut is a quick-growing, high quality
tree, and Carob trees can bear crops within two to
three years from planting. Cereals and vegetables
should grow adequately where trees are not fully
established, provided the leaf-cover is thin.

With intensive horticultural research and
development, it is feasible that Britain could
become sdlf-sufficient in food, whilst reducing its
dependence on fertilizers, pesticides and fuel.

John Wood

Table 4. Some British trec products Trer Part used When gatbered Preparation
suitzble for dircct human consumption. '

Almand Nax SeptfDer Cook as ;azat

Ash Seeds From July Boil twice and plrbde

Beech Nute SeptiDct Raw/hake and salt
Leaves AprilMay ‘Young leaves cookei gs vepetables

Crab apples Apples July to Dec Moke Ints cider or jelly

Eider Flowers Before fally spn Raw/infused boiling watet (deink)
Berries ‘Whea ripe Ruw/add 1o apple pie

Hawthorn Fruit. Barl, Aytumn Nat taw. Make into
Leaves April Use in baking (sce Mzbey)

Hazel Nur Late Aug/Qct Chopped on silads/salt and store

Lime Leaves Summer Sandwich filling {raw)
Flowers July On wiads

Medlar Fruir Mid-Winter Bake or make into jelly

Mountain Ash Berrica Oct Make Eneo jelly

(Medlary Not eaves Poisonpmy

Ouk Aconn Oct Shell, grind, boil until water is dark,

change vwater, Repeat, and rinae for up to 12 hours

Sweer Chostnut Nuts Oct/Noy Roasted ot made into stuffing
Leaven June/July Nor oaw

Walmye Mur July High vii € when mw
Nut OceiNov Pickle/make inco a marmalade
Lraves Junefiuly nfusc as e
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Given a deep freeze, and a constant supply of
elecrricity, any fool can preserve practically
anything, and provided the maker’s instructions are
followed (ie air is excluded from the food and food
is not kept too long) the food is nearly as good as
new. But deep freezes are very cxpensive, and likely
G get more so, and do “or last for ever, and a: = a
resource-consuming method of preserving food.
They are, besides, “*necessary, and you can
preserve all you need to preserve perfectly well
without them, and it is far more fun.

VFGETABLES

Inany climate between tropical and temperate you
do not zeed to preserve many vegetables, because
with giod husbandry you can pick fresh vegetables

' all the year round, and the fact that you cannot

" have any one vegetable fresh every month of the
| year is a good fact. It is excellent, for example. to

have to go without peas for seven or eight months,.

i and then have the reai gastronomic thrill of new

peas in June when they arrive. Brussels sprouts,
brocceli, canliflower hearred cabbage, roots’

(1 nips, swedes, beet), and above dl celery can be
imade to last right through the winter and it is very
nice not to have to eat them any mote when the
spring COmes.

In cold climates people preserve cabbages by
clamping them (putting in a heap outside, covering
with sraw or bracken and covering this with earth,
but leaving air holes alow and aoft) or-colder still—
keeping them in the root cdlar. In North America
the root cellar is universal, clamping not being
sufficient against the intense cold. In Eastern
Europe another method used is sauerkraut, which
is not enty 2 method of preserving cabbage but is
very “ice as & end in itself. Wash the inside of a
wood or earthenware crock with vinegar, line it
with cabbage leaves, shred 12 Ibs of cabbage, mix
with 8 oz sdlt, thump in tight, covet with whole
cabbage leaves. stir occasionally for first three
weeks, then leave covered until you want it. To use,
drain, drop in boiling water, and boil for two
hours. .

All ‘roots’ and potatoes can be clamped in
English-style climate—root cellared in colder. The
root cellar must be frost-free. cleaned out well and
aired every summer.

Peas, beans, pulses, soya ete can be well dried in
the and sun when they are quite ripe {ie browr
and brittle}, and either hung in bunches from a root
(frost doesn’'t matter with them) or stacked in the
dry. Fhresh with afiail or over the back of a chair
when you want them, store in bins or crocks.

Onions should be well sun-and-wind dried, strong
and hurgup, preferably in the wind but nbt too

wind

i much rain.

Tomatoes can be bottled when ripe thus: wash in
cold water, putia bottles, fill with brine of % oz

Hustrations are from John and Sally Seymiour’s Self—.‘;ufﬁ-ciency
Faber and Faber, 1973).

olace in large kettle of cold water covering tops and
oring dowly to 190°F or 88°C. Keep at this for
hatf & hour. Haul bottles out of water and screw

tops tight immediately. Kilner Jars, designed for the |

purpose, are hard to get now, but OMCS (Old
Mother Common Sense) will suggest other methods
Pouring molten wax or fat on top of food in a
bottle seals the contents from bacteria for example.
The principle of al bottling is to destroy the
putrefactive bacteria of the food by heat-then

the entry of more by
tomatoes can be wrapped in soft stuff or tissue and
laid in a drawer not touching each other. Some will
ripen and some will go bad. Cr they can be
chutneyed. A pound of green tomatoes cut up, half
a pound of onions chopped, an ounce of sat, two
teaspoonfuls cayenne pepper, 1% pints vinegar,

prevent sealing, Green

% |bs brown sugar or honey, %-1b raisins, smmer till |

it goes thick, and bottle in hot sterilized jars. You
don’'t need screw-tops-greased paper will do.
Chutneys ran be made of nearly anything.

Pickling is done by laying the stuff in sat tor a
day (to draw some moisture out), rinsing and
covering with cold vinegar. Runner beans: shred and
thump down tight in crock with plenty of dry salt.

FRUIT

salt to a quart of water, put screw-tops on loose,

Peats can be quartered, put in brine (an ounce of

HAOWAIS AVS
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salt to one gallon of water) for a minute (stops them
{ gomng brown) then dry on trays st 100°F (389(C)
! raising to 150°F (66°C} for five hours. Plums etc
i can be turned into prunes by dipping in lye made of
{ one ounce caustic soda in one gallon of water for a-
| few minutes—then washing very well and laying on
trays over stove at 1209F (50°C) raising to 160°F

SALLY SEYMOUR
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(71°C) very dowly (or they’ll burst). Keep in heat
for two days. Soak for 12 hours before using. These
»! are a rich source of vitamin A Apples will keep if

I not hzuised and iaid on spore-iree shelves Not
touching each other, well ventilated, away from
frostand a an even temperature.

'FISH
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own brine in a tub). After 15 days for a big cod, but &
less with smaller fish, pull out of hesp and lay the S
fish in sun and wind (not rain) for a few days. Soak

for at least 36 hours before you cook it.

MEAT

Bacon is the side of a pig, ham is its hind quarters.
Rub in dry salt for three days, then leave bacon
heaped in dry sait for two weeks, ham for three.
Hang up. This sounds ridiculously simple but really
is al you do. A tiny pinch of saltpetre sprinkled on
the cut part before you sali helps keep the colour,
and a handful of brown sugar rubbed on at that time
gives sweetness. But care and OMCS must be used
at all stages, otherwise disaster can ensue. You can
hang in cool smoke for a week, if you want to, after
salting.

Pickled pork, beef, mutton: cut meat up and put
in brine (salt and water) which is strong enough to
float a p&to. Boil the brine to sterilize and &solve
all sdlt-then cool. Weigh meat down with a plank
with a stone on it to keep from air. Soak well before
cooking. Large hunks of beef (eg silverside) can be
treated this way, then soaked and boiled.

MILK

Salt herring, mackerel or pilchards by gutting and

i hying down in dry sat in barrel or crock. OMCS

i should tell how much salt. When required pull out
and soak for twelve heurs with changes of water if
under two months in sajt, progressively longer if
saiting has been ionger. Soak at least 48 hours after
six months’ saiting. 1hen cook, or pickle by putting
n cold vinegar with onion and peppercorns etc for
aweek or two. Pickled fish, such as rollmops
(pickled herrings), will keep a month or so-no
longer. For thick white fish such as cod, split, rip

" out backbone, pile in dry sait and let brine run

, away (cf oily fish where you lar the fish lie in its

Summer flush can be
preserved for winter by
| making it into hard
cheese, but you must
get good advice or it
will be uneatable.
© Butter can be well
salted and flung hard
into a sterilized (scaldec
then wind-dried) crock
or tub, rammed in hard
with the fist to exclude
all air. Cover with
greaseproof paper and
leave. Wash hy squodg-
ing in cola. zr to
remove excess salt
before eating. It will
keep ail through winter. In a hot climate make ghee.
Simmer the butter gently for an hour, skim the scum
off, pour into a sterilized container and cover. Cook
with it.

CORN

(Whest, barley, oats and rye in England). Either
stack it in its straw and thresh when required, or
thresh it in the field with combine harvester and
then artificially dry, or do what the Ancient
Britons did-keep it in air-tight containers, when
its own carbon dioxide will preserve it from
moulds.
And may you survive the Hungry Gap as our

forefathers did of old
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WATER SUPPLY

“EACH PIECE OF LAND TO EACH PIECE OF SKY’

Opportunist despots and capitalists are both
creating and exploiting eur precarious water
situation, They intervene as custodians of the rain
that falls out of the skies, attempting to ‘supply’ a
resource which until their appearance was a natural
dependence as free as the air.

The rain falls on every part of the Earth (weil
almost) (1). Where, then, lies the logic in collecting
rainfali in huge reservoirs and then returning it to
its various points of origin? Evaporation losses are
less in asmall bore well or storage tank than in a
large and relatively shallow reservoir, particularly if
the well or tank can be partly sedled to retain a
volume of semi-saturated cold air on the water-
su&ice. Although the supply system of our
munificent Authorities is undoubtedly bii, it is
unlikely that it is yet sufficiently vast to have any
real effect in balancing out local differences betwee
rainfall and demand (2;. Which leads us to the
crucial question: at what scale does demand becom
‘unreasonable’ in exceeding the natural supply of a
area? Megatechnology knows no limits, and seeks
out only the maxima in both supply and demand.

Rainfal fanning, roof collection of water for
hame and industry, and all supplies of water from
springs, lakes and similar sources as found, all
represent a state of abundance and an enviably
unhampered hydro-dependency akin to that of the
primitive hunter-gatherer, to the smali farmer of th
humid regions, and now to the builders of
‘autonomous’ houses. Peoples of the tropical rainy
and temperate rainy regions are in amore fortunate
position to find or gather water and thus to subvert
the hydrocrats. But in arid and semi-arid regions,
water-supply is afactor in farming, living, and
manufacture which has to be handled in league witl
many other people, because of scarcity of supply
arid bulkiness of need. Loca tasks of digging,

damming, water-distribution, irrigation, and canal
building can be undertaken by a family or group of
neighbours ‘each piece of land to each piece of sky’
{3), or (more frequently) they can be undertaken
with the superfluous guidance of a hydro-
bureaucracy. Kropotkin mentions the ‘syndicats
agricoles’ or peasants and farmers associations of
southern France, which were not until 1884
‘permitted’, as a ‘dangerous experiment’, to combin
for the purposes of pumping water, inundating
vineyards, and maintaining canals.

Integration of loca water into an organic living
system-with, for example, a greenhouse-cum-solar
still; wind-powered water pumping; fans, or pumps
driven by the power of falling water wherever
available (from the roof?)—such 2 system forms a
kind of benevolent water-works, and is a key part of
the discorporate vision of AT, with which we hope
to tempt you-from the false convenience of buying
municipal water ‘on tap' and flushing it down the
WC. See Fig 1 for ideas.

A divining rod, when used by a gifted
operator, will locate underground sources of water
for almost no cost. However the water is obtained it
will most likely need some kid of purification if it
is to be drunk or used in food preparation. A
favourite solution is the solar till, Fig 2. This will
distill even brackish water, seawater, or polluted
rainfail to produce small quantities of pure water.
Colin Moorcraft suggests that as plants ate known tc
carry out their own water surveys, drill down to
water, pump it up and purify it; it might be as well
to ally ourselves with them. The solar stil! was
developed from a cloche-like arrangement, Fii 3,
and the use of the right plants as a kid of
evapotranspirating wick may be the best solution.
Lifting and moving of water from source to point o
use may be most easily carried out if vou have a

Fig 1. The Ecol System.
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15 Air convection from
outer glass and metallic
cover to ambient air
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Fig 3. Common still.
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source with head above the pump location and/or
flow. A hydraulic ram or a noria whezl, Figs 4 & 5,
will raise water with its own power. Wind-powered
pumps can be left permanently ‘on’ to raise water
into a tank when the wind is sufficient. Self-
regulating water-sprinklers or simple drip-feeds can
also be let roll, supplying the greenhouse and gardc
Lest such a direct state of dependence upon
nature be adarming, let us consider for a moment t
ability of the big Water Authorities to provide an
adequate supply of untainted water for developing
industrialism. After the current wave of continent:
water engineering ends (4), the transition to a
gradually globatly engineered climate will seem
inevitable (5). A possibly precarious water situatio
for some will have been turned into a perilous
subordination to the artificial for all. Poison rain,
putrefying rivers and lakes, and dying seas are
inescapable effects and not ‘by-products of the
systematic transformation of the materid conditio
of life. But they ore at least tzmporary setbacks or
the road to artificiality—which afford opportunitic
to big and small alike. In ati States industrialists ha
the ambition (and in Communist countries even th
ideologica compulsion) to take over everything an
invade every phase of life. The prerogative of the
State’s water authorities is everywhere guarded.
There are now secrecy provizions in British law
which make disclosure of details of water-polluting
manufacturing processes unnecessary (6). People a
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Fig 5, The noria or peripheral pot wheel; a drawing from the Nung
Cheng Chuan Shu. This traditional representation of the noria fails to
do justice to the high Lift available.

prosecuted for non-payment of fishing licences, but
toxic effluent from factories accumulates and
combines in unknown ways to kill the fish.

The majority of the world's hunters, gatherers,
small fishermen, and rainfall farmers have found
their proud self-sufficiency gradually eaten away.
Pessimists will see no obvious reason whythe
Alternative Technologist’s vision of ‘autonomy’

(not that ‘autonomy’ in its extrzme forms is a
particularly worthwhile ideal) should survive the
coming onslaught of totalitarian technocracy, merely
by boldly asserting its own separationism. But this
book has not been written in the belief that Nothing
Can Be Done.

T
, Fig 4. Hydraulic ram, double action.
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(1) A certain area of the Chilean desert has not received rain for over
400 years. The other global extreme in watery precipitation is over 23
metres annually. Evaporation exceeds rainfall only in midsummer in
Britain, whereas in Algeria the evaporation:rainfall ratio is 59:1.

(2) With minor exceptions such as the towing of icebergs from
Greenland into the Caribbean, the scale of Big supply systems for cities
and industries is insignificant compared to climatic regions. 150
kilometres is a maximum distance for water supply of capital eities.
The supply-demand argument doesn’t hold wzter.

(3} This phzsase is credited to the revisionist line of aparchist rencgade
Liu Shao-chi.

(4} There are Soviet proposals for damming and reversing the flow of
some of their largest rivers, with consequent alteration in the Siberian
climate. By comparison the British Water Resources Board's projects
for barrages across the Wash and the Selway and the obliteration ~f
the Lake District look quite mild.

(5) Borisov ‘Can We Control the Arctic Climare', Science and Public
Affairs, March 1969,

(6} Friends of the Earth column in the Ecologist, Feb. 1974,

George Woolston
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Where rows of bouses share back-
yards, the land can be shared for
better use and co-operative food
production. The idea suggested
bere ic to divide the area into that
which remains private and that
which is worked collectively. Other
pooled yards could bave differ-
ent functions — for kids, light
industry etc.

With such iutensive cultivation,
mare food can be grown per acre
in the towns than on farms.

Private space
Espalier fruit trees
Solar water heaters
Solar clothes drier
Vertical growing on nets
Shed

Chicken house
Compost heap

1t greenhouse

10 Beehive

11 Cold frames

12 Glass <loches
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INTERVIEW

INTERVIEW
JOHN TODD

Patrick Riven

In California during the early sixties a small group
of scientists, humanists and artists found tkat they
shared a d#ep and growing concern about society’s
course of change and growth. They began meeting
for earnest discussion, searching for ways in whbicb a
nucleus of disquieted people might help to create a
saner world. Their basic premise was that science
and technology generally were lulling people
everywbere into a false sense of confidence about
the future, and that one essential science—biology—
was being neglected. To redress the balance, they
aimed to switch attention to the need to reinstate
social and biological diversity, wbicb bad become a
casualty of Progress. After years of searching for a
way to translate their concern into action, they

Around 1968 I was involved with a network of
| otber people studying the direct effects of man’s
| activities and the environment, he recalled. We were
looking at different forms of stress bebavicur in
aquatic antmals. | bad previously discovered hitherto
unknown levels of social organisation in fisbes,
normalty considered exclusive to mammals and
birds. The team with whom he was worki ng made
+ the significant discovery that extremely low levels
~of stress could upset key socia signals, and that the
- effects became more marked among creatures with
- the highest forms of behaviour.

‘“You talk of stress—what kids of stress? | asked. :

The effects of DDT, oil, thermal pollution, he
replied. We began to see the insidious effects of

beginning to study the synergistic effects of two or
three different kinds of stress, yet we knew that in

of stress affecting the system. The discovery filled
them with a sense of panic and an urge to do
something rather than merely record the approach
of doomsday. Our first opportunity was to set up
environmental studies in Southern California with a
large budget from a couple of private Californian
foundations; the National Science Foundation was
also considering putting in a fairly hefty amount. It
seemed a golden ¢ ppartunity, but on intense
;probing we found that no assumptions were to be
challenged or changed. For example, me were asked
ito do a multi-million dellar feasibility study on bow
! to lower the impact of massive amounts of sewage
ion the Pacific Ocean. Hewever, if one of us were to
suggest that perhaps the way to deal with sewage
would be to treat it at its source use it asa
resource rather than a pollutant, that kind of
re-assumption was simply taboo. ‘We cannot change
society, we can only muke it better’, the rationalists
and pedants would quietly say.

We did bave this one fantasy wbich was to create
a small village, an academic community, primarily
to try to restructure and recreate restorative
iapproaches to living. It got academic approval from
the Univerdity of California. and the# | discovered
that you’re not allowed to /fze on University land—
just a single kttle rule set up by the Governor

bimself. It was time to resign.

He told how, with his wife Nancy, Bill 0.
McLarney—later to become aleading New Alchemist
-and a group of students, he went to work with
communards in the mountains near Mexico. The
time spent there taught them how little they really
knew.. ourso called modern education bas
estranged us from the living world, he stressed. We
discovered that in spite of all the degrees and
so-called knowledge we bad, we knew no way of
being able to tread lightly on those lands. They
realised suddenly that their activities had to be
humble. They must learn how to make a microcosm

f which had al the rgstorative qudlities that nature
' had in its own ecosystems; yet for this the modern

man’s depredation everywhere -and we weren't even | suence of ecology offered them no guidelines. It

! was apparent that we would bave to travel light and
i travel smalil, he said, working with groups of small

the real world there were hundreds of difierent kinds | farmers. The few years of being diagnosticians had

f helped them learn how the world worked, but they
still had seen only anarrow dlice of it: inputs from
' artists and people in other walks of life were still to
! have their effect. In the end they found that their

" “think small’ philosophy came not out of someone's
" political rhetoric, but out of direct experience. We
con be eriticised that this may not apply to the
world at large, but a begin&g has to ke made
somewhere, We shall always be small, but we want
to demystify what we do. Hocfully the ideas will
spread throughout ke world with peaple like
ourselves.

Soon after the Ingtitute came inte being, John
Todd and some of the other members moved east
to Cape Cod and set up its first operational centre,
on eleven acres of leased land, in a semi-rural setting
surrounded by middleclass suburbia. There they
rented homes close to the centre and began their
practica experiments. These activities, important
though they were, proved to be only part of the
picture: the existence of a community was equally
vaid. | asked whether this ‘community sense’ was
lessened by their being scattered, and | learned that
it made little difference-in fact it alowed each
family to live its own lifestyle, while still coming
together for work and socia visits. Nevertheless,
the ten full-time members looked forward to the




NEW ALLHEMY INSTITUTE

formed, in 1969, the New Alchemy Institute, witk

the far-reaching aim: 'to restore the lands, protect

the seas and inform the Earth s stewards’.
Foremost among its founders was Jebu Todd, a

INTERVIEW

Canadian with degrees in parasitology, tropical
medicine and oceanography, and a doctorate in
psychology and ethnology. | met him inzbe autumn
of 1973 atthe Institute’s eastern centre at \Wood’s
Hole, Cope Cod. where the small community which
comprised the Institute was experimenting in
organic vegetable growing, agquaculiure, solar and
wind power, and waste-recycling. There, as we
walked owver the form from one experiment to
another, this energetic, fast talking pioneer, witha
rare blend of practicality and prophetic #ision, told
me bow the idea of the Institute developed, bow its
aims crystallised, explained its programme of
experiments and the difficulties it faced. He also
outlined his own philosophy.

I day when they could be assured of greater

i permanence than a leased farm, as well as the chance
to concentrate on reducing their inputs and outputs
' from and to the world outside. | was reminded of

i the institute’s declared aims: ‘We seek solutions that
- can be used by individuals or small groups who are
'trying to create a greener, kinder world Among
- our major tasks is the creation of ecologically

* derived forms of energy, agriculture, aquaculture,
'housing and landscapes, that will permit a
‘revitalisation and repopulation of the countryside.’
| Implicit in this declaration was the concept of
‘relatively self-contained communities, capturing

: their own power, growing their own food and

' making use of their own wastes. The group longed
:for the day when they would be able to put all their
ialms into practice-not only at Woods Hole, but at
iother centres throughout the world, each revealing
jthe specia needs of the region in which it was
located.

. John Todd showed me the three main research

| activities under way, as well as a host of smaller
ones. Fist of the three is the Backyard Fishfarm
Project, directed by Bii 0. McLarney, with the aim
: of producing nourishing, palatable protein for a
community or family a zero cost (see page 36 ). The
; African Tiapia has been chosen-a fish which eats

! the algee at the bottom of the food chain,
supplemented with vegetable waste and insect life.
Two sources of insect life have been found: midges
and gnats, attracted by light traps; and midge larvae
breed on burlap curtains hung in manure-rich water.
i From Spring to late Autumn. solar energy maintains
ponds at the 859F water temperature which the
tropical Thapia requires; in winter the experiment
ceases, surplus fish finishing up in the deep-freeze.
The second activity is a search for food crops
with the genetic ability to resist insect pests. The
group is concerned about over-extravagant claims
made by organic growers, and they believe that most
. chemical-happy growers would only be converted
i when the crops most suited to ecologica
management had been identified.
The third activity, companion planting, is aso

concerned with pest resistance. Specific insects are
repelled by the edours of certain crops, and these

+
I
b
I

crops are planted alongside those to be protected.
' To find the most effective combinations, the
~Institute had enlisted the co-operation of hundreds
i of collaborators across the country in a Science for
. the People programme. These groups and individuals
: conducted their own co-ordinated experiments to
. ensure that local varianwes were taken into account.
! The same collaborators also worked on other
prOJects Apart from these activities, John Todd
‘ showed me solar crop drying systems; worm-
breeding in rabbit droppings for feeding to hens or
| fish; wind generators, large and small, a Savenius
| rotor water pump; and plot after pIot of
experimental vegetables and cther crops.
i Despite the familiar, recurring problems of lack
of funds, coupled with the serious handicap of an
simpermanent Site, Woods Hole has become a
valuable source of new knowledge which must be
' made known. Under Nancy Todd's direction, the
Ingtitute publishes books, pamphlets and a regular
Journal. The value of word of mouth, person-to-
‘ person dissemination is also recognised, ar.d
- Saturdays are given over to visitors who work on
. the farm and share a picnic lunch. John Todd
; expressed the view of all the group, however, when
: he voiced to me his fear of over-exposure in the
‘mass media. This country has a babit of creating
seven-day wonders: they get a lot of press and then
die. We’ve found zhbat our very best friends come
| through a process we cafl ‘discovery: Television is
tne worst of the popular media-it just gives you the
latest thing. Iz contrast, if we ore written about inn
magazine where people ore slightly pre-disposed,
they discover us. make the connection on their
own, ‘from them to us’, not ‘u#s to them’.
We need to know more of bow change comes
| about. Qur approach is to give all we con to a small
i and interested area which bas fantastic spiritual and
practical implications—whbick requires the kind of
! involvement people normﬂ‘l.{yassoaate with re||g|0n
| He paused, searching for the right words: When you
\begin to work with nature, you realise the
, unknowingness of nature. You feel bumble. You
feel’ good about it ail. You want to tell about it,
because it is the most meaningful thing that is
_bappening to you.
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HNERGY

Conventionaily. articles on energy begin with a ‘Energy’, said William Blake, ‘iseternal delight’. z
definition of what energy is. As Freeman Dyson points out: ‘One need not be | 2
‘Energy,’ they say, ‘isthe ability to do work.” a poet or mystic to find Blake's definition of energy | =
The ability to do work. Hmmm The ability, in| more satisfying than the definition given in text- g
other words. to exert a force on a mass and push it | books on physics.” 1) Blake's phrase expresses with | =

over a distance. Now athough this definition is exquisite conciseness the non-utilitarian, joyful
petfectly valid — and indeed extremely useful, in aspect of energy aswe actualy feel it in our lives.
that it leads to a quantitative method of measuring | What we need, it seems to me, is a concept of energy

the magnitude of certain kinds of energy — itr which somehow achieves a fusion of the practical :
unconscious implications are starkly reductionistic.  and the poetic aspects. A concept which reminds us |
Energy could, equally well, be defined as the that a solar collector, for instance, is not ¢#/y an

ability to dap afriend on the back, to enjoy aglass  dternative way of heating water for showers or dish ‘

of beer, or to make ove, since everyone agrees that  washing but also a constant reminder of our living
these activit'es require energy for their performance. dependence on the benevolence of the great Sun
Bur it is not. Instead, and significantly, energy is the God.

name given to our ability to do woerk — to do our Inintroducing the Energy section of this hook, et

johs properly, to fulfif our production quotas, to me echo the words of Nancy Tedd in her introduct-
justify our existence in economic terms. It would he ion to the Energy section of the Journal Of the New

hard to think of a definition better suited to under-  Alchemists:

pinning the puritanical, life-repressing, goal-seeking ‘e little thought, when wc chose the ricle
industrial civilisation in which so many millions of ‘Energy’ for this section of the journal, of how
us are compelied to subsist today. many shadings of meaning the word could be 1

Consider an alternative definition of energy. understood to have. | have seen it used to describe
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ly committed to working with as opposed to
tzking from Nature, and, as this implies a con-
templative approacl: of learning to listen to the
wind and sun and to growing things, then, perhaps
when we chose ‘Energy’ to describe our work, we
half-intended some of the more subtle meanings
to he understood as well.’

Keeping the essential poetics of energy firmly fix-
ed in our minds, then, let me turn back to the
physics of the subject. One of the most important
physicat principles relating to energy is the Law of
the positive force that believersin aNew Agefeel | Consarvation of Energy, aternatively known as the
isgrewing swiftly row and will teke us forward in | First Law of Thermodynamics.

Godfrey Boyle

TONY DURHAM .

an Aquarian Era or =erenity and heightened The first iaw states that en=rgy in the Universe is
awareness. neither created nor destroyed. Energy may change
Energy is spoken of to descriiie the impact of in form - from gravitational energy and mechanical
a personality or a group; of ones powe: to influ- energy through electrical energy and chemical
ence the people and events around one. It is still energy to light energy, heat energy and numerous
an apt term for what children have limitless other disguises — but the tota amount of energv in
amounts of. the Universe stays the same.
We are using it, in this section of the Journal, Another key principle is the Second Law of
in the more traditional sense of the capacity to do | ‘Thermodynamics. According to the Second Law.
work. At the same time, in doing so, we are deep- | each form of energy possesses a characteristic known
|




W
5

ENERGY

INTRODUCTION

as entropy. The entropy of an energy form is
inversely proportional to the temperature associated |
with that form, and is a measure of its degree of !
disorder.

For examptle, hot water has a higher temperature
th.n lukewarm water. so hot water has a lower
entropy than lukewarm water and its energy is less
disordered (or more ordered, if you prefer), than
that of lukewarm water. (If you're confused by al
these double negatwes and inversions, don't blame
me: blame Clausius — he invented entropy).

Generally speaking, the lower the entropy of a
form of energy. the moreuseful itis. And the more
‘useful’ an energy sourcz (ie, the lower its entropy)
the greater the efficiency with which it can be
converted into less-useful (higher entropy) forms.

For instance, gravitational energy has the iowest
entropy of al and is the most useful. Gravitational
energy, say in the form of falling water, can be con-
verted into mechanical energy (say, the rotation of a
turbine) with almost 100% efficiency, but the con-

verson of mechanica to gravitational energy isa Ie$s|

efficient process. Next e gravitational energy iS
mechanical energy, which in turn is more useful than
electrical energy (and therefore has lower entropy),
so the efficiency of conversion of mechanica to
electrical energy (in a dynamo) is very high; but the
efficiency of conversion of electrical to mechanical
energy is somewhat lower.

Lower still on the scale of usefulness is heat
energy. Although efficiency of conversion of most
other energy forms to heat is very high, the
efficiency with which heat can be used to generate
these other forms is pretty low. Heat can be
generated very efficiently from mechanical energy
(ina friction brake, for example) or from electrica
energy (in an immersion heater), but can only be
converted back into these forms with relatively low
efficiency — which is one reason why the generation
of electricity in fuel-burning power stations is such
awastefli Process.

i The practical implication of the Second Law of

Thermodynamics is that it's very important to
match energy sources carefully to the tasks they are
to perform. It's bad thermodynamics, for instance,
 to use high-grade (low entropy) electrical energy for
providing low-grade (high entropy) home heating.
And the high entropy heat of the sun is more effect-
ive when used directly as heat than when used to
generate |ow-entropy electricity. Murray Bookchin
puts it more gracefully (3
‘We should always have a diversified mosaic of
energy sources — utilising, as it were all of the
forces of Nature so that they interplay with our
lives. In this way, w= can develop a more respect-
ful -- even reverential — attitude towards Nature.’
Peter Harper deals in detail with the practicalities of
tailoring demand to supply in the secticn on
Autonomy.

¢ Let's look instead at where al our energy comes
rom.

THE SUN KING (4)

The source of amost /! the energy we use on earth
is the Sun. The rate at which solar energy iSinter-
cepted by the Earth is about 170 x10*? kilowaits,
which is equivalent, if you like, ro the power of
170 million miliion continuoudly-burning single-bar
electric fires — or, to use a more personal metaphor,
the flow of power which the 3,500 million people of
the earth would be consuming if they eack left more
than 48,000 1kW electric fires burning continuously.
Added up over a year of 8,760 hours, the total
energy delivered by the sun to the Earth amounts to
no less than 1.5 x 1018 kilowatt hours (kWh).
Compared to this enormous annual influx, the
amount of energy we humans actually consume is
extremely small. Our total world consumption of
energy per year — in such forms as coal, gas, oil and
| electricity (but excluding food) — is about
60 x 1012kWh. This is only one-25,000th of the
annual solar energy input to our planet.

About 30% of the Sun's energy is reflected
straight back into space. Another 47%, it has been
caculated, goes to heating up the planet’s land
surface, its atmosphere and its oceans. This energy
is re-radiated to space more dowly as low grade
heat. And about 23% is used in evaporating, from
our |akes and oceans, the water which eventually
falls as rain and flows through our rivers back to
the sea. It has been calculated that the total
amount of hydropower potentialy available from
this source is of rhe order of 26 x10i2kWh per
year. Eventualy, this energy too is degraded to
low temperature heat and re-radiated into space.

A little of the incoming energy, about 0.2%,
causes pressure differences in the atmosphere and
oceans, which in turn cause airand water to flow
from areas of high pressure to areas of low pressure.
These ‘convection’ flows manifest themselves in the
air in the form of winds. and in the occans in the
form of currents. And when winds react with the
ocean surface, they cause another indirect manifest-
ation of solar energy — waves.
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The total amount of energy contained in the
Earth’'s winds, waves, and currents is estimated to be
about 3.23 x 1015kWh per year. It would be impos-
sible to tap more than a fraction of this amount, of
course. In practice, wind power for example is
reckoned to be p-tentially capable of delivering
something like 0.8 x 1012kWh per year.

An even smaler amount of solar energy. only
about 0.02% of the total, is absorbed in the vital
process, photosynthesis, in which plants draw carbon
dioxide and water from their surrozading environ-
ment and convert them into oxygen and carbohydr-
ates such as starches and sugzrs.

The energy absorbed during this process, on
which the whole of human, animal and plant life
depends, is stored in the chemica bonds which hold
the plant’s carbohydrate molecuies together. This
.chemical energy is released when an animal eats the
plant as food; or it can be released simply by burning:
the plant, during which the plant’s stored carbohydr-
. ate &acts with oxygen at high temperature and gives
; ‘Off its energy as heat.

When plants die, their leaves are normally decom-
‘posed by ‘aerobic’ (air breathing) bacteria, in the
‘presence of oxygen, and some of the energy stored
in their carbohydra:zs is released to the environment
in the form of heat — which is why a compost heap
becomes warm. But some dead organic matter is
deposited at the bottom of lakes or in peat bogs,
where there is little oxygen, and does not decay
completely. When such partialy-decayed matter,
over millions of years, builds up and becomes buried
under layers of sand, rock and sediment, it eventual-
ly turns into one or other of the ‘fossil fuels' such as
oil or coat, or the tar sands and oil shales now being
‘heralded as the solution to the US ‘energy crisis'.
‘These deposits, while undergoing decomposition in
the absence of air (araeroiric decomposition) give
off large quantities of ‘narurzl gas', which is another
fossil fuel and is composed mainly of methane.
(Methane can, of course, be generated by the anaero-
bic decomposition of ordinary erganic matter).

The fossil fuels represent, in a very real way, the
Earth’s ‘life savings of energy: they amount to the
planet’ seon-renewable capital because the geological
and biological processes which formed them over
the past 600 million years have proceeded so dowly
'that the deposits can be regarded as essentially
fixed — at least in relation te any human time-scale.

By contragt, the energy flowing continuously to
“Il.our planet from the Sun is remewable, or income
energy, because it will keep flowing for as long as
the Sun keeps shining, ar arate which cxcecds by a
factor of about 25,000 the world's rate of energy
«consumption.

Apart from the Sun, there are two other sources
of income energy

One is the gravitarional pull of the Moon and Sun,
'which acts on the world’s oceans and causes the
tides. The total amount of energy stored in the
Earth’s tides has been estimated to be about
126 x 10'2kWh per year, or about 0.0017% of ti:e
‘total solar energy input. Some 0.56 x 1012 kWh of
'this energy is capable of being harnessed.

i gpeaking. geothermal energy is a non-renewable

! much heat were taken from the.earth that its

INFEDDUCTION

The other is ‘geotherma’ energy, heat generated
deep in the Earth’s core when radioactive substances
decay. The total amount of geothermal energy flow-
ing to the Earth’s surtace, either by direct conduct-
ion through the ground or by convection through
volcanoes and hot springs is estimated to be about
280 x10'2kWh aycar, of which 0.53 x1012kWh a
year IS estimated to be usable in practice. (Strictly

resource, but it has been calculated that even if so

temperature cooled by one-tenth of a degree centi-
grade, the energy supplied would meet the world's
present needs for four million years.)

Throughout history, mankind has found ways of
tapping these renewable energy supplies — by build-
ing sailing ships and windmills to capture the energy
of wind; by devising water mills to harness the rain
that flows through rivers; by constructing houses
with thick, south-facing wails to store the Sun's
direct heat energy; and by burning trées and other
plants to trigger the reaction with oxygen which
liberates the energy stored in their carbohydrate
bonds.

The energy stored in fossil fuels can aso be liber-
ated by reaction with oxygen, which is what we do
every time we light a coal tire, start a car engine,
switch on the oil-fired heating or light a gas stove.
But every time we do so, we irreversibly deplete an
energy supply that has taken millions of years to
build up. Pre-industrial consumption rates were
negiigible, but at present consumption rates, we will
have used up the Earth’s entire supply or fossil fuels
in a few hundred years from start to finish.

This reckless expioitarion of our irreplaceable
fossil resources has, however, been accompanied by
exploitation of a different and more persona kind.
Man's inhumanity to man has, of course, been a
characteristic of all epochs, but the advent of easily-
accessible concentrations of energy in the form of
coal, and later oil, has amplified many times the
power of the exploiter over the exploited, the
tyranny of the oppressor over the oppressed. As
Tolstoy observed more than seventy years ago (5).

‘If the arrangement of society is bad (as our is),

and if a small number of ‘people have power over

the majority and oppress it,~cvery victory over

Nature will inevitably serve only to increase that

power and that oppression.’

The misery of the millions of labourers who worked
in the Dark Satenic Mills of nineteenth Century
England was made possible (although not necessary)
by the coal that fuelled the steam engines which
drove the primitive machinery of mass production.
And the alienation’ of the car workers of Detroit and
Dagenham today is made possible by the oil that
powers both the sophisticated production lines and
the chromium-plated end product. !
Fossil fuels have unique characteristics which |
make them eminently suitable for exploitation by '

ruling oligarchies in the furtherance of their own
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interests. ‘They are concentrated in discrete locat-
ions, on land that can be bought (or seized). unlike
the renc wable resources, which in generd are pretty
evenly distributed ihroughout the globe. Their
extraction from the Earth requires large amounts of
capital and a high degree of technical expertise,
which means that only Governments and the
largest corporations can afford to finance such
undertakings.

Moreover. since deposits are usualy located at a
considerable distance from the consumer, vast
amounts of profit and tax can be added to the cost
throughout the various stages of transport and distri-
bution without the customer normally being any
the wiser.

So efficient, indeed, hav= the properties of non-
renewable energy sources been in enabling the “ding
minorities of society to preserve and extend their
influence that when the exhaustion of the Earth's
fossil fuel reserves recently appeared as a prospect
on the horizon, the search immediately began for
substitutes With similarly-obliging characteristics.
The energy Czars of the worid did not have far to
look. Their friends in the military establishment hac
comic up with just the answer, in the shape of
nuclear fission.

When it comes to shoring up economic and poaliti-
cal monopolies, nuclear fission is awell-nigh ideal
energy source. Like cord and ail, it depends on dig-
ging up something solid and tangible, namely Uran-
ium, from ground to which one can own the ‘rights’.
Better stil], the refining and enrichment of Uranium
requires eve’ greater amounts of capital and techni-
cal know-how than are needed to process oil. Best
of al, the technology involved in turning enriched
Uranium into usable energy is so esoteric, so costly
and so dangerous that the number of organisations
in the world capable of performing the feat is prob-
ably only about a dozen at present.

The development of nuclear power will bring in
its wake & increased desth rate from cancer and
lenkaemia, and a higher incidence of genetic diseases
in future generations, even if there are no catastro-
phic accidents, because ‘small’ quantities of ‘low-
level’ radioactivity are routinely released to the
environment by nuclear power stations and fuel
processing plants.

And plutonium — a substance so toxic that just
one kilogram of it could, if dispersed into the atmo-
sphere, cause 2.7 million fatal lung cancer cases (&)~
will he produced in vast quantities to fuel the highly
unstable breeder reactors needed to make atomic
power & economic proposition.

But all that matters to the ruling oligarchy is that
nuclear fission is potentidly capable of providing
a large proportion of the energy needed to sustain
the status quo for a few more centuries.

When pressed, the exponents of nuclear fission
admit that its exploitation implies serious problems,
but they fall back on the lame justification that
fissonisjust a‘stop gap’ to tide us over until the
scientists succeed in developing nuclear fusion whick

will, ‘hey say. enable vast amounts of energy to be

created from the “virtually-inexhaustible’ reserves of
deuterium in ti.e world’s oceans. Fusion reactors,
they say, wili be the ‘ultimate answer’.

What they do not say is why it should be
necessary for us to go to immense trouble ro create
our own fusion reactor when we receive one-and-a
half million million million kilowatt hours of energy
a year from the Great Fusion Reactor in the Sky
known as the Sun. Could it be because no one has
yet perfected a way to corner the market in sun-
shine? Is it because no one, so far, has been able to
channel al the sun’s energy into a small number of
outlets from which it can be divided up into units
and sold in packages, as has been done with virtually
every other natural commodity?

Science is working on the problem, though. Peter
Glaser, vice-president of Arthur D Little Inc, the
international firm of management consultants, has
since the late ' 60s been assiduously promoting a
megalomaniac scheme for a huge solar power station
in orbit round the Earth which would transmit its
power back to ground level by microwave radio
beam (7). Glaser suggests that an enormous panel of
solar cells, 25 square kilemetres in area, could gener-
ate eectricity to power a battery of microwave gen-
erators. These in turn would feed their power to a
one kilometre wide transmitting antenna, which
would be focused on a 7km wide receiving antenna
on Earth.

The microwave beam would pass straight through
clouds with little absorption. and the receiving
antenna would be connected,via suitable matching
equipment, to the electricity grid system, to which
it would supply something like 5,000 megawatts of
power. The main advantage of the scheme, according
to Glaser, is that the ‘Sateliite Solar Power Station’
would be abie to operate at full efficiency for 24
hours a day ailmost every day of the year, unlike ter-
restrial solar panels which cannot operate at night
and work at reduced efficiency when there is cloud.

Among the disadvantages, however, are that the
estimated capital cost of the SSPS (around £520/kW
£520/kW) is, eve’ now, twice that of a conventional
central power station and aso greater than the
capital cost of other large, but ground-based, solar
energy collectors that have beenproposed. And
given that the whole project depends on the perfect-
ion of a number of technologies till at the develop-
ment stage-such as the Space Shuttle, cheap mass-
produced solar cells, and efficient, inexpensive
microwave generators — it seems inevitable that the
cost estimated at the moment are grosdy over-opti-
mistic. At the moment, development costs alone are
reckoned to be around 820,000 million. And the
problems involved in maintenance of an SSPS,
assuming it can be stationed in orbit successfully, can
at this stage only be guessed at.

More serious still are objections to the scheme on
the grounds that the microwave beam, even if accur-
ately pointed, is of sufficient intensity to cause con-
cern about its possible effects on living tissue; and
that the beam could accidentaly (or deliberately,
for military purposes) be deflected from its focusing
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point at the receiving antenna to a location where its | ordinary visonary, Aldous Huxley, nearly 30 years
tags in his essay Science, Liberty, Peace (11,1 can
i do no better than to italicise the paragraph which
seems to me the most important, and to point out

radiation could harm human beings (8). But the
biggest objection to the SSPS is that to an even
greater extent thaa all the other high-technology

megaprojects, such stations could on!!; be construct- that Huxley's comments, though originally addressed

ed and operated by the richest corporations or
nations of the world, in whose already over-power-
ful hands they would concentrate even mote
control.

Some recent schemes for harnessing wind power
have displayed a similarly-alarming tendency
towards ceniralised gigantism. William E Heronemus,
professor of electrical engineering a the University
of Massachusetts, Amherst, put forward in 1972 a
scheme for no less than 300,000 wind turbines to br:
erected on the Great Piains (%). Tine turbines, each
50ft in diameter, would be mounted 20 at a time
atop enormous 850ft towers spaced at a density of
about one per square mile. The cutput of such a
complex would be equivaent to that of nuclear

power stations Of some 189,000 megawatt capacity, !

just over half the roral installed electrical generating |

capacity of the United States in 1970.

But such a scheme, even if economicaly com-
petitive with conventional energy sources, perpetu-
ates the ceneralisation oOf energy in amanner which
may protect the investments of the electrica
Utilities but which ignores an essentia characteristic
of wind power — the fact thet it needs no distribut-
ion systein and iScapable of increasing, rather than
decreasing, the self-reliance of regions and small
communities.

The centralisation Of naturally-decentralised
ensrgy Sources may not be the only way of turning
them mto commodities. however. Consider this
guote from a recent article on wind power {10):

‘Creat corporations have not as yet entered into

this field because wind energy has not seemed to

be menopolisable over a pipe or wire. Enterprise
can he rewarded, however, in greater magnitude
thai eve- 22 fore, Dy producing and renting world.-
around wii.d-harnessing apparatus — following the
models of the computer, telephone, car rental and
hoteling service industries.’
In case you were wondering, the author of this
shrewd bit of advice to our friends in the muld-
nationa corporations on how they may best make a
killing out of what Nature gives for free is that sup-
posed hero of the counter-culture, Buckminster
Fuller. We can look forward, then, to the day when
the regime of some latrer-day Allende is‘de-stabii-
ised’ by the CIA in retaliation for iis attempts to
take into public ownership the local subsidiary of
ITT Wind Energy International Inc.

There are clearly two distinct modes of develop-
ment of the naturally-distributed energy sources. a
benevolent mode in which they are employed to

facilitate the decentralisation of politica and
economic rower, the redistribution of wealth and
theliberation of the individual; and a malignant
made in which they are used to prop up the central-
ised and authoritarian structures of our existing
industrial scriety. These two possibilities were
spelled out with his customary clarity by that extia-

to the development of the ‘tropical countries’, apply
- with even grearer force to the future of the more
b emperate regions of today’s industrial world:

‘Unti! recently, the direct use of solar power has
been impracticable. owing to the technical
difficulty of constructing suitable reflectors. A
few months ago, however, it was announced that
Russian engineers had developed acheap and
simpie method for constructing paraboloid
mirrors of large size, capable of producing super-
heaied steam and even Of melting iron. This Ji‘s-
covery could be made to contribute greatly to the
decentralisation of production and population
and the creation of a new type of agrarian society
making use of cheap and inexhaustible power for
the benefit of individual small-holders or self-
governing co-operative groups.

For the peoples of such tropical countries as
India or Africa the new device for directly harnes-
sing solar power should be of enormous and
enduring benefit -unless, of course, those at
present possessing economic and political power
should choose to build mass-producing factories .
around enormous mirrors, thus perverting the
invention to their own centralistic purposes,
instead of encouraging its small-scale use for the
benefit of individuals and village communities.
The technicians of solar power will be confronted
with a clear-cut choice. They can work for the
courpleter enslavernent of the industrially-back-
ward peoples of the tropics, or for their progres-
sive liberation from ¢be twin curses of poverty
and servitade to political and ¢cononic bosses.’

i H]
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INDIRECT SOLAR ENERGY

PLANT YOUR OWN POWER

‘The world’s largest industrial use of solar energy is
in agriculture. This is due to the unique abuity of
plants 1o convert 9.02% of incident solar radiation
into stored chemical energy by the process of photo-
synthesis. The plants absorb water and carbon
dioxide from the soil and the air. and use sunlight to
convert these materials into carbohydrates . chas
sugars and starches. The light energy is converted
into the chemical energy bonding the carbohydrate
molecules. Only the wavelengths of sunlight between
0.3 and 0.7 microns are used for photosynthesis,
compared with the light from 0.3 to 1.1 microns
wavelength which can be used by a silicon photo-
eleciric ceil. if the piant iS eaten by an animai rhe
chemical bends of the molecules are broken by
oxidation and energy is released to power the
animal’s body. The oxidation of plant matter in an
animal inanslogons to burning fuel, -which is the
simplest way to use the energy of plants to produce
heat, drive machinery, ete, If a plant decays rather
than king eaten, its stored energy is released largely
as heat. An estimated thousandth part of total plant
matter produced each year is deposited in conditions
which do net favour decay or complete energy 10ss,
and in these conditions the material undergoes the
first stages of fossilization. When cod, oil or natural
gas are burned the same chemical bonds are being
broken asii the original plants had been burned, and
the epergy produced is originally the energy of
photosynthesis.

‘ #¥OOoD
|

In 1950 wood fuel still contributed 4% of the total
world energy supply. Of the earth’s original 4.8

billion hectares of forest, 1.2 billion are now under
management to produce a regular timber crop and
another 2 hillion are still virgin forest (the rest has

. been cleared for agriculture, cities, transport, etc). A
i kectare of mixed forest with trees of differing ages
t and varieties will supply about 7.4 tonnes of usabie
, timber per year, a pine forest 10 tonnes per hectare

per year, and a tropical rain forest 59 tonnes per
hectare per vear. If all the carbon in the 175 x 10?

. dry tonsicef organic matter produced by the bio-

+ kWh, roughly 10 times't

sphere annually were burned as fuel at 75%

efficiency, it would supply about 500 x 1012
Ee world's energy con-

sumption for 1970. As a fuel, wood has a

~ calorific velue of 4.2 kWh/kg.

The most effective way to use plants as afud is
by burning them. Good combustion can release a
greater proportion of the calorific value of plants
than any other secondary conversion of their

- energy. Wood-burning appiiances such 25 heating

stoves and cookers can be obtained with efficiencies

~ of at least 75% (Fig 1), dthough none are made in

Britain because of our lack of forests, and tradition,
al supplies of coal. The most efficient of these

1. See Bioxfuels section in Energy Primer (Portola Institute, 1974).

BCiLER

PREHEATER

The smoke first goes into the secondary combustion chamber
where all the carbons and other solids are bumz off.

Fig 1. Norwegian wood-burning stoves available in knitain; 65% efficient.

(Below) Wood-buaing cooker and water

e

- See Biofuels section of Energy Primey, Porto'a Institute, 1974
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appliances have secondary combustion chambers
where the hydrogen and carbon monoxide released
by the burning wood are burned to increase the total
energy obtained. Wood can aso be used o fire

|annuai yieid per hectare per year of 2,000 tonnes,
athough the system hzs been tried only on a very

small scale. This technique could be used with such
high yielding crops as sugar beet ro produce large

boilers for industrial use, as in a furniture factory in quantities of fuel. Although beet could be converted

High Wycombe, Buckinghamshire, where aboiler is
fuelled by wood offcuts and the steam drives a
generator to run the machinery of the factory. |
Wood and other plant materials can be converted
into more conventional liquid and solid fuels such as
ethyl alcohol and charcoal (usable as replacements |
for petrol and smokeless fuel respectively). These
fuels were widely used during the war in timber-
producing countries. During the Second World War
the forester Edward Lundh doubled the effective
annual wood fuel harvest in Sweden by improving
forestry practices and eliminating waste. Buses,
boats and tractors were fitted with wood gas
generators which produced a mixture consisting
largely of carbon monoxide, carbon dioxide,
methane and hydrogen which was fed directly to
the engine as a petrol substitute. Wood was aso
distilled to give motor lubricants, converted into
cellulose cattle feed and, when fortified with soya
flour and yeast, sold as a meat surrogate. These uses
of wood ceased after the war because they were
expensive compared with conventional sources of
materias, but they shewad how many of the
requirements of a conventional energy-using system
could be met by a renewable fuel.

PEAT AND DUNG

Two other fuels of vegetable origin deserve mention;
these are peat and dung. Peat is used in ireland,
Germany and the USSR and there are eve” power
stations fuelled by it Peat production worldwide is
35 million tonnes per year. The great advantage of
peat is that it i= arenewable resource, and a managed
bog wiil regenerate every hundred years. Dried dung
cakes are used in underdeveloped countries as a
source Of fuel for cooking and space heating. Thisis
a practice which isharmiul agriculturally and
medicaily because the land is deprived of essential
manure and the smoke from the burning dung causes
eye disease. But as long as no other source of fud is
available the burnins of dung is unavoidable.

ALGAL CULTURE

The wisk to gain higher yields pet hectare of biomass
has encouraged resea-ch into microscopic single-
celled plants such as Chlerella (atype of algae)
which can give yields up to 86 tonnes per hectare.
These plants can then be converted into charcoal,
combustible gases and combustible liquids by
pyrolysis (heating to 500°-900°Cin a closed con-
tainer without air). A considerable amount of energy
is required to dry the water out of the organic
material, and the energy input could be higher than
the value of the fudl produced. Some researchers
suggest that the higher plants could give yields as
high as algae, given suitable growiny conditions.
Reports of trials in West Bengal of the Sharder
process of hydroponic culture (using organic
nutrients rather than chemical solutions) quote &

" nto acohol as afue it would also be ideally suited

for conversion into methane gas by the method

+ described in the following section of this chapter.

ANAEROBIC DECOMPOSITION AND METHANE
GENERATION

When organic matter decomposes in the absence of
oxygen (ie ‘anaerobically’), as can sometimes happen |
in a poorly managed compost heap, incomplete
oxidation takes place to give a mixture of ammonia,
nitrogen, methane and carbon dioxide, and hence
the characteristic smell of putrefaction. The cycle
can be completed by the addition of more oxygen,
the methane being oxidized to carbon dioxide and
water. It is this property of anaerobic decomposition |
that could be exploited to yield another type of fud |
from biomass.

Anaerobic decomposition was originaly developed;
as ameans of rendering harmless the dudge from
the purification of sewage, and the methane
produced was treated more less as a byproduct.
However, where the sewage works is of sufficient
size the gas has been exploited as afuel for
generating power in gas engines to serve the needs of
light and heat at the sewage works (this happens at
Mogden and Cambridge). Because of the research
behind the process for the safe anaerobic decom-
position of sudge, much is known of the bacteria |
that produce methane from organic matter and the |
conditions under which they best thrive. The |
generation of methane from organic wastes therefore;
has a strong theoretical basis. The organic wastes
must be maintained at the optimum temperature for :
the particular bacteria involved in the decomposition.'
Some digestion of wastes will occur between tern-
peratures of 0°C to 69°C but generally there ate
ceasidered to be two optimum temperature ranges.
Between 29°C and 41°C the ‘mesophilic’ bacteria
are active, whilst between 49°C and 60°C the
‘thermophilic’ bacteria ate active. Although
digestion occurs at approximately the same rate for
both these temperature ranges, the usual range
alowed for optimum gas production with the least
expenditure of energy to maintain the temperature
of the decomposing wastes is between 32°C and
35°C.1It is quite common in small-scale systems for
some of the methane produced to he burnt to
generate the heat required to maintain gas produc-
tion. Insulation of the digester, particularly in cold
climates, is also very important to reduce the energy
required, although in hot climates such as India,
where much work has been pioneered on small-scale
digestion, this is not so critical.

It has also been recognized that the acidity {pH)
of the digesting wastes is important in ensuring
optimum methane production. A pH range of
6.8-8.5 (ie dightly alkaline) is accepted as best. For
sewage dudge decomposition apH of 7.0-7.5 is :
generally established but the New Alchemy Ingtitute

i
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Fig 2¢c

Fig 2e

Fig 2. Methane
digesters,

Fig 2a, 0il drum
snmp digesters;

Fig 2b. Variabie
volume methane
holder; Fig 2c. Oil
drum digester

with inner tabe as
methane holders
Fig 2d. Continuous
production methane &
digester;

Fig Ze. Combined
digester and pas
helder.

found from experiments of digesting manure and
plant wastes that a more alkaline mixture with a pH
of 8.0-8.5was better. The pH range is affected if raw
organic material for digestion is added while diges-
tion is taking place. The addition of excess raw
wastes encourages acid conditions as the first stage
of decomposition involves the production of volatile
acids. If these are produced faster than the methane
generating bacteria can break them down into the
final products of ““aerobic decomposition then the
decomposition stops until sufficient methane-
generating bactcaa have grown and the balance is
restored. It is possible tc add lime or ammorium
~ phosphate to restore the pH when it has become too|(0.1%), nitrogen (1.0%). oxygen (0.1%) and hydro-
{ acidic but alkaline sodium salts should not be added  gen sulphide (trace). This raw gas has a calorific
as these kill the bacteria. Raw wastes which are - value of 5.6-7.2 kWh/m?. However, the gas can be
naturally more atkaline, such as horse and cow ! scrubbed to remove the corrosive and nor-
manures, can be composted aerobically to reduce . combustible portions to give a product very similar
the acids of the initial decomposition and hence to natural gas, consisting of 98% msthane, 1%
keep the pH range at optimum for gas production. carbon dioxide and 1% nitrogen. The carbon dioxide
The time allowed for gas production depends and any ammonia present can be removed by bubb-
upon the type of digester and wastes being used. ling the raw gas through lime water, and the hydro-
The origina method was one of batch digestion gen sulphide removed by passing it through iron

where the wastes were put into a tank, seaed and

left for @ minimum period of one month. the actual
| time allowed for digestion depending on the size of
"the plant. During this time decomposition would be
; completed and all the gases given off and collected.
- Only when all the gas had been given off was the

filings. As the gas comes from the digester

it also contains a considerable quantity of water

vapour which should be removed by passing the gas

through a desiccant to prevent subsequent conden-

sation of water in the gas pipes causing corrosion.
Many different types of organic matter have been

digester opened and the residua ‘fertilizer’ taken
out {FigZa,b,c). Alternatively, digesters have been
operated where the raw wastes are ground up and
added daily or weekly, with the completely digested
surry being expelled a1 the other end, gas product-
ion therefore being continuous (Fig 2d,e). For the

used in methane plants in an attempt to fiid the
most efficient conversion of biomass, and hence
solar energy, into methane. To some extent the
materials used must be limited to those available.
Thus in India digesters ha.e been designed to use
cow dung and some plant wastes as the raw material.
recommended temperature range of 30°Cto 35°C The aim here was to supplant the “se of dried cow
the normal period of decomposition is 1-2 months.  dung as a direct fuel which involved the loss of
i Once optimum conditions for digestion have been ‘manure to the soil. With the methane plant, although
' established, rhe yield of gas depends to some extent | the initia capital investment is much higher, the cow '
on the raw materials being digested. As mentioned, | dung is still used to produce a fuel but the slurry l
- the mam constituents of the gases of decomposition | remaining once digestion1s complete 1s avatuable
are methane (54.60%) and carbon dioxide {(37-45%) | fertilizer for the soil, only dightly less rich than a
| with traces of hydrogen (0.3%). carbon monoxide compost from aerobically decomposed wastes.
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Digesters have aso been run completely on plant
wastes, although here the scum formed on the
surface of the digesting wastes by the undigestible
plant materials can inhibit gas production, and for
this reason batch digestion of plant wastes has

cleaned cut regularly. Because methane production
from organic wastes has recently been viewed as an
alternative method of producing fuel on a large scale
rather than as a more sophisticated compost heap,
emphasis has been placed on the most productive
plant form to supply the wastes to be digested. Algae:;
grown under eptimum conditions can give a yield of
86 tonnes hectare compared to the 2.4-24.0 tonnes
hectare of some of the higher plants. However, the
algae must be harvested from the solution they are
grown in before being digested and this requires
energy. It has been argued that some of the high
productivity higher plants such as sugar beet and
sugar cane could probably achieve yields similar to
those of the micro-organisms if grown in comparable:
| optimum condinons and, with their stores of avail-
* able sugars, may even contain more digestible
i material than the aigae. There has so far been
insufficient research to confirm either viewpoint.

Table 1
Material N (% dry weight) C/N
Urine 15-18 0.3
Blood i0-14 30
Bone meal - 3.5
Right soil 5.5-6.5 6-10
Chicken manure 6.3 15
Sheep manure ER -
Horse manure 23 25*
Cow manure 1.7 25 or 18*
Activated sladge 5 6
Fresh sewage - 11*
Grass clippings 4 12
Cabbage 3.6 12
Tomatoes 3.3 128
Mixed grasses 2.4 19
Hay, young grass 4 12
Hay, alfaifa 2.8 17*
Hay, bluz grass 2.5 19
Seaweed 1.9 19
Non-legume vegetables 2.54 11-19
Red clover 1.8 27
Bread 2.1 -
Mustard 1.5 26
Potato hauim 1.5 25
Wheat straw 0.5 150
QOat straw 1.1 48
Sawdust 0.1 200-500
*non-lignin dvy weight
Table 2
Type of waste Gas production in m3/kg of dry matter
Pig 0.39-0.54 3
Cow (indian) G.21-0.31 .
Chicken 0.39-0.88 t from Fry & Meril
Conventional 0.39-0.60
sewage
Sewage sludge 0.33 from Cambridge City Council
Dung .24
Vegetable waste 0.45-0.94
Dry leaf powder  0.45
Sugar cane thzesh  0.75 from Singh
Maize straw 0.81
Straw powder 0.94
Activated sludge  0.62

usually been recommended so that the scum can be N

In considering any wastes for digestion the quan-
tities of available carbon and nitrogen in the
material are important. In anaerobic decomposition
the bacteria make use of the available carbon 30-35
times faster than the available nitrogen. If there is
insufficent available nitrogen present, some of the
bacteria die, thus releasing the nitrogen in their cells
and restoring the balance. The digestion process is
inhibited whilst this occurs. Once al the available
carbon has been consumed fermentation stops and
any excess available nitrogen remains in the final
durry. This will be lost to the atmosphere when the
durry fertilizer is spread on the ground. Table 1
shows the carbon:nitrogen ratios of various raw
materials that might be used for digestion. However,
the values for the C:N ratios in this table that have
been measured in the laboratory may differ
considerably from the actua C:N ratios of carbon
and nitrogen available for digestion and for this

reason they can enly form avery approximate guide
From experiments in India, cow dung with a
measured C:N of 25:1, richer than the recommendec
30: 1, was found to be an ideal waste for digestion
and gas production. Water must also be included in |
the contents of the digester, which should be 7-9% |
total soiids, so the ground raw wastes should be
mixed to a surry with water. Urine could also be |
used to mix the durry but its high available nitrogen |
content should be included in the estimation of the |
C:N ratio. Table 2, which shows gas yields from
specific wastes, measured empirically, may be a
better guide to expected results.

The type of plant used for methane production
can vary from the large-scale sewage works ‘
digester, plants that can now be purchased for
converting intensive livestock wastes (pigs, hens)
into enough fuel to run a farm (Fig 3), to a unit ‘
where a lorry inner tube is used as the digester and |
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| Fig 3. (Above) Mr F, Howarth's ‘Biogas’ digester system at his farm enough gas can be producaj from twe dozen back-

i near Doncaster. i : H H

! Flg 4 {Right} Mother Earth News Digester at Madison, Ohio. yard hens to bOll 2 litres of water in 20 mi nUteS
| This is a special cold climate version of the models developed (enOUg_h to boil an €gg but not enoth to boil an old
_ by Ram Bux Singh in Indiz, see also Fig 2e. hen. Flg 5).

Fig & {Below) Inner-tube continuaus-process digester designed
. by L John Fry and Richard Merrill of New Alchemy Institute
¢ (West).

The digester designed for Tke Mother Earth News
at Madison, Ohio, by Ram Bux Singh illustrates the
typical features of most small-scale plants so far

(D MAIs CHAmMBER oF DIGESTER constructed (Fig 4). The digester is a metal drum

@ TvE PuasTIC CYLINDER 3,000 mm in height and 1,200 mm in diameter,

@muer,cas s errvent mees { | grrounded by an outer drum which forms a water

g:i:fg;:f:f* jacket through which water heated by some of the
© gas produced could be circulated to maintain the
temperatures of 32°C-23*C for digestion. The
digester can either be batch fed, being loaded, sealed
and left for 30 days, during which time all the gas is
given off, or it can be operated by feeding the wastes,
chopped up and mixed to a durry with water, at
regular intervals. As each load of fresh slurry is
added, an equa volume of the digested fertilizer is
displaced, and gas production can therefore be
continuous. A 1.5 kW pump is incorporated in the
system both te pump the fresh durry into the
digester and the finished slurry from it. It aso
circulates the fermenting wastes within the digester.
Although energy is needed to run the system, the
plant is designed to produce 170 m? of gas per
month, whilst operating the pump for 20 minutes
each d}z to stir the wastes uses the equivalent of

27 BieveLE

METHANE POWER PLANTS L, JOHN FRY -

1" BACK PRESSURE
See Fig 4

/8 e AS AnmScum cutie
) Foam covecTor

& 5A% ¥iELo IvDicATOR, 10.2m* methane per month and the gas required
@) PRessuRE FELEASER for burning to maintain the temperature would be
; %‘ 's"“;i'::* SmRASE dightly less than this amount. The gas is collected in
the floating cover of the digester and the weight of
FLAME this cover provides the gas pressure. From hereiit is
&\ Swargre Ve led to the appliances. Other systems use separate gas
£ 5" LATER TuBiNG storage equipment like very small gasometers but in
N al systems the weight of the cover either directly or

l counter-balanced is the' means of pressurizing the gas.
Any discussion of actua digester systems must
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ttake account of the fact that methane diluted in the
air in certain proportions is very explosive when
iignited. The critical range is a mixture of 4%-14%
imethane in air. When emptying a batch digester

attempt should be made to light it.
Apart from producing methane, the anaerobic
jdigestion of biomass produces a valuable fertilizer
| for theeegarden or farm. It is best to let the final

system, the gas line must be shut off well beforehand | dudge stand for a while, so that any ammonia it

so any gas left in the system can vent to the air and
the remainiiig methane can be fully diluted before
the cover is removed and the sludge cleared out. In
the same way, the first time the floating cover or gas
lholder is filled with gas after digestion starts, the
covet should be pushed down so that al the gasis
expelled. It is then left to fill again. In this way any
air originaly in the system mixed with the first
methane produced will not be ignited. Even though
the high concentration of carbon dioxide in the first
discharge of gas will probably prevent its ignition, no

’ contains can escape to the air as this would be harm-
' ful to plants. The dudge will be wetter than normal
compost and aso dightly more acidic so this must

! be considered when applying it to the soil. However,
isome experiments have shown that the nitrogen in
the dudge in the form of ammonium bicarbonate
may actually be more available to plants than the
mitrates and nitrites produced by the aerobic com-
posting of biomass.

i Robert Vale

IﬂS“lation Brenda Vae

Insulating materials can be either man-made or
natural. Natural insulating materias of organic
origir: include cork, eel-grass mat, strawboard and
sheep’s wool. These materials are either expensive
or require a considerable thickness of material to
give a high degree of insulation. They are aso
adversely affected by damp and attractive to vermin.
However, if alarge amount of free or very cheap
material can be obtained and suitable protection
can be given from moisture, natural organic
materials may be a good choice.

The main inorganic natural materials are mineral
wool, which can be obtained in dabs or quilts and
is made by extruding molten rock into fibres; and
exfoliated vermiculture, which is made by heating a
micaceous rock until it expands. These materias
have an insulating value comparable to that of the
man-made materials.

Apart from glass fibre, which is similar in form to
mineral wool, most man-made insulants are made of
oil-derived plastics. The most effective of these is
expanded polyurethane, which has the advantage of
resisting fire and moisture, but this is the most
expensive material. Expanded polystyrene is cheaper
and effective, but it bums fiercely, giving off
poisonous fumes, unless a fire-retarding grade is
obtained. The cheapest expanded plastic is foamed
urea formaldehyde, but this has no mechanica
strength and cannot be made into dabs or boards.

It is this materia that is pumped into cavity brick
walls to add insulation. The walls provide a support
for the weak foam.

When insulation, of whatever kid, has been
installed, it must be protected against moisture
vapour in the air. If vapour condenses in the
thickness of the material it will be made useless,
since the insulating effect depends on trapping dry
air. To prevent condensation, a vapour barrier—
such as polythene sheet (with joints folded and
taped), vinyl wallpaper, or two coats of oil-based
paint-must be fixed en the warm side of the
insulation so that the vapour never condenses.

The insulating properties of the surfaces of a

%

15% in draughts
15% into ground

35% through walls
25% through roof

10% through glass

building are measured in terms of their ‘U-value,
which is defined as the amount of heat escaping
from the fabric of the building, measured in watts,
per degree centigrade of temperature difference
between inside and outside, per square metre of
surface area. The U-value of a surface is governed
by the materials used, their thickness and the degree !
of exposure of the surface. A typical example of a
well insulated structure is timber-framed wall with
acladding of shiplap boarding, a filling of 150mm
expanded polystyrene, and an inner lining of
plasterboard, which will have a U-value of
approximately 0.2 W/m?deg.C, whereas the cavity
brick wall of the average British house has a U-value
of about 1.7 W/m?deg.C.

But good insulation in itself is not enough. It is
essential to realise that even a high level of structural
insulation can be negated by a high degree of
ventilation; each air change takes warm air out and
brings in cold air. A norma house may have three
or four air changes per hour, even though half an
air change per hour would be quite adequate. It
should be recognized that draught sealing and
weather stripping are at least as important as the
conventiona forms of insulation.
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'SUPERPOWER

Useful solar energy is collected simply and cheaply
by plants, but the process is not very efficient in
terms of the proportion of incoming energy convert-
ed For many purposes it is more efficient or useful
to apply solar energy directly as heat, or more rarely,
by direct conversion to eectricity. Solar hest is
collected either at high temperatures by concentrat-
ing direct radiation from a large to a smaller area; ar
at low temperatures by allowing it to heat up
materials exposed to it. The low-temperature
processes are on the whole more efficient and permit
the use of diffuse sky-radiation as wel: as direct sun-
light.

HIGH TEMPERATURE SOLAR HEAT

The sun’'s energy can be used to produce hesat at
high or low temperatures. High temperature solar
collectors are typified by the French solar furnace
in the Pyrenees which uses an array of large
moveable mirrors to produce temperatures in excess
of 3,000°C (Fig 1). On a smaller scale there are
many designs of solar cookers which will boil

water, bake bread, ete, by focusing the solar
radiaticn onto a small area by the use of reflectors
(Fig 2). Similar devices have been built using

curved reflectors to concentrate the radiation at a
linear focus. A black pipe carrying water placed at
this focus will be heated sufficiently to produce
steam (Fig 3). The problem of concentrators is that
they need direct sunlight and must he tracked tc
keep the sun on the required focus. The linear type
lessens this problem and need only be adjusted in
tilt once aweek or less. The concentrating collectors

DIRECT SOLAR ENERGY

Fig 1. Solar fumace at Odeillo, Pyrenees, France.

are fairly complex in construction as the correct
shape of the reflecting surface must be maintained,
and their form means that they are very difficult to
incorporate into the fabric of a building. If free-
standing, they are liable to suffer damage from wind
and exposure.

Fig 2. Parabolic
solar cooker.

Fig 3. (Below).
Mass moving,
Belgium—Solar
trumpet station at .
Comiek festival,

65




66

ENERGY

DIRECT SOLAR ENERGY

{ LOW TEMPERATURE SOLAR HEAT

¢ The commonest use of solar heat isin iow
| temperature (up to 50° C) flat plate collectors. These
| have a black heat-absorbing surface which isin
contact with the fluid to be heated (usudly air or
i water) (Fig 4). The absorber has one or more
. transparent covering sheets. The solar radiation
! passes through the transparent cover and is absorbed
lby the black plate, which becomes heated. The infra-
I'red radiation from the hesated plate cannot re-
. radiate through the transparent cover to the outside
s0 the temperature of the plate rises and the heat
1can be absorbed by a circulating fluid. The back of
| the plate must he insulated to prevent loss of heat.
| If the number of glass or plastic covers is increased
the heat lost by convection and conduction through
the face of the collector can be reduced, but the
proportion of the solar energy reflected from or
absorbed by the cover sheets also rises.
Flat plate collectors will coliect indirect as well
as direct radiation but useful temperatures are
obtained only with direct radiation. It is not worth
triyiiggtdoaabiéeecgih ttemperatures wiith flat plate
collectors because collector efficiency falls off as
thbet¢enpeesttinec aff «ollection nises. The collector
ssholddobbvoosyy feaee Smith andl be tilted to recéive
; the maximum radiation. "The tilt should be such as
j tiowcollect temost energy during the winter months

4

‘ glassor plachic
5 backangd
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Fig 4. Section through a “clesed’ type of low-temperature
collector with two covers and where the heatcollecting fluid
flows behind the collector plate.

when the heat is needed. The usua recommended
tilt angle is the latitude of the site plus 152, which,
in Southern Britain, leads to an angle of 67°:
difficult to incorporate into the fabric of a buildiig.
Fig 5 shows how, with a building of a given volume,
a large collector can be built to replace the whole
roof-covering at an angle of about 30". If the
collector is as cheap as the rooting it replaces, this
design will give considerably more heat than the
smaller area of optimum-angle collector that could
be built within the same building volume.

THERMOSYPHON SYSTEMS
The collecting system can be either closed or open.

i In a closed system the fluid flows in tubes or ducts

fixed to the black absorbing surface. Provided that
al the pipes dope dightly upwards, and, more
importantly, that the bottom of the hot-water
tank or heat stove is above the top of the collector,
the fluid will thermosyphon round the system

i without the need for a pump (see Fig 6). Early

designs of closed collectors used copper tubing
soldered to blackened copper absorber plates in
order to achieve good thermal contact between the
plate and the tube. Most recent designs in such
collectors use pressed steel central heating radiators
painted matt black. Points to note ahout
thermosyphon systems are that the pipes must be
of large diameter (for water systems, at least 28mm
diameter) so that the flow is not reduced or stopped
" by friction. Because the system is aways full, the
water must contain anti-freeze to prevent trouble
on winter nights, or it must be drained at night and
refilled when the sun comes cut.

PUMPED SYSTEMS

The main problem of a thermosyphon system is the
siting of the tank or heat stove. In order for the
system to work the tank must be higher than the
collector, but the construction of a large tank abow

Fig 5. Some positions for coflectors
(Ieaving south wall free for windows).

sunlight

67° collector as
part of conven-
tional roof

similar collector in
2 A-frame building

67° collector in a
fixed roof height

30° collector in
same roof heighc
will collect more
energy in a given
moenth than 3

Fig 6. Thermosyphon collector.
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Fig 7. In the solar collector used in the BRAD house {above)
water is pumped up to a perforated pipe running along the ridge
of the roof (left) and trickles over grey corrugated alumirnium
shezts where it is warmed by absorbed solar energy before being
collected in a trough at the bottom.

one’s ; roof presents considerable problems, and the
: system tends to be used only for collectors that

; supply domestic hot water to a conventionally
» sized hot water cylinder. If a pump is incorporated

in the circuit the tank and collector can be sited
independently of one another. At the sam= time
the collector can be of the open type, where water
is dis tributed along the top of the absorber plate,
flowss under gravity to the bottom znd is eoliected
and pumped through a heat exchanger to the top
again

Thie collector used by BRAD in Wales is of this
type (see Fig 7); the absorber is dark grey
anodized corrugated aluminium and the water is
fed through a perforated pipe at the top and
: collected in a plagtic gutter at the bottom. The
t collector gives water at 50° C in summer. One
prablem of open collectors, in theory if not in
practice, is that water vapour will condense on the
| clear cover and lessen the amount of heat
colle: cted. This does occur a BRAD but does not

seem to affect the operation of the collector

[
! significantly. Another problem is that as the system
1

is not sealed, algae, fungi and other organisms that
" like warm damp conditions will tend to start
grow ing. This can he stopped by putting a suitable
! fungicide in the circulating water. The fungicide

shoulld not contain any metallic salts that might

corrode the metal absorber. Advantages of the open

\
|
1 collector are its cheapness and the fact that it is
. self-draining and will therefore not freeze.

! The need to add things to the circulating water
: (fungicide, black ink for increasing the heat

| absorbed, anti-freeze) means that the collector

circuit should be indirect, that the water flowing
through the collector is not the same as the water
which comes out of the taps. The collector water
should flow through a coil of pipe in the cylinder
containing the water to be heated. The same system
isadvisable for closed collectors to prevent any
build-up of scale in the pipes.

COVERS

The choice of materia for the clear covering sheets
has an impact on the cost, efficiency and life of the
collector. The usual number of sheets for year-
round operation is two, athough the computer
programme of the solar energy research group at
the Central London Polytechnic indicates that
double glazing provides only a small increase in the
heat that a collector will contribute. The BRAD
collector mentioned above is single glazed but is
designed only for summer “se. Glass is the best
material for covering in terms of transparency and,
more importantly, long life, although it is relatively
expensive, difficult to handle and breakable. The
main disadvantage of glassis that it requires a
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supporting structure (such as glazing bars). The
ideal materia would appear at first sight to be a
clear corrugated plastic because it would be light,
easy to handle and being corrugated would require
no glazing bars. The problem of transparent plastics
is that they are amost all quickly degraded by
sunlight and become brittle and opague. The best
plastics from a degradation viewpoint are
polymethyl methacrylate ("Perspex’) and
polyvinylflouride (PVF). These are both more
expensive than glass in rigid sneet form. PVF can be
obtained bonded 1o clear corrugated glass fibre and
this would be an effective collector cover were it not
for the very high price. The degradation of plastics
is caused by the ulna-violet content of sunlight and
it may be worth using a layer of piastic under a
single glass Skin to achieve a cheaper deuble-glazed
cover than if glass aone were used. The glass should
help to cut cut the ultra-violet light and therefore
improve the life of the plastic. Care shoull be taken
that the selected plastic does not melt or soften at
the temperatures that may be reached in the
collector.

PASSIVE SOLAR COLLECTORS

The simplest solar collectors are the ‘passive’ type
where the structure of the building wself is used to
collect heat without the need for pumps, fans, etc.
Such collectors-can gererally be used oniy for
space heating. A typical passive collector is that
designed by Trombe and Miche! in the Pyrenees
(see Fig 8). It consists of a heavy (usually concrete)
wall with horizontal dots at top and bottom. The
cuter south facing surface of the wall is painted
black and double glazed, leaving a cavity between
the wall and the glass. When the sun shines, the wall
heats up, the air in the cavity is heated and rises,
flowing into the building through the dot in the top
of the wall and being replaced by cold air entering
the cavity through the dot at the bottom. When the
sun stops shining the heat stored in the massive wall
continues to heat the air.

Fig 8. Michel/Trombe nassive solar collector.
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A similar system is used by Steve Baer in New !
Mexico, with a wall made of black-painted oil drums .
full of water (see Fig 9). At night insulated shutters
are closed over the outside of the oil drum wall and
the warm water then radiates heat into the room.
These systems have little long-term storage capacity
and are best suited to climates with sunny days and
cold nights. but they have the great advantage ot
no mechanical parts to break down, and no need
for additional energy to run them. Water-heating
passive collectors arc on sale in Japan; these take
the form of a black plastic pillow which is filled
with water in the morning and left on the roof
under a clear plastic cover. In the evening the heated
water can be drained off for use.

STORAGE

A solar heating system requires a means of storing
heat for overcast days. The commonest storage
media are water or rocks. Water takes up less space
for a given heat storage capacity but the container
must be Leakproof; rocks enable heat to be drawn
off a the temperature it is put in without the
temperature being reduced by mixing. Both require
a large, highly insulated container, preferably inside

. the building to be heated so +hat the heat lost from

the storage goes into the bdilding. To keep the
volume of storage as small as possible it is essential
to reduce the heat requirement of the building by

good insulation. Given a very large volume of

storage it would be possible to store heat from
summer to winter. This was tried successfully at
MITin the 1930s but is expensive. Chemicals have
been used for storing heat-usually substances that

. melt when heated and give up heat on resolidifying,
" such as hydrated sodium sulphate. The problem is

that after a number of heating/cooling cycles they

. cease to give up heat at the required temperature.

AU the chemicals so far tested for heat storage are
more expensive than water or rocks. A further
method of storing heat is in a two-vessd system
rather than in a single container of one material.
For instance, a solution of sulphuric acid and water
may be heated by the sun and the resulting

steam condensed in a separate vessel. When the
remaining concentrated sulphuric acid cools and

ALL PHOTOGRAPHS: STEVE BAER




the vapour pressure drops, the water in the other
vessel will evaporate and re-enter the acid. When this
happens the water gives up its heat of condensation
and aiso the heat evolved when it mixes with the
concentrated acid. If a valve isplaced in the pipe
connecting the two vessels, the heat may be stored
indetinitely as thie water will only recombine when
the valve is opened. Such asystem is obvioudy
compiex to build but could have the advantage of
being smaller in volume than a water tank of the
same storage capacity.

SOLAR PONDS

Heat may also be collected 2nd stored in ponds. A
pond is constructed with a black lining and filled
with concentrated brine. A layer of fresh water is
placed over the brine. The solar radiation passes
through the water and heats the black bottom of
the pond and hence the brine. As the brine is much
heavier than water it cannot rise to the surface and
evaporate. A coil of pipe in the brine conducts the
heat away for use. This method has been tried in
Israel by Tabor to provide low pressure steam to
drive a turbine. The ponds must be very large in
area to minimize heat losses around the edges.

TEMPERATURE AND EFFICIENCY
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Fig 9. Steve Baer's oil-drum solar collector at Coerzles, New Mexico,
The first picture shows the shutter/reflector down to collect heat, the
second shows it up to retain heat, and the third shows what the drums
look like from inside,

a domestic refrigerator by absorbing heat at a low
temperature, doing work on it, and exhaugting it at
ahigher temperature (see Fig 10). In the refrigerator
heat is absorbed from the food, which is cooled and
exhausted into the kitchen, which is (dightly)
warmed. The quantity of high grade hear produced
is greater than the amount of work put in. This
apparently ‘free’ hear is gained at the expense of the
temperature of the low grade heat source, which is
reduced. Therefore, if one has a large volume of
something which is at a fairly constant temperature,
such as the earth, the air or a lake, heat can be
extracted from it without reducing its temperature
unduly. This is a method »f using solar energy
indirectly in that the low temperature heat source
is initially warmed by the sun.

In the vapour compression heat pump (and the
electric refrigerator) a suitable refrigerant such as
Freon 12, at the temperature of the low grade heat
source, is compressed as a gas to raise its boiling
point to dightly more than the temperature required
for space heating. The pressurized gas passes through
condenser coils over which the air or water to be
hested flow. This cools the gas to below its boiling

Fig 10. The vapour compression cycle heat pump.

As flat plate collectors produce heat more efficiently
a low temperatures there is a problem when this
heat is required in abuilding, A conventiona central
heating system wish radiators operates at 80° C
whereas the collector will give hear at about 50°C.
A warm air system will work at 50° C or iess but
the necessary ducts and fans take up considerable
space, particularly in an existing building. The most
effective use of 50° Cheat isin large radiant ceiling
panels containing warter. Although these give the
most comfortable conditions of any sort of heating,
they are expensive.

HEAT PUMPS
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The increased efficiency of low temperarure heat
collection and the possibility of simplifying the
collector if it isaet to collect ar higher temperatures
have led to the use of heat pumps with solar
collectors. The heat pump works in the same way as
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point SO it condenses and gives out heat. The liquid
refrigerant is collected in a receiver and passed
through an expansion valve which causes the
pressure to drop and the temperature to fall. The
coo} liquid then passes through the evaporator
coils, which are in contact with the low grade heat
source. Heat is absorbed, evaporating the liquid
which returns to the compressor.

The effectiveness of an idea heat pump cycle is
measured by its ‘coefficient of performance’ (COP).
The higher the COP the more heat is upgraded to a
higher temperature per unit of energy put into the
system. Obviously if advantage is to he taken of the
heat pump, the COP should be as high as possible so
that the maxinmum amount of usabie beat is

in area instalation never match its theoreticaly
ideal behaviour; and because power is needed to
drive fans, pumps, etc. For these reasons the overall
effectiveness of a heat pump system is measured by
its ‘performance energy ratio’ (PER), which is the
ratio of the heat output to the input to the heat
engine System. In practice the PE¥ will be about
30% of the predicted COP. PERs of up to 6.0 have
been achieved with units using waste heat from
Jpower stations at 25° C, and up to 5.0 using air or
ground-water. However these were large installations
domestic scale instalations can usualy achieve 3.0
at the most.

In order to reduce the temperature difference,
-attempts have been made to use solar heated water

provided for the expenditure of as little energy as
pussible. To achieve high values for the COP the
difference in temperature between the low grade
heat and the required high grade heat must be as
small as possible. If alow grade source such as the

i soil or ariver is being used, the temperature is fixed

atroughly 50°C. This is about the lowest
temperature the soil will reach at a depth of 1,200
mm in the southern part of Britain.

The effectiveness of a heat pump system is
reduced by the fact that the circulating refrigerant
needs 1o be cooler than the low grade source in
order for heat transfer to take place to the
refrigerant, and hotter than the required
temperatuare in the building so that hest can be
trznsferred to the heating medium. This can add
10—20° C to the temperature difference. It cau be
seen that the same problem of heat distribution
arises as with solar collectors, for if hot water
radiators are used the temperature difference will
be high and the COP will be low. Further
reductions in the theoretica efficiency occur
because the compressor cannot be 100% efficient;
because expansion and compression of a refrigerant

Fig 11, Diagramatic representation of wind powered heat
pumyp gengrator unit.
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es the low temperature source, and then to upgrade
it. Because the solar heated water is niot required at
a high enough temperature for direct use as a heat
source, the collector can be cheap and smple. A
house was built in Tokyo using this system; the
collector was not even glazed but merely painted
black. The system in the house was complicated by
the fact that heat was extracted from the mains
water before it was pumped to the collector, and
also from the house sewage caught in a tank before
it passed to the sewer. In total, there were three
heat pump systems. If a solar collector aone has to
supply all the low grade heat input in such a system,
it must have a very large area.

One point not often considered in relation to
heat pumps is their efficiency in overal fuel terms.
Most domestic installations are operated from
mains electricity and may have a PER of 3.0,
meaning that for each kilowatt-hour of electricity
bought, 3kWh of heat are given out. However,
the conversion of coa or oil to electricity in a power
station is about 40% efficient, and losses in the
transmission iines can reduce this to less than 25%.
A soiid fuel ér gas boiler or closed room heater may
be 70% efficient and therefore a heat pump with a
PER of 3.0 is only the equivaent, with the
expenditure of a lot of effort and complex
machinery, of burning coa a home. A bailer could
be used directly to boost the temperature of solar
heated water to a usable level and would therefore
be serving the same function as a heat pump plus
solar collector installation at greatly reduced cost.

The heat pump comes inte its own where it can
be driven by a primary fuel or an ambient-energy

1 source, rather than by mains eectricity (see Fig 11).

The high PERs obtained with large scale heat pump

installations are often the result of driving the heat
: pump compressor with a diesel or gas engine, and
tusing the cooling water as an additional source of

{ heat. Here the energy of the gas (which could be

| methane if the installation were on a farm) is used
}directly to drive the engine and the heat produced
Fby the inefficiency of internal combustion is also
jused, thus raising the efficiency of the tota system.
The heat pump is perhaps trebling the value of the
fuel. Another possibility is to use a heat pump
compressor to absorb the excess power produced

| by alarge acrogenerator. Wind-powered generators

| must be governed to prevent over-running and
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subsequent damage, and much of the potentiai
energy in winds of higher velocities is wasted. If the
surplus energy could be taken up by a compressor
the formerly wasted energy could be used and its
value increased. Obvioudy hear storage would be
required for windless days, and this could add
considerably to the cost, but this and similar
proposals (see Wind section) show a better use of
the heat pump than smply as a means of using
mains electricity as efficiently as a boiler uses coal.

DIRECTSOLAR GENERATION OF ELECTRICITY

Electricity can be produc-i dirzetly from sunlight
using devices with no mos ing parts.

@ Thermo couples If aternate lengths of eectrical
conductors or semi-conductors of different kinds are
joined together, and one set of junctions is hested
while the othet1s cooled, an electric current s

device, and the expense of the concentration have
tended to favour research into ‘photoelectric cells
where sunlight is turned directly into electricity (see
Fig 13). The high cost of such cells, usualy made of
silicon crystals, has confined their use to space
vehicles, but this cost is now falling with the
development of cheaper materials such as cadmium
sulphide, and simpler manufacturing techniques. It is
now thought that cells could be produced for about
£300 per kW (roughly comparable with the cost of
wind generators). A house has been built at Delaware
University (see Fig 14) using a 7 im? array of thin
film CdS cells on aroof a a dope of 45° (with con-
version efficiencies as low as 5% a 20m? panel would
be required to produce 1 kW). Air is blown through
ducts behind the cells to cool them, and this air,
heated to 24°C, is then used for space heating com-

bined with a chemical heat storage bed. The cells are

produced (see Fig 12). The heat could bc applied by a: laboratory manufactured and no cost is given, but it

concentrating collector of some sort to produce a
solar thermoelectric generation.

, *Photoelectric devices The problems of keeping the
| cold junctions cold while heat is applied to the hot
side, of maintaining the sunlight focused on the

' can be assumed that at present the use of solar power
! to produce electricity is too expensive for genera

use, athough new techniques for manufacturing
, Cells may soon dlter this situation.

i Rabert Vale
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'NATURAL, ENDLESS, FREE

| The wind is a naturally-distributed, virtually
mtapped and non-poelluting source of energy. As
nch, it offers many possibilities for the
lecentralization of power production, since the
1amessing of wind can be easily controlled and
naintained by the people who make use of its energy
Everyone knows that wind was once used to pusn
ships around the world-incidentally, some of the
pcean crossing times of the old clippers were
competitive with the crossing times achieved by
modem freighters-and most people are familiar
with the Dutch use of windmills to drain land
reclaimed from the sea. But few know of the many
other devices for harnessing the wind, developed

over the centuries since the first windmills—evolved

from sailing boats and animal mills-appeared in
China and Persia around 2,000 BC.

A lot of work on wind has also been done in this
century, but unfortunately a large preportion of it
has consisted of research into large-scale machines,
which are both expensive and very vulnerable in
high winds. It is this preoccupation with large
power stations which has stopped wind power from
‘being fully expioited-quite apart from the essemitial
foolishness Of trying to centralize and charge for
distributing a form of energy which Natnre

i distributes for nothing. But there is another and
{ more hopeful side to the wind power story.

- WINDMILL TYPES
' One categorization of windmills divides them into
vertical axis or borizontal axis machines. Vertical
axis machines (*panemones’) can accept winds
coming from any direction, so do not require any
orientation system to turn them into the wind, but
usualy have high drag characteristics. Horizontal
axis machines usually have to be turned into the
wind (hence requiring special mechanisms for
orientation), but tend to have better performance.
Wind machines can aso be classified according to
the mode of displacement of the blades or sails.
' There are two main types (see Fig 1): L. Windmills
in which the blades move in the same direction as
the wind; 1. Windmills in which the blades move
! perpendicularly to the direction of the wind.
| @ 1. Windmills in which the blades move in the
direction of the wind These machines are
characterized by a tip-spged ratio (see glossary of
i terms) of less than 1, ie the blades rotate at a speed
lower than the wind speed. The blade speed in
practice is rarely greater than a third of the wind
speed which means that these are ‘slow’ machines.
The axis of the rotor in such machines is
perpendicular to the wind direction and is usualy
vertica. Generally only one blade or sail is actively
‘driving’, while one or more of the blades is rotating
againgt the wind-which retards the overall speed of
the mill. The different methods empioyed to
overcome this problem of retardation are what
distinguish the different wind machines in this
category.
a) Windmills with simple drag With these machines,
the blade moving against the wind changes its
position so that it offers minimal resistance to the
wind, or is screened off on the windward side.

1. Screen wind machine (see Fig 2). A suitably-
placed screen dispenses with the problem of
retardation of the blades turning against the wind.
The screen can either be fixed or movable, the
former obvioudy being only suitable when the
wind direction is fairly constant. With a movable
screen, the machine can aceept winds coming from
any direction, although it can be a complicated
process to move the screen. Screen machines can
have a vertical axis (these are sometimes called

Fig i, Windmill iypes.

| N :/

.- > ; |
- |
| s
. Windmills in which the 11, Windmills whose blades

blades move in the direction move perpendicnlarly to the
of the wind. direction of the winu.

Fig 2. Screen wind machines,

' 2h. Persizn vertical axis
screen windmill.

zd, Russian Stastik win
machine.

et

2c. Horizontal axis jumbs
windmill.

' “merry-go-round’ windmills; see Fig 2b), or a
horizontal axis (these are sometimes known as
‘jumbo’ windmills;see Fig 2¢). The Russian Stastik
windmill (Fig 2d}, in which the whole machine was
kept oriented into the wind was a horizontal-axis
version.
2.*Clapper’ type wind machine (see Fig 3a). The
blades or sails are hinged, and swing about a vertical
, axis. A stop situated near each blade holds it back




twhen it is in the drive arc of its cycle, yet leaves it

' free to feather in the wind for the rest of its cycle.
This arrangement has the disadvantage of invoiving
considerable machine maintenance because of the
continual shocks received by the sails or blades
when they bump up against the stops; it is this

bumping action which gives the ‘clapper’ type its

name. The clapper windmill is believed to have
been one of the first windmills; there are some till
in existence in China (Fig 3b)

3. Wind machine with cyclic variation in blade
angle (See Fig 4. By means of an epicyclic
mechanism or 2 system of belts or chains, the blades
of such machisies change their angle in relation to
the wind, and turn round their vertical axes through
half a revolution for each complete revolution of

the rotor. The effect is similar to the clapper type
without the shocks, but the complicated mechanism
mvolved means that this machine loses one of the
main advantages of the simple panemones, namely
that of cheapness and simplicity of constructicn.
b) Windmills witd drag difference With these
machines the shape of the blade is streamlined so
that the drag is less in that part of its cycle that
opposes the wind. An important advantage of these

machines is that they do not need a mechanism for
orientanon.

1. Cup-type wind machine (see Fig 3a). The “cap
anemometer”, used in metecrological stations for
measuring wind speed, is the best example of this
type of machine The shape and number of cups

may vary-as can be judged from Fig 5h. Such

machines are not particularly useful for harnessing
wind energy.

. 2. Transverse flow wind machine (see Fig 6a).

: These machines are analogous to the Banki water

: turbine, and are a transitional type between Type |

and Type Il machines, as the wind strikes the blade

surface not perpendicularly. but a a small angle.
The ingoing wind produces only a smaii part of the

driving torque, the main power coming from the

' outgoing wind. Drag against the wind results in a
loss in efficiency, and furthermore, with increasing
speed of rotation, the braking torque increases
maore rapidly than the gross driving torque. There is
however an advantage in this apparent inefficiency:
no specia devices are needed to limit the speed in
high winds. This type of rotor also exhibits the
‘Magnus effect’—a perpendicular force crested by
the airfoil-like propertes of 2 cylinder spinning in
the windstream. Its efficiency can be increased by
the use of guide vanes, when high rotation speeds
can be attained (see Fig 6b). This type of wind
machine has not received the attention it appears to
warrant.

3. Savonius Rotor (Xc Fig 7). This machine
derives from the cup windmill, and bears a
resemblance to the transverse flow machine. It

consists of a vertical cylinder diced in half aong its

vertical axis. the two halves so formed being pulled

- apart about 20% of the original dizmeter (there are
some variations in this distance and in the shape of

i the curvature of the blades, from a fairly streamlinec

| almost airfoil shape to a simple semi-circle). This

WINLD PQWER

Fig 3. Clapper type wind machine with stops.
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3. Chinese clapper type w'. I
mill incorporacing sail rig of
Chinese junls. (Feom Science
and Civilisation in Ching Vol.
on Mechzanical Engineering),

Fig 4. Wind machine with
cyelic variation in blade

ancle
angst.

Fig 5. Cup type wind machine.

5b Verantius’
“Streamlined
anemameter sail
windmill” {From
Science and
Civilisgtion in
Ching Vol on
Mechanical
Enginecring).

6b Transverse flow
machine with
flexible guide vanes
which eliminate
drag, and allow
high rotation
speeds.
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type of machine operates in light winds and is
ideally suited to pumping or mechanical drive
applications, but because of its low tip-speed ratio
1(0.5t01.5), and therefore its Slow rotation, it is
| notreally suitable for electricity generation.
. Savonius rotors have been in use for some time as
| ventilators on vans and as ocean current measuring
% devices. The Brace Research Ingtitute at McGill
| University in Montreal, Canada, catalysed a recent
i resurgence of the Savonius with its “recycled oil
{drum” design for Third World waterpumping
'applications. The 0il drum Savonius, although it is
rather heavy and has the poor drag characteristics
typical of these machines, can provide a cheap

- source of power.

/d
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i — Fig 7. Savonius roter.
| e
Air streaming and
=" pressure differences
! :._.:‘// @ around 2 Savonius
A 16ioi {From Meckanicul
L
—_— T — Engineering, May 1931

p.334).
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€ II. Windmills with reter blades moving
perpendicularly to the wind For these machines the
tip-speed ratio may often be greater than i—ie the
blade tips rotate at a speed higher than the wind
speed. They are, generally therefore ‘fast’” machines,
and can be divided into the following categories:
Machines having their axis perpendicular to
windflow; Machines with axis paralld te the
windfiow, and kept oriented into the wind.
a) Machines with axis perpendicular to windflow

1. Vertical axis wind turbine {panemone) with
evclic variation in blade angie (see Fig 8). The
blades are of airfoil sections. In these machines the
biade is propuisive oniy in the arcs AR and CD (see
diagram). The wind traverses the blades twice, and
the variation in blade angle is obtained by a suitable
rotation of the blades. Darricus, aFrench wind

Fig 8. Vertical axis wind
turbine with cyclic variation in
blade angle and airfsil blades.
(A variation of the Darrieus
breed of wind machines).

TN

Fig 9a. Vertical axis wind
turbine with fixed airfoil
blades. (Another of Darrieus’
wind machines).

power engineer, patented a veision of this machine
w1 1931,

2. Fixed-blade panemone (see Fig 9a and b).

i These machines only work when the tip-speed is

much greater than the wind speed. It is necessary to
start the machine in order to initiate sdlf-sustaining

i operation, (for example by using a Savonius rotor

to provide an initial torque). Such a machine, aso
covered in Darrieus’ patent, is much simpler than
the variable blade type, easy to construct, and
appears to have many advantages and possibilities.
3. Vertical axis catenary wind machine (see Fig
%). This is another variation of the No.FL.2. type,
and also covered by Darrieus’ patent. The airfail

| tlades are bent into the form of acatenary (hoop

shape) to avoid stresses and bracing. This type of
machine has tip-speed ratios ranging from 4 to 7—
dmost as fast as a propeller type machine—but |ike
No.1L.2. it requires a starting device. A Savonius
otor & the centre can be used. Interest in this

' Fig 9b. Fixed-blade panemone built by the author and John Shore.
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rJ = T
Fig 10. NASA vertical-axis catenary prototype.

machine has recently been revitalized by work done
a the National Research Council of Canada by two
engineers, RajRangi and Peter South. They have
carried out wind tunnel tests which show that a 5m.
diameter turbine can produce 1 kW of electricity in

: a 20 km/h wind with blades turning at 170 rpm.

" They estimate that it would weigh 70 kg and cost

: around £28. This machine is one of the types being

- considered by NASA as part of its 100 kW windmill
research programmme, to help make the US
independent in energy (!). This turbine has many

- advantages over conventional windmills, the main

one being that it can receive winds from any
direction without having to be oriented into the
wind. This appears to make it suitable for use in

"] urban situations where the wind direction is
-1 ¢ constantly changing and where a propeller type

: machine would spend a lot of its time chasing the

twind rather than producing energy.

{ b) Machines with axis parallel to and oriented into

- the wind \Wind machines of this category are: the

. Mediterranean-type sail windmill, English and Dutch

windmills, propeller driven windmills, and

multiblade fan-type windmills. These can further be
subdivided into high and low ‘solidity’ machines.

i High Solidity Machines Low Solidity Machines
ehave alarge area of ehave asmall ratio of
. blade proportionate to |, blade to swept area

. the total area swept by | @have airfoil-section

i the wind thin blades

i@have a low tip-speed @have a high tip-speed
ratio ratio

' @can start at low wind ecannot normaly utilize
- speeds low wind speeds

earc iess efficient con-

verters of wind energy

' than propellor-type low
solidity machines

etend to be unsuitable

| for electricity unless high

jgearing isused

@convert energy more
efficiently than high
solidity tvpes

| @ are suitabie for

| electricity generation

i Because of their low rotation speed, their ability

WIND POWER

Fig 10. Wind velocities at a
blade element. (From
Golding's Generation of
Elecericity by Wind Power),

An active surface (flat or aiefoil section) is placed so that it
makes a large angle (@ + o) with the direction of the wind. Vis
the velocity of the wind when it approaches dhe surface, The
forces thus result in the surface moving with velocity v
perpendicularly to V. The relative wind velocity VR is V- v.
This Vg makes an angle & (angle of artack) with the surface. A
force F acts on the surface and this has two components — lift
force L perpendicular 10 the VR and a drag force D perallel to

VK. . N 2 i 2

Lift (L) =CL- %pA V" Drag(D) =Cp “PAVR
Where A = area of surface 0= air density Cj = Lift component
of the particular acrofoil used Cp = Drag component

Fig 11. Mediterranean type sajl windmitl,

7
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to utilize low wind speeds down to about 2.5 m/s
(6 mph), and their ability to start under load, high
solidity machines are generaly used for mechanica
purposes-such as pumping and corn grinding.

Low solidity machines, which are more suitable
for electricity generation, generdly start to turn at
wind speeds in excess of about 5 m/s (11 mph)
though seme machines with variable pitch blades
will “cut in” a just over half this speed. They have
a high tip-speed, often in excess of five times the
wind speed.

In all machines with their axes oriented into the
wind, the active surfaces of the blade are placed at
very smdl angle to the wind instead of being
perpendicular to it, and the driving force, instead o
being displaced in the direction of the relative
velocity, makes an angle with it (see Fig 10).

The airfail profile is placed so that it makes a
large angle (¢ + a) with the direction of the wind
when it approaches the surface. The forces brought
into piay result in the surface moving, with velocity
v in a direction perpendicular to the wind.

High solidity machines

a) Mediterranean-type sail windmills (see Fig 11)
They consist traditionally of wooden blade arms
triangulated with ropes and (usualy triangular)

~y
w
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Fig 12. “Batde-Axe” windmill.

wooden biades

canvas sails. Of simple construction, these mills will
work in slow winds, but have relatively low rotation
speeds. Many are still in use around the
Mediterranean notably on the Plain of Lassithi in
Crete. The Brace Research Institute and Windworks,
a research group based in Wisconsin, are cooperating
to develop a machine of this type for use in the
Third World to provide mechanica energy for
pumping, irrigation and similar applications. Suci
mills rarely exceed a tip-speed ratio of 2, above
which tie curvature of the sails assumes an
unfavourable profile and gives low torque.

b) ‘Battle Axe’ windmill (see Fig 12). Thisis
similar to the previous type of machine, except that
the sails tend to be wooden and can harness only
low wind speeds. It is suitable for mechanica
energy needs and is fairly smple to construct.
VITA (Volunteers for International Technical
Assistance of Maryland) have produced a
set of plans for a version of this machine.

¢) Traditional English {or Dutch) windmills (see
Fig 13). There are many different types of the
traditional windmills. They rotate slowly, though

 their large size gives a lot of power, utilizing up to

16% of the wind energy. Traditional uses include
milling of grains and pumping, but these types are
not really suitable for electricity production because
of the large gearing ratios needed. The sails are of
wood, covered with either canvas or with ‘venetian
blind’ roller shutters. Traditional windmills can be
useful if restored, but are expensive to build and
complicated to operate,

- Fig 13, Traditional Windmils. ¢ Upper left) Great Chishill post-mill,

Cambridgeshire, oriented by a fantail, {Lower left) Chesterten
tower-mill: 19th century photograph of & unique structure, possibly
designed by Inigo Jones: oriented by a winch inside the cap. (Below}
Dutch ‘Waterwipmolen': a drainage pose-mill ori d by a capstan
wheel. (Top right) ‘Tjasker’, smallest and simplest type of Dutch
drainage mill lifting water by means of an Archimedian screw. (L.ower
right) A ‘palirok’, a uniquely Dutch type, designed for sawing wood.
The entire structuse rotated on rollers on a brick base, (Far right} The
mast characteristic Duich type, a thatched smock-mill oriented from
the outside by a capstun wheel and spars attached to the cap.
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Fig 14. Multiblade, American or fan and can seldom make use of light winds. They have
windmill. Mainly used for pumping.  received the most attention in modern times because
d) Multiblade ‘American’ or fan-type  of their relatively high efficiency and because of the
windmi!! (see Fig 14). Thismachine  enormous amount of work done on airscrew
has a good starting torque, and rotates propellers for aviation. They are, however, aso the
at tip-speeds about equal to the wind most complex, in view of the relative precision of
speed. It is very suitable for use in the shape and curvature of the propeller blades,
locations with low wind speeds, and is although once the shape has been designed, they are
typicaly used for pumping. This is the nor too difi .cult to construct. If you do not fed
most common type of wind machine in  that you can design the blades yoursdlf there are

ADYUANT

production, in various forms, around various sets of plans (see Bibliography) available for
l 19 \ the world. small scale applications.
: Some variations on the propeller-type and ‘
i Low solidity machines v iwrtous methods of increasing its efficiency are now |
Propeller-d&n wind machines ate the | described. '
most efficient in terms of energy . @ Venturi tube (see Fig 15). An idea that has
conversion at the present and are the | often been suggested is that of positioning the
i most suitable for eectricity . propeller (or indeed any other type of turbine) in
- production. They perform best at | the throat of a venturi tube. The tube increases the
| : relatively high wind speeds, ' speed of the airflow, hence the rotation speed of the

Fig 15. Venturi tube or shrouded propeller wind turbine. i

%
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rotor, the power and the aerodynamic efficiency.
But this technique is generadly cursidered
uneconomic because the whole venturi-rotor
assembly must be kept oriented into the wind, and
1t:s usualy easier to increase the rotor diameter
instead to get the equivalent increase in power.
Nonetheless, a fair amount of work on the subject
has been done by the Electrical Research
Association (see the ERA’s publication no.C/T119,
A Preliminary Report on the Design and
Performance of Ducted Windmills, by G.M. Lilley
and W.J. Rainbird} and by Windworks (see
Dome-book Two, p.121, 1971).

b) Depression-type wind turbine (see Fig 16).
This consists of a hollow-bladed propeller with
holes in the tips, which acts as a suction pomp to
draw air through an air turbine directly coupled to
a generator. This is one method of increasing the
effective rotation speed without gearing, but it has a
low overdl efficiency. When the rotor is turned by
the wind, air is driven centrifugally out of the ends
of the blades. The depression created draws air
through the tubular tower, at the base of which is
the turbine which drives the generator. A 100kw
Enfield Andreau wind unit which operated on this
principle was installed in the 1950s on atest site at
St Albans, Hertfordshire.

Fig 17b. German NOAH wind generartor.

Fig 16. Depression type wind
urbine.

Fig 17a. Counter rotating wind
wrbine.

generator
SEAror

generaior
toloy

Fig 18. Sailwing windmill designed by Thomas Swecney of the
Flight Congept Laberatory, Princeton University, UJSA,
showing break- /v, down of blade ¢ nstruction.

Fabric sock stretched
over frame, when
loaded assumes the
profile of a bigh lift
aitfoil.

¢) Counter-rotating wind turbine (see Fig lig
This type of machine has two propellers turning in
opposite directions, placed one in front of the other,
One of the propellers is connected to the rotor, and
the other to the stator in a generator. The two
opposing speeds of the propellers give an equivalent
generator speed of up to double that of one
propeller. But one drawback is the complex nature
of the transmission mechanism. A version of this
type, erected on the German island of Sylt, is the
NOAH windmill {see Fig17b).

d) Sailwing wind turbines (see Fig 18). This idea
was evolved by Thomas Sweeney of the Flight
Concepts Laboratory at Princeton University, USA,
who developed the sailwing concept for the wings of
gliders and lightweight aircraft. It consists of a
propeller-tjjpe windmill (although the idea could
aso be applied to a Darrieus-type machine) in which
the leading edge of each blade Is an aluminium tube,

and the nailing edge is a tensioned cable. Over these
is stretched a fabric sock which when loaded forms
itself into a high-lift airfoil. This technique results in
an extremely lightweight and efficient propeller.
The first machine that Sweeney built had two 4
metre blades, each weighing only 6.5kg. Ina3 2
km/h wind it produced seven kilowatts. The
Grumman Aircraft Corporation in the US is to
manufacture sailwing wind generators under
licence, but plans for self-build models will be
available shortly from William Flanagan, Flanagan's
Plans, Box 5062. Lone island City. New York
11105, USA.

A low-technology version of this machine has
been developed by Marcus Sherman of the New
Alchemy Ingtitute, using bamboo, string and
canvas for the propeller. One of Sherman’s mills
has been used in India for water pumping, arid i
another to drive a car alternator via a car differential]
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David Stabb.
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Fig 19. Tree pump designed by

counteyweights

N, flvwheel

ratchet mechanism

Fig 20, David Stabb’s
revogopter,
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There are aso several other wind energy conversion
devices which do not fit into any of the previously-

: . | mentioned categories. Two that warrant a mention

are tree pumps, and kites. Current interest in both

.| of these is mainly due to David $tabb’s research.

.01 @ Tree Pumps (see Fig 19). These arc mechanical

%/ devices that harness wind energy via the intermittent
. | movements of large branches and trees, which are

triangulated by means of cables and pulleys to a
clRain-driven ratchet mechanism which rotates a
shaft to supply mechanical power. This is quite an
ingenious system, but it remains to be see” whether
the idea will prove its worth. Also, extreme care
should be taken to avoid damaging the tree, and
advice from someone who knows about trees should
be sought.

@ Kites A kite has been developed that can climb
and stall at a preset angle to the wind. It operates
by means of a set of ‘spoilers’ on the nose, which

i open and drive the nose sharply downwards. During

this downward motion a small counterweight
rapidiy winds in some of the tethering cable. During
the lift motion that follows, the tethering cable is
drawn out and rotates a ground-mounted ratchet
mechanism. A majorproblem in the use of kites is
the fact that they need to be launched whenever
energy is required and that they require wind to
stay up. This obviously limits any possibility of

i antomatic operation. This limitation conceivably

could be overcome by using an airfoil-shaped
balloon filled with hydrogen or helium to keep the
kite/balloon in the air during calm spelis,

David Stabb has also been exploring various
u‘orthodox types of kite, including a giant ‘revo-
copter’ (a sort of flying Savonius rotor,see Fig 20)
which would drive & endless tethering cable which

nturn would drive a ground-mounted mechanism.
Like the tree pump, the kite has yet to prove itself
15 & energy converter for static power supply. But
t has at least one distinct advantage over
zonventional wind power plants, namely its ability
to climb =0 relatively high altitudes, where wind
velocites are much greater than they are “ear the
ground.

FZARNESSZNG THE WIND

Before installing a wind machine it is obvioudy
important to know whether there will be enough
wind to utilize. You will need to know:

a) The amount of energy expected annualy;

b) The distribution in time-over the day, monthi,
year or longer.

<) The probable duration of very high wind speeds,
or of calm spells, during a given period.

The estimated energy available from the wind.
globally, according to Golding. is approximately 13
million million kilowatt hours a year. The annual
available energy per square metre of swept surface
may vary between 100kWh for cam areas and
500kWh for very windy areas.

The annua average wind speed available at any
site will depend on the following factors:

a) Its geographical position.

k) Its more detailed location, such as its atitude
and its distance from the sea.

¢} Its exposure-in particular, the distance away
from any higher ground likely to give screening,
especialy in the direction of the prevailing wind.

d} The nature of tiie surrounding ground, eve’
though it may not necessarily he high; for instance
very broken ground, with rocks, woods or groups
of trees, canseriously retard winds near the surface

|
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of the ground (Fig 21a}.

€) The shape of land in the immediate vicinity.
Because of the increased wind speed at higher
altitudes, hilltops are very suitable locations for
wind machines. A steep, though smooth, hill may
accelerate the wind flow over the summit by 20%
or more, by causing compression of the layers of
air in much the same way as an airfoil or venturi
tube (see Fig 21c).1f theh:il is not smooth, or the
summit is too sharp, turbulence can be created (see
Fig 18).

The most suitable areas for harnessing wind
power are coastal areas, ridge lines of hills, and flat
plains such as exist in Holtand.

WIND DATA AND MEASUREMENT

Fig 21b. A flow around
7/ ’_\ \-_ isolated small obstacles.
-
4 (’ ) -
N
ey &

Fig 21a. Air flow oversteep and
rough terrain. (From K.H. Soliman ‘Study

of Wind Bebaviour and

% Investigation of Suitable
e Sites for Wind-driven

—"///\ Plants’, Wi4 Vol. 7 of UN.

1:111% l::lc. Acceleration of wind over ‘;Z ‘;gof;gif)of Emergy,

Fig.23, Wind Contour Map of Western Europe with Wind Speeds

Before you can decide on a particular type of wind
machine, besides knowing how much energy is
required for the particular task you want the
windmill to perform for you, you need to know
how much power is available from the wind on your
site. You need to know the prevailing wind
directions, the mean average wind speed and the
most frequent wind speeds. It is possible to get a
rough idea for the general area from windroses on
Ordnance Survey maps (Fig 22) or from wind
contour maps (Fig 23). But practically the only
deialled data available in Britain is from a few
meteorological stations and for a few sites that
were surveyed by the ERA. So the only alternative
to taking measurements for at least a year with an
anemometer (see Fig 24}, is to take a chance, and
hope that the nearest available meteorological data
does not differ too much from that for your site—
or evolve a design by tria and errer, trying out
various models of different types to see how they
perform over a period of time.

Some enterprising person should set up and
co-ordinate a wind (and maybe aso solar radiation)
measurement programme to be carried out by ‘
schools, along the same lines as the recent, very
useful, schools pollution monitoring programme.

& Energies (from J. Yuul The Design of Wind Power Plants in
Denmark W17, Vol. 7 of LLN. Conference on New Sources of
Energy, Rome, 1961),

Fig 22, Wind rose for Durban (from Gelding).

Percentage of
calms within
circle, Ares rep-
tesent 5%
intervals

The figures in cir-les indicate mean annual wind speeds. In the
double figures, the first mdlcal:es the height of measurement,
the 2nd the energy in kwh/mZ, messured in the vertical plane.
The top of the map shows the scale together with the swept
area required to produce 100,000 million kwh.

Fig.24. David A. Sankey's do-it-yourself anemometer & wind vane
(Scientific American, June 1972},

3 aluminium funnels ar 120°, with tips
cut off, bammered shut & sealed

1/8" balsa vane

counter-weight

steel pipe supporting mast — ~N

3-4 19-15 }16-3% |

EX
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Table 1. Beaufort Scale of Wind Forces
(from Golding Gewneration of Electricity by Wind Power)

WIND FOWER

Beaufort Descriprion Land abservations Equivalent Limit of mean speed at 33’ above Mean wind force
number (B} of wind mean flat grourd in open situations in 1b/ft2 at
velocity standard density
{knots) knots mph m/s (P =0.01583)
0 Calm Smoke 0 under 1 under 1 under 0.3 0
rises vertically
1 Light air Lighr drift of smoke 2 1-3 1--3 03~-135 001
2 Light breeze Wind felt in face, leaves rustle 5 4-6 4-7 1.6 - 3.3 0.08
3 Gentle breeze  Leaves in motion, light flag 7-10 8- 12 3434 028
extended
4 Moderate Small branches move; litter, 13 11 -18 13 -138 5.5 7.9 0.67
breeze dust, leaves lifted
5 Fresh breeze Small trees sway 19 17 -21 19 — 24 8.0 —10.7 1.31
6 Strong breeze  Large branches in motion; 24 22 - 27 25 — 31 10.8 - 13.8 2.3
N telegraph wires whistle
7 Moderate gale  Whole tees in motion, 30 28 — 33 32 - 38 13.9 - 17.1 3.6
difficuile to walk against wind
8 Fresh gale Twigs break off trees 37 34 — 40 39— 46 17.2 — 20.7 5.4
L9 Strong gate Chimney pots and slates blown 44 41 — 47 47 - 54 20.8 — 244 7.7
off roofs
;10 Whole gale Trees uprooted, severe 52 48 - 55 55 - a3 24.5 — 28.4 10.5
; structural damage
11 Storm 60 56 — 63 64 — 72 28.5 — 326 14.0
12 Hurricane 68 6471 73 -~ 82 32.7 - 369 18
13 76 72— 80 83 —-92 37.0 — 414 23
14 B5 81 — B9 93 — 103 43.5 —46.1 29
15 94 90 — 99 104 ~ 114  46.2 - 50,9 33
16 104 100 - 108 115 —-125 51.0 — 56.0 43
17 114 109 — 118 125 — 136 36.1 —61.2 52

Table 2. Theorstical maximum power extractible from the wind
(P=0.593kAV3)

wind speed Maximur power (kW) from various diameters of
windmill
(mph)  (m/s) dia. 6ft  dia. 10fr dia. dia. 25ft dia. 50ft
I.8m 3m 1251 7.6m 15.2m
3.8m
10 4.4 0.078 0.121 0.38 L5 6.0
20 81.9 0.637 0.984 3.08 12.3 49.2
30 13.4 2.223 3.454  10.4 41.6 166.4
40 17.8 4960 7.638 246 98.4 393.6
1 50 22.3 10.160 15710 48.2 192.8 771.2
60 26.8 17.220 26.550 B3.2 332.8 1,331.2

For more detailed technical data see Golding's
Generation of Electricity by Wind Power. See also
the ERA publications, especialy: The Aerodynamich
2f Windmills Used For the Generation af Electricity
(No.IB/T4); Windmills fOT Electricity Supply in
Remote Areas (No. C/T120); and The Potentialities
of Wind Power for Electricity Generation (with
Special Reference to Small Scale Operations) (No.
W/T16}. “*Designing Windmill Blades’ by Alan
Altman in Alternative Sources of Energy (No.14), is
aso useful.

CALCULATION OF POWER

Power is equa to energy per unit time, and the
energy available in wind is its kinetic energy. The
kinetic energy of any particle is equa to one half
of itsraass times the square of its velocity, or
%MV?2. Since the volume of air passing in unit time
through an area A with velocity V is AV, the mass
M of that air is equal to its volume multiplied by
its density p or, M = p AV. Subgtituting this value
of the mass in the expression for kinetic energy
above, we obtain the formula:

Power = kinetic energy per “nit time = % g AV.V?2
=%pAV3,

Assuming that the swept area of the mill A is
equal to # D?4 | where D isthe mill diameter,
then the power = % pr D%/4 V3

Or, in general terms, Power (P) = k A V3
where k is a constant (equal to ¥ p ).

In imgerial units. the value of constant k is

53 x 107 when the area of the turbine A isin sq ft,

the diameter D is in feet, the velocity V isin mph,
and P is in kilowatts. In metric units, k is 64 x10°7,
when the area A is in square metres, diameter D is
in metres, velocity V isin metres per second, and P
is in kilowatts.

Puinam gives a general formula which, when
converted to metric “nits, becomes:

P=472. 10°¢. D% V?
Encyclopedia Brittanica gives a dightly different
formula, which, in metric uniss is:

P= 484. 106.D?.V*?
But the maximum amount of power that can in
theory be extracted from an ideal windmill has been
shown by Betz to be 0.593 times the theoretical
power Pin the wind, as given above. Hence, in
theory, the maximum power extractible, P (max) =
0.593. 484. 108.D%.V?

But in practice this multiplying factor has been
shown to be no greater than 0.4 or maybe less, ie
the actual power P (act) € 0.4. 484. 10°¢.D2. V?
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(from Golding Gewneration of Electricity by Wind Power)
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Generation of Electricity by Wind Power. See also
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2f Windmills Used For the Generation af Electricity
(No.IB/T4); Windmills for Electricity Supply in
Remote Areas (No. C/T120); and The Potentialities
of Wind Power for Electricity Generation (with
Special Reference to Small Scale Operations) (No.
W/T16). “Designing Windmill Blades’” by Alan
Altman in Alternative Sources of Energy (No.14), is
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CALCULATION OF POWER

Power is equal to energy per unit time, and the
energy available in wind is its kinetic energy. The
kinetic energy of any particle is equa to one half
of itsraass times the square of its velocity, or
%MV?2. Since the volume of air passing in unit time
through an area A with velocity V is AV, the mass
M of that air is equal to its volume multiplied by
its density p or, M = p AV. Subgtituting this value
of the mass in the expression for kinetic energy
above, we obtain the formula:

Power = kinetic energy per unit time = % g AV.V?2
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Assuming that the swept area of the mill A is
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Or, in genera terms, Power (P) =k A V3
where k isa constant (equal to%p).
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53 x 107 when the area of the turbine A isin sq ft,

the diameter D is in feet, the velocity V isin mph,
and P is in kilowatts. In metric units, k is 64 x10°7,
when the area A is in square metres, diameter D is
in metres, velocity V isin metres per second, and P
is in kilowatts.

Putnam gives a general formula which, when
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P=472. 10°¢. D% V?
Encyclopedia Brittanica gives a dightly different
formula, which, in metric uniss is:

P= 484. 106.D?.V?
But the maximum amount of power that can in
theory be extracted from an ideal windmill has been
shown by Betz to be 0.593 times the theoretical
power Pin the wind, as given above. Hence, in
theory, the maximum power extractible, P (max) =
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FURLING

ESTIMATION OF OUTPUT

The table relatng wind speed and power from wind
devices shows that there is, for example, more than
a hundred times as much power available from a

50 mph wind as there is from a 10 mph wind. The
tremendous energies of high winds can easily destroy
a machine built to handle lower wind speeds unless
special provisions are made for protection. Various
devices for “furling” or bringing machines to a

safe condition in high winds are illustrated in Fig 25.

Fig 25a. Godwin’s automatic govemning device for their Hercules
wind pumps.

wind direction
< < <

rotor

spring

Windmill working Windmill working ~ Windmill in ‘off®
posidon in low position in high position with
and medium winds., Windmiik brake on,
winds. turns slightly our activared by
of wind and violent winds or
regulates speed. hand.

Fig 25b. Overspeed device used on many windmills including
Kenwood’s (1908), Jim Sencenbangh’s and Camm’s amongst

others,
propeller
|
ring pilot vane
urm

main vane

Windmill in normal

To estimate a windmill’s output you need to know
its characteristics and the frequency of winds at
various speeds. For each wind speed there is a
corresponding amount of power per unit area,
caculable from the formulae given earlier. Knowing
the frequency of each wind speed you can caculate
the theoretical amount of energy capable of being
generated by a wind of that speed. The machine’s
efficiency will vary at different wind speeds and the
total energy available for each wind speed must be
atered accordingly. There in aso a speed above
which the machine must be furled to avotd damage,
and this energy is therefore wasted. Below a certain
wind speed the machine will not turn at all, so there
is an energy loss at each end of the speed spectrum—
though variable-pitch machines can sidestep this
limitation to some extent.

The annua output of energy supplied depends on
the actual wind behavigur, in detail, at the site and
upon the design of the machine. These factors
cannot be taken fully into accountin energy
estimations made from wind survey data giving only
hourly wind speeds. But one procedure that can
be followed, and that is not likely to lead to any
misconceptions provided you realize its limitations,
is recommended by Golding and is as follows:

i) Relate the results of the wind speed measure-
ments made during a reiatively short period-one or
two years-to the long-term wind regime at the site
so that a velocity-duration curve can be drawn.

ii) Cube the ordinates of thii curve to give the
power duration curve for the site (since power is
proportional to wind speed cubed).

iii) Estimate the specific output, Ts (expressed in
kilowatt hours per annum per kilowatt of installed
capacity) corresponding to a given ‘rated’ wind
speed Vp. The rated wind speed is that at which the

wind-driven generator gives its fuil rated power.

WINDMILL USES

Windemill in “off’
posidon.

Working position
in high winds.
Pressure on pilot
vane pulls round
propeller.

operating position.

€ Pumping and mechanical applications For
pumping, any type of wind machine is suitable. The
specific type chosen depends upon whether the

Fig 25¢. Pavented e'r-broke
governor used on Dyna
Technology's Wind:arger
machines. Centrifugslly operared
flaps antomatically open and
spresad the wind away from
propeller, when the wind speed
excesds 25 mph. Governor also
acts az @ flywheel,

Goveming
position

Fig 25d. Patented
centrifugally operated
variahle pitch mecha-
nism used on Jacobs
machines, Consists of a
set of centrifugally
operated weight carry-
ing mermbers. As the
wind/prop speed
increases the weight is
thrown outwards which
in turn throws out the
lever arm, which
rotates the hub gear
which engages into the
blade arm gear and so
adjusting the angle of
the blade to spill excess
energy at high wind
speeds, This device can
also be used to enhance
starting at low wind speeds.




most frequent wind speeds are low or high, and the
sKills, material and money available.

If simplicity of construction is requited and the
wind retime is mainly one of steady, low wind
speeds, then go for a Savonius rotor, Greek-type
sail mill, or one of the battle axe or multiblade
types. If the wind direction is constantly changing
with low wind speeds, then a vertical axis machine
that can make use of winds from any direction, such
as (again) a Savonius, a simple panemone {11.a.2}, or
a transverse flow machine (1.b.2} may be more
suitable.

If more money is available and steady, relatively
hiih speed winds are experienced then propeller-
driven machines will be more suitable. If the wind
speed is high, yet the direction of windflow is
constantly changing, then the Darrieus vertical-
axis turbine, or possibly transverse-flow machine,
may be the most satisfactory. For mechanical
purposes-such as driving machine tools, milling,
compressing air and so on, the same basic criteria
as for water pumping apply.

@ Electricity generation Beeanse of the high
rotation speed of most normally available generators
and to avoid very high gear ratios, the preferred
types of wind machines are limited at the present
time to the propeler and Darrieus types-and
possibly transverse-flow machines. But these
machi~.es do not normally cut-in a low wind
speeds, so liiht winds are effectively wasted. This
situation is unlikely to change until some clever
electrical engineer comes up with a slow-speed
generator which is not of prohibitive size and weight
(preferably self-built). ‘Ibis could alow dow winds
to be harnessed for electricity production by slow
but high-torque machines like the multblade,
Savonius, or Greek-type sail mill.

@ Vapour compression Another use to which a wind
machine can be put is to drive the compressor of a
heat pump (see Fii 26). This overcomes one of the
disadvantages of the heat pump, namely that of
dependence on the National Grid for electricity to
drive the compressor: the efficiency of power
generation on the Nationa Grid is so low that it is
probably more efficient to use the fuel which

Fig 6. Windmill used in confunction with z beat pump cycle
having s its hear source solar heated water.

Bec:wuse of the compressor’s particular

characteristics it may be necessary to

subsititute a wind generator and

electric compressor and pump. Cie

advantage of this heat pump system windmill
is rhat it gets over one of the main

disadvanrages of solar heaters,pamely ;5 20: woaes
that they do not produce hot water supply

m the winter.
© winter 3 way valve

solar collector

Y expansion valve

compressor

pump

WIND POWER

produced the electricity directly for heating on the
premises.

One problem with using wind machines to drive
hesat pumps is that compressors usually have to be
driven at a constant speed, whereas a windmill’s
rotation is irregular-but this problem is probably
surmountable.
€ Heating water by hydraulic braking A mote direct
way of turning wind energy into heat is by creating
turbulence in a fluid-a wind-driven version of
Joul€'s classic mechanical equivalent of heat
experiment. A simple way to do this would be to
couple the wind machine to a paddie rotating in a
well-insulated tank of water with inward-projecting
vanes to generate turbulence and frictional heat
(Fig 27). This will have a braking effect on the
wind machine which at low wind speeds would be
adisadvantage (and anyway the small quantities of
heat developed would not be werth collecting);
but at high speeds, such hydraulic devices could
simultaneously regulate the machine and make good
use of the considerable amounts of energy. The
range of wind speeds over which the machine can
usefully operate could be extended. Some forms of
hydraulic brake have a cube power braking
characteristic which matches the cube relation of
wind speed and wind energy very well, and these
would seem to be particularly appropriate for use
in areas where high wind speeds are common. The
idea is being explored by David Stabb, Simon
Longland and others.

Fig 27. Hydraulic brake,
windmill drive

bearing
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ORIENTATION SYSTEMS

Horizontal-axis machines need to be kept facing
into the wind. Some of the possible orientation
systems are as follows:

a) A tail vane mounted downwind from the
rotor, which keeps the roter facing into the wind
by an action similar to a rudder on a boat (see for
example Figs i1, 12 and 14). Most small wind
power plants are oriented by this mechanism.

b) If the blades are angled to point slightly
downwind of the mast or tower, the wind pressure
on them makes the machine self-orientating. This

| principle is used in two of the wind generators

designed by Windworks, and on the wind generators

and wind pumps produced by Lubing (see Fig 28).

¢} Fanrtails. These are mounted on a plane

' perpendicular to the main rotor, and are in effect
small windmilis, usually of the multiblade type.
They are rotated by any cross wind and drive a
reduction gear which orientates the main rotor into
the wind. This was one of the main orientation
systems of the traditional tower mill (Fig 29), and

issull used on some large modern wind generators.

i d) Rotating mast. Instead of just pointing the

‘ machinery at the top of the mast into the wind, the

; whole mast can be rotated. The Brace Research

b Indtitute’s 32 ft diameter airscrew windmill is

I oriented in this way (see Fig 33). But it does not
turn automatically, and has to be moved by means
of a hand crank driving a ruck crown wheel and
pinion at rhe base. This method is obviously not as

suitable as the automatic control offered by systems

a,band

There are severa other ideas for orientating
windmills-‘yawing' motors, electrically or
hydraulically driven: rotatable tripods with two of
th= legs carried on bogeys which run around a
circular track, while the third rotates in the centie
of the circle; or even floating the rotating part on
waxer. But most of these suggestions are rather
complicated 2nt are really only suitable for iarge
scale machines-which are of dubious value in any
case.

BLADES AND SAILS

The blades of windmill propeller rotors are usually
|shaped'in the torm ot "one or other of” the
conventionzl airfoils, some of which are:

NACA 0015 Used in the ERA’s 100kw wind
generator, erected in the Orkneys in the 1950s.

NACA 2418 Used in the 1S War Production
Board wind turbine project.

NACA 4415 Used in the Brace Research
Institute's 10m diameter airscrew wind turbine.

Clark Y Used in Jim Sencenbaugh’s ‘02 Delight’
self-build wind generator design. (See ‘Designing
Windmill Blades' by Alan Altman, Alternative
Sources of Energy no.14.)

Wortman FX 60-126 Used in Hans Meyer's
10 fr diameter, self-build wind generator design (see
Popular Science, November 1972, p.103).

Wortman FX 72—M8150B Used in Hans Meyer's

12 ft diameter self-build wind generator design.

Juul (Gedser Mill) Airfoil (similar to Clark Y)

MNIHFVYANINIHISYIN DNIENT

Used on Gedser mill in Denmark in 1958 (the !
profile is given in Vol.7 of the Proceedings of the UNi
Conference on New Sources of Energy, 1961, p.233:"

Data about NACA and Clark Y airfoils can be
obtained from Theeory of Wing Sections by Ira
Abbott and Albert von Doenhofi (Dover, New York,
1959) and data about the Wortman airfoils from
Stuttgarter Profilkatalog | Ly D. Althaus (Institut
fur Aerodynamik und Gasdynamik der Universitat
Stuttgart, 1972). Details of the Lejay Manufacturing
Co.’s designs for 6 to 10 ft windmill propelilers are
givenin Fig 24.

The blades themselves may be solid; fabricated
(skin covering a skeletal framewcrk); or of the
sailwing type described previoudy. They may vary
in number from two to twelve or more but the
optimum number of blades is three. They may
either be tapered or of the same chord-width
diroughout their length, and may be of plane form
or twisted. Their pitch may be variable or fixed, :nd
they may be rigidly mounted or alowed to ‘cone
or ‘drag’ in the wind, zo relieve the stresses set up
by rapidly changing wind speeds.

@ Blade construction The materia used for blades
must be strong and yet light weight, and must not
be subject to serious deterioration in bad climatic
conditions.

Wood is an ecologically-sound blade making
material athough it is becoming harder to obtain,
and more and more expensive. Its use encourages
over-exploitation of timber resources-especialy in
the Third Weorld, where little replenishment is
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Fig 30. Lecjay design wooden propeller blades for diameters from 6ft to 10ft.
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Blades are carved out of the plank by
means of plane, saw, spokeshave and
sand paper. The blades should be pro-
tected by sealing against moisture
with abour five coats of cnamel or

vamish, and rubbing with wer and dry
emery paper between each coat. The
tps also have to be protected by
means of metal foil or a standard meral
tip designed for aircraft propellers.

taking place and soil erosion is the consequence.

Why not plant some trees and put some wood back?
Timbers approved for aircraft propellers are:

. walnut; some mahogany; Queendand silk wood,;

. ash; iroko; and silver spruce. As a general rule,

! timber used for propeller construction should not

wcigh more than 40 Lbs per cu ft. Specifications for

walnut, mahogany, ash and spruce, together with

details of methods for testing timbers, may be

obtained from the British Engineering Standards

Association. Wooden blades need protection at the

tips, due to the high tip rotation speed, and there

arc severa sizes of standard brass tip available.
Wooden blades can be made by anyone with a

i plane, spokeshave and patience, and are very

! suitable for smr.all wind machines (seze Fig 30). But

varlous other materials and systems have been

i developed to reduce the weight.

1 Fabricated blades The process of making this

type of blade will be familiar to any model aircraft

builder. It corsists of covermg a skeletal framework

| with a fabric ‘which is then toughened by aircraft

‘ H oh anaagh
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grade is found. Gresat care is needed for this method
, of construction and it is generally not worthwhile
. for propellers under 2 metres in diameter.
' Fibreglass blades Fibreglass is a relatively light,
fa|rly easly manipulable and mouldable material,
\and fibreglass skills are nowadays quite well
| distributed throughout the population, thanks to
dc it-yourself ca’ -hody repairing and boat- building.
\ Such blades are w.ather-resistant and fight in weight.

BEREK TAYLOR

| Expanded paper blades in this method of

construction, honeycomb paper is cut with a
bandsaw to the required shape, then the honeycomb
is expanded aong the length of the blade shaft
(usually a metal tube), and ‘jigged’ to give the blade
the desired angle of attack. When the honeycomb
is in the required position, the blade is covered

with a fine-weave fibreglass cloth, followed by
fibregiass resin. This simple and cheap method of
constructing precision airfoils was developed by
Hans Meyer and Ben Wolff of Windworks.

Expanded polystyrene and urethane core blades
This method is similar to the previous one, and
consists of cuttiag the core into the required profile
(this can be done with a hot wire), and then covering
it with fibreglass cloth and resin. The process is
similar to that used for surf-board construction.
Metaf blades Mztal blades are not redlly suitable for
self-build, smali-scale propdler-type wind machines.
But simple, bent-metal blades can be used in
multiblade designs. Metals and plastics are not only
large consumers of energy in their production, hut
the processes involved tend to be very polluting, so

these materials shonld be avnided as far as n()sglblg.

Otherwise, only recycled scrap meta should be
used.

® Sails Sails usualy consist of a sheet of canvas—as
employed, for instance, in Greek-type sail mills, the
sails of traditional English mills, and sail panemones
of the Chinese type. But they can be of the
‘Venetian Blind' type; ar with roller shutter sails
(some of the later traditional mills and early
electric mills were of this type); or with wooden
cheets, as on the ‘battle axe’ or ‘Jumbo’ mills.
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OWERS

he power available ffom wind increases with

eight and is more constant above the leved of
arrounding obstacles such as trees and houses. If is
ot a good idea to instal a horizontal-axis windmill
ermanently on a roof unless the recf has a
treamlined top. So it is more-or-less necessary to
ave a supporting mast or cower of some sort.

Telegraph poles (see Fig 31) if available, and
caffold tubes to some extent, are suitable for small-
ize machines hut otherwise a lattice tower will
aveto be constructed.

The type of tower chosen should be one that cals
or the minimum of technical ski in construction.
\ simple |attice tower with three or four legs,
lepending on relative costs, can be made of timber,
s in Jim Sencenbaugh’s self-build design (Fig 32),
i one of the Brace timber lattice masts (Fig 33).
or, more commonly, of sted (Fig 34)-—although
hisisnot so suitable for the self-builder, unless an
ild eectricity pylon or a floodlight, railway signals
w radio mast can be scrounged.

Monolithic concrete towers have been used for
nany of the Danish wind generators, and athough
hey are relatively attractive in anpearance (they
esemble somewhat the old traditional windmills)
hsy are rather expensive and suffer from vibration
wroblems (at least when constructed on a large
icale).

The Brace Research Ingtitute has done some work
»m concrete block towers, which worked out
‘heaper than steel towers, but like masonry towers
hey may suffer from vibration problems, and
sbviously they are more permanent and less portabk
han lattice masts.

Hans Meyer has designed an attractive 30 ft tall
sctahedron module tower made of 250 ft of one
inch electrical conduit tubing (see Fig 33); it could
tlso be made of bamboo struis.

Another useful tower idea is to use a telescopic
mast, as Villinger in Germany have done. Brace have
aiso explored the possibilities of these masts.

The actual erection of a mast can be made much
easier by the use of a‘gin pol€’, as shown in Fig 36.

GENERATORS

For small scale wind machines the most popular
generators are car aternators or dynamos, both of
which are widely available from car breakers.
Another useful idea is to run electric motors in
reverse as generators.

@ Cm alternators Car aitesnators have severa
advantages over dynamos for use with wind
turbines. They start producing an electrical charge
at low revs, they are lighter, generaly have higher
outputs, and offer less rorational resistance than
dynamos.

They consist, basically, of a magnet within a
coil of wire. When the magnet is rotated by the
rotor, an alternating current (AC) is produced
which is then rectified to direct eurreat (DC),

electronically, by diodes.

/

Fig 31. (Aboue) Ex- K
telegraph pole or scaffold
tube or 2" {(minimum)
water pipe used as guyed
mast. {Right) Ex-telegraph ;
pole clamped to the wall of '
house by meral straps LL
(preferably cast in). This
method must be done
extremely carefully and

cvines i ick st Fig 32 Timber
- weak i lattice tower,
masonry walls are weak in 1 -
shear. Metal tube such as plans for “ ‘
scaffolding or 2 water which are
i he used fi ey

i “‘::;:m WG ogether with

) working drawings and specifica-

Fig 36. Erection of mast tions for ‘Sencenbaugh 9 Delight’
with the use of a gin pole,
from Altemative Sources

of Erergy, No. 14 p. 9. USA for 315,

wind generator, from Jim Sencenbaugh,
678 Chimalus Dr., Palo Alto, California,

Alternators should not be used without a

. battery in circuit, otherwise they may bum

themselves out. Some types of aternators need to
be ‘energized’, before they will start to charge, so
the battery used will have to have some charge in
it; in such cases a wind pressure operated micro
switch must also be in circuit, which will energize
the field coils from the battery.

Because of their greater sophistication and their
use of electronic components, alternators tend to
be rather more expensive than car dynamos—
although | bought a brand new Prestolite 3 Samp
altermator for £15 and a second-hand Lucas 11AC
45amp arernator for £8.

Types of car alternator available in the UK Luces:
10AC—35amps; 11AC—45amps; 11AC—60 amps
(uprated version). AU wark at 12 volts and are
battery-excited. Lucas. 15ACR—-28amp; 16ACR—




Fig 33. Brace tubuiar
lattice tower (rotatable).
Plans arc available from

Instnie. ;
H 1

9

Fig 34 (Above). Typical mewl lattice
tower used for windmills. This
particular example is made from
galvanised steel angle designedin
various heights from 19'0™ 20 6170
for their ‘Hercules’ wind pump by
5L.J. Godwin Ltd, Quenington,
Gloucestershire.

Fig 35.30"0" High Octa-
hedron Module Tower
Designed by Windworks
for their ‘12 Footer' wind
generator plans, and made
from 250°0" of 1
electrical conduit tubing,

WIND PGWER

circuits are simpler, but they ‘cut in’” at a higher
rpm than do aternators, so higher gear ratios are
required. Their output is much lower (the maximum
output for most car dynamos is around 22amps ar
12 volts), they tend to be much heavier than
aternators, and they offer more resistance to the
rotor. But they have often been used successfully
-it really depends oh how much power you want,
what’s available and how much you have to spend.
Dynamos are aso suitable for reversing and running
as 12 volt DC motors, which could be useful for
providing 12 volt power tools.

The most common car dynamos in Britain are the
Lucas C40range.

Another possibility is to cannibalize a peirol or
diesel generating set and use the generator, geared-up
sufficiently, coupled to the windmill. But unless
you happen to fiid a dumped one, such generators
are not cheap, and they usually produce 240 volis
AC, which is difficult to store in batteries.

Although scrapped cars are a good source of
aternators and dynamos, and athough they are put
to better use on a user-controlled non-polluting
wind machine than cm a polluting and energy-
consuming motor car, the concept of autonomy in
wind-produced electricity is undermined by this
dependence on high technology industry for
electrical components. Until some progress is made
towards the construction of slow-speed aternators
and dynamos from scratch, wind generator builders
are nct going to make much of a dent in the
capita-intensive industries, however much they
pretend they are independent of them.

ENERGY STORAGE

34a1ap; L7ACR—36amp; 18ACR—43amp; 20ACR~
66amps. These work at 12 volts, are self exciting.
Refer to Lucas manua on Alternators for details

(Joseph Lucas Ltd, Birmingham B18 6AU, England).

Prestolite (Smiths): 1235—35amps; 1245—45amps;
1260—60amps; all work at 12 volts and are battery
excited. Dodge Dart: 45 amp (znax) at 12 valts,
battery excited. Motorola: 85A2004R~85amp &
12 volts, battery excited.

For outputs greater than one alternator can
produce, you can couple severa to the windmill.
This approach has a certain advantage over the use
of larger generators-namely that you can run just
one dternator when the wind speed is low, which
offers less resistance to the windmill.
€ Cm dynamos Car dynamos are more widgly
available and cheaper than alternators (you can
pick up a reconditioned dynamo for £5) and the

@ Batteries At the moment, the main type of
storage available is the electric battery; and the
choice is more-or-less limited to batteries of the
lead-acid or akaline (nickel-cadmium or nickel-iron)
type. Lead-acid batteries have the shorter life but
akaline types are more expensive.

The lead-acid battery can be designed to be
recycled easily. This still cannot he done with most
of the present designs of car battery, where the
cases have to be axed apart, then thrown away,-an-1
only the lead reclaimed. Several lead-acid types an:
available-to wit every applicaticn, from cars to
tractors, lorries, buses and industrial emergency
power supplies.

The capacity of batteries is measured in ampere
hours (AH). A 300AH, 12 volt battery can supply
300 amperes at 12 volts for an hour, that is 3.6kWh
(12 x 300) of energy. The battery’s life will depend
not only on the sort of battery but aso on the
discharge rate. If a battery has to supply a heavy
load, it discharges rapidly and it will have a short
life. The life of a battery is usualy measured by the
number of charge-discharge cycles it can cope with.
If a battery has a lifetime of approximately 1,000
cycles (car batteries have a typica life of 750—1,200
cycles) and each cycle takes four days, then the
battery will last for about 4,000 days. For maximum
life, the lead-acid battery should never be more than
half discharged.

]
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®  pumping water upbill Because of its fairly low
efficiency and the relatively large volume of water
needed to store a given amount of energy, this
system seems to be suitable only for use in
conjunction with a small-scale water power
installation, or on sites near to large volumes of
water, such as lakes, rivers and reservairs, or sites
where there is a large difference in height, such as
wells, mine shafts, or quarry pits. Basically, a
pumped storage system works by raising water from
one level to another by means of a wind driven
pump, and then, when electricity is required, letting
it drop to the origina level through a water turbine
connected to a generator. The technology required
is relatively simple and fairly well developed, but
overall storage costs may be high.

& Compressed air This method depends on storing
the wind's potential as compressed air, retaining it
in a gasometer, and, when energy is required,
releasing it to drive air mrhiies, coupled to a
generator for eectricity production or integral with
the appliance for which energy is required. The
technology of air turbines is quite advanced,
especialy in dental and mining equipment. The
main problem is the prohibitive volume of the
storage and the need for a robust pressure-vessel.

® Fly-wheels Fly-wheels are a method of storing
potential energy mechanically, in the momentum
built up by a spinning mass. There have been severa
developments in fly-wheels in recent years, mainly
on a high-technology level. High-speed fly-whedls
need stringent quality control in manufacture to
avoid the risk of failure, which can be catastrophic.
Some work has been done on running fly-wheels
in avacuum, which improves the efficiency
considerably by eliminating air resistance. But
fly-whedls are still uneconomic for “lost
applications at the moment.

& Hydrogen |f the eectricity produced from a
wind generator is used to break downm water by
electreiysis, hydrogen is produced. This can be
used as fuel to drive engines (and if these are fitted
with water jackets to reclaim waste heat, their
efficiency isimprove& ). Bydrogen-powered engines
may be designed for dual-fuel use, to operate with

methane or acohol, produced from fermentation
of organic wastes, as well as hydrogen. The engine
may be coupled to a generator for eectricity
jproduction; or the gas can be used for cooking, and
possibly for limited heating applications,

Hydregen can be stored in the form of gas in
zasometers. But the stuff has to ‘be treated with
extreme caution as it is extremely inflammable and
highly explosive. Work is being carried out into
storing the hydrogen in the form of solid hydrides,
which are much less inflammable. Hydrogen as a
fuel is more environmentally desirable than most
other fuels as it causes very little pollution: on
combustion only water is produced.

Research is aso going on into producing electricity
directly from hydrogen “sing fuel cells, in which
hydrogen and oxygen are brought together in a
chamber, and water and electricity are produced.
But because fuel cells use rare metals as catalysts
and operate at high pressures, the technology
involved is very advanced and currently prohibitively
expensive.

CONCLUSZONS

Wl | hope that 1 have convinced you that the wind
has enormous potential which is totaly under-
exploited. I've tried to cover most of the aspects and
some of the problems. But before you dash off and
build your windmill and tap into this new-found
energy, make sure your home is well Insulated, re-
examine the appliances you really need, and which
could be muscle operated, and decide whether you
really require heat energy or electricity All these
decisions will affect the size of the windmill. The
other thing to aim at is a combined system of energy
provision-ie solar, wind, waterpower, biological
waste fermentation, and muscle power, etc so that
the whole energy system in the dwelling does not
break down when one source is not produa ng.

Finally make sure your windmill blades and mast
are well anchored as a broken flying blade or falling
mast can be lethal and cause a lot of damage.

Happy windmiiling,

Derek Taylor

GLOSSARY OF W/ND POWER TERMS
Aerofails {or Airfoil)

Wing, sail or blade ‘#hich is shaped to produce
lift ar right angles to the direction of airflow.

Power Coefficient

current to alternating current.

Fhe ratic of the power cutput from the
windmill 1o the power available from the

Rated Wind Speed

The lowest windspeed at which full power is
produced. At higher windspeeds this output
is limited by the controlling mechanism to

In cross secaon the upper surface is curved in
a convex camber, while the lower surface
usualiy has either z concave camber or flat
surface, unfess it is 2 symmetrical aerofoil, in
which case it has a convex camber on both
surfaces.

Anemometer

A device used for measuring the speed of the
wind.

Chord (or Chordwidth or Chordlength)

The distance from the leading edge to the
trailing edge of the aerofoil, ic the width of
the blade. A constant chord width is a blade
whase width is constant from root (or hub)
to the tip.

Hovitontal Axic Wodmill

A windmill whose drive shaft is honzonta.l as
in traditional European windmills.

Inverter
An electronic device for converting direct

upwind of the windmill. It can be construed

as a measure of the efficiency of the windmill.

It wilt vary from windmill t~ win dmill but is
uniikely 1o exceed 0.63.
Goldmg gives this exptessmn
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Where g = density of air

V. =velocity of wind upwind of ¥
windmill

V, = velocity of wind downwind of
windmiil

Overall power coefficient = electncal power
output - power in the wind for swept area

this full rated windspeed. The outputs of
small wind units vary depending on the rated
windspeed for which they are designed, and

.| this rarely exceeds 30 mph.

Rectifier

An electronic device which converts
alternating current into direct
clurrent.

»

Tip Speed Ratio
speed of rotation of blade dp
wirdspesd .
Vertical Axis Windmli *

A windmillyinose ¢#e shaft is vertical.
Watis N

A upit of power equal in electrical terms to
Volts x Amps:

1 kW = 1,000 watts = 1.34 horse power; (the
power given put by a one-bar electric fire).

1 horse power = 0.746 kWy/

1 kWh = 1 kW consumed for 1 hour.

|




WATER POWER

ESSENTIALLY CO-OPERATIVE ENERGY

Biocosmeticians and ecologists, are currently busy
recommending ‘safe’ solutions for the abiding
energy crisis, and hydro-electric projects are
frequently put forward as an environmentally-
inoffensive answer. Aithough it is true that the
power which can be obtained almost everywhere
from falling water is gained not from polluting and
limited resources of fossil fuels, but from the
combination of the earth’s gravitation and the
evaporation power Of the sun, artless large dam
engineers have insisted that only large impounded
wolumes of water can be economic.

This is not only inaccurate, but brings with it all
ithe calamitous environmental effects which only
farge scale projects can bring. The Akeseinbo dam in
Ghana illustrates the impotence of ecologists. They
‘warned of the danger of the dam spreading the
chronic disease ‘schistosomiasis’, but were ignored.
‘This project was advertised as accelerating the
economic development of Ghana, but in redlity it
Ihas increased Ghana's dependence on the World
‘Bank, the US government, and US private enterprise.
‘Kaiser Aluminium now obtains cheap electricity, the
'World Bank collects its 6% interest, and the
Ghanaian people suffer the outbreak of
schistosomiasis.’

Flood and famine, contrary to the extravagant
jpublicity claims of large dam builders, are aso often
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1 Gompare for example the ‘“World Bank Report’ by the
international Information Centre, Grénnegade 37, Copenhagen,
1970 and *Health and Planning’ by Dr. Guy Lavoipierre in Africa
magazine No. 16, December 1972.
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increased rather than decreased.?Since at least 1936,
rartificial earthquake tremors have accurred near
" dams, and there has been a full scale dam-induced
disaster with force 6.4 earthquake and at least 200
- deaths.?
i Transcendance of this gloomy legacy of
hydropower will obviously be 2 traumatic
experience, or an exhilarating one — depending on
your point-of-view. Neither collective control nor
biotechnic machinery aione seem at ali likely to be
sufficient te overcome the generations of removal
from nature and mutual dependencies which we
' have suffered. There is a continuous line to be drawt
- from the feudal lord's or abbot's privileged control
over water milling, through the capirtaiists’ early
\ realisation that control over natural dependencies
| (such as water) was control over people, to the neo-
I coloniaist Mekong and Cunene (Angola-Namibia)
| projects.
' What to do? ‘Alternatologists’, with characteristic
| moderation, tend to prefer to challenge Big Power's
I use of the less ownable and weaker wind. There are,
: of course, a few country communes fortunate (and
, affluent) enough to actually own a source of water-
© power. But can this count as a genuire threat to
. megatechnology’s Big Power Systems, even if it
' should become possible to demonstrate total self-
sufficiency? To stage red confrontations in this area
a leaf must be borrowed from the squatters
handbook.
A possible hit-and-run squatter-power technology
is represented by al those means of tapping water-
| power which do not require extensive construction
or excavation works. Power can be obtained from
small sources without dam-building. The devices
have to be light, quickly removabie and very simple
to build.

i
|
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A ship mill. {corn-mill, laundry, paper- pr saw-inill),

A floating pier or small anchored or moored raft
can be built to support a wheel or 2 turbine—on the
principle of the Romzn or Hungarian ship-mill. The

2 At the Kariba (Zambesi river) dam regulation of the discharge was
carried out according to the owner’s requirements for power
generation, and totally without regard to the attempts of the now
‘ refugee ' farmers to support themselves. This is typical. ’

3 ‘Fiil a Lake, Start an Earthquake’ by Prof. ].P. Rothe, in New
Scientist, 11 July 1968.
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' wheel drives machinery carried aboard, to which

work may be brought and the product in due time
carried off. A floating ‘Noria’ whedl could form the
water supply equipment of &' itinerant community.

A spoon-tilt hammer would provide. a crushing,
beating or pumping action from the redirected flow
of a convenient small stream. It works like a
Scandinavian weil-counterpoise or Persian hand
shaduf, but in reverse. The weight of a bucket of
water, constantly filled and automatically empticdi
drives a hammer or a pump.

Wave power can be tapped with a series of floats
linked via cables znd pulleys to a flywheel 4
Another method is by means of a Savenius rotor.

In the cities the water mains tap should be used as
a’ adopted source of water power. A small Pelton
wheel can be fashioned out of sheet metal {eg. tin
cans). This might save your dectricity biis whilst
perhaps simultaneously hastening the erisis of
capitalism—an advantage not shared by most of the
‘ecological’ aternatives.

Under ancient law throughout the world “he who
owns the land owns the water”. Monopoly rights
over power source? can be challenged, just as musch
as the more easily recognised rights over land and
property. Water power is the archetypal free,
endless, essentially co-operative energy resource. It
certainly says something of the compeuiig nature of
the forces concerned that even the normally
competitive small mill owners of the nineteenth
century would co-operate to obtain the maximum
power from shared streams. The operators of a
succession of mills, making use of almest every inch
of available head (as in Sheffield, England), were
forced to acknowledge the limits of ‘backing-up’
between the millpond and the upstream neighbour’s
dam. Closing of a sl:sice-gate at a mill not only
starved the supply to al mills downstream, but was’
also liable to operation of the upstream neighbour’s
mill, by reducing or eliminating hi available head of
water. Maintenance works after storm damage were

Elevation of
drums/pistons
50 gellon drums

-
-
——

Flan of beach
installation

crank

grooved wheel axle

pulley
embedded in be:ch

Above left: Author'’s drawing of a typical intermediate output wacer
power plant, after Hamm, Above: Plan and elevation of a system
designed ¢o utilise the pawer in the sea’s notion. Below: A home-
made Pelton.

uniformiy shaped

_ polished
buckers
(make in
Jig or mouid)

reducer

4 Alternative Sources of Energy Nos. 10 & 11, for details,

normaliy shared between mill owners according to
head used. A group of individualistic entrepreneurs
thus was forced to evolve a kind of coercive mutual
ad,

Like amost all sourees of renewable encrgy, wate
power cannot simply be ‘turned on’ to suit cur
requirements (eg. corn milling) but may have little
relationship to complex year-round industrial
processes. Working days a the mill were rarely
regular, it being quite usual to knock off work whes
the mill pond was empty, leaving the duice-gates
closed- overnight to collect the supply for the next
day’s work. Water must be regarded as &' achemica
power source, unpredictable but not quite as
notorioudy fickle as for example the wind. Few
mills can get water, and hence work, on a regular 1z
month 24 hour basis. Depending en rainfal, season:
and the wisdom of the operators in sharing availabie
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power with up-and down-stream neighbours, a

mill can be operable year-round in humid regions of
the elghc. and seasonallv. in other regions. Even
during the hard Scandinavian winters a flow can be
kept up under the ice. It is only the advent of fossl
energy industrialisation which has introduced the
complete supremacy of the clock. over the calendar,
and the abolition of the rhythm of the seasons.

WATER POWER

How much water power is available? According to conventioral
economic assessments total world jnstalled (large scale) water
power is some 5% of the potential, The remaining 95% uf large
scale water po wer available may now never be exploited,
Intermediate scale projects (c. 100-250 kW) are increasingly being
recomnsidered, particularly in Finland and Russia, thus giving the lie
to the official resource estimates which used to distort the patural
distribution of water power and omit all the smaller hydropower
sites,

Incidentally, if you develop a new water device you might
consider patenting it to prevent its co-option. But remember that
the purpose is to redistribute the powers and skills of the Earth

George Woolston

amongsi the whole of bumanity — and give your patent freely to
non-profit groups.

Applications of water power

Tyvpe of motion
in machine

Type of prime
over in waler

Horizontal axis
wheel

Reciprocating:
£am or piston

Rotary with Horizoutal axis

direct horizontal wheel
drive
Rotary with Horizonrz1 axis
gearing to wheel
horizontal axis
drive {2)
= j Rotary with right- Horizontal axis
g =< angle gearing to wheel
— . vertical drive (# }(e)
‘Entermittent Tilt-hammer

{B) counterpoise’

Vertical axis
rotation {c)} {f}

Submerged
‘panemone’ or
reaction tutbine

Vertical axis
rotatiocn {d}

‘Norse mill’ type

si'ark done Process, eg.
Sawing Timber reduction
Air bellows Blast-furnance in iron or plass works,

Water pumping Mining, land draipage and jrrigation;
industrial processes involving cleaninz
or cooling

Forge; crushing ore, clay

Trimming metal tools

Trip haminer
Power shears

Tumbling Tumbler-mixing of eg. concrete; stone
polishing; laundry

Raising water Water supply for irrigation or manufacture

o ‘Noria™y
Roller milting Paper manufacture; metal rolling miils
Grinding Tool manufacture;
Wire drawing
Textile weaving; fulling cloth
Tuming Metal and wood lathes
Boring Pipe and tube making
Dynamo Electricity generation
Winding Wire coil and rope making
“Turntable’ Potter’s wheel; wood turning
Grinding Corn-grinding; flour mill; crushing aggregate
‘Mortar and
Pestle’ Grinding powders

Forge; crushing ore, clay
Beating out metals
Pumping

Direct or geared
drive for most of the
above purposes

Corn-grinding, etc. in small amounts

(d)
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STATIONARY ENGINES

| CAST IRON POWER

. A prime mover is smply a machine which consumes
fuel and puts out work in the form of rotationa or
reciprocating motion. Most prims movers are heat
engines. A car engine, a jet, a rocket and a turbine
are al heat engines.

A block diagram of the simplest heat engine cycle
isin Fig 1, showing that fued is the source of high
temperature hesat energy (A) and that when it is

supplied and burnt, the engine (B) does work either

turning a shaft, pushing a piston up and down, or

pushing something along. But then there is heat
rejected from the system({), often spoken as low
grade heat, which is at such alow temperature
relative to the inside of the burning part of the
engine that it cannot be made to do any more useful
work. This heart is normally wasted to the air.
Obvioudly it would be ideal if this rejected heat
could be made to travel along path (D} to the heat
store (A) to he reused, but broadly speaking this
means that low grade heat would have to be
‘pumped up’ to a higher temperature to enter the
heat store (A), and this would require more work.

The simplest practical heat engine is shown in
Fig 2. A piston (B) is dliding tit in cylinder (A) and
beneath the cylinder, which iz a good conductor of
heat, is a gas flame and a block of ice. Thereis aso
an arrangement for moving th- flame and the block
of ice to and fro under the eyunder. When the flame
heats the cylinder, the air trapped by the piston
expands and pushes the piston upwards and so does
work by raising the weights(W). When the block of
ice is shifted into position, the heated air in the
cylinder loses heat to the ice and contracts, so the
weight comes back down again. But pushing weights

i up and down is not very useful, so substitute a
| crankshaft for the weight platform and you have an
‘engine which will turn a shaft and do useful work.

In an actual engine, the heat supply could equaly
as well be burning petrol inside the cylinder or heat
applied to the outside of the cylinder. The first type
is called an internal combustion engine, and the
second an extermal combustion engine.

Unfortunately, as with amost every other redly
good idea, the heat engine gorinto the hands of the
voracious high technologists. |; soon became much
more efficient in terms of the energy extractable
from the fuel to do work, but at the same time it
became much more difficult to make and had a very
much shorter litetime.

Two of my own engine; illustrate this point. One
isasmali air-cooled twin cylinder machine from a
motor bike and the other is an old single cylinder
gas engine built about 1927. Both engines develop
about the same power.

The small twin is a masterpiece of high
technologica skill. It is made up of high pressure
aluminium aloy castings. specialised lead-indium
materials and weighs about 50 pounds. The speed at
which it develops maximum power is about 5000 -

RPM.The gas engine, on the other hand, is nearly al

cast iron, its construction is as simple as it is possible
to be, it weighs about 240 pounds. and develops its
maximum power at about 800 RPM. SO we have a
small, light, high speed, efficient engine and a large,
heavy, low speed, relatively inefficient engine.

If it possible to talk about ‘good’ and ‘bad
engines, 1 hold that the small twin isa‘bad’ engine
because it is made of sophisticated, expensive and
energy-intensive materials, it will only run on high
octane fuels at a high speed-making a lot of noise.

It is impossible for a small workshop to duplicate
and its rraximum life is only a few years. Conversely,
the gas engineis a ‘good’ engine because it is made

of simpie, non-energy intensive material, it will run
on amost any inflanmable gas (propane, methane,
hydrogen). It runs very dowly, making only a dight

Fig 1. Principle of operation of a heat engine.

A High temperature heat store
Heat {burning fuel}
. B Hegt engine Dwork
D

Q rejected heat

C Low temperature heat store

Fig 2. The simplest practical heat engine.
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STATIONARY ENGINES

Suppars ey

Fig 3. Above: Drawing and schematic diagram of the simple total
energy wstem.

noise, and it is easy to duplicate, given some iron, i1
small foundry, a lathe and a drill. 1ts maximum life:-
time is almost indefinite, given only dight attentio n.

When the conventiona engineer talks about
efficiency, he refers to the amount of caories or
heat which can be extracted from the fuel by the
engine to do useful work, and says that efficiency is
the amount of work done by the engine while it diid
the work. I believe that this idea of efficiency is
incomplete and that any definition relevant to the
furure must include factors which represent machine
lifetime, design simplicity and the amount of enerjzy
used in fabrication, as well as the amount of energy
used to refine the raw materials used in constructian
(For example, aluminium production requires
fifteen times more fuel energy than sted).

Going back now to Fig 1, we saw that waste lovv
grade heat given out by a heat engine cannot be us.ed
to do more work, so the efficiency-in the
conventional sense-of any contemporary engine
never rises above 40%. In other words, 60% of the
potential energy of the fuel is voided to the air in
the form of waste heat. But, if instead of just
demanding work from an engine, we say we need

This is a swall ‘total energy’ system for a bouse. It is a very well insu-
lated water tank on legs, and the space under the legs is occupied by
a small prime mover; in this case, a gas powered car engine driving a
dynamo. The waste beat from the engine block passes into the water,
The hot exhaust gases are cooled through a beat exchanger. again
connected to the main volume of water,

Used bot water from the bouse is beld in the dump tank wntil its
beat bas been lost, and is then passed through a scum precipitator
and back through filters into store for re-use.

Waste kitchen beat is drawn through g corrugated aluminium tube,
losing beat to the water in transit aud the stored water can be pumped
over the solar roof panels when the sun is shining,

The space under the tank is also closed off by insulation panels to
ensure that beat lost by radiation from the engine will percolate
through the base of the tank inte the water store,

Immersion resisStance beaters are connected to a wind charger the
battery stove and the dynamo, when there is an energy surplus in any
of these three locations.

beat as well, then we can begin to design very smple:
arrangements which supply both.

These are sometimes called total energy systems.
| have built a very smple version (Fiz 3) which
anyone can copy and which has been happily
generating electricity and hot water for over a year.
Its efficiency is over 80%, since the norma 40% of
the original fuel energy emerges as rotational power
and is used to drive a dynamo, and at least 40% of
the normally-wasted remainder is recaptured as heat
and is used to make hot water for space heating or
washing. The remaining 20% is still lost through
conduction and radiation from the surface of the
engine and dynamo, but if the system is within the
envelope of a dweiling, even this heat loss can also
be used.

One quite unsuspected advantage of this setting is
that since the exhaust gases are cooled during their
passage through the car radiator heat exchanger, a
considerable proportion of the gaseous pollutants
condense to a liquid and can be removed instead of
voiding into the atmosphere.

Kit Pedler
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" VISION

Designed for the basic mainten- '

ance of a large urban house with
upto 20 occupants. This example
includes facilities for clothesmak-
ing and shoe repair, pottery, house-
beld decoration and repairs. and
poster making. The equipment
could all run on low supplies of
energy except the kiln. Although
tha scene is imagined as a base-
mexnt, it could equally well be pm?
of the Centre House worksbop of
Vision No 4.

Silk-screen posters
Water

Finished pots
Painting equipment
Kiln

Ciay bin

Kick wheel
Cobbling equipment
Loom

10 Sitk-scteen frame
11 Treadie lathe

£2 Power drill

13 Vice

R R TN VY
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INTERVIEW

After sen years of writing abou: the deepenmy |
environinental crisis as sciertee correspoident
e} Aigemeen Handelsblad, one of Holland’s
major daily papers, Stetz Leeflang felt be bad
bad enough. It was time to do sumething
practical. He bad become convinced that
centralises. large-scale, bigh-energy
technology, with its enormous demand for
capital and raw materials, lay at the root of |
our civilisation’s troubles. It was time to stert |
developing a new, decemralised, smaltscale I
technology, a techuolos,;r based not upon the |
rape of the Earth but on che enerp’es and “
mazerials which motber nature provides
freely for us all.

0ddly enough, Siets says it was not until
muck later that be becarme aware of the very
similar ideas being voiced around the seme
time, the late sixties, by people like Robin
Clarke and Jokn Todd — though be did have
seme contact with Rebert jungk.

Anyway, in 1969 be began to put bis ideas
nto action, Ironically, realising that be bim-
self would need to contribute a fair aprount

INTERVIES

SIETZ LEEFLLANG

Wedrly four more years passed until in
1972, after seiling bis bouse to raise some
more cash, Sietz made an end to compromise,
teft the Philips beadquarters at Eindboven,
aned moved about thirty miles down the road
o do bis thing at the small farm at Boxtel
where bis now celebrated Projekt de Kleine

In parallcl with the centre’s educational
role, a great deal of practical research work is
now afoos. A large multi-biaded cerogeneratos,
specially adapted to the insermittent, low-
speed winds of the region, bas been built
successfully; an insvlated solar-beated dome,
complete with working metbane digester, bas
beew constructed by DKA's technical wizard,
Jaap t'Hoft; and the fieids produce a fine crop
af bealthy food for sale to food cooperatives
in surrounding towwns and villages,

The De Kieine Aarde project bas now put
itself firmly on the map. Quite apart from the
entbusiastic support of thousands of associate
ntembers dnd benefactors throu. Lout the
Netherlands, the Dutch governn. 2.0t is now
providing some financial backing — a fact
which inakes some radicals pause. Perbaps the
profect bas beewn a kit too successful? Peviaps
it bas comproszised a listle too much with
traditianal Dutch conservatism? Maybe the
solutions Sietz and bis fellow workers are
proposing will fail to weed out the root canses
of the problems tbey bave so accurately

of money to set the ball rolling, be deciied to
leave Algemeen Haindelsblad and take a well-
paid jekb as Press Officer to the giant multi-
national Philips electrical conglomerute — an
organisation whick, though # professesa
sirong environmental awareness ard manifests
wigny of the more acceptable attributes of
modern cagitalism, nevercheless represents in
many ways the very antitbesis of bis ideals,

In your project you seem to have already done
immensely more thar anyone in Britair to develop
and promote afrernative technologies.

Yes, well perhaps we have been a little teco daring,
wried to do alitde too much. Our future is still in the
baance. We have the feeling that we have just made
it, perhaps. But | am till not sure — it still gives me
sleepless nights. We have had a great deal of luck, of
course. We have ha. huge bills, thousands and
thousands .f Guilders, and no money to pay them,
and | have often thought, well, now everything must
come t& an end and we will be bankrupt. But then,
suddenly, new money has come in.

How ek money do you need to keep the
project going?

Roughly about 150,000 Guilders a year, which is
equivaent to about £20,000 in British terms. That
is just the educational part. The other activities we
can finance ourselves by publishing out paper De
Kleine Aarde, by selling produce, by giving lectures,
and so on.

The Government of Holland gives the impression
of being very sympathetic towards ecology and
conservation. Your project is getting some
Government money, isn't it?

Yes, partly. The ministry of culture, recreation and
social work ispow financing our educational
programme, and there isalso a possibility that the
ministry for health and environmental problems will

Aarde — the Small Earth Project — began.

De K.vine Aarde (DKA) is now a
flourishing centre where visitors of ail ages
come to learn about windmills and solar
collectors, organic farming and wheolesome
foods, metbane digesters and beat pumps and
geodesic domes and bee keeping — all of it
infused with a characteristic brand of
Schumacher-esque political economy.

diagnosed, and will simply be co-cpted by the
wily old Dutch capitalists?

When I talked to Siety Leeflang, be was
taking bis firct boliday for several years; bis
project was now established and its future to
some extent secure — though by no mesis
assured, It was a good time to discuss where
Di Kleine Aarde was going, what it stood for,
its successes, its faflimgs.

also help us.

What about the agricultural side of your work. I
believe you’ve been doing some interesting thizgs.
Well, our latest -~ and our most risky - activity is
that we have set up a small food wholesale venture.
We have bad to buy a big four ton lorry and to pay
someone a salary to do the job.

You distribute the food to groups of con-uniers?
Yes. We are getting more and more of these
“er ~amer circles’ i Holland. They are something
strongly believe in, because they could be a first steg
away from supermarkets and back to normal small
shaps giving personal service.

How many of these consumer circles do you
supply?

About fiie or six, but it is growing dowly. You can
compare each circle with a small shop — it has about
the same turnover. We have a shop at the farm whicl
has a very bii turnover -- about 15,300 Guilders at
least. If we could have more shops like that things
would be wonderful. But i don’t believe that
consumer circles will last very long, because it is
aways a few people in the circle that have to do the
work. It is avery big problem to get these people to
sell produce on aregular basis.

Have the actual agricultural techniques used on
your farm been totally organic — bave you used any
artificizl fertilisers or insecticides?

NO.
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INTERVIEW

| And you have found #hat the soil still maintains
s fertility?

'Yes. | must say chat the results are very convineing

+ and really give us hope. We can see a kind of natural

| balance coming back.

! what exact system of agriculture do you practice?
\ We are following at least three methods. We have a

, partially bio-dynamic system

i Planting with the phases of the moon, and so on’

' Yes and aso we do companion planting. And the
third system is mulching-but we do not have much
confidence in the mulching technique because we
have had so much wouble with it.

How do you see the project affecting the life of
Holland in the short term and in the long term. ?
- Is there any chance that Helland may in the near
future start to become more self-sufficient. along
the lines which your project wo.!v advocate?

Yes, | would think so. Becau:+ . aver-population,
the Dutch are probably a bit more interested in
these things than other people — it's something to do
with a feeling that something is about io happen.

A feeling that the Dykes will break a sort of
crisis mentality?

I don't know. They are interested, anyway. You can
fed it.

If there is a chance of Holland rejecting the
technologicai soiety and centralism, how would it
come about polizically?

Weil, we do gc+ some help from certain political
parnes. The “radical” party -the former Dutch
Catholic “Foliis Party” — is now a very “progressive”’
smali parey. They have one or two people in
Govefvn', at whe are redly interested in the things we
wiupport we get is from them. 07 the
- ocialist party . | don't believe
they rul“ want to help us because they are more
centralist in = way of thinking. Of course, some
of the things we ate propagating with the Small
Earth are, in = sense, very conservative.

In the strict sense of the word.

Yes. We want craftsmanship coming back, we want
small shops giving personal service to people — we
want ail sorts of things which | imagine a
conservative would like.

On the other hand, aren’t these things which
various utopian socialists have advocated as well?

— the older kind of soculists, William Morris types.
And anarchists — Krepatkin for instance?

Yes, of course. | myself am not against socialism,
but | am againgt the centralised variety of it. | am
opposed to the present capitalist system, but I am
not against honest and simple business.

How will you stop tée changes you want being
coopted by the system that already exists? How will
you stop firms like Royal Dutch Shell and Unilever
and Philips starting to turn out windmills on a
production line, or staffing organic farmes on millions
of acres. that sort of thing?
| cannot believe that big firms like Philips will start
making wiridmills.

Yes, but are Dunlite mills really a consumer product;

No. But what about beat pumps then ftbey Y

| eventually become a consumer ¢+
- el if Philips makes heat pumps ar 3 -1mg engines

which can be used on farms and communities like

| the one we are building, then | would say okay,

imake them, then we can use them: why not?

But bow wil{ you then stop them from making
these devices in such a way that they will not last
guite as long as they should, so that Philips can sell
a new model in five years time? How will you stop
all the familiar capitalist consumer syndromes being
repeated?

Of course we cannot stop them. There is only one
thing that can stop them — and that is that it is not
feasible. Things may have to be made to last longer
secause Of resource exhaustion.

But is it not wery possible for  firm to fIy in the
jface of ecological and resource necessity in the
interests of short-term profit?

Yes, it couid be. But in the long term, they will have
to bow to the natural law.

Do you see firms like Philips and Royal Dutch
Shell and Unilever actuaily going out of business, or
changing radically?

They may lose a lot of money on techniques which
are “of of rea value. For example, Philips are
lbuilding a “recycling house’, and they are using
lhigh-temperature heat storage systems. This,
developed by Schroeder, uses salts, and it is a very
“ice system. but | don't believe that it is feasible.
But they are making it, and it is costing them alot
of money. On the other hand, the work Philips did
on the Stirling engine was very courageous. | think
it's amistake to see companies like Philips as great
‘nasty conspiracies. In great companies lie Philips
there are lots of individuals pursuing their own
‘hobbies. But | do not believe in huge
international conspiracies, They smply do not exist.
‘We have the existing system, that's irue, and | know
that huge concerns like Philips &y to have a
consistent policy. But they are completely
dependent on al kinds of individuas, giving them
tight or wrong advice.

If companies like Philips and Usnilever don’t go
out of business, then, how do you feel about the
problem of alienation? Do you go along with the
socialist ideal #:- the extent that you feel that
workers in factories should have control ever their
working conditions and ownership of their
industries. ?

Well, that would happen automatically if you had
more decentralisation. To force it upon the existing
factories would be very difficult because you
couldn’t control these huge systems.

That may be so, but surely it would still be
possible to have authoritarian businesses, even if
they were decentralised?

Yes, but workers control is much more capable of
being practiced when you have decentralisation,
when you have small firms.

But they are #fready making them. They own
Dunlite, for instance.

Godfrey Boyle
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SHELTER

There are few climates so benign that occasional
protection is not needed from what they throw at
the people wiie live in them. There are two ways of
gaining this protection. One is to create a small,
personal portable microclimate. This is caled cloth-
ing. The other is to create a larger, generally station-
ary microclimate. This is called building.

These two are to some extent alternatives -- the
more of one, the iess of the other, but this does not
seem to be widely recognised. In affluent societies
the sheer functional necessities diminish and
clothes and buildings come to have other funct-
iuns — display, containers for possessions, express-
ions of craft skill and so on. People tend to have as
much of both :s they can afford.

But 25 iz won bites deeper, and the non-renew-
able resources get scarce, the attraction of basic
functional design and basic materials increases. It
becomes rational to use more clothes and less heat,
to make ones swn clothes, build ones own home,
and to create them from traditicnanesasimslas far
as possible, aided by judicious inputs of modern
technology.

In this section there are two articles on clothing.
Oneisaplain and simple ‘recipe’ for making shoes
out of a traditional material — leather — and a
modern waste material — old car tyres. Easy. Cheap.
Anyone could do it — and should. The other cloth
ing article iszbeut textiles, spinning, weaving and
dyeing. Apart from more recipes (some very nice
ones on narury’ dyes) tne author uses the subject to
show how technology and politics interacted with
each other over textiies in the early days of capital-
ism. New techniques were not introduced merely to
increase productivity, but to increase control over
the workers. And if this happcnedin textiles in the
19th century, where else in the 20thr Circumspice.

In building, the assumption
is made that present patterns \
of industrial building are inadequate’.
They are expensive to to build, and
more SO to run. Thev demand large
supplies of scarce material and energy
resources. They do not lend themselves to
maintenance by the users. They become
territorial enclaves in which private Life turns into
pathetic isolation.

Three approaches have been made to the problem
of creating cheap, user-involved, pleasing dwellings.
The first concentrates on the organisation of build-
ing and maintenance, and discusses self-build pro-
jects and tenant-ccntrol in urban areas, particularly
focusing on rehabilitation of exisung buildings. The
second is essentialy a stace of mind and away of
life, and lyricaly records the delights of ‘living
lightly’ in flexible, quickly-built, temporary shelters,
which are perhaps the missing link between clothes
and houses. The third epproach is to ‘return’ (but
with modifications) to traditional building practices
and local materias: abundant, renewable, low-
energy, beautiful. There ate two articles on this. One
surveys typica examples of vernacular building in
Britain, and the other looks more thoroughly at
one importart method, the use of subsc.d — an
abundant and cheap resource if cver there was one.

The unorthodox but sound functional rationality
of there building principles should not allow us to
overlook their sensuous poetics. Lloyd Kahn,
champion of traditiona methods, and craftsmanly
impresario of alternative shelter, expresses the
sensibility in the following remarks: (1)

‘It took me a long time to redlize the fermuia:
Economy/Beauty/Durability: lime
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INTRCLCTION

You've got to take time te make a good shelter.
Manual human energy. For exampie, used lumber
looks better than new iumber, but you’ve got to
pull the nails, clean it, work with its irregularities.
A rock wall takes far more time to build than a
sprayed foam wall.

The best materials are those that come from close
by, with the least processing possible. Wood is
good in damp climates, which is where trees grow.
In the desert where it is hot and you need good
insulation there is no wood, but plenty of dirt,
adobe. Thatch can be obtained in many places,
2nd the only processing required is cutting it.

Plastics and computers are far overrated in their
possibie gpplications to housing, .

Walking amidst magnificence of Indian ¢raftsmen
with MIT dimly in mind, I redized that there may
not be any wondrous new solution to housing at
ali. That there is far more to learn from wisdom
of the past and from materials appearing naturally
on the earth, than from any further extension of
whiteman technoplastic Prowess..

In tim~s past, people built their own homes, grew
their own food, made their own clothe... Know-
ledge of the building crafts and other skills of
providing life's basic needs were generally passed
along from father to son, mother to daughter,
master to apprentice.

Then with industrialisation and the population
shift from country to cities, this knowledge was
put aside and much of it has now been lost. We
have seen an era of unprecedented prosperity in
America based upon huge amounts of foreign and
domestic resources and fueled by finite reserves
of stored energy.

Aad as we have come to redlize in recent years,
we are running out. Materials are scarce, fuel isin
short supply, and prices are escalating. To survive,
one is going to have to be either rich or resource-
ful. Either more dependent upon, or freer from
centralized production and controls. The choices
are not clear cut, far these are complex times. But
it is obvious that che more we can do for our-
selves, the greater will our individual freedom and
independence be.’
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100 TEMPORARY STRUCTURES

LIGHTWEIGHT / TEMPORARY/ LOWCOST/
QU_[CK /MOBILE by sefan szcrelkun

Alternative? Only in possibility of usage.

| There is often a certain threshold above which, or faster than Wh|ch

| the cultura enforcements that limit cur activity cannot be effective.

Temporary dwellings can allow some kinds of no-compromise in the

i face of consumer culture. a fluidity that law despairs at. For instance,

l'if you can get your hippyhappy lifestyle into the back of a
commercial van and don’t mind being a little bit secretive, you can
live in the heart of areas that would otherwise be forbidden (or too

expensive, whicl amounts to the same thing). This can be useful in

. Investigating and revealing A homebuilt canvas tipi can give you a

. dwelling that is noble and yet can avoid the prohibitive rates,

mortgages, rents and other redtrictions oi a standard heavy property.

"4 primitive people is not ¢ backward or reizrded people; indeed

it may possess in one realm or another, o genius for invention oy

action that leaves the achievements of civilised peoples far bebind.” |

—Levi-strauss

Why panic if you gotta move homes or jobs? Don't be rushed into
something that is not right. Take time off to think. Build a dome in a
friend’s back garden. You'll probably find you can live in it for several
weeks. Building a dome with friends can be quick but at the same
time rewarding experience; being a mathematical form, the emphasis
is between individual; working together (basic palitics) rather than
other mere personal modes of structure where mutual agreements
over style need to be made. This can be a long process if the fullest
creative involvement of each person is to he achieved.

This use of domes as socia pivots, and their symbolic newness and
geometrical simplicity is more important to us than their advantages
as a mass produced lightweight modular-component efficient hitek
commodity /e B. Fuller.

Tech Note. Homebuiit domes have been notorioudy leaky and
generally uncomfortable to live in over long periods. All those criss
crossing diametric joints just don't mak= sense when the weather gets

i going. The best domes are seamless. For temporary usage choose
plastic or fabric cap over stick frame; for a more permanent job use

| monocoquc construction Of ferrocement or glassfihre or shingles. The

best cheap shingles are probably pieces of roofing felt with a drop of

i cold bitumen on all the awkwzrd bits. This technique is used on

standard housing al over the USA.

Council tenants in my area of South Wales stay together whilst

I their houses are being modernised. It isan extraordinary sight, the

: neople live in caravans in their front gardens and their furniture is

i gtored in oid pantechnicons (cheaply obtained once they fail the MoT
| plating test). The householders are minimally displaced and are in a

; good position to monitor their owi: conversion job, making sure

" gtandards of construction and fimish are to their satisfaction.

Gypsy lifestyle has been increasingly outlawed in Britain and most
parts of Europe in the last decade. Gypsies are a big embarrassment to
the neat suburbanisation of the Western world and its cherished ideals

of convenience and comfort. Much of the opposition to them has
come from local organisations rather than central government. What is
happening is the gradua destruction of minority lifestyle, different
from genocide only in that individua lives are spared. At first sight it
i seems strange because gypsies aspire to modern commodities of their

own A dick chromy caravan full ot vinyl upholstered, curved and

‘ folding furn:rure and cut gIa&s mirrors will cost up to 112,000 new and
| a cheap version secondhand is still £4,000; but its still a challenge to

i the Ideal Home as a commodity showcase.

¢ Fairground peoples are another group with an embarrassingly out

: of line style of life. The old four-wheel heavy living-wagon that

‘ developed with this lifestyle is one of the best (most enjoyable,
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comfortable, functional, flexible, vibrant, rich, etc.) smal living spaces
ever designed for taking advantage of the modern Western world's
fanrasti road system. Fairgrour ! culture ha? a complex servicing
system o.” wintering grounds, repatiis and >onent-dealers, stores
and manufacturers, If the, dian’thz = thisse, rate ream to wander
about in they would, no doubt, also! > destroy-ed. These wagons may
occasionally be obtained cheaply in aj. -tate of repair au.l it is
worta the fabour of love necessary to reste re them as near to their
former glory as you cun afford (mahogany panclling and cut glass not
being amenable to five year obsolescence and investment return). An
interesting thing about these wagons is tue way they quickly
deteriorate if they are not lived in. Used regularly they last remarkably
well, but left unused, even over one winter, the deterioration due v
damp and condensation will be severe.

It is important to the makiig of non-hierarchical networks that all
those involved in creating dternative: to consumer relationships, and
that are “lucky’ enough to have property, make facilities on that land
available for nomads to stay, and also to have an open enough
economy ro enable the visitors to support themselves at least to some
extent (tor example an exchange of labour on land for food). Such
arrangements could lead to an exciting diversity of meetings and
exchanges of skills and information. People dropping in could live in
all kinds of temporary or mobile houses, including sheds, caravans,
buses, vans, boats, tipis, domes, attics, greenhouses, dairies, barns,
caves Also useiul for worksharing exchanges.

Liberate land; don’t let it possess you. Clear distinctions need to be
drawn between territoriality and arbitrary ownership. Tough nut here.
Crack it now folks.

Tramps have the simpiest and arguably most ‘flexible’ tent, the long
mackintosh. You have to be a very dedicated non-consumer to live well
with this little equipment; but remember it is skiil with simple
equipment that counts as much as the doubtful comfort and
convenience of the usud carful of heavy and expensive bright orange
camping gear.

Time is money nowad: ysyou can't have it both ways.

The only way that camping and survival stuff relates to alternatives
in this day and age of the urban guerilla is as an experience of what
life is like without al the modem paraphernalia; commonly
convincing those that go on such holidays that primitive life must
have been a fiction or at least dreary, damp and dismal, but you can't
expect to go camping once a year in a continental chalet tent and get
any notion of what life was like for the North American Indian. My
point, amongst ali this banter, is that our knowledge of life’s basics is
so confused by obtuse commercia criteria that perhaps we should
examine it al from scratch.

The move from conventiona forms into new spates that relate to
ideas of broader alternatives is best illustrated from current events.
The pictures on pages 102—3 that accompany this section were taken
a the Windsor Free Festival August 1974 on Wednesday when the
festival had been running successfully for five days. When th= festival
started the previous weekend there were about 20,000 people present,
but by midweek numbers had dropped o severa thousand as people
returned home or to work, or went off to get supplies in readiness
for the next weekend, when large numbers were again expected. The
next morning we woke up to a military style police eviction by 600
constables in active service backed up by the rest of Thames Valles
Police and the loca army barracks. 300 people were arrested
defenaing their right to live as they chose.

Left, from the top: Ashphale shingled dome; Al except the London photos courtesy Lloyd
homnie in transit; lizhtweighe tent in use on a Kahn's Shelter,

roof in South Landon; house truck made from For more informarion on all this szuff and the
junk; a bit of sul:urbia floats on the Thames, foilowing pages, sce Stefan's Survival Scrap -
Above: Winter tent; ferro-cement dome. beok No. 1. Shelter; Unicorn Books 1972,
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) ! This section has been chosen to be extended o include some
Tl'ee houses practical details because tree houses seem to have a specialy favoured
| place in lits of idealised or fantasy houses. There is also a fedling of
i working and living closely with one of the most remarkable and
agreeable structures of nature in all its seasonally changing aspects. On
top of al this romantic dosh you aso get a betret view (2}, are away
t from ground damp, protected from marauders, use little space; and if
{ vou pick a reliable tree, have a solid foundation. And anyway 1 had
.| this photostat of a secret government paper on The Arborialisation Of
| Emergency Offices in Times of Cultural Regression hanging around
! for ages, so let me leak a little of it, just in case
: i When setting out to build a tree house in earnest, selecting a
i | particular tree or trees is the first consideration. The choice may be
! influenced by numerous criteria (or the ‘criteria might be influenced
> by the choicel). However you go about it there are certain trees such
~] as ElIm that should be avoided, and certain situation:; such as lone trees '
on high ground (lightning risk? that might have unexpected
| disadvantages. Oak is very oien a good tree offering natural platforms. :
.|| Pie growing close together allow several trees to be used as
"1 supporting pillars. Probably the most irportant consideration will be
the amount of cover or caracuflage avaiiable to the structure,
1! especidly i~ wintertime.
; R <" Itaving selected a tree, the platfoim is the first part to be
| constructed. Lashing is better than spikes ox nails, which might
: damage the tree. Other possibilities are various clamps using perhaps
, huts and bolts but the choice can be made on what is available. Start
off by lashing two poles to the trunk, either together or one at a time.
- (Fig 1). Do this just above some projection or bulge in the trunk, if
possible, to make certain that the platform cannot sip down the tree.
If the trunk is smooth at the height you require the platform to be at,
; then you must finish the lashing by going around the trunk severa
tunes below the poles. A second pair of poles are then lashed above
and at right angles to the first pair. (Fig 2). Eight more shorter poles
! are then lashed from the end of these ‘joists to the trunk. Ideally
; these bracing pieces ¢ -uld be rested onto lower branches of the tree
: S0 as to give th-m more purchase. Other poles may be laid across as
?‘joists and braced in a simiiar fashion.This is then the foundation for ihe
' floor which may be made of more pules or boards if they are available.
When the basic platform is finished test it thoroughly. The
| superstructure ran be made of almost anything that you could make a
shed out of on wie ground. Slabbing, the name given to the outer
off-cuts made when sawing up natural ‘round’ timber, can be bought
| very cheaply as ‘fire wood' by the lorryload, and makes good cladding
material. Wit.. @ bit of care you could choose stabbing of the same
wood as your tree. Other good choices to blend with the surroundings
.arewoo-'=n shingles or shakes, wattle screens, (wickerwork could
v we right into the structure of the tree itself), paper mache,
thatching, canvas or bark, especialy birchbark.
[ A roof framework can be made in a simslar way to the fioorframe
but this ti.ne the structure is braced from above with poles and/or i
ropes. Uprights for the walls are lashed between roof and floor frames.
Wall sections will probably be best constructed on the ground and hoist-~
-ed up unless your platform is spacious enough to contain a workshop.
i A good hoist will be the most essentia piece of equipment that
isn’t found in every common-or-garden toolkit. A single block will
svffice, suspended well above the required height and worked from
ground level. A light guy onto the lnad should be used to guide it up. !
., Iin summary, what you need to build a tree house is A
 knowledge of trees generally, and of trees in your locdity by
i observation (sketching is a useful technique for making revealing
; observations), and climbing; a knowledge of knots (practice); rope,
tlasking cord, axe (felling axe and hand axe), hoist.
So once again it al coutes down to ingenuity with what you've got
around, a few good 10ols and getting started.
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Inflatables are simple enough to make but
require much more togetherness, with power
source and fans to keep thern blown up,
When you want to make an inflatable that is
to be used many times or over a longish
period as a dwelling, then the design needs
some expertise. 1t is best to start of f with
some;hing simple.
Most exciting use of inflatables (eg Action
- Space) is not as dwellings but as people-
mixers and mindblowers, These may consist
of huge zippered bags filled with air, sealed. ‘
The effect these have rolling on crowds is |
dynamic to say the least. Or large tarpaulins .
sealed around the edges and continuously i
filled with air. People a:tempt to walk, |
siither, crawl, bounce, float, rof, sink into :
and over them. Or inflated tubes coiled 1
about, or weirder and weirder amoeboid ‘
fantasies with people inside them, walk on
waters, hot air trips, street barricades, giant
phalluses, air rafts and island kites, solar :
powered airships, big sex dolls, helium UFOs,
i

YOU Rame ir.

GRAHAM STEVENS
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Shanty settlements in
'Britain

:A dominant culture ensures its continued survival

I by reinforcing the aesthetic value of its essential

artifacts and devaluing or ignoring aesthetic notions

i that relate to ideas that, if developed, would
undermine it. It is in this way that the modern
movement Of the early twentieth century, which

‘ tended to search for fundamental principles and

t achieve a purity and clarity of expression, was

! quickly utilised as a means (an excuse) of increasing
the efficiency of accumulation by cutting out craft
ork, decorative detail and anything superfluous to
measurable er commercia criteria (function is here

ery close to being ‘commodity’). The
contemporary commercial image attempts to
become ali-pervasive, giving to culture as a whole
the smooth, sleek modern look of dramatic
banality; but in this milieu there are cracks that

i give us an inkling of better times.
L (

The shanty settlements scattered about
Britain demonstrate {albeit to a very limited
degree) a situation in which people build
homes for ehemselves with the least
restricdons. Im peculiar circumstances the
tether on peopie’s building-capacity has
slipped a lictle. Not much, but enough o give
us a taste of a crearive sphere disallowed by
our present customs but dear to all our
bearts. Our Homes.

The same aesthetic may be observed in
peaple’s mature back gardens, ideally
observed from a slow train, and again in old
silouments. To appreciate thess skight
stiuctures as beautiful you must make an
effort to re-educate your eyzs to the

aesthetic critetia of chaos. When a bnilding
or garden has been worked on intimately
and completely over a longish period of
several years by an individual or group,
without thought for a conscious visual
effect, but with love and care, then the
character and idiosyncrasies of the workers
interweave 2nd modulate the fabric so
thoroughly that it reflects the dweller’'s
inner hea:{ That’s where these places make
it—they've got soul.

As people demand more and more from
the contemporzty productive porential and
gain potential power through their
familiarity with it, laws increase the realm of
the impersonal, global image of compliance.

Man\f an. ‘D“'\g\ﬁj‘
olourzd, Thas ond
wos bright. blue.

r,fﬁi“;.
- ¢
K

Shanties are replaced with standardised
chalets, solely tor holiday use, or simply
erased; allotments are given neat concrete
sheds and concrete paths, and tenamed
Leisure Gardens. Things are either a mess or
tidy. There is no discussion of meaningfully
interconnected chaos (zlthough people stll
seern to like nature) or of the limiting
rigidity of an ordered tidiness imposed by
those who do not touch or feel.

Most of the shanties have been remodeiled
extensivaly since the original design and it is
one of the great advanrages of the sort of
ultra-cheap ticky-tacky higgledy-piggledy
hoten-potch that many of the houses are
made of, that it is relatively simple to add and
sybtract from them., The capacity for growth
is particularly important as it allows someone
to statt with a very small, cheap, easy to
erect hut, ané gradually exwnda it as they beg,
steal nr borrow materials until they have 2
magnificent villa! It is interesting 10 note that
most of the shanties do not reach this stage
tiefore the inertia of constriction and the
satisfaction of spatial needs stabilises the
process at a surprisingly compact size.

STEFAN SZCZELKUN




Observations as above are often made
with reference to the Third World, that
suggest in a paternal toue that the lessons are
not for the tired and retired empire builders
back home. Perhaps they are, though in the
past few years | have come actoss five
locaiities with lively shaaty sectlements,
scattered throughour Britain in the Gower
peninsular. Edinburgh, the Sussex coast,
Newcastle and Middlesex Thameside.

As far as | knew from my casual
mvestigations, the shanties all date from
before *he 1947 Planning Acts which
changed the patire of building permission ar
made it a much tighter financial game. A man
with 2 beautifully kept shanty on the Gower
peninsular in South Wales, wich many
extensions, ewo chimneys, and a large
conservatery full of flowers rold me be had
been there 32 yea~s and was one of the last to
arrive. {Getiing = difficult site on which he
had to cur a level cut of the hillside). Many
people had followed a0 carly plan that had
been ‘approved” by the counci, bat he hadn’s.
He had built his own ideas and never got
inspectcd or hassled. He paid a small ground

TEMPORARY STRUCTURES

rent and didn't seem to be worried about a
lack of security of tenure or investment
value, He lived drere all the year around, as
did many occupasts (though not the
omjority, 1 would guess). He thought it was
great to be in such a nice site near to the sea.
The shacks or chalets are low lying and setin
sandy hills, so they don't affect the scenery
much. This seems to represent a typical
pattern throughout the country although
there has been great variarion. The shanties

on the banks of the Thames, for instance,
were all permanently occupied.

Many of the shanties follow « similar
design pattern which seems to derive from
pioneer homesteads. A simple 4 by 2 frame is
lad with boarding. The chimney 1s brick or
stone and there is a covered verandah to the
front. The ficst extensions are uscatly to
make larger kitchen and bathroom and
toiiet facilitics, or sometimes the verandah
is enclosed. Around and about ones like this
are an enorm:ous variety of other types: all
stone, bus without wheels, based on wagoen
with mellyeroft roof but almost
unrecoguisably covered in extensions and
structural changes, rickety sheet steef system
pre-fzbs, railway coach, and so on. Mearly all
are brightly coloured; they have to be regular-
ly painted and tended or they soon deteriorate.

When people are at least allowed to build
a house for themselves as they picase and
from what they can get hold of, traditional
techniques using local materials having been
lost or disaliowed on the grounds of being
teo permanent, then it is often 2 carpentry
technology that lingers on. This is perhaps
because it is of more ubiquitous use.
Whrcevel the teason, most of the structures
are wooden. They sell for around £500 to
£1,500 which is often the price of the
materials and ficrings alone. The sive, being
theoretically insecure and liable to rent, is
of negligible market worth. These conditions
ensure that shanties do not figure as
properties in the same way as normal houses.

Whether dweliings would become similar
to these structures if we got rid of the present
restrictions on our activity remains to be
seen. However they are not *o be looked at
as utopian ingdels or sacred ideals, but are
merely practical indications that possibilines
of self control that we ave led to believe
would have ugly and undesitable results
could in fact be a start in the process of
individually directed creative activity that
will lead to better times.

—
=]
~3

HILTHIHS




108

SHELTER

VERNACULAR CONSTRUCTION

FOLK BUILDING

The cheapness of transport and raw materias, and
the high cost of labour (and especiadly skilled labour)
have combined to make traditional building practices
and materias hopelessly uneconomic. But times are
changing. Sharply rising costs of fuels and industrial
raw materials on the one hand, and a variety of
social, aesthetic and environmental factors on the
other, now point to a time not far distant when
waditional methods-amost certainly hybridized
with suitable modem techniques—may once more
play a significant role in construction. kn this article
Brenda Vale reviews the main vernacular building
methods, relating them to the local materials on
which they usually depend. In the subsequent
article, Colin Taylor describes one of the methods—
rammed earth construction-in greater detail.

Vernacu!ar building methods are often associated
with the use of on-site materials. These methods of
building were originaly based on the use of
immediately-available, low-cost materias, exploited
during periods when labour on the land war not
required: most families it. a village would cooperate
to build or maintain it ywn houses, sometimes
under the direction of one or two skilled people.

SCARCITY OF TIMBER

Fig 1

Almshouses at Chipping Campden, Gloucestershire, built of
Cotswold limestone.

Timber was once used to build the majority of
houses in Britain, but as the forests were gradually
cleared to make way for agriculture, other materials
came into use. America, with a proportionaly larger
area of forest, has a greater tradition of timber
building than Britain. The scarcity of timber for
building is dso due to the fact that it is in demand
for pit-props, paper-making, chip-board and box-
making. To supply the carcassing timber for one
house each year would require between 1.2 Ha and
2.3 Ha of European Larch, worked on an eighty-yea
rotation.

It is therefore not surprising that the vernacular
traditions of this country cover a wide range of all
construction materials with timber framing reserved
for the roof structure (although timber-framed walls,
infilled with bricks or clay plaster on lathes or straw,
do survive).

STONE CONSTRUCTION

The methods of stone walling in different parts of
the country reflect the type and size of stone
quarried in the area The granite in the houses of
Devon, Cornwatl, Cumberland and Wales was laid in
unecuzl sizes and heights of courses, just as the stone
came from the quarry, to avoid the extra work
involved in cutting it, since the ston= is very hard
and expensive to quarry. Iin smaller houses and
cottager the courses, normally less than 380mm
high, were normally laid without mortar. Comish
granite walls, usualy 610-760mm, had the stones
laid more-or-les< at random. These cottages were
frequently white-washed.

All other stones used for building are sedimentalry
rocks. The walls of Cotswold cottages, never less
than 500mm thick, were generally built of stone
throughout (Fig 1). The method of walling depended
on the way the stone came from the quarry and
varied from rubblestone, laid in thin layers, to
thicker courses of roughly sguared and dressed
‘ashlar’. The window jambs and queins were built of
dressed stone. The seemingly solid walls were often
formed of an inner and outer skin of stone filied
with small stones and other rubbish, such walls
naturally suffering from frost damage and any
settlement of the building. The typica roof had a
pitch of 55 degrees and was covered with loca stone
dates, graduating from the larger, thicker dates
placed on the eaves, to the thinnest and smallest at
the ridge. The upper-floor rooms were made in the
roof with dormer windows forming a characteristic
feature. Northamptonshire limestone walling was
constructed in a‘similar way with a variety of colour
introduced by interspersing aternate layers of red
ironstone with grey limestone. The roof pitches were
also often lower, as the stone dates quarried in
Nnrthamptonshire were generaly larger than those
of the Cotwold area

The limestone walls of the houses of York and
Tadcaster were made of large stones, usually placed
in regular courses. In the Dales, the stones were
rough-faced and small; and built into courses with
wide mortar joints. The typica building form was
single-storey, long and low, and covered with a plain
roof of low pitch. This was hung with large stone
slates between 25mm-37.5mm thick. Rye-straw was




Whitewasihed stone walls ar Blea Tarn House, Westmorland with
roof of local slates.
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Single storey clay house at lolmie Low, Cumberland. The section
shows the timber framing inside.
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Cob house «t Toiaton Raleigh, Bevon, with stone chimney on
cutside wall.

. Arow of clay lump comages in Norfolk with a fiint base and rited
i roof,
L

also once widely used as a roof covering for these
houses The houses of the local grey limestone of the
Peak District oi Derbyshire are very similar, with the
roof pitch sometimes as low as 24 degrees. These
roofs were hung with heavy sandstone dates. Unlike
the Cotswoid roofs, these low-pitched roofs were cut
as little as possible by dormers cr gables, resulting in
the characteristic long lines of ridge and eaves.

In the Lake District a hard, shaley, date-like stone
was used in a characteristic pattern. The grey-green
dlates were laid ‘water-shot’ or sloping outwards.
Mortar was piaced in the wall 50mm back from the
face in a 125mm wide layer. Stones placed at the
face and back of the wall were interwoven as much
as possible and any rubble filling in the middle was
built in without mortar. Through-stones were placed
laterally the full length of the wall at 1,000mm
height intervais. The Lake District also possessed
dlate, used for roofing, which looked like stone-slate
and was grey-green Of tust in colour (Fig 2).

i SUBSOIL CONSTRUCTION

! the external walls. The roof was often thatched as
* the walls were not heavily ioad-bearing and the
i thatch formed a light root covering (Fig 3).

Around Wiltshire the chalk below the topsoil was
dug out and straw and water added, the whole mass
being well trodden to form a chalk mud. The form
of the house using this ‘Winterdow’ method was
similar to the cob houses except that the chimney
was traditionally built up through the middle of the
house, whereas in cob houses the chimney was bui!'t
on the outside wall. Another similar method using a
type of white clay caled ‘Witchert’, found approxi-
mately 450mm below ground level, was used in a
limited area of Buckinghamshire around Aylesbury.
Related methods for forming monolithic walls of sub-
soil are found in the East Riding of Yorkshire near
Homsea, in Cumberland (see Fig 4), around
Northamptonshire and in Moray and Banffshire in
Scotland. Loca variations in method are found
including alternating layers of mud and straw and
mud and stones.

Insome areas where there was no available local
stone, the sob-soil was found re be suitable for
building walls. *Cob’, made by treading straw into
wet mud, is found in Devon and Dorset. When
thoroughtly mixed, the mud was Jaid diagondly in
courses of 475-600mm wide on a rubble or brick
upper foundation wall. The walls had to be left for
one to two yearsto dry out before applying the
protective exterior coating necessary to prevent the
wall disintegrating when rain wetted the surface.
Wide eaves were aso needed to throw the water off

The other mgjor area of soil building is East
Anglia. ‘Clay lump’ construction iz found in Norfolk
and Suffolk and differs from the other methods as
the mud was first mixed and then pressed into
moulds without top or base. They were turned out
after two or three days and then stacked diagonaly
on edge for a further month, after which they were
ready for use. The blocks were faid like bricks, using
a thin mixture of earth or a weak lime mortar
(Fig 5). ‘Marl lump’ is a similar construction method,
using the marly clay found in South Cambridge-
shire.

VERNACULAR CONSTRUCTION
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Flint pebble at Morston, Norfolk with brick reinforcieg \\\
] Pebble is found
in t?u;J ?\; The
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FLINT CONSTRUCTION : B e i ‘
1 the Southern and Eastern parts of England flint the ¥ and 3E.
. N . Cobble walling
ccurs together with chatk and gravel deposits. In is found along
1e commonest wall form the flints were used at E Norfolk and

mdom and laid in lime mortar stiffened with £ Sussex coast.

=ment A random flint wall was built up with a
rge external facmgflint on both sides, the smaller
ints being used for ‘harling’—flinging the chips
gainst the wet mortar. The use of complete trans-
erse brick courses as well as brick linings to win-
ows, COmMas, etc, gave additional stability. Sharp
orners were aways difficult wher using flint and
efore the widespread use of brick a tradition of
»unded corners and curves grew up. Squared flint:s
rere also used, hid in counrses with very thin mort:r
joints or as a dressing for ruvble walls. Pebble and
cobbie walling was built in the same way as randon!

flint (Fig 6).

LOCAL BRICKS AND TILES i ' ‘ .
Before thc mass-production of bricks, local brick- ;?bﬁﬁffofgfj‘:’a'}f;‘;;“’f’i:;“}‘;igﬁr‘;ﬁdnﬁg ;;g;;_"&ﬂ;'v
earth pits, combined with small facilities for making Hlustrated Handbook of Vernacular Architecture; 1970.

baked bricks, meant that the houses again had an
immediate iink with the soil they stood on. In the

same way, hand-made tiles and pantiles were ing isstill pracuced. ‘Long-staw’ thatching is found
distinctive to each region. The mgjor brick-earth in al major corn-growing areas and requires
deposits in Britain are found in the Midlands and careful threshing to avoid damaging the straw. The
South England as well asseall local deposits. length of the straw can be seen running paraliel to

the dope of the roof and such thatch has been des-

THATCH _ |l cribed as appearing to have been poured over the
Apart from band-made tiles and before the railway's |; roof. The technique known as ‘combiicd wheat
could bring cheap Welsh dates to the rest of the | recd’ is widely used in Devon and Dorset, although
country, the only alternative in areas where there found elsewhere. The straw is pot on the roof with
was no stone was thatch in the varying forms of the butt ends exposed on the surface, giving a neat,

reed, straw, heather, furze, ete, according to what closc-cropped app.arance. Norfolk reed is found
was available. Of these, only reed and straw thatch- || growing in ehe marshes and tidal estuaries of Suffolk.,
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Map showing areas where local stone was used for walling and
roofing, Taken from Bruaskill, R.W. illuserated Handbook of
Vemacular Atchitecture 1970.

Norfolk, Essex, Dorset, Hampshire and Glamorgan-
shire, the best reed being obtained from beds that
are cut regularly. The reed is laid in a similar manner
to combed wheat reed and has a similar appearance.
The .idges of Norfolk reed roofs are nearly always
thatched with sedge as the reed is too stiff to bend
across the ridge.

VERNACULAR CONSTRUCTION

To envisage thatch as a universal roofing maierial as
it once was in the varying forms of reed, straw,
heather, furze, ete, over the whole of England would|
be impractical. However, to use thatch roofs near
the reed beds where the material and expertise are
situated might prove practical, as a well executed
roof of Norfolk Reed should last from SO-60 years
with proper maintenance, before the top Layer is
stripped down and retbatched. Even longer time
periods have been recorded. The ecological impact
of a thatched roof is negligible since the reed beds
occur naturaly in suitable estuaries, and although
mechanical harvesters have been introduced, the
whole of the process is essentially one of harvesting
and using the materials by man-power only. Even
when the thatch is finally rejected there are no
problems of disposd as it is sSimply organic matter
and cm be composted.

To build in materials that it is simple to recycle is
another possible approach, together with the use of
waste materials where there is a ready scurce of
these. Just as brick and concrete are reused as hard-
core and there are proposals for making building
products out of crushed compressed refuse (Japan)
and glass (America), it may be profitable to use
materials either similar e thatch and earth which
present little problem of disposal, or to use materials
like timber and stone in such a way that they are
preserved in good condition and can till be used
when no longer required in their existing form.
Before 1939 small houses continued to be huilt in
Yorkshire using wall stones taken from demolished
buildings, particularly old mills.

Were ‘autonomous houses' to be built on unser-
viced land, which would probably be rdlatively
inaccessible, a return to using regional materials
might find economic justification, especidly if we
are designing these houses for use in the future when
the demand for energy may have exceeded the
supply. Where clay suitable for firing for bricks
occurred, at one time it was automatically assumed
that one built a clamp on site and produced the
bricks to meet the immediate building requirements.
Centralization, very broadly spesking, came only
with the cheap transportation that we till have but
which will amost certainly account for a growing
proportion of the costs of building in the future.
Nevertheless, even if this economic argument is not
acceptable there still exists a case for designing
t houses that cazmbe built by their owners and this
! situation readily fits with some of the traditions

behind vernacular buildiig methods. Reconsideration
of our use of building materials should lead to the
i design of low-energy buildings with perhaps more
thought going into the materials and constructional
methods used so that it is possible to use parts of the
buildiie again, or at least remove the need for costly
disposal.

If houses were built in Great Britain to fit all site

conditions there might even re-emerge vernacular

Any return to such traditional methods, although
they can be used perhaps with some modification, is
of course limited to the armount of material available.

architecture which. judging by the current interest
in nostelgia, many people would welcome.

Brenda Vale
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BUILDING WiTH SUBSGIL

THE GROUND OVER
OUR HEADS

Earth, in one form or another, has been used for
centuries to erect buildings in all pasts of the globe.
Earth walls were common all over Europe, including
Britain, until the end of the last century. Earth wall
traditions declined as aiesuit of economic pressure
to produce more profitable materials, such as brick
or concrete. But many fme old earth buildings still
exist in this country. Some are around 400 ycars
old, which illustrates just how durable properly
constructed earth walls can be.

It requires very simple skills and equipment to

. ransform raw soil into awall of very high

constructional performance with virtually no capital
cost. Building walls of soil has many other points in
its favour; as a building material it is rot-proof, fire-
proof, sound insulating and has notable thermal

¢ characteristics. |t is also independent of the

' estrictions of centralisation since soil requires iittle

ransportation and processing.

Why then, with these obvious merits, has the earth
wall ceased to be one of *he most widely used
indigenous materials in this country? Much of its
downfall is due to unwarranted prejudice and the
opinion that earth building is primitive, but it is true

! that earth walls buiit using traditional ‘unstabilised

techniques in many cases cannot compete with
conventional materials because of their weakness to
water penetration and ingtability; the) must be well
protected and require a fairly high degree of
maintenance.

Artention, however, has in recent years been
concentrated on techniques for eliminating these
weaknesses by the addition of ‘stabilisug’ agents. It
snow possible, using these additives with a wide
rznge Of otherwise unsu.table soils, to produce walls
which ean compete with many modern materials.

Earth used for building purposes is taken from
selow the topsoil layer, generaly 2-3 feet (0.6-0.9m)
»elow ground level, so as to exclude organic matter
‘rom the soil, as this may serioudy affect the
durabiliry of the fmished wall, particularly where
stabilisers are used. The subsoii is then subjected to
ane of two basic procedures depending upon the
sroportion of sand, silt and clay in the soil and its
reneral characteristics:

€©(a) Puddling. The soil is mixed with a sufficient
quantity of wate- (16-20%) to distribute the
particles uniformly throughout the material, so
creating a homogenous mass of graded particles.

J #(k) Ramming. The soil is beaten or compressed

to compact the soil particles tightly together,
forcing out excess wafer and incieasing their
natural attraction. The soil is moist but the
moisture content should not exceed 12%.

Soil may be considered as a compound of solid
matter (silt, clay and sand), water and air; the solid
matter is rock at various stages of decomposition. A

G

Above: Rammed chalk building ar Ameshbury—Ministry of
Agricultuee. Chalk cement blocks at Amesbury.

smple test on a sample of the earth will reveal the
froportion o each of these differing soil
components (silt, clay and sand) and is known asthe
Sedimen:  Test.

A transparent glass bottle with a constant cross'
szction, flat bottom and a capacity for not less than
Y litreis filled about quarter full with the sample
soil. Water is then added up to % capacity and is
l:ft to saturate the soil. The mixture is then shaken
vigorously and left to settle. After about 45 minutes
the sand layer will have settled the silt and the clay
vill still be in suspension, settling at the rate of
12mm/hr. After eight hours the depth of each
component iS measured, relating each layer to the
total depth (100%).

Many other tests may be used to assess the
poperties of the fine fractions of the soil, which 11
nost cases have very active characteristics. Fine c1ay|
& smooth to touch, but silt-and to a greater extent
sand-is gritty, especiaily when gnashed betweenthe
weth. After assessing the relative properties of claly-
dlt and sand the soil may be classified broadly as
selenging to a certain soil type.

MONOLITHIC PUDDLED WALLS

lhe exact composition of traditionaly built puddiled
nonolithic walls varied dightly with locdlity, as
1djustments were made to suit local seil .
sharacteristics. A clayey or chaky mud mixed with

sraw Was trodden into position, laid diagonally in

J417 AHLNMOD
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1 2in (300mm) courses or scars. The first layer or
‘course’ was built on top of a 24in (600mm) high
basewall of burnt brick or stone, so that it overhung
an inch or two either side. Successive courses were
built with the diagond layers inclined in opposite
directions to those of preceding courses. The base is
a weak point in any earth wall and should be well
protected from any rain splashes and knocks. A damp |
proof course, consisting of two courses of dates, was
also later adopted to prevent rising damp entering
the base of the wall. Each course was allowed to dry
out for 2-3 week; before it was built on, and the
wall was smoothed (pared) down flush with the base
Wall.

The term “ cob’ is now used to describe puddied
monolithic mud walling. Three-storied buildings
have been constructed with ‘cob’ walls ranging from |
18in (450mm} thickness upwa.ds, but Z24in (600mm:)1
is general for two-srorey work. Hipped roofs, well
tied, were preferred to the gable ended type, which
results in large awkwardly shaped areas of exposed
wall. Op=nings could be cut in ‘cob’ walls for
windows and doors, or were formed as the work
proceeded using timber lintels with a minimum of
18in (450mm) bearing. Four men can generaly only
build about 70ft (22m}) run of 24in (600mm) thick
‘cob’ walling per day. it is therefore a Slow process
with drying periods of about a year after completion.
When thoroughly dry the walls were rendered with
time ‘rough cast’ or ‘slap dash’. This consisted of a
%in (37mm) undercoat of lime and sand with a top-
coat of crushed aggregate, daked lime and sand.

Rendering is difficult to apply to ‘mud’ walls, so
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BUILDING WITH SUBSOIL

lhorse hair was added to the mix as reinforcement.
Traditionaly the base wall was finished with two
coats of pitch to make it impervious to moisture.
iOccasionally the puddied walls were cast in
shuttering in the same way as concrete bur this was
inot common in Britain—apart from certain types of

| chalk wallings—as the shutters tended to retard :he

drying-out process. alchough in some cases the ‘cob’

was laid against the boards to provide a smooth

finish on the internal face of the wall. ‘Cob’ walls
rrend to suffer severe shrinkage, cracking and require

a large wall thickness to be stable during erection.

‘They might therefore be better used as an insulating

infill material to a structural frame, because of their

inferior strength

An improvement on monolithic puddied walls is
ito form blecks, generally known as ‘adobe’, or in
this country, ‘clay lump’. Blocks have many
advantages over monolithic walls:

4 (2) Drying shrinkage takes place in the blocks
before they are built into the wall, reducing
cracking and eliminating long drying periods.

% (b) Blocks are casier to handle than ‘cob’ and the
thickness required for stability is substantially
reduced.

@ {c) Reatively smooth wall surfaces are formed
using blockwork and no smoothing (paring) of
the walls is necessary before piastering.

% (d) Discontinuities in the material can be spotted
early by running tests on specimen blocks to be
used in the wall.

€ (e) Production of blocks allows walls to be built
in cavity form, increasing its insulation properties
(leading o improved ‘U’ values).

The mixture is trodden together in the same way
:as ‘cob’-athough puddlie mixers have been used, bu
imixing frequently has to be stopped for cleaning.

The quantity of straw to be added depends on th¢
:amount of clay in the soil. The higher the clay
content, the more straw that is required, athough a
maximum of 20% by volume is generaly
‘recommended, as a larger percentage is liable to
rreduce the strength of the blocks. Clods of soil
:should be avoided in al earth building as they
produce differentia drying, shrinkage and cracking.
‘Water iS mixed gradualy to give even distribution;
loss of moisture after mixing should be avoided. The
‘mixture is shovelled into moulds placed on the
;ground and is kneaded into corners. A straight
edged piece of wood, dipped in water is used to
:smooth the block, and the block is left until dry
ienough to retain its shape. Moulds are generally
‘made of timber but with multi-block moulds should
‘he lined with metal for easy block removal. The
‘blocks are left on the ground in a shaded site, after

the moulds are removed, to prevent rapid drying.

‘They are then cured for 2-3 weeks well protected
from rain. Adobe blocks can be moulded in many
:shapes and sizes; wedge shaped bricks or ‘tubal?
(inter-locking, base-to-point) are a form from West
Africa but the most common are rectangular—
igeneraly 18inx 9in x %in,18in x 9in x 6in and
18inx 6in x 6in. The compressive strength of
.Adobe blocks varies between 10-40 kg/cm2 and the:
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BUILDING WITH SUBSOIL

have an approximate unit weight of 1,920kg/m? ‘
Similar principles to brickwork are employed for
laying Adobe blocks. They are tedded in a soft
mortar of time and clay, or of. the soil used for
blocks mixed witk sand. The blocks are wetted
dightly to prevent absorption of moisture from the
mortar and ensure good bonding.

The wall is then rendered or painted with
solutions which have a stabilizing effect, such as
boiled linseed oil, sodium silicate and casein white-
wash. Stabilizers, though, are not generaly effective
for puddied mixtures, with the exception of
Bituminous Emulsions, and to some extent lime.
Bituminous Emulsions consist of about 55%

bitumen, 43-44% water and 1-2% emulsifying agent; | |

the water is released upon exposure to the air,
. leaving the bituminous bond. Solutions can be
“early”or ‘late’ breaking, the latter being retarded to
alow time for mixing before the water is released.
The percentage of emulsion added depends on the
proportion of sand in the soil: 46% for soils with
over 50% sand; 7-12% for 50% sand; and 13-20% for
under 50% sand. Lime can be used for soils with high
clay content, but additions of cement are not
i generadly oo effective.

\RAMMED EARTH (Pis¢ de Terre)

} Rammed monolithic walls are formed by pounding
- the soil between shziters in 4in (100mm} layers.
Traditiondly buildings constructed from Pise de

| Terre are abundant in the province of Lyon, France

\'d//_//

Adobé block mould- & blocks .

Traditiona: mud waliing metheds in Britain

Name Locality Composition
Cob or Devon 3 narts f clay shale to 5 parts
Clom or Straw
Clob
Cornwall 3 parts of 1:2 mixture of ciay
and broken slate to 5 paris of
styaw
Hampshire and 3 parts of 7:1 mixrure of chalk
Dorset and ciay ro 5 parts of straw
{1 Marl Mud Hertfordshire
i
| . . .
1 | Wichert Ruckinghamshire 3 parts of 2 mixture of clay sam
i and chalk to 3 parts of straw
Chalk Mud  Wiltshire Mixture of graded chalk and
or Clunch  Berkshirc straw {somctimes built in
Hampshire and shuttering).
Surrey

e 4‘9\#‘#@
Rammed earth building.

and parts of Spain, Belgium, and Germany. Most
soils between 40-75% sand and gravel together and
18-24% clay may be used for ramming. Rammed
walls can, however, be built with 24-39% clay, but
these will be inferior and require a larger amount of
maintenance. An ideal soil would be sandy clay
loam containing 40% rounded pebbles parsing a
25mm Sieve, 18% clay, 7% silt and 35% sand. Up to
45% gravel content gives a marked increase in
strength for rammed walls, but strength is reduced
with greater percentages.

The ease with which rammed earth shuttering can
be taken down and reset in position largely governs
the speed of erection. There has been much
improvement in this direction, particularly in the US
Traditional wall forms have been heavy and
cumbersome, requiring 2 lot of bracing and
alignment. But at Texas Agriculture and Mechanical
College lighter-weight plyweod hasbeen substituted
for the heavy planking usually adopted, and at the
Commonwealth Experimental Building Station in
Australia, roHer forms with detachable wooden
clamps have been developed. A combination of
these techniques are shown-with the additional
improvement of metal hinges which alow the
construcdon of corners, at any angle, using only one
shutter. Dan and John Magdiel in the us have
developed an all-metal form where the sides are
released by a lever a the completion of a course.
They aso eliminate t+e need for a corner form by
ramming one course over and at right angles to
another-similar to a quoin of brickwork.

Rammed walls are built off basewalls in the same
way as ‘cob’ and ‘adobe’. Soil with 12% cement has
been used to form the basewall in low rainfall areas,
in place of burnt brickwork. On well drained sites
the soil cement mixture is rammed against the sides
of the trench on top of a bed of consolidated rubble
or a strip foundation of cyclopean concrete. In
Britain, however, these base walls would remain
amost permanently damp and soil cement might not
stand up to frost attack, under such conditions.
Various treatments have been used to form a barrier
to rising damp, but conventiona membranes will
probably give the best results. With the shutters in
position soil is rammed in successive layers until the
section of wa!! reaches the height of the shutters 24i
(600mm) - 36in ($00mm). The shape of the rammin

SIT13 SNV TIM H2NOMD
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BUILDING WITH SUBSOILL

! Rammed chalk-ccment house at Amesbury.

iron varies vvith the type of soil but flar rammers
weighing 5-12ivus are most common, lifted about
18in (450mm} with each stroke to provide an even
intensity. Naimprint of :he rammer should be left
when the so1l is properly compacted. Although
stability can be achieved with relatively thin walls,
14in (3 30mm) iSthe minimum practical width for a
manto work between the shutters, which limits the
minimum width for monolithic walls. Chicken wit=
or barbed wire laid zig zag fashion is sometimes used

~ as reinforcement, embedded in every other course.
. The ramming of each course is done in an opposite
~ direction to that of the preceding courses. The

: reinforcement also restrains shrinkage in a manner
" similar to that effected by the planks cf timber

embedded in traditional pise walls.

The moisture content of soil mixes governs drying
shrinkage and the durability of the finished walls.
When soil is compacted, and increasing proportions
of water are added, the unit weight of the soi!
increases. Eventually a point is reached where the
unit weight goes down. This is know as the
‘optimum moisture content’. A soil compacted at
this moisture content will possess astonishing
durability and have maximum density. As much as a
storey height may be erected safely in one day and
courses may be built upon as soon as ithey are
completed. One man working between the shutters
can erect about 6ft (1800mm) square of pise per day
and it is therefore a much quicker process than
puddied walling.

Cement is the most popular stabilizer for rammed
work, and has in the past been used extensively to
form road bases. Cement ferms a rigid skeleton
without chemical reaction from the soil, and
generally yields much higher strengths than other
stabilizers. It is most effective for soils with high
sand conizut, which in many cases are mechanically
unstable. Soii cement mixtures should not be
allowed to stand for more than 10-1 5 minutes as
drying sets in, and they are kept moist after
compaction to allow the cement to hydrate and gain
strength. Addition of 5% cement to the soil is usua
for building blocks. This produces strengths between
600-10001bs/in? and stability even when saturated
for long periods.

But most stabilizers, inciuding cement, are
difficult to mix with heavy clay soils, and have little

" halk cement block house at Amesbury.

Clay lump workshop, Norfolk,

stabilizing effect. Additions of lime to such soils
make them more workat i and generally prove mor=
effective than cement. They also reduce shrinkage.
Lime is increasingly effective with increase in clay
content as it reacts with aluminates and silcates in
the clay portion of the soil, producing a chemical
bond {pozzolanic reaction). Reactions with lime an
dow and mixtures are not too affected by standing
time-usually 24 hours. Curing at high temperatures
produces a marked increase in strength, and when
using lime seii it is useful to build during the
summer to take advantage of warm periods.
Additions above 5% are not as effective as those up
to this point and there is a limit to the strength
attainable with soil-lime mixtures-unlike cement,
where larger proportions of cement correspond to
greater increases in streagth. The chemical reaction
may be increased with the addition «:i other
pozszolanic materials such as fly-ash but not enough
is known yet to manipulate soil-lime mixesin the |
same way as soil-cement. |
|

Other materials such as resins, waste sump oil,
and water proofing chemical solutions have been used
with limited success but they require much more
study before their hehaviour can be thoroughly
assessed. ‘

These stabilizers may be added to the soil mix for |
rammed walls but they may in many cases prove too
expensive to incorporate into the whole wall, and a
4in (100mm)- 6in (150mm) surfacing of the
stabilized soil mixture may be rammed with
unstabilized earth used for the main portion of thr
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Material k' w/mdegC Autbority
(B.Th. U. persg ft
per br per deg F
dif{>rence, per inch
thickness}
Rammed 4.7 0.675 Uaiveu:ity of
Earth Saskatchewa
| Pressed bricks 4.7 0.675 Assumed
or blocks
Adcbe biocks  3.50 0.5 University of
California
! | Adobe: sun- 3.58 0.52 as ahove
| dried brick
Stabilized 1.00 Q.58 as above
. |adobe brick
{ |Commoncly 800 1.15 Building
. | brick Research
: Station UK
Liraestane 10.60 1.53 National
Physical
Laboratory
UK
Pence 7.00

BUILDING WIT:{ SUBSOIL

wall. This process is known as ‘plating’ and in many:
cases has proved satis‘actory.

Big business has already shown itself to be ;
interest.«i in stabilized building materids, following;
the development of a peiroleum-based stabilizer

' known as BMX, which was devel«ped by Esso for the

industrialised production of earth blocks using a
complicated processing plant. so illustrating a total
disregard for the amost unique qualities of earrh. Ais

- yet BMX blocks have not been produced

commerciadly, however.

Building walls in monoalithic, rather than block
form has a certain advantage in that the best pise is
formed with the soil incorporating pebbles which

. make it unsuitable for block production. Generaly,

- though, pressed blocks are a better propositic:: than :
* monalithic walls and machires have been developed

to provide high-compaction, constant-volume blocks. |
Hand operated machines ch as the Cinva and
Landcrete presses compress tie soil to 500-6001bs/

i and some hydraulic machines apply between
1000 and 1200Ibs/in*. Blocks of soil-cement are the

Thermai conductivity of walling materials

1 01 PR R
191 a3 &00ve

concrete

{Taken from A Manwual of Stabilized Soil Co.  seruction for Housing
Ly R Fitzmaurice.)

Compressive sirength of typical earth types (rammed)

Mix Compressive strength
lbs/in? N/mm?2

3 sand 2 clay 1 shale 683 4,78

3 sand 2 clay 1% shale 543 182

6 sand 4 clay 1 shale 498 3.50

1 sand 1 clay O shale 196 1.37

Tests at 30 days on soil specimens of various composition to be
used in rammed earth construction mixed with 11% water content
by weight. A minimuem working ~*rength for soil to be used for
rammed earth work containing a ..beral factor of safety is

1.97 N/mm?Z (358 Tbsfin2).

Rolier Form .

most commonly produced. Permutations of the
moulding boxes have produced other soil-cement
materials, such as floor tilzs and ‘U’ shape?,, precast
lintel sections. Soil cement tiles are rammed with
16% cemeni and bedded in mortar of asimilar mix
to the tile, with tile edges touching. The joints are
then stopped up with a neat cement durry and the
excess wiped off a f=w hours later. 100-150 block:s
per hour have been preduced with Landcrete
machines and Cinva claim 200-300. All soil-cement
products should be kept under covei after
production, watered for the first 24 hours, and kept
damp for a further seven days. They may be used
after 21 days. The blocks built up with a soft mortar
of 1:7 t01:10 soil-and-cement, or a 1:2:8/9 mixture
of cement, lime and sand, to reduce shrinkage at the
joints.

Many finishes have developed to protect and
stabilize wall surfaces. Rendering is the traditional:
finish but it is difficult to apply to earth walls andi n
many cases requires a mechanica key to prevent it
coming away from the backing. Ceme.at render is
too short (brittle) and a mixture of 1 lime: 3 sand,

one cement Or lime ‘roughcast’ are probably the best
ren ering, but inevitably requires high maintenance.
Slurries and paints arc therefore preferred for

W Soil Classification |

gﬂm Chart: us. soreau
0F ROADS.
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Some exterior finishes to earth walls H
I
Finish Camposition Application ;
Rendering 1 lime: 3 sand: Tvrolean finish fo- casier
1 cement application will require
regular maintenance
Rough rast % in undercoar lime  Traditional finish for *Cob’
and sand, top coat walls forms good protec- !
crushed aggregate, tion to the wall but also
s staked lime and requires regular mainten- |
8 sand ance ‘
EZ Slurry Cement and lime Rammed walls wetted 24
; hours before application
] Warter 2 eoars of hot Traditionzt finish to
proofers appited rar with Norfolk Clay Lump
finish of sand provides good low main-
thrown over each tenance finish but is
coat expensive and messy to
apply
Sodium siiraze Has been used surcessfully
solution sprayed in this country for chalk
W onto wall surface or walling
5 added to the mix
i
7] Boiled tinseed oil Used in low rainfall arcas
,_-E( painted onto ihe such as I[srael, Africa and
E surface of the wall South America
? Norfolk Mixture of hot lime Generally applied over tar
o | Colour Wash and waier with a finish to Clay Lump
2 lump of tallow corrages, the tallow acts as
d stirred hot inte an adhesive
each batch
Casein Slbs casein, 3 Ibs Brush applied
Whitewash trisedium phosphate,
1 sack Hydrated
lime, 3 pints formal-
dehyde, i3 gallons
warer
Paints 50 cement; 25 fine Waeer added after
gritiy sand; 36 ingredients mixed dry
Calcium stearate;
2 Caleiuen chloride;
50 water

rammed walls although rendering is advised for ‘Cob’

or ‘Adobe’ walls. Certain creepers also serve to

protect earth walls from severe exposure. Gypsum

plasters vrill not adhere to the earth, and iime

plasters are generally used to finish walls internally.
All techniques require simple plans with a

-
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minimum of projections and care should be taken io
evenly distribute loads over alarge area with timber
plates or concrete pads. No latera thrusts should be
tolerated and ‘pitched’ roofs should be adequately
tied, providing large overhangs for good protectien.
Earth buildings should be designed with large areas
of walling unbroken by windows and doors.
Public resistance to the idea is probably the
biggest obstacle to the revival of earth walls at the
moment, but with the inevitable increase in future
energy costs earth walls will, if properly developed,
provide a vdid aternative to walls built from more
conventional materials.

COUNTRY LIFE

. i From the top: Adobde bleck production. Fine example of Devonian
Colin Taylor ! cub farmhouse. Cob farmhouse, Budleigh Salterton. Cob building at
i Amesbury.
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SELF HELP HOUSING

Housiny iSessentially a social and political process,
but most innovation concentrates on technologica
and design questions, pushing the problems of the
users into the background. It is easier to deal with
the technical questions than with people: models
can be n.ade of technica solutions and prototypes
built, but such ‘solutions’ to housing treat homes as
objeces. This reflects a world-wide tendenc;, to see
problems solved through production — the creation
of objects to be sold. The users of such objects
become consumers whose only activity is to buy
and passively accept what they are given. Housing is
usudly seen as a problem of the production of
objects.

We may hope that heavy-system building was the
altimate in production Liased housing. every city
has its high flatsand deck access tenements,
architectural forms developed to justifv the
enormous capital cost of system building. This was
to be the answer to the housing problem — fast,
ctticrent production — but the efficiency proved to
be & illusion and we are now left with a legacy of
buildings that can only be demolished with
explosions. As a reaction more radical innovators
have come up with technologies with a lower
impact, flexible, adaptable and lightweight houses.
They are till concerned with solving the product-
ion questions first they see houses as objects
divorced from their social contest. We aren't short
of ideas about how to build houses. What we must
turn OUr attexndton to is who is in control of the

resources by which they can be built.

Housing isn't primarily about the production of
objects: it is a complex net of activities and

'processes in which people interact, socia ingtitutions i

- are created and forcer of socia iniustice and
oppression operate. It isonly by changing these

i factors that housing may be organised satisfactorily.
And, it can be argued, only the” can the

approximate technology satisfy needs. Autonomous
or flexible house technologies may then come in
useful, but unless they are appropriate to the way
housing is organised, they cannot possibly be
developed to their full potentid.

Even people who claim to be concerned about the
¢ housing problem’ —hoemelessness and so on — tend
1o see housing in terms ¢t production. Slogans such
as “We “eed acrash programme of house building”

- are used by politicians and others of al hues who
| somehow assume that all housirg problems will be

| solved by building more units. This tends to put into ;

' second place questions of management, organisation |
i finance and dwelling needs when th=se are the main
“issues. As aresult more housing is produced that is
rigidly designed for the stereotype standard nuclear
i family. Those who fdl outside that category find it
|harder and harder to house themselves.

Housing tends to reflect the nature of capitalist
society: itis unequally distributed, it tends to
reinforce social divisions and conformity, and it

! of such a movement.

The end ..f a disastrous failure in public housing policy. Hailed as a
brilliane contribution to ‘urban renewal’ in 1954, the Pruitr-kgoe
pruject in St Louis, Missouri became virtually uninhabitable through
chronic vandalism, violence and neglect, and was largely demolished
in 1972,

provides ample scope for investment, profits and
production.

While many continue to call for more houses,
some people are beginning to understand that the
other questions are more important. Surprisingly
it is often those people most in need or most
involved in the process — the users or the homeless
— who realise the futility of appeals for more
production and instead appreciate the need to get
the process and the activities right first. Homeless
familes are beginning to realise that 1t 1s the way
houses are under-used or left empty that brings
about the crises; those in substandard houses or
clearance areas may begin to refuse the newly !
produced housing the council offers them and j
insist on rehabilitation or changes in the procedures
of rehousing. People are beginning to question the
abilities of the main agencies in housing to get the
process right: and this may bring them to a
confrontaticn with the established forces in
society No longer are the loca authorities, spec
builders and housing associa-ions criticised only by
‘experts’, but by the people themselves who want
more control over the housing process.

In ikc last two or three years groups have
emerged who are trying to control their own
housing, and there isa wide range of community
action campaigns, ‘user controlled’ projects,
self-help and sguatting activities that represent a
movement of sorts. The idea of users controlling
housing isn’t a utopid’ vision, therefore, but a
practical objective of a significant and growing
number of people. The rest of this article looks
briefly at some examples of attempts to assert more
contiol and the political potential and drawbacks

One way in which people can get more control over
their housing is through ‘self-help’. Self-help usually
implies that people work on the construction of the
houses themselves. By doing so they cut costs and

provide themselves with better housing at = lower
price than similar housing on the market.

Jud Q3LINA
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Self-build housing associations have been
functioning for a number of years. No one has a
clear picture of how many exist’'in Britain, as many
have registered but, because of the massive
bureaucratic problems they face, have failed to get
as far as building. There are quite a few that have
successfully built houses, in Yorkshire and the
South of England for example. Usirtg rules set out
by the National Federation of Housing Societies
they buy land, borrow money and do the building
work on a spare time basis, often with very rigid
rules, imposing fines on members who don’'t do their
full share of the work. When their houses are
complete they buy them on a mortgage in the usual
way through building societies. but maybe getting a
house worth, say, £12,000 a today’s prices for only
£6,000. Architects may fmd the work of such
groups disappointing because the houses rarely look
different from tbc average spcc built ‘semi’, but of
course the self-builders are anxious that their houses
shouldn't differ from the conventional norm because
of problems of resale.

Being a member of a seli-build association isnot
always easy, and few would be prepared to put in
the work demanded for the dubious ‘security’ of a
mortgage and middle-class status. What these
associations can teach us, however, is that people
with limited knowledge of building work can soon
acquire the expertise to participate in building.
There is no great mystery about the skills of
Luilding.

BLACK ROAD

Self-help building work has also emerged out of a
community action struggle over a ‘rehabilitation
versus redevelopment issue. In Black Road,
Macclesfield (Cheshire), the residents of 34 houses
waged a two year battle with the council to
prevent their early nineteenth-century terraced
houses being demolished as unfit for human
habitation. Instead they got an improvement area
declared and undertook to improve the houses
themsdlves. Initidly they had the work priced by
contractors, but then the residents saved money by
doing many of the jots themselves in the evenings
or at weekends. Through this kind of s&help they
were able to save on average about £1,500 a house

‘The terrace in Black Road, Macclesfield, after co-operative rehabil-
imtion by the tenants,

SELF-BUILD

and thus make optimum use of the improvement
grants available from the council. They were aso
able to save alarge amount by working on externa
environmental improvements.

The success of the Black Road project depended
a great deal on cc-operation from the lucal council,
the builders involved, the role of the architect, who
lived in one of the houses, and the commitment of
the residents — conditions that might be hard to
reproduce elsewhere. But as a precedent they arc
providing inspiration for local groups from all over
Britain. The Black Road Residents' Association is
continually hosting coach loads of visitors from
other working-class arcas.

At Black Eoad the self-help we+k was done on
an informal basis — they didn't fine each other asin
the sdlf-build housing associations. Many of the
resident; were old people and tenants, and to
facilitate the scheme they worked out novel forms
of mortgage so that the old people could buy their
houses. Also the back garden areas were taken into
a form of common ownership and a trust set up to
administer them. Persuading the council of the
feasibility of the scheme and setting ap thuse
organisational questions were far more difficult than
the actual building work. The rehabilitation was
done in a year, whereas the campaign and
negotiations rook cver two years.

The difficulties of setting up such a project arc
daunting. The system just isn't geared to letting
people help themselves. It would be possible to get
enmeshed hopelessly in red tape and the
organisational and financia commitment may seem
unnecessary and frightening. For most working-class
people whose housing future seems limited to the
paternalistic provisions of a loca authority, to get
involved in self-help housing is a big step, but some
people seem prepared to make it in order to achieve
a measure of control over their lives and housing.

INNER CITY AREAS

In many inner city districts community action
groups arc following the Macclesficld example and
developing new forms of organisation to control the
renovation of properties. Many of the big cities like
Manchester, Birmingham and Glasgow had
embarked on massive slum-clearance programmes
and replaced old working-class communities with
huge housing schemes whose faults have been only
too well documented. But these programmes have
ground to a halt partly because of government
pressure and partly because of opposition from
residents and professionals to the loca authorities
for example or a public enquiries. In Manchester,
arcas like Chorlton, Longsight and Ladybarn —
scheduled for clearance — arc now spawning localy
controlled housing associations, building
co-operatives and other groups determined to
implement rehabilitation themselves. Similarly in
Saltley in Birmingham and Govanhiil in Glasgow
local groups have been formed to organise
improvements.

In Sdtlcy the residents, manv of them
immigrants, came together to fight the councils
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condemnation of their houses and have now set up
a self-help building group and a tenants
co-operative. They made an Opei poor television
programme and were inundated with requests for
assistance.

It is possible 1o see these developments as mainly
for the better-off members of the working, class.
Home-owners tend to form *he core of any
campaign to save houses from demoalition. In some
cases NOt everyone favours rehabilitation. In
Manchester for instance many residents in
Longsight felt they had lost the chance to be
rehoused because of the ‘saving’ of their houses.
They artacke.” the ‘stucents’ and young
profession& who had come in o organise the
opposition to the council plans. Yet in some of
Manchesters newest council housing schemes (like
Moss Side District Centre) the new tenants are
clamouring to get out of them, and back to te
old-style rerraces.

TENANTS TAKE OVER

The imuatve for users’ control in the field of
public aw: hiousir Z-association housing tends to
vome from progressive thinkers rather than tenants
tremselves. Various peopi: have come up with
proposals for ‘inveiving people in the management
and organisation of their housing (rather than
direct involvement in building and maintenance
work!. Some experiments have begun, particularly
in the housing-association world.

Li‘l ‘7‘5
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€ The Holloway teszants co-operative is an example
of this’ Tine tenantymembers of a co-operative
oroanisation negotiate with a housing association to
buy on their behalf and improve houses for people
in serious housing need. The ownership of the
houses remains with the housing sssociation but the
tenants are in charge of management, heavily
boistcred by paid professional community workers
and the like. It is questionable whather such a
scheme actually -aves morey, but it does give the
tenants some say in what happens to their housing.
& The Granby tenants co-operative in Liverpool
claims to be a step further on from this because the
co-operative actualy owns the housing it manages.
Several tenant co-operatives have been set up within
this area of Liverpool and they arc able to organise
their own professional help througi a Neighbour-
hood Housing Service which they also manage.

The argument has been put forward for many
years by the Co-operative party and various writers
like Colin Ward? that tenant management is
applicable to council housing aso. The most
common model suggested is based on Scandinavian
experience where the local authority sells housing
schemes to tenant-managed co-operatives. There is
no doubt that this idea is being considered by a
number of local authorities, and the Minister of
Housing, Reg Freeson, has recently set up a working

1 A Beiter Place: story of the Holloway Tenants Co-operative
{Shelter 35p).
2 Colin Ward, Tenanss Take Guver (Architectural Press £3.95).
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party to report on the feasibility or otherwise of
this idea. Significantly there are no representatives
of tenants' organisations on this working party! The
G.L.C. is dso considering proposals for a different

: kind of scheme — a form of extended participation

— for Thamesm:ad, the ‘new town’ to the south-
east of London.

What is important is that pressure for this sort of
scheme isn't coming from tenants, though there is
massive criticism of the inefficiency and poor
management of local authorities. The principle of
tenant management is that tenants, organised
locally, can provide a better and more sensitive
service than centralised and clumsy bureaucracies.
Some local authoricdes offer tenants rent ‘holidays
and grants if thev will repai. and redecorate 2 house
when they move mto it because otherwise the

. x-letting delays can be four or five months every

time a house falls vacant. But this is only O.K. for
tenants if it is worth their while financidly; at
present housing finance is locked into such arigid
systemn that it is hard for local autharities to, say,
lower rents in retarn for terants taking over certain
management responsibilities. Many schemes are
decaying rapidly and tenants may be unwilling to
take responsibiliry for housing that the council
can't cope with.

SUMNER HO USE

But in areas of housing crisis ordinary working-class
families may adopt the ideas of tenant

(Opposite and Above) Strees. demonstration by Tenants, (Below)
Ernest Mills, secretary of the Summer House tenants group.

management and self-help as an answer to their
housing problems. Sumner House in Tower Hamlets
East London, is an example of this approach.

In the summer of 1974 an organisation of
homeless families on the council waiting list were
frustrated at the council’s lack of interest in their
plight. They moved into an empty council block

—
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(called Sumner House) and set up a tenants
co-operative. They said they would manage and
improve the block instead of the council. The block !

' had been emptied for a very extensive and costly

» rehabilitation scheme, and when the council found

thart ‘squatters’ had moved in they set about

'smashing up the remaining empty flats to make

ithem uninhabitable. Gradualy the numbers

| occupying the block have grown until there are

' now over fifty families there. The co-op has been
negotiating with rhe council to iegitimise their

‘ position, claiming that it can carry out improve-
ments, to the tenants satisfaction, at a much
lower cost using self-help work. Many members of
the co-op are skilled tradesmen and they reckoned
they could take on a great deal of the improvement

| work. In return they want the council to recognisc

i them and leave them in control of the block, paying

' reduced rents. At the time of writing the situation

s very much in the balance as the council is still

‘ holdlng the threat of eviction over the group.
Whatever the immediate result, however, the
impact of Sumner House will be far reaching. The
group has brought together the squatting idea,
tenant management and the use of self-help
building work to cut costs. It is sufficiently

credible to make the council serioudy consider its

case. This could be a model for similar action

elsawhere, which would reduce the enormous

i housing loss of empty properties awaiting re-letting

» and repairsor improvement.

i agents of social control, holding back the very
: people they were supposed to liberate.

In a similar way tenant participation or
| management may he offered in carefully
controlled doses where the tenants have no control
over wider policy decisions or finance, but are tied
down with time-consuming administrative and
committee responsibilities which prevent them
from taking a more political path.

It is the economuc nuestion which is the most
serious, however. The use of time or labour by
working-ciass people to organise or build their own
housing may be a form of double exploitation.
Some of the surplus generated at work by their
labour is invested in housing. This housing is then
sold or rented back to the working-class and there

- have been many hitter struggles over the level of

rents that have been charged. If a worker has also
to work on the building or maintenance of his
housing, then he is paying twice over for sameone
to lend him the wedlth that he produced in the
first place.

In the short term it can be financidly
advantageous for some people to become involved
in self-help and user controlled scher-es, but in the
longer term any movement for more control in
housing must confront the question of economic

¢ and social justice and see their struggle in terms of

‘ There is no clear movement emerging from all this
act|V|ty Many of the groups mentioned above have
i come together at various points to compare notes,
but there are many different ideas about objectives
and strategies and there are many who are critica

! of the ideas of user control and self-help.

i There are the usua criticisms from the Right

! that zefleet the authoritarian unwillingness to

1 accept that ordinary people can do anything for
i themselves without the control of experts and

cemral bureaucracies. For al the Tory rhetoric

! about self-help, the capitalist ingtitutions (th.

i banks, building societies, building firms, etc) will do

i little to help working-class people organise their

own housing.

. From the Léeft is the fear that many sociaists

Ljhave of community action, in genera, that it is
art of the old fashionec voluntary movement,

papering over the cracks and letting the system off

the hook by doirg jobs the system ought to do

a weakening of the Weifare State. The correct tactic

isto demand a better aud extended Welfare State.

Public housing, for instance, was the result of

decades of struggle by the labour movement,

the thought of sdlling it off to tenant managed
co-ops is horrifying to them. A more sophisticated

cnticism realises that the Welfare State involves a

complex network of state and voluntary agencies
that seek to dissipate and control working-class
discontent. Organisations thrown up by the
working-class from trade unions co retail

| co-operatives to tenants associations can become

{ achieving a just distribution of wealth. However,

the many experiments in organising housing that
community action is generating must not be
dismissed on the grounds that, like many other
programmes for change, they are reformist. The
lessons that can be learnt from tenants co-operatives;
are that it is questions of organisation, activities -
and structures that must be got right first, with
production and technology developing in the most
appropriat: way.

Such 2 movement aiso helps to demydtify the
role of the ‘expert’. Housing is no longer seen as a
complex and difficult task that only architects
and housing managers and others can tackle, but a
simple process from management to building that
anyone with a modicum of common sense can
take on. Such projects serve as models for the
devolution of power and responsibility within
society and they also educate the participants in the
realities of urban politics and processes. If the
lessons are learnt, those involved will become aware
of the need for wider change and of the objective
of control over ingtitutions rather than merely
demanding that these in power do things better.

Tom Woolley

Far mere information about self-help and user-control housing :

The author works at the Architectural Association School of
Architecture (36 Bedford Square, London WC1B 3ES) Some
students and staff theve are involved in vesearch or practical activity
i this field and are in touch with @ number of action groups. To
facilitate communication berween these groups and belp people whe
want more information, they are building up a ‘communicarions
network’ to circulate decuments and put activists and practitioners

|| dn touch with each otber, If you would tike more information about

chis, please write to Tom Woolley at the above address enclosing a
large stamped addressel envelope,
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MAN MAKETH THE CLOTHES

In these days when clothing, yarn and cordage are
becoming just another route from the oil-wells to
the pockets of the capitalists. it's amost as
subversive te mention the ‘ratural” fibres, such as
wool, flax, sisd, jute and cotton as it is to mention
their important companion, cannabis or hemp. (It'?

ment of the technology oi iabric production; it's
hard to touch on a single area within the criticism of
+ modem industrial technology and the interests it
' serves without turning to some phase within the
evolution of spinning, weaving and the production
of fibrc, to illustrate one's case). We thus dedicate
- thissection “A subversive coverage Of the covering
of man”. to al those who may be in danger of
forgetting that wool grows on sheep and that cotton
isnow amost a synthetic fibrc, considering the
: amount of pesticide and fertilizer that is used to
keep it as a commercial monoculture.
‘Natural’ fibrcs fali into four categories: animal
i fur (including wool, horse-hair, heman hair, goat
I hair and rabbit fur. etc.); fibres in the stems of
plants (jute, etc.); fibres from the leaves of plants
(sisal, etc.); and seed or flower fibre suca as cotton.
This sectior. will dea only with the cultivation of
 fibrcs which are suited to a temperate climate and

~which have disappeared from commeon use under the

| pressure of ‘progress'.

. @ Stem or ‘bast’ fibres Hemp, flax, nettle and

- hibiscus all give fibrcs from their scems. In each case
| these are |ocated running length-ways along the stera
tunderneath what could be called the ‘bark’ and

: surrounding the central ‘woody’ core.

FLAX (Linum usitatissimun)

TEXTILES

@ Reiting (The term comes from ‘wetting’ and
j ‘rotting’ which in fact describes the basis of the
| process). The stems are placed in water (often u
i dowly moving stream) and the action of natural
: fungi and bacteria rots away thr cells which bind tke
i fibres. This can take anything from days to weeks

even more subversive to examine closely the develop- | depending on the nature of the fibre and the

! temperature of the water. Retting requires

| considerable care. for if the process continues longer
. than it takes the binding cells to disintegrate, then
the fibres themselves can begin to rot. Even though
the process is now understood scientificaly in quite
considerable detail, and in spite of the advanced

- mechanization of fibre-extraction, commercial

" retting isstiil carried out according to the intuition

: of skilled personnel, with aimost continuous sample-
| extraction and testing. In areas where the climate

. ensures warm Spring days, retting is often produced
: by the action of the zarly morning dew and rain; the
| plant being left in the field where it was cut and
turpned daly to ensure even exposure. Dew retting
generally takes at least three weeks, as much as seven
i weeks not being uncommon. This method has the

. :advantage that, as the process is dower, the chances
of over-retting are reduced.

@ Fibre extraction After retting, the extraction of

i the fibre from the stalks differs dightly from crop to
. crop; generaly, hawever, the procedure involves
thying the stalks and then breaking or crushing the
cores which should have become brittle. The broken
| stern iS then drawn under a scraper or ‘scutch’ to

. separate the wood from the fibre. In most cases.
however, the fibre can be stripped straight off the
stem by hand.

There are abour 150 species

i of this plant widely

' disnibutcd throughout the

i world. The species

| suitable to temperate

' climates has agreenish-grey

" stem growing to zbout

" three to four feet before

I branching at the top to

| produce pale-blue flowers.

" The seeds are crushed to
produce linseed-oil, but the

. extraction of fibre generaly

! requires the plant to be

; lifted before the seeds

| ripen. The plant requires
ferti'e roil, weedless and

! well worked, under which

t conditions it will take abeur

three months from the

sowing of the seed till the yellowing of the leaves

| indicates readiness for cutting. A moist summer is
said to give the softest linen-hot, dry weather being
required for cord fibre. Once cut, the stems are
stripped of their leaves and seeds, and left to dry.
When dry, the crop is ready for the process which
iscommon to the extraction of most stem fibrcs.

Scutch and scutching knife.

| NETTLES (Urticaceae)

i The main commercial fibrc from the nettle family
i comes unfortunately from a species quite removed
| from the stinging nettle. “Ramie” asii is called

| (from Boebmeria Mivea} can only be cultivated

| successfully in tropical climates, although Laportia
| canadensis, which gives a dightly coarser and

{ stronger fibre has reportedly been grown in the

5
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| South of France with some success. The nettle

' use by a season’s planting with hemp, which is then

! family produces fibre that is particularly resistant to ploughed back into the soil.

' bacterial action, ensuring a very high wet strength

" and making it ideal for fishing-net cord.

' The common stinging nettle ( Urtica dioica) is

| reputed to have produced very high qua||ty cloth,
athough there is onlv one reference that i have ever
come across that mentions any details aboui extract-
ing the fibre (N.B. Dutt ‘Neglected Fibres', Indian
Text, 1937). Apparently boiling the dried nettle in
‘water and ash’ alows it to be stripped from the
stem. (This seems to agree with the description of
the normal procedure for the preduction of ramie
WhICh apparently has to be degummed chemicaly
becaus* the normal retting process is incifective).

My own attempts to produce fibre from the

gtinging nettle have never resulted in a product
suitable for cloth; scraping the dried nettle stems
with a sharp knife removes the fibrous layer but
boiling this with ash does not seem to break this
down to any substantiai degree. However, carding
of the products after boiling and drying does give

coarse but spinnable cord fibres.

HEMP (Cannabis deiecticus)

It's probably unnecessary
to say thar this grows
quite successfully in a
temperate climate. (My
volume of The Vegetable
Kingdom 1890-a source
of much forgotten wisdom—
‘ says that cannabis once
| grew wild in parts of
‘ England; but if anyone should
\ offer you a map to the
i secret forgotten hemp-land,
remember the proverbial
i pot of gold'.
Hemp cultivation requires
well-composted soil to
give good high stem growth and hence good fibre-
growing the plants close together (about eight inches
apart) causes them to become long and spindly and
g@ves a softer fibre more suitable for weaving. Plants
| should not be alowed to ‘ripen’ as the fibre is then
too tenacioudy held to the stem for successful
extraction. (Ripeness is signified by the male Bowers
fading and the stems turning dightly yellow). Asitis
better-in terms of the fineness of the fibre-to err
on the side of youth, it is reasonable to use the
ripening of the first male plant as a signa to pull the
entire crop. The heads and the roots should be
returned to the soil and the stems left to dry before
i retting (which proceeds as for flax). Thisis provably
, the right time to warn you that “Honestly, Officer, |
was only growing it for making rope’ may not be
. aufficient defence against the plant’s roost
| implacable enemy.
i Talking of enemies, The Vegetable Kingdom notes
, that hemp-growers never have to worry about
i noxious weeds, for which the plant has a ‘natural
repulsion’; ground over-run by particularly ‘virile
veeds or grasses’ can be reclaimed (‘cleansed”) for

The book also mentions that hemp has ‘the
- peculiar property of destroying caterpillars and other,
insects which prey upon vegetables' and recommendsl
the planting of hemp borders around the vegetable
beds. I’ve never seen that mentioned in a gardening .
book. (Parentheticaly, if you note that as well as al
these remarkable properties, hemp makes better
quality and longer lasting paper than wood-pulp,
and yields more per acre than forest, it's hard to
avoid the conclusion that the plant is one of God's
great gifts to humankind. It would seem that its
suppression is not merely a terrible waste, but Agin
the Natura Law.Eds.).

LEAF FIBRE

There is redly only one leaf fibre suitable for
production in temperate climates. New Zealand flax
(Phorium Tenax). This is a plant with long, flat
leaves encircling the base oi a straight stern severa
feet high. It propagates both by seed and by the
production of creeping rhizomes (suckers) which
branch out in a circle around the plant. Although
leaves may be picked after the first year the plant
actually takes about three to four years to mature
and it seets wise to keep the rhizomes attached unt|l
it is three years old. In 1890 the Botanic Garden at |
Chelsea in London reported that some thirty-six
leaves were produced on average in those first three
years, each ieaf giving approximately one ounce of
fibre after extraction.

A few days retting in stagnant water breaks down
the leaf cdls sufficiently for an older mangle or
wringer to ‘squeeze’ out the non-iibrous matter.
Washing in running water and bleaching in the sun
gives a fibre fit for weaving and excellent for cordage
and rope. Cultivation requires good soil and
protection from frost.

FROM FIBRE TO CLOTH

Turning your mountain of fibre into cloth or cord
will generaly require it to be spun, athough in the
case of wool, and other hairs, very warm and
pleasant rugs can be woven with unspun fibre

The usual step preparatory to spinning is curding
when the fibres are combed to make them parsllel
and overlapping. ‘Carding’ is often referred to as
‘teasing’, after the dried flower of the teazle which

Carding. The two carding combs are drawn across each other,
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- formed the earfiest carding comb. Modern ¢hand}
carders consist of two flat pieces of wood with
handles. covered on one side with leather into which
rows of thin nails have been inserted and bent
towards the handle. They are used above and below
the fibres to pull them into line. Unlessreally fine
yarn s required or the fibre is particuiarly short,
carding-particularly in the case of wool—isalmost
upnecessary once you have mastered the technique
of spinning.

& Spinning This is just as it sounds-the fibres are
twisted together so the microscopic protruberances
on their surface become ir:terlocked to produce a
yam. The simplest technique for spinning ‘mechanic-
aly’ involves the use of arotaring shaft on to which
the yarn is fixed. When the yarn is in line with the
shaft (dipping off the end) it is twisted and unspun
fibre can be added in as the yam extends. In its
simplest form this ‘rotating shaft’ can be the vertical
axle of a ‘drop spindie’ consisting of a length of
wooden dowel inserted through the middle of a flat.

Hl
[ F

Above) Part of spinning
wheel, showing flier and
bobbin. (Right) A drep

spindle.

TEXTILES

length of the unspun fibre into the thickness
-equired. The front ‘pinch’ is then released so that
the new length twists, the rear hand now performing
the ‘pinching’ function. It's then only a matter of
getting your foot to work (to turn the wheel) in an
even rhythm independently of the movement of
wour hands.

The spinning wheel system with its flier and
bobbin is only one of two basic techniques used in
indusbial spinning. The other system derives from
the ‘spinning jenny’ in which the action of the drop
spindle is preserved in a mechanized form, the
thread moving back and forth between being in line
with a rotating shaft and therefore twisting. and |,

: being perpendicular to the shaft and hence being
wound on. Three famous names from the industrial
revolution are associated with the progressive
development of spinning based on the latter system:
James Hargreaves, Samuel Crompton and Richard
‘Roberts (so the uncritical history books tell)
improved mechanical spinning so that the output of

Hargreave's spinning jenny.

t wooden disc (see above). The spindle iSspun with
the tkread looped around the top of the shaft, the
thread being drawn out 2s the device is alowed to
fall towards the ground. When one section of thread
is finished it is then wound on the spindle and the
procedure repeated. These two Separate actions
occur simultaneousiy in the ‘modern’ spinning

whedl; the ‘flier’ rotates to give the twist, whilst the
bobbin, which is also rotating in the same direction
but at a dightly greater speed owing to the relatively
smaller diameter of its pulley, takes up the spun
thread. The process of spinning really requires two
hands, one in front ‘pinching’ off the aready twisted
yam while the other is used to draw out a short

|
|
|

yarn was able to meet the needs of the cloth mills. A
closer analysis however, shows that the motivation
for the mechanization of the spinning process
cannot be explained simply by the shortage of yarn.
Hargreaves and Crompton both produced machines
initially which increased the output of yarn sixteen
to twenty-fold yet remained ‘skilled’ hand-operated,
wooden devices, suited to home use. There is ample
evidence to suggest that had the home spinners used
these machines in place of the norma spinning
wheel there would have been an overproductiosn of
yam. Yet copies made ‘illegally’ by home spinners
were confiscated under the law when large patent
royaties were not forthcoming from their owners.
The machines installed in the factories were ‘ second
generation’ versions, much too heavy and expensive
for home use, and requiring no skilled operators.
Roberts produced a folly ‘automated’ water driven
machine which needed “‘#e operators at all”. The
process of mechanical evolution has clearly niore
motives than simple efficiency or product&y. This
was openly stated in advertisements for the Roberts
machine and in Andrew Ure’s weighty review of the
History of the Cotton Manufacture Of Great Britain
(1830). In fact Ure went on to elaborate what he
saw as the ‘Philosophy of Manufacture’ in which he
extols the virtues of technological progress because:
“Whenever a process requires particular dexterity it

—
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nan be withdrawn from the cunning workman, who
‘is prone to irregularities of al kinds, and placed in
rhauoe of a peculiar mecnanism, so self-regulating
that a chsld may superintend it”. He goes on to
explain that co. siderations of this sort have given

| “extraordinary stimulus to mechanical science” and
i concludes that when “capita enlists science in her
service, the refractory hand of labour will aways be
taught docility”. One could easily re-name Ure’s
Philosophy ¢f Manufactures (1835) ‘Arguments for
an Alternative Technology’.

® \Weaving
‘Weaving is the interiacing of two threads, the
active weft crossing the passive warp at right
angles. For easy manipulation of the warp and
heating-down of the weft, it is essentiad that the
warp threads be kept under tension. All the
complexities that have been added to the loom
are only to save time or make intricate weaves
possible. They do not alter the fundamental
function of a loom as a warp-stretcher.’
That beautifully ssimple description of the
elements of weaving comes from The Teckniques of
' Hug Weaving by Peter Collingwood (Faber and
Faber, London 1968) which justly deserves the cult
rating it is achieving. It is an indispensable element
in any serious attempt at weaving. For the less

i purchase but it's certainly worth a trip to the
nearest library.
. There are myriads of texts on weaving and it
» would be ridiculous to attempt to summarize the
: detailed information contained in them. However,
. even the best books do have a tendency to assume
i that equipment is merely a problem of ascertaining
i the type of weaving desired, and notifying the
i nearest loom supplier. It is possible to he more
t resourceful. Any rigid frame can serve the purpose
! of stretching the warp. An old bed frame, a large
i picture frame, even an old deck chair, would suffice.
Try using existing furniture; for amost a year | wove
: on the underneath of a couch using two sticks placec
! across opposite pairs of legs to give me the frame,
" raising the couch end-on gave a good vertical ‘fold-
away’ loom-a simple answer to the problem of
fitting a loom into asmall room. A ‘frame’ loom is
| excellent for making rugs; you can use twine for the
i warp and amost any thick yarn for the weft (old
rags cut into endless strips make very warm and
, hard-wearing rugs when used as weft).
The only other tip worth mentioning (because
I most books don't) is that you will be extremely
unlucky if you live in an area without a local Guild
"of Weavers, Spinners and Dyers; full of people wko
. live. cat and sleep, weaving and spinning, have lanoli
in their blood and skeins of information at their
fingertips. Do not move without contacting their
secretary or attending one of their (usualy frequent’
i meetings. Write to the Assaciation of Guilds of
Weavers, Spinners and Dyers, clo Mrs M.J. Emery,
64 Holly Hill, Bassett, Southampton, Hants, UK, for
the address of your local branch.

DYEING

Now lastly for a little colour (naturally). Table 1
gives a list of the more common plants (and one
insect-cochineai) which can be used to dye wool.
Unlike ‘chemica’ dyes most of the ‘natural’ dyes will
not directly colour the fibre, it being necessary first
to mordant the fibre. In this process some inter-
mediate chemical is introduced, which has the dua
properties of combining with the dye colour and
adhering to the fibres. Mordanting is as important as
dyeing: a badly mordanted skein will dye badly.

In table 1 only two mordants are referred to,
alum and chrome. To mordant with alum use 30z of
alum and loz of cream of tartar to one pound of
wool. Dissolve the alum and the cream of tartar in
cold water and place it on a dow fire, When the
liquid is warm add the wool, bringing it sowly to the
boil. Simmer for an hour and then lift out the wool.
It can now be used immediately for dyeing, but it is
often better if the wet wool is left for a day or so.

For the chrome m~rdant use %oz of potassium
bichromate to one pound of wool and proceed as for
alum.

In some cases a colour will be improved by the
addition of 6-7 teaspoons of vinegar and !4 oz of
potassum dichromate, to the alum-mordanted wool
after it has been dyed. This is denoted by the ‘++’
sign in the table. (A single + is used to indicate the
addition of vinegar only). When preparing the plants
for dyeing it is often easier to boil them first before
entering the wool. Whien this is the case the ‘time’
column has two figures {eg ‘10 then 28}, meaning
that the plant was boiled for ten minutes without
the woal, then twenty with it. (When there is
‘dum++" athird ‘time’ gives the boiling time in the
++ solution).
® Lichens These are substantive or non-mordant
dyes directly imparting colour to the fibre and
producing vibrant, fast colours. An equal weight
of lichen to woal is a rough guide for good results
when boiled for several hours (placing the lichen in a
muslin bag saves having to comb out the pieces when
the wool is used for spinning). Some lichens give best
results when fermented. This can be acheived by
placing the lichen in a bottle with urine (or ammonia
and water) and keeping it in a warm place for about
one month. Leaving the bottle haf-filled and shaking
daily assists the process. Even the mosi ordinary
rock-covering grey lichen (which gives a brown
colour when boiled) can produce a beautifully vivid
magenta or puce when it has been fermented. It is
generaly the crustaceous lichens (commonly found
on rocks at about 1,000 feet) which respond to
fermentation. Even for simple non-fermented dyeingE
the colour of the dye will often bear little resembl-
ance to the colour of the lichen. For instance
Parmelia omphalodes, which is a tight green leafy-
looking lichen which grows on rocks above 2,000
feet, gives a rust red when boiled for two hours.
Experiment with your iocal lichens. Try it, you'll
lichen it.

Chris Ryan
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Material Cuivur Mordant Volume or weight Time boiled (approximate) ‘
F = flowers material i
L = leaves
— — — ——— e LR TR — i — LT B
Bedstraw roots Crimson chrome lib 1 hr
Birch L Yellow-tan alum 2 galls spak 12 hirs chen 7 hr 30 mins
Bracken buds Green alum 11lb 2 hrs simmer
Camomile F Bufi alum 7 quarts dry 30 mins
Gold chrome oo 30 mins
, Khaki alum++ " o 30 mins then 10 mins
Goldenrod F Brass chrome 2 galis 15 mins then 20 mins ;
Yellow Brown alum++ "o 15 mins then 20 mins then 10 mins++
Marigold F Brass chrome 14 galls dry 15 mins then 20 mins
Yeliow ran alum++ oo 15 mins then ZG mins :
© Onion skins Gold alum 10 ozs 10 mins then 1 hr i
. Pine cones Redyellow alum 1% Ibs 3 hrs i
Privet L Gold chrome 2% galis dry soak 12 hrs boif 20 mins then 30 mins
kugwort ¥ Yeliow alum 1lb 15 mins then 1 hr
Suaflower ¥ Gald alum++ 14 quarts dry 20 mins then 30 mins thea 10 mins++
Weld Eright Yellow alum 10 ozs 1 tir then 1% hrs {salt added to bath enriches colour)
{Whole piant Mustard chrome i0 ozs 1 hr thén 1% hrs
except root)
Imporied Dyestuffs ;
Walnat husks Brown none 2 galls sozk 1 hr boil 50 mins then 30 mins
Dark-brown alum oo sozk 1 br boi} 50 mins
Even darke. alum++ o soak 1 hr boil 50 mins then 10 mins
" Teak Rose tan P 8 ozs 15 mins then 30 mins |
5 Light brown chrome 8 ozs 15 mins then 30 mins
Coffee beans Brown alum 1% 1bs 20 mins then 30 mins
: Yeliow tan chrome toon 20 mins then 30 mins
" Cochineal Rose pink to red alum 1 oz powder soak 1 bt boil 15 mins then 1% hrs i
{extract) Purgle chrome+ 2% gzs powder soak 1 br boii 15 mins chen 1% hes :
Flag red See note 3% ozs powder Note Soak cochineal in 3% ozs of cream of tartar; :
boil 1¢ mins, strain, add to cne cup water % oz i
stannous chioride and 2 ozs nitric acid. Put in
wool, boi! 1% hrs. Stir constantly. i
Fustic Gold chrome Ye 0z 30 mips only
Yellow alum++ ¥z 0z 30 mins then 10 mins++
Indigo Dark Blue See note Note Indigo does not require a mordant. it has 1o
be purchas. 4 from a scockist and the direcrions for
the particular type of indigo should be followed. :
Powdered indigo is not soluble in water and treac-
ment used to get into a soluble solution is the
secret of obtaining good colour. Look for old
recipes in books and libraries. The recipe for the
royal blue/purple colour that led to indigo replac-
ing woad is a forgotrzn secret!
Madder root Lacquer red alum 8 ozs soak 12 mins boil 45 mins
Orange red chrome 8 ozs soak 12 mins
Logwood Purple/blue alum 3 ozs chips or 1 hr
6 ozs extrace
Brief notes

{those marked * fade. Amounss and timmes need experimentation)

DPockroot* Yeltow/brown alum
Chesmut chrome
Elderberries* ** Soft purple aium
” " chrome
Tomatoes** Grey alum
Blue/grey chrome
Foxglove (flower tops) Lemon alum
Geid chiome
Flax flowers {in bud) Beige zium
Chestaug chrome
Hop leaves Cream alum
Green beige chrome
Acoms (stand in water Buff alum
several days) Olive chrome




128

SHELTER

FOOTWEAR

Tyre shoes

The properties needed for shoes sre: durabil-
ity, pliafrility, waterproofness, with a certain
amournt of breathing, Leather and rubber tyres
fulfill these demands adequately. For sel¥-
made shoes, it is vital to have simplicity of
design, avaitability of materizfs, snd Dasic

' tools.

Tools: sharp knife, scissors, hammer, pliers,
nails — brass {not escut heon pins] or carnet
tacks {best coated) non-water-soluble glue,
heavy-duty needles, thread {waxed}, eyelet
hale puncher — size §, waterproofing wax.

Materials: leather {15p-20p per sq fi at the
moment}, alternatively synthetic leather from
car dumps, tyre treads from car dumps/garages.

Boot eyelets, %" rivets, buckies and laces are | It is easier to cut through the surface by

ali useful.
Thz cost of a pair of shoes should range
from nothing to 70p. ! bought shoes.

TYRE CUTTING

Choase a tyre with a wide tread to avoid the
probiems of corners. Using e sharp knife, cut
the sides off the tyre close to the tread, and
then across it, leaving you with a long strip of
tread, enough for 3 pairs of shoes.

" trim close.

- The sole is
" now preparad,

I
|
i
! Mark around each foot in turn and add %"
i
i

| degrees rather than trying ta saw through it.
The discarded sides can be used to resole

to the perimeter to account for width of nail
! heads and leather uppers. Cut out the shapes,
| closing in at the instep. For better comfort
i glue a piece of leather to the upper side and

. UPPERS PATTERNS

. Sample description of one-pigce uppers
: {atways add %’ 1o perimeter for fixing to
- solas).

Mark only the unwanted side of a skin, us-

- ing your foot as a model, cut a rarrow ankle
. slet ovt from an edge of a skin, unwanted side
* up. 5ip your right foot in, pat the leathor

down and mark around your foot. Add %"

" perimeter for the thickness of nail heads and
. cut out. Turn cver the leather pattern and it

will fit the left foot, right side up. Copy a re-
verse fzesimile for the right foot. Decorate
with pieces of leather or with leather dye.

caiar
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FEEL

LEFT Fav7 UFFEks
BTTHE ST DEcomale
Achoss kot Thw STRIFS,
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{c} One-piece. front-seam shoe.
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Other Pattern Ideas
{2} Basic pattern

UL

oy o i

In all soft leather shoes,
the toes will mould the leather
to their shape. It is better if

they are tight rather than loose, ord

s Guciit ok A TIN |

&) Measure perimster around sole of foot,
desired height of hesl, and length fram toe to
ankla.

o

4+

ﬂ-;_______z_ﬁ-a__,v

Mark out this general shape, with %"
added along the perimeter, ¢yt out and bring
the two 4 "' edges togethar, overlapping so they
meet, and stitch. Perimeter should still be 25",

Affix to sole, and fold either of these two
ways:

FER Tis T THE S8

Sl
LavceR
PoINTED'TH

ALLOMBPATE FUDS




FEXING UPPERS TO SDLES

Before fixing the uppers 1o the soles, the up-
pers should Le in the fiat state, with a %" peri-
meter, with any desired decoration {dye can be
applied after}. tn most cases. seams should not
be stitched until toward he w0 of the opera-
tian, for last minute adjustments.
First check that the uppers cnly give about
%" overlap below the tyre soie when your toot
is in posttion. Nail around the outstep, away
from the seam, 1n most cases the seam 1s at the
back, therefore nait until the toes are reached.
Check fitting again, cutting off excess. Nail
. around the toes and down the instep {remem-
ber to glue as you go to keep water outl, draw-
ing close in at the instep for hold. Fit for the
seam and stitch up with or without overlap, at
exaggerated angle for grip, approx, 752 Nail
down arcund heels.

70

)
et LED
v

Naits must be longer than the width of the
ed over, and the excess nail is hammeied into

the tyre, thereby acting as a hoak, and deep
enough 1o F2 protected from the ground.

The same procedure 15 taken for stitching,
but through the side of the tyre, hitching
beneath the mesh. Stitching through rubber
tyres is labourious and stow.

NICK MELLOR

Other methads

Note sandal suggestions apove. Fixing uppers
withgut other materials. Jsing a chise! cut
slits in approprista places through tyre, and
then cut oyt edges 16 sink straps in {protect-
ion). tnsert all tha straps, pull tight over feat,
bring ends up to meet, and cut off 4" longer.
This 7™ i8 cul IN{G & QUL eAa supEed
thraugh a small slit in its own strap. The same
procedure can be used with long strzps to
Imake cross-over sandeis, e butlons being
used to secure the ends.

tyre and leathers. At intervals the shoe is tuen-

‘the leather uppers. Otf:erwise | could guarantee

FOOTWEAR

i T

}

The weakest part of these shoesftresds are

you needed a retread. Gaod luck with your

|
them for tens of thousands of miles befare I
treads . . . :

man.
i
|
|

/S

| Nick Mellor

29
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INTERVIEW

Fete r van Dresser

When | cailed on Peter van Dresser late in 1973, the
energy crisis had just peret+ated public
consciousness. Throughout the United States the
word ‘energy’ was on everyone’s lips, and the
Landwagon of alternative energy sources was filling
up with a motley crowd of ‘eco-freaks’, university
departments, small-time entrepreneurs and spies
from the oil companies and other big corporations.
But in the thirties, when Peter made solar-beated
domestic water beaters, and even just after the war,
when be built selar-beated houses and equipped
them with wind-driven generators, be was a lone
and often criticised pioneer: no one bad given
thought to the prospect of oil wells drying up or
the demand for eneigy increasing exponentially.
Thermal pollution would have sounded like science
fiction. Van Dresser’s pioneering efforts to use the
sun’s energy were part of & transcending vision and
philosophy: be saw naturally-defined geographic
regions which might become self-sufficient throzugh
the skills and intelligence of their people, grouped
inio communities on a human scale. He perceived

t his ewn country’s ‘under- developed areas absorbing

its f?‘s’?'bﬁ’ﬁ:‘){‘j«' "TG'lvﬁZg pﬂﬁﬂmuuu as an alternative

to ever-bigger cities.
I asked him whkether be entertained any hope that
the alternative movement, particularly the

| alternative technology whick was part of it, offered

any prospect of changing society.

Not at its present level of intensity; | live in hope
that a genuine psychic change may be operating
serioudy on society as a whole, and that the present
gropings towards an aternative society are the
forerunners of a serious movement. But from my
experience with it | fiid it confused, fragmented
and self-defeating, I'm tatking about the communes

and drop outs. They’'re not genuine. They are
pseudo, till linked with the establishment in ways
which pretty well neutralise their pretentions to be
exponentsof the aternative society.

& You criticise the alternative movement for almlng
at self-sufficiency and also for being too locked into
the system. Aren’t you denying it any room fool
manoeuvre?

There is a middle ground where you don't pretend
at self-sufficiency, but rely as much as possible on
the resources and products of the local economy.
Tha:’s the distinction 1 make. The drop outs 1
criticise most are the ones thzt pretend at self-
sufficiency-living in a wigwam and dl the rest of it-
yet going to Safeways once a month for their .
proteins. Thisis just a destructiv. fantasy. The viable |
middle ground is a Slow evolutionary process in
which each year you try to reduce your dependence
on a greater economy and try to utilise the products
of your region more effectively. You try to integrate.
You try to strengthen the village community and the
regional economy. Phoney self-sufficiency gets in the
way of evolving this localised self-sufficiency, so :
important for a viable future.

¥ Would you rule ot the use of; say, windmills, or
piping, or other products which might bave been
produced several hundred miles away?

Certainly not. Even the most fanatical self-
sufficiency addict uses an axe and a shovel, and they’
are both products of highly technological linkages.
What 1 object to are the linkages to supermarkets for :
protein-which incidentally involves the constant
use of the automobile. You know we are obs&sed
-with ilie need
reasons, but psychologically we just can't stay in.one
place. It's ridiculous to use this most destructive and!
complicated of modern industrial products for
inadequate reasons. But most minimaly, if there's
no other means of transport, it is al right. A carefully
rationed old ‘pick-up’, kept in reasonably good
shape and used infrequently, is better than the drop
out’s fantasy of ahorse which eatsas much as five
or six cows, and in this country is very ecoiogically |
destructive.

€ You've put the case for decentralisation as one ‘
remedy for the sickness of society. Do you envisage |
an eventual migration from cities to the
countryside?

Some time ago T became dissatisfied with
‘decentraisation’ as a description of this philosophy;
‘recentralisation’ may be better, for we need to form

ANHOMIA 8 SINVT
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. and recentralise life around urban centres and

i communities on a more human scale. The way out
of the problem of the existing huge urban
conglomerates seem to me to be an evolutionary

a physical moving of people from hii cities out to

the country, but would change the institutional

- environment which moulds our society. This would

* mean that the whole hierarchy of smaller

. communities would regain their economic viability

i and begin to re-habilitate themselves in economic

! terms. SO at first there would be a halting of the
exodus from provincial and rural areas to the great

- cities, and 2 relative shifting of growth rate in favour
of smaller centres. After severa decades the relative
magnitude of the great centres would diminish in
favour of a fully developed ‘hinterland’-as it is
erroneously called-we'd see a recolonisation of
country districts so that they could be reclaimed
gradualy and gently, skilfully and artistically.

. However, the chances of our society being able to

- conceive of such a programme and carry it through

| systematically over a period of decades are very

. dlight. it is a utopian hope, but | still fed it's the

i only way out of the terrible impasse our civilization

is getting into. But ary notion of wholesale

resettlement of pecple from New York and Chicago

: to satellite towns is toial fantasy.

Another dternative of course-and what a lot of
people secretly hope for-is a rapid breakdown of
the whole system and total chaos to solve'the
problem. Bur it wouldn't sefee the problem-simply
{ dlter conditions in a violent way.
® How long do you think the system can survive
without collapse?

Now there's a question-I'd say thirty years , for
fun! ! think the system will make constant
adjustments-all kinds of ‘ersatz’ ways of making
people do with less and crowding them into less
space. They will keep us going for along time,
despite a gradual deterioracion in the condition of
ife. One hopes that by taking thought and
statesmanship we could avoid that kind of solution,
“and for that reason it is very precious. But it till is
only a germ-not even an embryo.

The particular strategy I'm interested in is
concerned with relating this undercurrent of feeling
to logical thought, bringing it to the surface in
rationa terms as being a scientific and sound
solution oi our problems. 1 want to make the
whole subject understandable, rather than a
mystique.

;| don't like the term ‘alternative technology’ very
'much: it reflects the American hope that gadgets
jwill sol»e problems. Much more is needed-the
'whole dternative rationale for restructuring society.
. Technology is only a portion of this, and to
lcmphasise it misses avery large part of what has to

process over a period of decades which would not bet

danger of the good old American habit of trying to
- solve problems with gadgets-even though the
| gadgets may be solar energy and wind generators. We:

| ®#Whatdo youseeas standing in the way of
desirable social change?

| believe. | think that the change is no more or less

ke thought about and done. | fee} that to speak as if
technology has a drive of its own is not defensible.
Technology has been moulded very much by human
institutions and drives, and | would argue that we
we to change our motivations and out social and
economic relationships, and that in the process
technology will be evolved to satisfy real human
needs. If you throw the burden on technology as an
imaginary entity on its own, as | say, yourun the

must be wary of leaping on the bandy gon of
alternative technology as a panacea: 1 know of
wealthy drop outs who have bought an expensive
wind generator and set it up an top of a dome while
still running enormous four-wheel drive vehicles
which use a hundred times mote energy every day
‘han the wind generator delivers. The wind generator'
is then purely a symbol; the lifestyle that goes with
it has not changed to vaidate it.

We have built a Frankenstein monster of industrial
md commercial relationships which is amost totally
running out lives. It derives its motivation from our
icceptance of it and our failure to conceptualise any
other value system. A very subtle subject. The
change I'm talking about-1 don’t know how to
describe it—a psycho-cultural change? | wouldn’t
call it just a spiritual change, but it would certainly
have to include what are called spiritua values.

& Do you think that the change we are talking abou ?
is possible within a capitalist system?

The typical modem Libera is inclined to think that
the dternative to capitalism is an enlightened
Marxist or communist system, and this | don't

possible under a capitalist system than under
bureaucratic communism. Yes, | think that a new
type of economic relationship is necessary. lincline
towards mutua libertarian or anarchistic political
solutions as the nearest to opening up the possibility’
of achieving this creative, free society. Capitalism, as}
| seeit, is the monopoly of the monetisation of
credit-a highly efficient mechanism for
concentrating power and wealth, and one which has
to be abandoned in favour of monetary relationship: ®
that don’t have this built-in monopolistic power.
Experiments in community are possible under the:
kind of government we have now: the greatest
obstacles to them are not capitaism but the internal !
psychology of ourselves. To blame failure entirely ot
capitalism is kind of ‘copping out’ and dodging the
real issue. This is not a defence of monopoly
capitalism, but | can't visualise how the difficulties
would be less with any of the other existing system! -

Patrick Riven
=
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Iitrended for rural or semivrural
areas. These dwellings would be
independent of grid s&vices. Some
services {waste treatment, some
food, space and water beating)
would be provided at the bouse-
ho 1 d level, others (electricity,
ulater, cooking gas, sewme food) at
tib e community level, where eco-
romies of scale make shared facil-
ities cheaper. The bouses are bared
onr Brenda Vale's ‘Auntonomouys
House' design, described farther
i part IV of the Autonomy sect-
1072,

$olar roof

Conservatory

Vegetables

Savonius rotor (pumping)
Windpump

Warter tower

Wind-generators

Mezhane digestor
Power-regulation, battery store
10 Byre and equipmens — store !
11 Animal pasture

12 Pond .
13 Garage

14 Fruit bushes

15 Celective services paddock.
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AUTONOMY

INTRODUCTION

Power to tfe People
Decentralisation
Participatory Democracy
Workers’ Control

Small is Beautiful.

between
the lines are values expressed repeatedly in this
book: of self-generated activity. distributed respons-
ibility, control from the bottom upwards. In short,

of autonomy.

Autonomy is a vague and fruitful idea. It has
many ambiguities < it can too easily hide ‘I'm all
right, Jack’ escapism and deliberate disregard of the
public good — but something like it is necessary
to counterbalance the insensitive gigantism of
modern societies and rekindle the sense of ability
to initiate, create, control, and participate.

How far can autonomy be taken? Perhaps
if we could achieve the kind of political
autonomy impiied in the phrase ‘workers’
self-management’, that would be enough to
be getting on with? But this may need to be
complemented by some kind of economic

autonomy, such as that impiied by the phrase,

much used in China and Tanzznia, 'Self-
reliance’. For some, even this is not enough,
and they seek to underpin political and eco-
nomic autonoray by seeking uronomy in the

! basic resources needed for survival. That is to
j say. in ‘self-sufficiency’.

The notion of self-sufficiency and the idea
of resource-autonomous ccONOMIc units may
seem naive, but it has had a special attraction
for critics of industrial technology, because
it seerns to solve a number of problems at
once. The use of local and rencwable resoutces
in a cyclical rather than linear-flow economy
reduces depletion of non-renewable resources

and environmenta) impact. There would be no

need 1o exploit others, nor would such a unit
be susceptible to economic exploitation or
interference. The alienation caused by remote,
fragmented, inhuman production systems
would be overcome by the involvement and
direct participation of both producers and
consumers, using 'convivial’, human-scale
technologies.

Unfortunately the very ambitiousness of
such schemes [eads to their ditution. In the
191k century, the spirit of thoroughgoing
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autonomy aimed at networks of utopian
communities, but in spite of ccesional
successes resolved itseif ultimately in the
homestead and 'five acres and a cow’.
Things have not changed much. While
many dream that sophisticated but
responsive and humane technology could
now allow us to realise the ideal of
collective autonemy, what is cow
taking shape on the drawing boards, in sub-
. urhan backyards, Welsh valleys and the
4 hills of New Mexicao, is the autonomous house,
" 3 bedr., 2ll mod. con., built to rdduce depend-
ency on external supplies of energy, utility
services, and to a lesser extent, food.
Autonomous houses have become one of
the most conspicuous symbols of ‘aiternative
technology”. As virtual zoos of alternative
gadgetry, they provide a convenient summary
of the state of the art, and they show how
different small-scale technologies can operate
more-or-less elegantly together in an intcgrated
system. For these reasons, autc pomous
houses are the focal point for this section of
the book. They are nos to be dismissed out of
hand: the first steps have to be taken, and we
may have much to learn from these experi-

i

ments. On the other hand, autonomous houses
may b the first steps of a false trail. They
need some kind of critical assessment. The
non-technical questions need to be asked that
5o rarely find their way into print:

How far can economic and resource auto-
nomy practically be taken on a smail scale?

Could it ever become widespread — with-
out, on the one band, subsisting on potatoes
and welfare payments in autonomous caves,
or on the other band, being subsidised by
research grants or the private incomes of
gentleman conservationists?

What about production? Who makes all
the autonemons equipment in the first place?
Can there be such things as ‘autononous
factoties'?

Should autonomy be simple and frugal,
like a peasant smatlholding (which is bighly
autanomous) or costly and complex, like a

| manned space-station (which is also bighly

‘autonomous’)?

Does autonomy merely pander to individ-
ualism and competitiveness, leading to
‘Pripate affluence and public squalor'?

Does autonomy benefit only those who
undertake it, or could it benefit socicty as a
whole? What if everybody did it7?

These questions crop up throughout the

# fairly lengthy text which follows. There

are cight parts. The first examines the possible
scope of resource autonomy, and places the
autonomous dwelling-unit in its proper {and
limited) context, Parts [1 and 11T are mainly
technical and describe various features of
autonomous units. Part 1V presents 2 number
of preposed designs, (referred ro throughout
the text by numbers preceded by a letrer:

B3, D2 ¢rc). Part V concerns the economics of
autonomous units, and ends with 2 diseussion
of economies of scale. This introduces the last
part of the section which focuses on commun-
al-scale units. Part VI contains designs and
Part VII purs forward two proposals for semi-
autonomons communities, ene rural, one
urban.

The section is therefore a mixture of
description, analysis, poleraic and fantasy.
Attempts to keep these decently apart hnve
faited. That is the way the subject scems tc be.
Reality Rules OX.
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AUTONOMY

LIMITS

I THE LIMITS OF MATERIAL AUTONOMY

Consider Figure 1. a house which generates its own
energy, collects its own water, treats its own wastes

: and grows itS own food. The idea of such ‘autono-
i mous servicing' for houses first started in response

tdecological’ problems of resource depletion and
environmental damage associated with providing

i household services in more conventional ways. But

there were other implications tco. For many people,
autonomous houses represented the technical realis-
ation of the political er existential autonomy that is

t one Of the basic themes of this book: not just having
- legal or social control over one’s destiny but having

one’s hands directly on the hardware. Some went
even further and embraced autonomous servicing as
a means of total self-sufficiency that absolved them
frcm any obligation to the rest of society. Such

I notions dtill persist, and it is important to make clear

just how autonomeus servicing fits into wider con-
cepts of autonomy, and in which aspects of our
daily lives autonomy is technically feasible,
economically rational, and socialy desirable.
Different levels of autonomy and collectivity

: must be distinguished. A group may be collective

witb respect te an individua yet auconomous with
respect to a larger group. Autonomy does not neces-
sarily mean private. What we really need is a new
pattern Cf autonomy/coliectivity that counters the
separation Of public production and private con-
sumption into completely distinci 2spects of life
done at different times and in different places.
Obviously there are many other preconditions for
solving the problems of post-industrial capitalism,
but of ali the 57 varieties of socialism that might
replace it, radical ‘autonomists’ (let us call them

i thar) would aim for those in which collectivity

incorporates involvement and control from the
bottem up; and autonomy implies also responsibil-
ity, solidarity, and belonging. A crucial part of this
new pattern would be the revival of economic activ-
ity at the level of the loca community, which has
been bled dry during the course of industrial
development. Certain aspects of consumption would
be made more collective, certain aspects of product-
ion would be made more autonomous, and a far
greater economic role would be played by the com-

i munity. The idea is one of co-eperative autonony.

How would this affect economic life? Which
spheres of productive activity might be better auto-
nomised, which collectivised, and which left as they
are? Consider five categories of basic requirements:

Communications setvices: roads, mails, telephoner

TV etc.

Social services: medicine, education, lega aid,

repairs etc.

Domestic goods: (a)large capital kind: house.

furniture, car, cooker, sewing machine etc; (b)

smaller day-today kind: utensils, washing powder

clothes, books, plaster ducks etc.

Utility services: fuels, eiectricity, gas, water, waste

disposal.

Fpod: as basic stuffs or processed (bread, canned

food, TV dinners etc).

Typically, these are al produced centraily. Could it
be changed? Communications for a start are intrins-
ically shared, and make no sense at the private level,
athough community transport, informati~n and
entertainment media could meet a great parr of tiw
needs (see Vision No 6). Social services could be
(and are) organised a the community level {eg free
schools. creches, libraries, medical centres, adlvice,
repairs etc)Inaliikheose cases, equipment and
supplies would come from the public sector. ‘Private:’
autonomy here is cut of the question.

Turning to domestic goods, there is considerable
scope for community, or even household, autonomy
in finishing or assembling, given the basic equipmenit
and materials. Auionomy can be taken guite along
way back along the trail of added value, but the trail
leads ultimately to the public sector. A community
may fcr example do its own baking and become
‘autonomous with respect to bread. 1tcould go
further and grind its own flour, but could hardly
produce its own wheat. It might do its own building;,
furniture-making, printing, weaving; have its own
foundry, dairy, garage, kiln, tannery and glass work-
shop. These would permit autonomy with respect ta
processing, =nd hence to control of work, but even
apart from the initial capital stock, would need con--
tinual supplies of sand, cement, wood, steel, non-
ferrous metals, glass, inks, paper, clay, leather, fibres
and so on. Furthermore there are certain basic con-
sumer goods that it would be absurd to make by any
other method than mass production. They are all
around us:

pencil SCrews

thermometer paint

bottlzs teat window glass

light bulb polystyrene insulation
matches clock

string tampon

sewing machine disinfectant
spectacles preserving lar

needles etc

The pattern of demand made on centralised product-
ion might be very different, but basic dependency
onii would remain.

Consider now utility services and food. Here the
possibilities for household and community
autcnomy are stronger. It seems to be far easier to
conjure them ‘cut of the air’ (in some cases literally)
than is the case with durable goods, once the initia
capital is provided, which of course must agaia be
brought in from outside at the beginning. The ration-
aity of massive investment in aternative servicing
and food obviously depends on opinions about
future supplies -particularly in a vulnerable trading
economy such as Britain's, — but if the gloomier
scenarios prove close to the truth, greater autonomy
a various levels may be inevitable, and could have
profound consequences for social life. The argument
goes like this:

High food yields are maintained only by declining
supplies of foss| fuels and fertilisers; by imported
ieedstuffs; and at some cost in environmental detet-




" Viig 1, An archetype: A minjature ecosystem in the country,

ustained by sun, wind, rain, muck and muscle.

I/LIMITS

1 Solar roof captures sunlight to heat water
2 Rain water collected for home use. Wind
powers windmill

ioration. Even then output does not meet the
demand. But continued imports of food cannot be
guaranieed indefinitely. In Britain at ieast, greater
yields per acre need to be achieved, by methods
which do not require high inputs of energy and

2 Water purified and stored
4 Decomposition of wastes produces methane
gas for stove in house

artificial fertilisers. This can only be done by reiative-
ly labour-intensive methods, and favours a gradual
redistribution of population inte rura areas. Mean-
while, to meet long-term energy needs (unless the
nuclear gamble comes off better than expected) we
should plan to meet a growing proportion of cur
energy demands from renewable sources such as sun.
wind and bicfuels. These are diffuse and distribute
themselves. On the whotle it makes no sense to
elaborately concentrate them and distribute them all
I over again. They are act much use for industria

- purposes, or for domestic use in cities, but are idedl
for rural dwellings. Once again a major shift to these
alternative sources favours redistribution of popula-
don. Similar arguments apply to water supply, waste
treatment, and nitrogen recycling.

This general conclusion about redistribution of
population is reinforced by the possibilities of small-
szale production and social services discussed earlier.
T here spnuld be many more factories and workshops
in the countryside, sewing the needs of the local

$ Water from trezmment systems flows to fish
pond and vegetable garden

6 Vegetable garden

7 Animals provide nourishment

population and making use f agricultural by-
products. Back in the cities, possibilities for increas-
ing food production are consiZerable (see Vision Nos
1and 4).

There are, then, severe limits to the possibilities
of autonomy in basic material needs. Given post-
neolithic habits of consumption, attempts to achieve
total autonomy are misconceived. In many areas less
rather than more autonomy is desirable. Yet the over-
whelming dominance of centralised production can
only be countered by extremely practical — as well
asideologicai - forms of autonomy. These are to
be achieved, rot just by defiant acts of individual
DIY, but by the growth of community production
wherever it is feasible. At the moment the growing-
point in technica autonomy is in the utility services,
and for the purposes of this section of the book,
they congdtitute a case-study for basic autonomy
which can later be expanded to other spheres. The
discussion starts off with the case of servicing for
the rural or semi-rura house-and-garden; then
extends the principles to rural and urban commun-
ities, and suggests ways in which, far from the
separatism of some of its adherents. technical auto-
nomy can contribute to the well-being of the wider
society: Co-operative autonomy.
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MEANS OF
AUTONOMY

the eectricity system, the waste-treatment system
and so on, are caled sub-systems. In any autono-
mous unit there tend to be three kinds of elements:
collectors, for example wind generators, roofs for

rhere are logicaly three ways of reducing depend-
ency on externa sources of supply. Perhaps the
most obvious is simply reducing personal consump-
ton, or lowering standards of comfort, convenience,
amenity, €tc. | shall cal this Making Do. The second
is to make better use of what is available, getting an
equal benefit for iessinpat, for example by using
fluorescent instead of incandescent lamps. | shall
cal this category Clever Ideas. The third way iSto

find Alternative Resources, for example wind energyo

to drive a generator and produce electricity.
‘Typicaly, autonomous units reduce dependency by
a mixture of al three. Each has both technical and
socia aspects, athough naturally social ones domin-
ate the first category and technica ones the last
category. They are categories of convenience and
nor dways easy to separate in practice.

ALTERNATIVE RESOURCES

This is the largest and most conspicuous category of
‘means . It involves mosiiy technical issues and com-
prises most of the cliches +f .Tternative technology

rainwater; stores, for example, heat storage tanks,
hatteries; and converters, for example methane
digestors or water-recycling systems. Sometimes a
sub-system may have all three kinds of element, but
this is unusual. Appliances such as light bulbs or gas
stoves congtitute a fourth kind of element, but these
are the same as in a conventiona system.
Total autonomy in al services, food and energy

is unusua. Units are usualy supplied by a mixture

f four types of source (or, in the case of waste
disposal, sinks). These four, gradually approximating
‘pure autonomy’ are:

tins. supplied more or less continuously from
large-scale centra plant (electricity, gas, water,
saewerage)

Stored: supplied intermittently, ultimarely again
from central plant (fuel oil, paraffin, botticd gas,
refuse coilection, bought food)

Local: supplied from on-site or within walking
distance of the unit using resources characteristic
of the locality rather than universally available
(wood, peat, small-scale hydropower; spring or

gadgetry. Before | describe th- various systems
themselves | must define a number of terms and
introduce some not=ticus which1 will use through-

out this section.

An autonomous unit is the besic system under
consideration, and different parts of :t, for example

well water; septic tank, earth closet, land drain,
garden produce, witd foods)

Ambient: in principle universaly avaiiable (sun,
low-grade heat from air, soil or water, wind, pre-
cipitation, water vapour, greenhouse and hydro-
ponic produce).

ELECTRICITY

Electricity, unlike food or sanitation, is not

a fundamental need, but it has beconic & kind
of lingua franca for energy, allowing one form
10 be conveniently converted into others.
Many functions which are normally performed
by efectricity could be handled in orier ways
(lighting, refrigeration, tools, washing mach-
ines, Mixers, sewing machines) of in many
cases dispensed with altogether. Only cerrain
rather small Joads actually need electricity
(radio, TV, record player) and these can be
run off ..-cumulators or dry cells if necessary.
However, many of these appliances have
become part of the standard way of life in
industrial socteties, and most of them are
specifically built for electrical operation. For
these reasons, designers of 2utonomous units
rarely feel they can ignore electricity
altogether. Either they make provision for
generating it on-site, or else they specify (or
assume) mains connection, especially where
other parts of the system themselves depend
on electricity.

Electricity can be generated by direct
conversion of fuels via the fuel cell, or direct
from sunlight by photoelectric devices, bur
these are not yet economic for use on a large
scale (see ‘Sunshine Superpower’ by Robert
Vale). The only practical method at the
moement is by kinetic energy driving a
generator or aleernator. This cnergy may in
rare cases be detived from water power (see
‘Essentialty Co-operative Energy’ by George
Woolsron} or from a stationary heat-engine
(see ‘Cast Iron Power’ by Kit Pedier), but the
overwhelming choice in autonomoas units is a
wind-driver: rotor. An encyclopaedic typology

of rotors is given in Derek Taylor's article,
‘Natural, Endless, Free’. The typical basic
circuit for the electrical sub-system of an

autonomous unit is shewn in Fig 4.

Qurput varies a great deal with different
windspeeds, and 2 voltage regulator is used 1o
make the best use of this variable supply. At
average windspeeds, the loads are supplied
directly from the generator. When output
exceeds demand, the batteries are charged, or
when it greatly exceeds demand and the
batteries are full, it can be used for iarger
loads which are normally not feasibie, the
commonest being a resistance heater in the
solar heat-storage tank. When the cutput of
the generator falls below the level of demand,
current is drawn from the batteries. ‘Normal®
domestic consumption would require an
extremely large rotor and a great deal of
storage capacity, which would be difficult and
expensive on a domestic scale. Uses of electri-
city are therefore usually restricted in auto-
nomous units to essentials such as tighting,
small applifFmees and pumps: an annual
demand of about 1200 kWh, with a wind
generator of under 2kW capacity. Sucha
small systern generally produces low-voltage
direct current, and extra equipment is needed
to convert to high-voltage # C

Costs vary in different circumstances, but
wind-generated electricity with battery storage
iz likely to cost over five times as much per
Lilowatt-hour as grid electricity. This may
change as grid prices rise, or if totor, gener-
ator of bactery costs fail. Nevertheless an eco-
nomical and reliable wind-electric system
needs a good windy site, low demand, careful
use, occasional maintenance, considerzble
storage capacity or some kind of back-up

system. In a shelterca site, a high tower will
be necessary, The cost of this may be reduced
somewhat by building it on to the structure of
the unit (eg Figs A2, A3, A4, D1, E1} but
there are patential prablems of vibrasion and
noise. These have yet to be properly assessed,
as has the matter of rotor blades shattering

in a storm and slicing through the lover and
his lass in the bedroom below.

SPACE HEATING

En cold or remperate climares, space heating
arcounts fue the largest amount ¢ energy
consumed over a year in 8 typical house, but
the density of heat needed is low compared
with other energy needs — about 100 watts
per square metre. This is about the samz dens-
ity as solar energy, on averzge, so there is
some logic in trying to bring the two rogether.
A large solar collector and hear store are
vsually the core of the heating system in an
autonomous uhit, supplemented by heat
pumps, excess wind energy, wood, or bought
fuel as a back-up, together with very high
standards of insularion.

Solar heating systems can be either passive
or active. In the passive types the collector
and the stare are the same, usually a massive
glazed wall (see ‘Sunshine Superpower’ by
Roebert Vaie). Essentially they even-out heat
variations over-short periods and are ideal for
heating in climates witia cold but clear winters.
Elsewhere they are relatively ineffective.
Active solar systems callect heat by passing
water or air over a blackened, glazed surface,
then store it in carefully insulated tanks, from
which it can be withdrawn in controlled
qaantities. The size of the collector and store
relative to the building to be heated naturally




The precise mixture of these types of source in a
given unit, over seven sub-systems which | shall
examine (electricity. space heating, water heating,
cooking, waste disposal, water supply and food)
specifies what | shall call the pattern of autonv.ay,
indicating both the degree and nature of autonomy
realised in that unit. Almost any conceivable com-
bination is possible and the variety is great.

The physical aspects of the pattern of autonomy
are often expressed by a flow-chart showing the
flow of energy and materias through and around
the system. Fig 1 represents a simplified version of
such a flow-chart. A mere precise case is shown in
Fig 2, which expresses an ambitious pattern of auto-
nomy that is both comprehensive, covering ail the
subsystems; and within each subsystem virtually
complete, meeting ali the demand from ambient
resources. Fig 3 shows, by way of contrast, a flow-
chart for a typical mains-serviced dwelling. Most
autonomous units described in this article fali some-
where between these two cases, showing selective
autonomy, and within each subsystem, oniy partial
autonomy.

A third, if somewhat deviant, generd type is
represented by simple unserviced rural dwellings
running chiefly off local resources. They are by
definition highly autonomous, but in a completely
different style which might be dubbed ‘plain’ auto-
nomy in contrast to the ‘fancy’ variety most in
evidence in these pages. These basic tupes, and a
notational aternative to the flow-chart, are
discussed further in Box 1 in Section 1V.

L Fis 3. (Right)

Services flowchart
for a vypical mains-
serviced house with

depends very much on the climate, Where .
there is plenty of winter sun, both can be

modestly sized, but in clinates like that of oil-fired central
Britain which are exceptionally ill-favoured in heating, gas and
this respect, very large collectors are needed ro | efectricity. The
catch what litde there is, and very large stores | standsrd of servic-
to bri ige the long suniess periods. In fact, in | ing is roughly & in
su.n cases, either storage has to be large Fig 2, but the flow
enough for summer sun to be used for the p:.:ul;nn:; ‘l:‘ud;:om-
winter, ot auxiliary systems must be used. pex, s to

1 v N pass througy rather
Fig 5 shows a tvpical pattern of hear with- than sround the
drawsl from an interseasonal storage tank. System,

Further details of solar heating systems may
be found in Robere Vale's article “Sunshine
Superpower’,

Some idea of the variety which sclar col
lectors and heat-stor=s take can be gained by

Fig 5. (Left, below)

ture builds up agiin

I/MEANS

Pt 15 e

Fig 2. Services flowchast for an autonomous house. It describes
the service system for Brenda Vale's house, Fig AS [from
Vale ()] -
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AUTONOMY

| described in “Sunshine Superpower’ by Robert

H/MEANS

(IV). Wherc the collector is integrated into the
puilding it can exert 2 s.rong influence on
shape and oricntation (Figs A1 — A6, and

Fig 5 of ‘Sunshine Superpower ).

Greenhouses atrached to the building are
also used 1o coliect certain amounts of solar
energy. They are relatively cheap enclosures 1o
create, can be shut off by insulated shutters if
necessary, and have a number of other advan-
tages that have made them common features
of autonomous unit designs They may be
embedded in the structuce (Fig E1}, form
extensions on the sputh side (Fig A5, or con-
stitute a major part of the living space (Figs
A3, C1, C2, Figs 20and 21).

Another ambient source of low-density
heat is that contained in the air. soil. or in
bodies of watcr. This can be collected by a
heat pump, a device which, rather like a
sponge might do with water, can mop up
dilute exrernal heat and squeeze it out in a
more concentrated form inside, where it is
needed. The operation of the hear-pumpis

Vale. Examples of their use in autonomous
units are the BRAD house (Fig E1) and
Miller and Gilchist’s Orkney design (Fig 6).
[n these two cases, powet for the compres-or
comes from mains electricity, and since e.ectri-
city is generated at only 30% cfficiency at the
power station from the overal! energy-use point
of view, the ourput of a heat pump must
exceed the input energy by at least three
times if it is to be better than burning the fuel
direct. This is a great disadvantage of current
heazpump schemes, and it would be better 1o
try and drive the compressors directly by
wind, (see Fig 26 of ‘Natural, Endless, Free’
by Derek Taylor). The braking effect of the
compressor would kelp prevent the rotor over
revving in very high winds and allow the use
of occasional high wind-energics which would
otherwise be wasted because the rotor would
have 1o be shut down to aveid damage. The
main difficulty with this legant scheme is
that the compressor would not operate when
the wind wasn't blowing, and the use of
battery storage would be hopelessly uneco-
nomic. Probably the best use for excess wind

energy in space heating is to use & Callender
friction device which converts fluid turbulence
into heat. This again acts as a brake which
does useful work, and has been proposed in
Thring and Smith's octagonal house (Fig A4)
and in Sumon Longland's design (Fig A2).

The chief fucal source for space heating is
wood, which can be managed s 4 fuel crop
(see 'P' nt Your Own Power’ by Rebert Vale).
Trees are combined solar collectors and stores
which work at lower average efficiencies than
heat-cotlectors, but are relatively cheap and
can be operated under very difficult
condirions. On buming they provide heat at
relatively high density that can serve for space-
heating, water-heating or cooking. The work
required to prepare them for bursing can be
an econoimic benefit or disbenefit, depending
on how you ook at it, but 1 am with Thoreau,
who said, “Wood warms you twice.”

WATER HEATING

dweiling, but in climates such as Britain’s it is
tisky to put all ones eggs in the solar basket.
A more practical scheme would be to use the
solar coliector to preheat water co feed a
stored-fuel boiler, This would save fuel and
gudrantee fot hot water,

In some designs there a ¢ unusoal
quantities of methane gas wvailable as a fuel
{Figs B1, B3 and 20), and this may be used fo
hearing water. In the simipler, low-cost units,
hot water is freely used when available, and
simply foregone when it is not, Where wood
is available, it can obviously be used to sup- J
plement other sources, )

COOKING l

Over the year, less energy is needed for water
than for space-heating, but water has to be
hotter {over 40°C). In many auioNomoOus unit
designs, soiar space and water heating are com-
bined, the hot-water tank being fed from the
heat-store and boosted to higher temperatures
if necessary by immersion hearer, methane
gas, etc. ln many schemes, particutarly the

low-cost ones, water-heating is the sole func-
tion of the solar cotlector. Since there is no
need for enormous storage ranks or heat-dis-
tribution systems, these systems can be quite
inexpensive. The BRAD reof, for example
(Fig E1), is a simple construction of 2nodised
corrugated aluminium, covered with glass-
reinforced plastic, with a cotal area of 60
square metres. It is optimised for summer hot
water, and provides adequate amounts for

at least eight months of the year. Its cost of
about £8 per square metre, compares with
about £20 a square metre for systems with
adequarte storage for space-heating,

Other hot-water systems are optimised for
the winter, and are mounted vertically {eg Fig
C1}. A collector of 40 square metres is said to
be adequate to provide for ‘normal consump-
tion’ of hot water all year round in a family

Fig 6. Orkneys House designed by
Joho Miller and Allan Gitlchrist. (a}
Plan. A hear-pump withdraws air
from the large window spaces,
extracts the low-grade heat, and
distributes it to storage in the hollow
walls via a trench running under the
house. {b) Section of the heat-storage
walls. Heated air {at about 50°C)
flows up from the

lower duct and

{b,

(a}

transfers its hear
to pebbles or
aggregate filling
the wall cavity.
Hear is transfer
red to the rooms
by opening
louvres set at -
intervals afong i
the inside face of
the walls. (Afrer
Miller and Gil-
christ, see also
Fig 25)

1 Storage wall;

2 Trench: 3 |
Heat-pump: ;
4 *Cplar” win-
dows; 5 Founda-
tion slab;

6 Circulation
duct; 7 Insula-
tion; 8 Concrete;
9 Aggregate.

-

Coohing requires relatively small quantities o
high-density heat_ in a large number of auto-
nomous unit designs, methane gas is specified ;
for cooking, produced by anaercbic fermenta-
tion of organic wastes (usually sewage, kizchen
and garden waste, or manure from any animaly
kept on the sice). Other units use wood, wind
electricity or solar cookers but in many
designs no special provision is made for auto-
nomous energy for cooking, and in these cases
bottled gas or a solid-fuelled range is generally
used.

A discussion of methane generation can be
found in ‘Plant Your own Power’. The gas is
produced in ap airtight container called 2
digestor. in many as-yet unbuilt designs,
digestors are dutifully and hopefully incorp-
orated, but on a family scale in cool climates
their efficacy is rather doubtful. Unless sup-
plemented by some (usuaily off-site) source
of waste they wiil not produce enough for
‘normal’ cooking demands. In temperate
climates they need 1o be kept at optimum
temperzatures for the methane-producing
bacteria to function (about 409C) and this
can use as much energy as the digestor pro-
duces. Building the digestor inside the house
would help to keep it warm, but this is rurely
done because there are inevitably odour prob-
lems and a certain risk of explosion.

The kind of elaborate design needed is
shown by Jaap 't Hooft's digestor (see Fig B1))
This is a sealed tank of 3 cubic megres capac-
ity, with a double brick skin, heavily insulated
and with a heating coil. It is fed with manure
from a neighbouring hog farm, and provides
gas for cooking and washing, via a small
geyser, for at most twe people. Some
designers have proposed trying to boost
methane yields by first using the sewage to
grow algae, which are themselves digested.
'This has been demonstrated in the laboratory,
and a systen applying it was designed by
Grzham Caine for use in Street Farm House
(Fig 7). In the end it was not built, and is
probably more trouble than ic’s worth.

Fig 7. Algae-boosted methane-production
system. Methane gas froduced only from
the waste products of a single family is
unlikely tv be enough for cooking needs.
The proposal here is to fix extra carbon
through growing algae on the sewage
effluent in a transparexst tank. The algae
can then themselves be digested for
methane production. The system has been
demonstrated on a laboratory scale, but
it is not practical in a home.
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Fig 8. 'Solar kitchen, designed by ). Swet
for Community Techneology, Inc., Wash-
ington, D-C., developed to show that high
temperature heat from the sun can be used
indoors even when the sun is not shining.
‘The glass-enclosed pipe is heated by solar
radiation concentrated onto it by the
trough-shaped reflector. An insulated
extension {hidden by the enclosure far
end) delivers the heat to the hotplate
(partiaily hidden} on which the coffee pot ||
and an as yet unbuilt thermal storage mass
5it. The collector tracks the sun sutomatic-
ally, Larger versions could be developed
for community-scale food processing or
local light industries.” (From Hess).

Fig 9. Solar cooking
system proposed by
John Shore. A concen-
trating trough collector
focuses onro a steam i
pipe which passes into [/
a vacuumn flask contain- ||
ing food [from Shore
(i)

high exhaust duct

- garbage shute in
kitchen

caver
excrement chamb-

cover

- air intake

starage charaber

refuse chamber

air ducts

earth bed

Fig 10. Two aerobic composting toilets. (a)
"Clivus’ designed by Rikard Lindstrom. This
is a large fibreglass box which is ‘seeded’
with ordinary soil, and ~omposts sewage and
organic kitchen wastes. it ordinery house-
hold temperatures, the heat generated is
enough to keep zir Aowing in at the bottom
and up the ‘chimney’, to prevent odours..
The resulting soil-like compost can be used
on the garden [Erom Vale (ii}] (b) Experi-
mental composter designed and built by
John Shore. Sewage matter drops through a
serjes of batten screcns inte a drawer frem
which it can be removed when fully com-
posted. Probably best situated in an out-
house [from Shore (i)]. ‘
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Fig 11, ‘Ecol’ water collection, purifica-
tion and waste-treatment system. See also
Fig C3. (a) The system, showing daily
flows in litres. There are four tevels of
water purity. Apart from the water
heater, an optional extra that would
aperate on windy days, the system needs
only the negigible amount of energy
required for the aquarium pump. Solar
water heating could be incorporated with
only minot modificarions [from Vale (i)
after Orrega et al]. (b} The outbuilding
which houses the system. The solar stilt

The use of solar energy in cooking is rather |
rare, but is occasionatly atrempred with con-
centrating solar collecsors. Generally these can
only be used in dircet sunlight (Fig C3), bur
Communiry Technoltogy, a group in Washing-
ton, D. C., have designed a self-tracking con-
centrator that stores heat in a mass of lithium
nitrate, uscful for several hours (Fig 8).
Another ingenious sofar cooking method
has been proposed by John Shore for his
2utonomous unir design (Fig C2). A parabolic-
section collector has a steam-pipe at the focus,
which passes through a vacuum flask (Fig 9).
‘This might seem a precarious method of cook
ing, bur wouid be useful in cconomising on
methane, performing the same slow-cooking
functions a5 ‘hay boxes’, or ‘fircless cookers”.

WASTE TREATMENT

. is usually composted in order to return the

Several kinds of wastes are gencrated by
households, and, in avtonomous units, differ
ent merthods may be called for to deal with
them in the most effective way. Normal urban
households dispose of all solid waste via
refuse collection, and al? liquid wastes via the
mains sewers, [n the country selid waste is
usualiy burned 2nd/or buried: sewage wastes
are led to septic canks or cesspits: and other
liquid wastes to "soakaway' land drains. The
aira in an autenomeous unit is not merely to
get rid of the stuff, but to use it in the most
efficiert way possible.

‘There is little to be done with nen-organic
refuse such as tins and borttes cxcept to use
them as lietle as possible and recycle them,

Organic solid waste from kitchen and garden

nutiients to the soil whence they came. The
same holds for sewage wastes, which are
particularly rich in nitrogen. FThey consti-
tute the most “dangerous’ wastes from the
point of view of heaith risks and must
receive some kind of treatment to render
them harmless. In contrast, dirty water from
washing and laundry is relatively safe and can
be put to various other uses, or, where water
is scarce, recycled. Although there are a large
number of elaborate garbage and waste-dis-
posal systems which in theory might find a
place in autonomous units, most of them

forms the roof (from Ortega et al)

are costly, requirc chemicals or extra energy
for operation, may need periodic removal of
products for treatment elsewhere, and com-
pletely wastc the valuable materials which an
autonomous unit should be carefully husband-
ing. One proprietary brand of sanitation hard-
ware is called the ‘Destroiler’. That says ir all.
Composting of both liquid and solid
organic wastes can be either aerobic or 2nacero-
bic. Aerobic composting of sewage wastes is
usuaily accomplished indoors in large contain-
ers such as those shown in Fig 10. They are in
effect, indoor compost heaps and yietd a
hygienic soil-fike substance suitable for use as
fertifiser. Sewage is mostly water, and what is
lefy behind afcer the composting process is
surprisingly lirtle, so these devices need
emptying only perhaps once or twice a year.
It is sometimes a disudvantage of these systems

that they do not deal with waste {‘grey’}

water, wh'th needs a separate system, Where
there is a garden, this can be used there (unless
it contains toxic wastes). Even if grey water

is disposed of through the mains sew.rs, the
reduction of contamination and the saving of
nitrogen is, from the public point of view, 4
step in the right direction.

Another form of aerobic system has been
built in the Ecol house (Fig 11: see also C3).
Waste from a flush toilet passes into a drum
through which air is continuously bubbled by
a small aquarium pump (powered from the
wind-generator). This rapidly purifies the
water to the pont where 1t can be pumped up
into the cistern for flushing. The solids build
up only very slowly in the drum. The close
association berween waste disposal and water
supply in this example is very common in
AULDMOMOUS UNits.
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Anaerobic composting in methane digest-
ors, apart from yiclding a certain amount of
energy. as discussed under ‘Cooking’, produces
a rich effluent which can be used in hydro-
ponit food-growing, as in Street Farm House
(Fig 18), or directly on to garden soil, where
it tnakes an excellent conditioner. Methane
digestors, even where gas production is not
feasible, may often be cheaper to build than
the more conventional septic tanks, because
they do not need the ‘absorption field’ to
handle overflow which is often the greater
part of septic tank costs.

In theory, there is further scope for
'improving the quality of use of sewage wastes.

Since humans extract only part of theporent-
ial nutritiona! vaiue of the foed, the most
efficient use of human sewage, as with vege-
table wastes, is not fo feed them to bacteria,
but to animals for protein producticen. It has
been claimed that dewatercd human faeces,
mixed with straw and grit, make a perfectly
balanced diet for laying chickens, and could
provide adequate amounts of the kind of
space-intensive primary protein ideal for
autonomous units. Hopefully the taste of the
chickens would not be affected by the feed.
The chicken smanure could then be used for

i methane generation, and the effluent for
fertilizer in the usual way. This is in fact an
extension of a very old principie (Fig 12).

i WATER SUPPLY

Fig 12. Pig privy.Pete Kussell writes: ‘Methane
tanks and clivus units are still pretry sophisticated
pieces of technology compared with the privies 1
encountered in south India. These masterpicces
of ecological sanitation have two entrances: the
normal one in the front and a second vne ac the
rear for pigs. Each time you make for the privy
the nearest pig heads for the rear entrance and
before you've had time to settle down the pig is
grunting e-pectantly from its own half. At fiest it
may be a little disturbing sitting there with nathing
but a hole in a plank separating y our more celicate
garts from several hundred pounds of bungry bacon.
acon. Any apprchensions are, liowever, quickly :
dispelizd as you realise that the fruits of your efforts i
are being fully appreciated and you can sit back and H
ponder the beauty of naturds own recycling systems 8
that require no technology, orthodox or alternative.” |

T T T T T TR T T
Fig 13. Average monthly levels in a water
storage tank over a typical year. Annual
precipitation 530mm, daily consumption
949 licres. {From Vale (i}] .

In rural arcas where a supply of pure ground
water is available from a spring or well, elab-
orate waler SysStems aré not necessary,
although “fancy’ techniques such as wind-
pumps might be used -0 bring the water to
where it is needed. Otherwise an autcnomous
unit must rely on precipitation, and/or
recycling. Further discussion of water
supply problems can be found in George
Woolston's ‘Each Piece of Land to Each Piece
of Sky”.

Precipitation patterns vary greatly from
one area to znother and may require quite
different systems of warer supply. In very
rainy areas roof-collection may alone be
enough to meet the typical Euro-American
demand of 100-200 litres per person per day.
More usually, a very large collecting surface
would be needed, and it is generally more
expedient to recycle the water, even though
technically speaking this can complicate the
system quite a lot. Also, rain may arrive in
large quanrities in a short time, and large
storage tanks are nesded if this is not to be
wasted, typically having a capacity of a
quarter of the annual yield. Calculated levels
in such a tank for a typical year are given
in Fig 13.

Mains water is usually purified uniformly
up to drinking standards, but in a small unir
it is slow and ultimately uneconomic to bring
all water up to this level. It is usual to parei-
tion the water tnto 2, 3 or even 4 distinct
levels of purity according to the job it has to

water; C, ‘gn:_v' water {eg soapy water}; I,
‘black’ water (sewage). A fairiy sicaple appli-
cation of this is in Jaap 't Hooft’s house (Fig
14, see also B1). Rainwarer is collected from
the surface of the dome via = gurter round the
base, and is stored in an outside settling tank.
. Warer is hand-pumped to 2 header tank inside

for washing, izundry, etc. A small quantiry is
filtered to drinking and cooking standards.
Waste water {purity C) is stored in a holtding
tank and used for flushing che toiler. This is
simple and effective. Strictly, there is no
‘recycling’, just sensible re-use. The Ecol
house (see Fig 3C) uses a similar system, but
tack water purified by acrarion, grey water is
used to feed a solar still for drinking water.

do. These levels are: A, drinking waier; B rain-

the house, and used without further wreatment

with refinements (Fig 11). Apart from re-using

SECTION

prramidal

getrivised serean
. FiLTer sand
Fig 14 (Above). Water collecfion and re-use system
in Jazp 't Hooft's house, 1 Riinwater; 2 Header coarse sanck

tank; 3 Geyser; 4 Filter; 5 Guteer to rainwater
cistern; 6 From rainwater cistern; 7 Grey water
store, for flushing; 8 Septic tank: 9 Hand pumps,

Fig 15, (Abuve right) Slow
sand water filter. Water trickles
slowly through successive lay-
ers of sand and gravel and is
purified by bactecial action. In

‘The whole thing is doubled to
avoid interruptions of supply

during cleaning and mainten-

ance.

[From Vale (i)}

this system part of the filter

is divided off for separate
weatment of drinking water,
the main part being fed with
recycled water for washing ete.

Solar stills can be effective in certain
climates, but for most of the year in climates
like Bricain's other means of purifying water
are necessary if ‘normal’ demand is to be mer
from ambient sourees. Slightly dirty rainwater
can readily be treated in a slow sand filter
(Fig 15}, but water that has too much fatty
material in it will quickly clog the filter. For
recycling grey water it is usuzlly necessary to
precipitate the fats with agents such as sul-
phuric acid or ferrous sulphate (Fig 16}, The
scum of fatty acids produced can be fed 10
the methane igestor or aerobically
compested.

A very reliable water system may involve
2 number of the methods discussed here, and
may be complex and costly, relying on an
claborate system of pipes and electrically-
switched pumps and valves {for example,

Fig 17). Probably in most cases it is more
rational to reduce demand to the levet where
it can be mer by simpler systems.

00D
Provision of food is always a special case in

auLonomous uaits because it requires such a
lot of space. Many designs omit food altoget-

her as being an insoluble problem for a site-
free design. Others assume a site that could
provide a certain amount of food, or treat the
whole site ac a single unit, specifying crop lay-
outs and housing for animals. Complete speci-
fications of the yieids and diet as part of the
formal system is unusual, although many
designs incorporate food-producing elements
into the building structure in one way or
another. The "average site’ is expected tor
provide vegetables and dairy products. Grain,
meat, condiments, fruit and other items are
assumed bouvght in from outside.

The kind of onsite husbandry vsually
envisaged is illustrated in Vision No 3. Vege-
table-growing is predominant, with chickens,
goat, perhaps a cow or pig. Lacto-vegetarian-
ism is obviously favoured as a basic type of
diet because it makes more efficient use of
the land {see ‘Cut Gut the Tripe’) but scaven-
gers such as pigs or geese can make good use
of high grade waste and help speed up the
decay cycles {Fig 12 is perhaps rather an
extreme case but catches the spirit of the
thing). Fertility is maintained by composting
and suitable use of legume crops, thus aveid-
ing the need For boughe fertilizers, although |
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Fig 16. (Above left) Waste

wilter pretreatment system .,
Where ‘grey’ water needs
to be recycled to meet
water demand, the heavier

n, sl sellectar

contaminants {fats etc.)
are precipitited first (from
Crouch).

Fig 17. (Right) A compre-
hensive water-system i
incarporating waste-weat-
ment, water-supply and
witer-heating subsystems.
Drinking water is derived
only from rain water, is
rreated separately from
recycled water in the slow

fied by a silver-impregnated

Fig 18. "Left centre)
Hydroponics in Street
Farm House (a) before
{b) after.

Fig 19. ( Below lef1) Oasis.
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An autonomaous greenhouse
ropused by Mick Bed-
ord, incorporating live-

stock and hydroponic

produce.

Fig 20. (Beiow right} 'Ark’
designed by New Alchemy
Insitute for Prince Edward
Island, Canada.

1 Living unit; 2 Solar Col-

e

1=crors; 3 Fish tanks; 4
Greenhouse,

;i
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vertain dressings such as lime, sJag or bone
meal will be needed from outside from time

(see ‘Animai Farm’ by John Seymour and
‘Compost Calture’ by Lawrence Hills).
Greenhouses are extremely vseful aids ro
autonomy in food producrion, and are often
incorporated into the dwelling structure.
Some units virtually ar¢ greenhouses. An

-ages. It lengrhens the growing seascn and can
provide exotic crops which add variety to
teraperate produce, especiaily in the winter
when the occupants are down 1o kale and

- poratoes. i aiso provides @ cheap, light,
tspacious and sheltered extension 1o the house,
and tra; s solar energy. The plants purify the
air, permitting lower ventilation rates and
heace lower heat losses. Examples of such

| integrated greenhouses are found in Figs A3,
A4, A5, (1, C2, E2, E3.

These greenhouses are not invariably used
for food, but when they are they generally
have growing-beds of normat soil. Yields
lunder these conditions are high, but of course
the space is limited. Greater efficiency can be
achieved by hydroponics (see “The answer

to time. The general bias is *organic husbandry’

integrated greenhouse has a number of advant-

i Lies in Solution’ by Sholto Douglas). A
semi-hydroponic system was successfuliy used
¢ in Street Farm House (Fig C1). Beds of soil

i and aggregate or vermiculite were laid out in
bays over plastic sheeting, and fertilised with
effluent from the methane digestor (Fig 18a).
This produced excellent yields of peppers,

| tomatoes, sweetcorn and nther crops (includ-

1 ing tobacco), which, together with the usual
Temiperate crops grown outside the house,

: made the vnit self-sufficient in vegetables for

i mast of the year (Fig 18b). A vastly more

i ambitiov; speculation is Mick Bedford's 'Oasis’
i (Fig 19). 2 giant greenhouse/hydropomerm/
|

barn/dwelling unit designed for total self-
sufficiency in foad, with hydroponics as a

! basis. Hydroponics has certain disadvantages.

' Chernical nutrients generally need to be

: brought in from outside, although careful

recycling of nutrients {as in the Street Farm

: case) can reduce the demand. A purely hydro -

| ponic diet may be systematically short of

| certain minerals and vitamins, bue this is over-
come by combining it with other sources of
food.

Another unorthodox greenhouse structure

is the New Alchemy Instituce's *Ark’ proposal,

which is founded on their sxperiments in
aquaculture (Fig 20}. A dwelling uait is sand-
wiched between two glasshouses, one for
vegctrables, the other for intensive rearing of
fish, and also coneaining banks of solar
collectors. Golueke and Oswald’s cylindrical
design is functionally similar, but very differ-
ent in appearance. It aims at a surplus in food,
and incorporates a cow, chickens and people
into a single ¢.;mpact structure (Fig B3). The
animals are fed with algae grown in tanks on
the roof, and the human irhabitants consume
some of the milk and eggs, plus vegetables

i assumed grown on an adjacent plot. Surplus

milk, eggs and algae feed are sold, and in
favourable condirions are claimed tw be able
to cover the running costs of the uniz,

This concludes discussion of the alternative
resources which autonomous systems general-
ly seek to tap. The range of possibilities for
each sub-system and for integrated systems,
can, however, only be fully encompassed by
all three of the logical ‘means’ taken together.
The other two, ‘Clever Ideas’ and ‘Making Lo’
are discussed next,




144

AUTONOMY

II/MEANS

| CLEVER IDEAS

much more intense.

What | shall call ‘Clever [deas’ are 6therwise known as Doing More
With Less, and boil down ultimately to Good Design. Economically
speaking, they are wavs of increasing performance for a given cost
: (@ least in the long run), or equivalently, reducing cost for a given
performance. |say ‘in the long run’ because in many cases a Clever
Idea costs something at the outset but saves more later.

A lot of the examples here could apply equaly well in ordinary
mains-serviced units, but in an affluent society where (for the time
being, anyway) service costs absorb only a small fraction of income
it is hardly worth the bother. An autonomous unit is much nearer
the margins, and Clever Ideas are often necessary just to ensure
minimal supplies. The pressures for intelligent and careful design are

| distinguish three categories of Clever Idea: Leak-Plugging;

}Partition of Function: and Multiple Function.

‘ LEAK-PLUGGING

‘ 1 have borrowed this term from Philip Stead-
- man (Energy, Eavirorment and Building) to

i indicate strictly technical methods of increas-
E ing the efficiency of the resources available,

i usually invelving a special device or design
|
|
i

choice and applying particularly to caergy use.
| The most unporiant form is insulation,
. achieved geaerally by linings of glass wool,

wood wool, or polystyrene foam inside or out- |

side roofs, walls and floors (see also the arricle
. o8 insulation by Brenda Vale}.

Together with double or triple-glazed
windows, weather-stripping, and insulated
shutters, designers generally try to get the 'U-
value' (heat-loss) down to 6.3 W/m2/0K.
Hear-loss can alse be reduced in the general
design of the building by recessed windows;

i porches of airdocks; orientation away from
prevailing winds; underground buiiding. Roof
overhangs may prevent excessive heat gain in
the summer, and yet allow access of low-angle
winter sunshine in south-facing windows.
Guroboros (Fig Al} illustrztes a number of
such general design features. The north side is
covered by an carth bank (berm) which
deflects the wind, insulare;, and raises the
frostline. The shaflow roof is covered with
sods for summer cooling. In winter a deep
layer of snow buiids up which is highly
insulating (Fig Al ¢). The plan form is teape-
zoddal, maximizing solar receipts on the south,
miniriizing heat losses on the north.

A more elaborate method of saving energy
is by using heat exchangers or ‘thermal wheels’
to recover heat from stale zir or waste water.
More commeon is the choice of equipment
which s fess prodigal in its use of energy, such
as ftuorescent instead of incandescent lamps:
self-regulating closed stoves instead of open
fires: pressure cookers or ‘firetess cookers’;
and radiant heating rather than air-heating,
which gives the same subiective effect but is
not lost in ventilation. Simifar principles apply
£0 water saving: snowers rather than baths;
mist rather than rpray showers; foor-operated
tzps; non-flushing toilets; front rather than
top-loading washing machines.

Often the inhabitants of an autonomous
dwelling cannot (or will not) adjust the
equipment so thar it performs optimally. The
Fix for this is in automatic control devices.
Solai-collectors for exampie can be activated
by thermistors or by photoelectricaily-oper-
ated pumps, and shutters may atso be con-
rrolied by the heat balance.

PARTITION OF FUNCTION

tatively. Services such as space-heating, water
supply and electricity are normally providad
uniformiy at the highest standard needed.
This is in principle wasteful, but is justified by
current £CONOMIcs on the Iargl:‘ scale. Ina
small unit the pressures are stirongly against
such waste, generally in a fairly obvicus way.
Attempting, for example, to use methane for
space heating would exhaust the supply rapid-
ly, to little effect; or conversely, using diffuse
solar energy for cooking would do little more
than make a good junket. The case of water
purification has already been discussed (Figs
11, 14), where up to four different puricies
may be maintained, oniy o the degree
required for the purpose. Similarly, the electri-
cal sub-system voltage regulator channels the
current to various loads depending on the
level of supply (Fig 4).

In space heating, temperatures may vary
in different spaces for different uses at differ-
ent times. Night temperatures can be lower
than day. Workrooms and bedrooms can be
cooder than sirting rooms. In the larger auto-
nOmous units it is usual to divide the living-
space up into sections separaced by insulating
partitions or shutters to avoid the need for
hezting it all. The upper storey of Brenda
Vale's design for example (Fig A5} and the
‘greenhouse” half of Alex Pike's design (Fig
A3) are closed off in the winter. John Shore's
design {Fig C2 b) has the same idez, but
carried 4 step further. Not only is the green-
house section shut off, but 2 very small
extra insulated *warm, cosy area’ is provided,
into which the inhabitants can retreat on
exceptionzlly cold days. Herbert Girardet's
‘Radiat House' uses the same idea on a col-
lective level (Fig E5). A large central room
surrounding a furnace is itself surrounded 2nd
surmounted by other rooms, thus well-insulat-

ed. This is used as a communal room which
most of the inhabitzeats will use in the winter,
the other rooms being used only for sleeping,
i physical work, ete. This s of course a resur-
rection of an ancient pattern of life; and shows
how technical and social aspects of design
may be difficult to keep apart.

MULTIPLE FUNCTION

1p this categery of Clever 1deas, economics
. are achieved either by making the output of
| one system the input of another, or by making
!'a single component do a number of different
| jobs. Many of the standard cases have been
! encountered already. A methane digestor
treats sewage, generates gas and provides
fertilizer; a greenhouse extension provides
foad, traps heat, creates a sense of space, ang
purifies the air; building structures can serve
as windmill towers or as heat stores (Fig 6};
solar collectors can double as roofs, walls {er
both, Fig A6} or insulators (Fig A3, Ad)
These multiple functions are generally
achieved through close integration of all the
components in the unit {as in Figs A1-6, E2
and E3), in contrast to more dispersed
systems such as B1, B2 or C3, Ou the whole
spatially integrated systems are probably more
efficient, but they have certain disadvantages
that have to he overcome, because the
demands of different sub-systems may con-
flict, ns well as complement one another.
Vibration and noisc from windmiils has
already been mentioned. With solar cellectors
the probtem is blocking of natural light from
the south. This has to be solved in various
ways, perhaps the most ingenious being in
Thring and $Smith's design (Fig A4), where the
living-space is raised off the ground, the lower
part being used for service elements, storage
tanks, garaging and livestock. At night the
solar panels cover the living-space as insulated
shuttering, while in the day they are lowered,
revealing the windows and greenhouse.
Another idez of Thring and Smith’s is 2n
integrated sun-wind-heaf pump system which
takes advantage of the seasonal reciprocity
of the sun and wind in Britain (Fig 21). Space
heating at the beginning and end of the heat-
ing season is provided directly by the solar
collector. In the deep winter (when average
wind speeds are higher) the load is taken over
by the wind-driven heat pump, using the solar
collector as a heat exchanger. In principle
such a system could also be used for summer
cooling, simply by reversing the heai-pump
eycte. In countries with continental climates,

systems which petform both heating and
cooling functions are obviously rational,
although they need not always involve sophis-
ticated gadgets like heat pumps. Steve Baer's
‘Drumwall’ system (illustrated in Robert Vale’
‘Sunshine Superpower’, Fig 9).achieves the

; same effect rather more simply.

Fig 21. Mixed solar and wind-driven heat-pump space- and water-heating system. Patrern of
demand and supply. The system is designed to meet all heating needs for a well-insulated

The principle here is to march the avajlable
resources as closely as possible to the jobs
they have to do, both qualitatively and quanti-

~4  house with maximum demand of - - -
2.6kW, without a targe interseasonal m T it T geed for svace meating
heat—'store. A 40 sq m solar collecror - wind eergy 20t used for heat pump
provides hot water all the year E
=4 round, and seome space heating, but = space heating load]
falts seriousiy short in the winter. The - uater heating mm&m“ sellentar
winter demand is mer mainly by a unuied soiar ensrg
wind-powered heat-pump using low ‘
=z v grade heat from the surrounding soil. +ev - colar energy avaiiavle
£ The sotal capital cost of such & system {From Smith)
L {19737 would be abvat £2G00, y
T znd the apaual cost ot
or abosut £200.
1
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MAKING DO

PADAPTATION TO AMBIENT CONDITIONS

T/MEANS

: In this third class of ‘means’ 10 autonomy I include mostly social or

3 psvchological adaptations to auvionomous life which entail at least
nominal sacrifices of comfort/convenience/time/consumptien levels, a
group of concepts for which no single word will quite do, bur which 1

aspect is not feft behind altogether. Cerrain

. berm, warer system or digessor instanced just
. reduced in size, guality or reliability, they

; respurces, but parurally their performance is

. less heat is required, but of course there is a

i smaller house-volume.

1 borrowed from Philip Steadman, and design-

] second order Clever ldeas which might well

i ventilacion rates can be sustained beteer if the

shall call ‘amenitv’ for short. [ sav ‘nominal’ because theyv are essential- |

ly subjective, and alt hough such sacrifices may seem utterl\' real and
: equa]l\ intolerable to some pcople
- and to yet others thev are positive benefits. This class of ‘means’

- differs from the others in that the social aspects predominate over the
technical, and the costs incurred are ‘amenity costs’ rather than money
costs, But, as alwavs, the distinctions are blurred. Earth berms are an

: economical and effective idea, but there comes a point when under-

i ground living is not evervbody's 1deal home. Keeping different purity
“levels of water segregated raav become a source of anxiety with

- children around. Charging and discharging a methane digestor can

make demands on the temper. And

to others thev are harel\ noticeable,

SO on,

There is, however, one distinction which becomes clearer

in this categoryv: that between the #

ouveaux pauvres for whom any-

thing goes because Making Do is a way of life, and those who aim to
produce exactly matchmg autonomous substitutes for all that under-

pins the high bourgeos style.

BELT-THGHTENING

Altlough Making Da is mainly social or
psychological in character, the techaical

technical choices made {or other reasons may
mevitably involve amenity costs, like the earth

now. When sub-systems or components are
may be a Jot cheaper and be more sparing of

poorer and this must be counted an ‘amenicy
cost’. Examples include lower light watrages:
lower thurmostzc settings and ventitation
rates; hand- rather than electnic-pumps: fans
rather than air conditioning; small window
ratio; low-rated appliances (fridges, etc);

The term 'Belt-Tightening' is again

ares rechnical choices that impose velatvely
light amenity costs: reduce demand individ-
ually by a few percent and collectively up to
50 per cent; and are applicable in normal
dwellings as well a5 autonomous enits. Even
thzse light amenity costs can be mollified by

example‘ can be made more effccnve by
focusing the light where it is needed. Low

air is freshened by charcoal fijzers or ultravio-
let lamps — zlthough rhis kind of thing makes
one start 1o think of the old woman who
swallowed a fly.

Lowering the whaoie size of dwelling
relative to the capacity of the service systems
is perhaps the most drasric form of Belt
Tightening. [t makes pretty well everything
cheaper because less materials are used, and

]
severn

tendency for it to feel cramped. This can be
alleviated by various “psychological’ design

, features, such as Alex Pike's view over the

© greenhouse (Fig A3 b). Jaap 't Hooft's house

{Fig Bl) is deliberately compact to rerain
heat, but the designer claims thar the dome

¢ form feels more roomy than 2 cuboid of the

i
i

same volume. Although there s only one j
main rous, the bed 15 raised to leave the floor |
free, and the furniture stacks or folds away '
(Fig 22). Also the window area, alchough !
triple-glazed, s verv small {about 2%), but the |

triangular windows are carefully sited

¢ for maximum effect: one at the head of the

bed in the east, two above the work space on
the souch, and cne by the kirchenette at the
west, and the other theee placed high for sky
lighting.

SHARING

Efficiency in the use of resources can be
multiplied by sharing space, materials and
facitities. Examples include communal
laundry, cooking (especially baking), saunas,
heating and waste-treatment. [n a fixed space,
sharing necessarily implies increased density,
bur savings can still accrue with nonnal densi-
ties in Jarger buildings (sec discussion of
*Size’” below) or in groups of buildings, with
shared facilities. The nominal costs are in the
resolution of conflicts over access tor facilities;
overcoming the sense of infringed privacy, or
of absotute convenience and possession; or
Just personality conflicts, Sorting these out
by group discussions, rotations, co-ordination,
and strict allocation of responsibilities

would seem intolerably irksome to most
people: it's bad enaugh even for experienced
communards. But sharing has its social bene-
fits as well (Fig 25} which I shail not go into
now. Many of these points are developed
further in 'Local Econamies of Scale’ in
section V, and also in section V1.

'
£
i

n sophisti

1 &8s our ancestors did. It is amazing how effect-

sated autonemous units, interival
conditions are more or less ‘normal’, but less
plurocratic units are oten at the merey of the
elements, and the occupants cither avclimatise
themsclves or modulare their activities to sujt
the conditions, Water hot enough for baths

or showery, for example, will not be available
every day. On sunny days one must seize the
time - and perhaps use the solar cooker to
economise on methane, At other times, raw
fuod is vertainly good for you, and one can
get used to it surprisingly quickly. On cold
days one may need to put extra clothes on,

we chis 1s. Again, adaptation can be remark-
ably rapid, and one even comes to enjoy the
cold season as a special kind of atmosphere.

It makes the kids tough as well, providing
they have plenty to wear. As for electricity, a
prolonged calm spell may necessitate reliance
on natural daylight or candlelight, bur this
again can make a pleasant change — remember
che power cuis?

EFFORT AND CARING

Again‘ the sophisticared autonomaous unit can
provide fairly normal services without much
maintenance. by using goed-quality compon-
ents and automating many of the sub-systems.
Simpler units have probably been self-built,
with a lot of bodging, and may need constant
attenrion. Biinds and shatters may need to be
adjusted, and collector angles shifted, plants
and animals atrended to, food prepared care-
fully {eg fine chopping to save heat), wood
cut, repairs carried out, digesvors fed and
emptied, water quality monitored, generators
oiled znd adjusted, batteries topped up,
discussions engaged in. All this requires skill
and effort (although again, not that much
when yvou're used to it) and the necessary
tools and materials. Failure of effort and
caring will result in deterioration performance.
coscly remedial measures, and health risks.
These are potentially tough sanctions and
demand an unusual measure of commitment
o the unir,

e

B1) during construction.

Fig 22. Intetior of Jaap "t Hoeft's hause (se¢ Fig
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Fig 23, Communality v.
Separateness: the Red
Rockers’ dome. A dozen
adults living rogether ina
giant self-built dome for
three years. It has many
advantages:

S0:

ouk kitchen facilities.”

“After three yeais of living in a heap, most of us
have decided that in order to keep becoming new
people, 10 keep growing and changing, we oced more
privacy. We are still a communat family tharc wishes to
hold tegether but we need a new kind of shelter for
this period in our growth — shelters that will be places
to make love in, argue in, to play music and write and
worry and think and decide what the next step is to
be. So we plan on huilding four small houses this sum-
mer. These will be sleeping spaces — small shelters
designed for one, two or threc people, probably with-
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CHANGING HABITS OF LIFE

It may be thar, for sconomic reasgns beyond
anybody’s control, such changes of raste.
habit and social life as are discussed under
this caregory "Making Do’ will be furced on
the popuiation as a whole. The vaiue of fancy
autgngmous houses that provide nearly

. normal service standards is chat they could
break people in gently, while a new fund of

s social knowledge about frugal living accumu-
Hated — as it did during the war. Cerminly,
hazbits are hard to change: washing, diet, overall
consumption pattecns, and particularty work.

AUTONOMY

side the unit (perhaps with shorter hours in
the day, or fewer days a week) is rarely feasi-
ble with present employment praceices. And
the pattern of fulfilment in the lives of most
invelves a level of consumton and money
transaction that makes the penny-pinching
style of nouveau-pawere attonomy lock
rdiculous. Auconomy onty really makes
sens¢ in a non-consumer serting, but it is
worth painting out that, given the basic
resources (land, tools, etc), the basic effort
nceded to grow a years vegetabies, build a

i house, knit a sweater, cut wood, pump warer,
fand compost the sewage, is pretty well

i constang, orf if anyrhing declines gently as
new methods are worked our.

Meanwhile the cost of buying such
goods or their equivalents rises conrinually,
often faster thar. typical wage-rates for work
which is exchanged for the money which is
exchanged for the goods. The point is that if
doing alt these producrive rasks directly is
enjoyable, which tt is for many and could
be for others, and if working ‘outside’ is not,
it is quite irracional to go through a charade
of exchanges, except to obtain the basic
materials. Inflation may bring a lot of people
to this point, and what at first seems an
intoleiabls cost may eventually come to be
see: as 1n agrecable, 2nd obvious, pattern of
producnion.

Another difficuit hurdle might be the
erratic pattern of life in autenomous units
vulnerable to the weather and seasons -- in
such stark contrast te the comfortabie uni-
formity of suburban existence. Here again
there are hidden delights. Every day is good
for sorrerbing. On calm sunny days one eats
solarcooked food, has & bath and erjoys
the weather. On windy days one nctes with
relief that the batteries are being charged.
When it rains one is delighted thar the tank
is being filled and the plants watered. Every
season has its food, and winter is a time of
collective life and festivals. Am | being over-
lyrical? Yes, but there is certaialy a positive
side to Making Do, which for many autono-
mists is the raisnn detre for the whole thing.

5

Partial rransfer of work from outside to in-

TII VARIATIONS IN
AUTONCMY

i This section concerns other ‘secondary’ aspects of autonomy which

i condition. and are conditioned by, the primary choice of means. They
| are also conditioned by the purposes of the autonomists, the circum-
stances in which units are built, fashions, socid hang-ups, half-baked
theories, accidents, windfalls and so on.

FUNCTION

Most autonomous units are intended to be
just fomes, although inevitably they have
some experimental character. Sometimes the
experimentarion is fermal, as is proposed in
Pike's design, or Thring and Smith’s, backed
up by computer simulation studies, ete (Fig
A3and A4). Jaap 't Hooft's house is aiso
experimental and is carefuliy monitored

(Fig BI). Although ‘self-sufficiency’ is a
slogan often brandished, few units come close
to providing their occupants with a comiplete
living. For this, some kind of surplus must
be produced for sale, the most convenient
buing food, as proposed in the New Alchemy
Ark (Fig 21), Oasis (Fig 20) and Colucke and
Oswald’s design (Fig B3). However, a moder-
ately autenemous homestead-type unit pro-
ducing most of its own food should be able
to reduce necessary external work by ar least
half, depending on the standard of living of
its occupants,

SIZE

There are two aspects ro the question of size.
Firstly, how physicatly large a unit is, and
secondly, how many people are supposed to
live in it. The two are related as density of
occupation. The examples given in section ,
[V show that the nuclear family yardstick is
most common — 3 of 4 occupants, with a
normal floor area giving houses abour the
usual size. The practical lower limit is prob-
ably represented in Jaap 't Hooft’s autono-
mous bedsit (Fig Bt) aithough John Shore has
pushed miniaturisation to its physical Limit
(Fig 24). On the other side of the family
norm, Figs E1-£3 and Fig 19 are [arge and
meant for collective occupation. Where the
limits are in this direction is hard to say.
Soleri’s ‘arcologies’, with millions of inhabi-
tants in a single structure, indicate the
grotesque possibilities of further excrapola-
tion. Probably above 10-20, even in deter-
minedly communal groups (Fig 23), social
and other forces will favour breakdown into
clusters of buildings, giving ‘autonomous
villages’ such as E5, The economies of such
communal units are discussed later under
‘Local Economiegs of Scale’, and technical
aspects in section VI,

FORM

Eig 24, Solo dome designed by John Shore.
The smallest autonemous unit ever conceived?
[From Shore {ii)] .

Theoretically the basic unit of autenomy is
the site — an area of land. This is obvious in
the ‘village’ case just discussed. Generally,
however, the design focuses on a building and
does not specify the nature of the whole site,
The overall form of the building is determined
by a large number of factors, for example, pre-
existing struckures, the pattern of autonomy,
climate, availability of certain local marerials,
aesthetic preferences, and so on. These tend
to conflict with each other and the designer
has o find suitable compromises.

A compact form is favoured by many
designers because it is best for retaining heat.
In theory the best shape is the sphere, but
this is hardly practical, and reverts to the
dome (Figs B1 and B2), the cylinder (Fig B3)
or some approximation of these (Figs A4, E5).
A compact form has the advantage that
service elements can be concentrated in a

central core to save pipe runs (Fig A4), The
dispersed systems of B1 and B2 leave the
structure free to assume the optimum shape,
but take up more ground space and miss the
benefits of “double function’.

integration of 2 solar collector into the
structure exerts a profound influence on
shane because now it is desirable to maximise
partL of the external area. Robert Vale has
argued for a ‘long, low, south-facing’ form,
which in the houses designed by him and his
wife Brenda takes a characteristic wedge shape
(Figs A5, E2, E3}. Ourcboros (Fig Al) is also
wedge-shaped, but slopes the opposite way
from the Vale designs. Its trapezoidal plan
is & clever way of increasing collector area to
volume ratio. Other Cambridge designs have
adopted quite different solutions to the
problem of form (Fig A3, A4, A6), whergas
the ERAD house (Fig E1) is conditioned by
the stone cotrage of which it is an extension,
even though it completely dwarfs the original,
Such conditioning by a pre-existing structure
is almost total in an urban conversion {Fig
D1).

SITF SPECIFICITY

Some units are designed for a specific loca:
tion; others for a specific kind of location
(eg city or country); others for a specific
climare. Most of those discussed here are
intended for temperate climates without any
particular location in mind, but a rural or
serni-rural setring is usuatly implied,

In the city, autonomous units may haedly
work at all, and are almost obliged to start
with an existing structure. Aside from the
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LIGHTWEIGHT/NOMADIC OR SOLID/
LONG LIFE?

Fig 25. Orkneys house {c.f. Fig 6) designed
to conform with loval verpacular styles. (a)
South elevation (b} Section.
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Arguments about ‘ecological building’ rage
between advocates of lightweight temporary
recyclable structures, such as the dome or
yurt (see ‘Lightweight, Temporary, Quick,
Mabile' by Stefan Szezelkun) on the ane
hand; and those who favour building more
carefully for much longer life-spans on the
other. Light structures can be put up quickly,
easily and cheaply, and be weli adapted to the
needs of the oceupants. They can also be dis-
mantled and rmoved, or rebuilt in a different
form. Yer they are difficult to service
properly and tend to be veey pootly insulated.
And they usually lezk. These difficulties can
be overcome with careful design, as shown

by Srreet Farm House (Fig C1), which,
although roughly built, has withstood severe
winters with a bit of patching. John Shore’s
design (¥Fig C2) is made chiefly of wood, glass
and cardboard, but problems of insulation
have been carefully considered, so it should
not have the fearsome heet-loss problems that
Ark (Fig 21) and Oasis (Fig 20) might have
were they ever built. Robert Reines's ‘Inte-
grated Living Sysr=m’ i= atso a lightweight
structure, but very heavily insulated with
polyurethane foam (Fig B2).

Long-life building is in principie more eco-
nomical aof resources over its life-span, but
poses the problem of changing uses. Alex
Gordon's slogan ‘Long Life, Loose Fit, Low
Energy’ suggests the soluticn of a general-
purpose structare in which sensible inival
investment in insulztion and low-energy
services can pay for themselves over and over
again during their multi-purpose life-spans.
There is no doubt that temporary structures
are a lot of fun, but this long-term approach
must obviously be the fundamental strategy.

TRADITIONAL OR INDUSTRIAL
MATERIALS?

System’, Autonomous Housing Study,
Cambridge, 1974,

(i) Vale, Brenda. *‘The Autonomous House',
Autonomous Housing Study, Cambridge,
1974.

(ii} Vale, Rebert, and Brenda Vale. The
Autonomous House, Thames and
Hudson, 1975.

T would like to thank alse the follow-
ing people who gave me unpublisbed
matevial, advice and information: Mick
Bedford, Philip Bracki, Gerry Foley, Alan
Gillchrist, Bruce Haggart, Ian Hogan, Jobn
Miller, Patrick Rivers, Jokn Share, Gerry
Smith, Martin Spring, Phil Steadman, Jaap
't Hooft, James Thring, and Robert and
Brendg Vale.

opposition of health authorites to D.LY.
sewzge treatment, and the planning officer to
rooftop wind generators, the pollution levels
(lead, etc} make rainwater a poor source and
reduce soler receipts, buildings disrupe the
flow of wit.2 and shadow solar collectors, and
auxiliary resources such as wood are scarce
although the resource of scrap exists in
abundance . Prebably it is not worth ripping
out the existing services, and sweet compr-
mise is best, discussed further in section VI
Most designs would work better in rural
areas, although the Street Farm House
(Fig C1) is 2 celebrated case of an zutonomous
unit on unserviced city land €2 playing tield),
and Mick Bedford's Bracknel! housing estate
(Fig E4) is an idea for a formerly agricultural
site on the outskirts of a stockbroker-belt
town. More strictly site-specific are Ouroboros
{Fig A1), designed for very harsh winters and
to use local wood as an auxiliary fuel; Ecol

(Fig 3), designed for the tropics (it was
built in Canada, occupied for 2 summer and
abandoned in October}; and Miller and
Gilchrist's design (Figs 6, and 25) adapred o
the sunless but refatively warm winters of the
Orkneys.

NEW OR EXISTING STRUCTURES?

Any widespread development of autonomous
servicing must surely depend to a large extent
on the conversion of existing buildings. This,
however, has been very rare among
autonomous unit designs because starting
from scratch is technically cleaner and more
generglisable. Two exceptions are designs by
{an Hogan, one for a suburban house (Fig D1}
and the other realised in his own house on a
rural hillside (Fig 22). Another dream for the
city is discussed in section VI and depicted in
Vision Na 4,

Although most autonomous units are designed
to be built with standard industrial materials,
some autonomists have tried to carry the
principle of autonomy to the construction
itse}f, and use on-site or local materials. Such
local resources {wood, stone, subsoil, siate,
reed, straw, etc.) are those used craditionally
in building, and it kas been observed that
a suitable mixture of these and certain
modern tools and techniques could lead to an
economical and attractive ‘new regionalism’
in building (see *Folk Building' by Brenda
Vale, and 'The Earth Above Our Heads' by
Colin Taylor). The use of local materials can
require unusual skills! but these are not
impossible to learn, and potentially there are
good opportunities for cost savings in mater-
ials, transport and labour. Traditional marter-
ials may be necessary in some areas to fit in
with planning regulations or Jocal tastes
(Fig 25 & Fig D2). Elsewhere they are just
good sense, like the sod roofs of Ouroboros
(Fig A1) and Street Farm House (Fig C1).
Where more conventionz! materials are
used, most units are customn-built to a unique
design, but others. with mass-production in
mind, have proprosed modular constructions.
la Simon Longland’s design, octagonal units
<an be assembled to give any size desired
(Fig A2). Robert Reines's systems involive
standard steel sections for the dome, and
dpparate solar and wind units, which can
be arranged in any convenient way (Fig B2).

The diversity of means, and the ways they are
realised, atlows a wide range of possibilities

in the design of autonemous units, Some
examples from this range, and the ‘types’ that
tend to emerge, are described in section IV,

-
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AUTONOMY

TV/HOUSES

IV FAMILY AUTONOMY

Designs for Autonomous Houses

This part presents fourteen designs for family-sized
auronomous units. The TUll specifications would
require aimost a book for every case, and only the
barest bones can be given. I bave tried to give an
imprression of the form and layout of each design,
summarizing the pattern of autonomy by the bar-chart
notation descitbed in Box 1. The classification into
four groups is perbaps # bit forced, but draws attention
to certain features which tend to cluster together.

Few of these designs bave been built, and most of themn
will probably never get beyond the drawing-board.

But they are serious attempts to create minimal scale
awtonomous units, I picked these because they are
representative, and illustrate various points in the text,
Designs for units above the family scale are described
iz part VI

A Integrated /spaciou:
[ /

£ & L SRICES
T'his category contains designs that approximate the
space and service standards of norma mains-serviced
dwellings. The subsystems are closely integrated into
the structure. They tend to be highly autonomous,
sophisticated, and very expensive.

A1 "Quroboros’, Built by students at Urniversity of Minnesota Scbhool
of Architecture. Trapezeidal plan to minimise beat loss on north side,
whick is also banked up by an earth berm to raise the frostline. A sod
raof is used for summer cooling and winter insulativn.

(a) Plan ground floer

(b} Seceion

(c} View from the north
sidi: tn winter,

{d) Pattern of Autonomy

greennoule

BOX

The ‘pattern of autonomy’ of an autonomous unit is
summarized in a bar chart. There are seven bars,

reprasent
E

1

ing the following services

Electricity

SH Space Heating
WH Water Heating

c
wT

Cooking
Waste Treatment

W Water Supply

F

Food
£ach bar is divided (arbitrarily) into four, and the way it

is filled in indicates the type of source from which the !
demand is met, and how far it approximates ‘'normal’
standards of consumption.

Key Type of source
L [ Apbsent
Mains These terms are
explained, with
Stored examples, in the
text on 2age 13§
Local
Ambient

Further information about each subsystem is given

by letters on the bars as fotlows:

AC
BG
CT
FC

GA
GR
HP
HY
LS
MD

The interpretation of these charts should be fairly

Aerobic composter
Bottlied gas
Chemical toilet
Firesless Cooker or
hay box

Garden produce
Greenhouse

Heat Pump
Hydroponics
Livestock
Methane Digestor

straightforward.

OF Other fuels {coal
paraffin, etc)

PR Precipitation
RE Recycled

RU Re-used

SL  Still

ST Septic tank
SU  Sun

SW Spring or well
Wi Wind

WO Wood

WP Water power

(b}

1
M _sleeping loft

Skew DC oeroganarater

rotural venting

living  dining |

low energyl
kitchen

,
gresnhouse

garden

I~

)
sewage,
compotter
~smrog:-j far garden

o
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. functioning, for example gnid slectricity for a heat-

i see also Fig AB

¢ urban mains-serviced

IV/HOUSES

a b € d € f

(a) for example, indicates complete autonomy in that
subsystem, (D) a basic autonomy with mains backup,
{c) ‘symbolic autonomy’'. Where there is no shading it
indicates either that that subsystem is absent altogether,
or does not match ‘'normal” mains standards, or custom-
ary levels of consumption, as in {d). (&) is an example
of mixed saurces, in this case, heating provided fargely
by solar energy, but backed up by wood and perhaps
paraffin, {f) represents a case where an autonomous
system needs sorme kind of external inouat for fult

¥
wee

e &

pump, or external manure for a methane digestor.

The use of the notation can be illustrated by consider- [
ing three rather extreme cases. !
(a2} Atmost perfect
autenomy — the
equivalent ot the
ftow- chartin Fig 2;

(b} A typical sub-

house with centrai {a)
heating — equivalent
to the flow-chart in
Fig 3.

{c] An isolated
country cottage with
Mo services connect-
ions. In its own way,
titis is highly ‘auton-
om&us’, and niight be
said to represent
‘plain’ as opposed to
the “fancy’ autonomy
of (a).

(&)

Most of the examples given in section |V can be
regarded as intermediates between these three.

E

C

A2 Autonamous house design
by Simon Longland, Department of
Avchitecture, Untversity of Edin-
burgh. The prefabricated elements are
assembled in octagonal modules. The
design is aimed at mass-produciion.
Occupancy ‘3-bedroom’.

(a) Floor plan (b) South elevation
(¢} Cutaway showing water system
(d) Pattern of autonomy

-
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AUTONOMY

IV/HOUSES

CAMBRIDGE DESIGNS

All these have some connection with the Autonc-
mous Housing Study at the Department of Archi-
tecture, Unwversity of Cambridge. Thev all share
certain assumptions, and although they are varied in
appearance, thev operate in very similar ways and
their patterns of autonomy are virtually tdentical.

d
{c) @

As Design by Alexander Pike. Haif the
valiume is given over to q tall greenbouse space
which can be shut off to reduce beating load
if necessary, but imparts a sense of spacious-
ness and could provide a certatn amount of
food Occupancy 4.

{a) Ground floor plan (b) Section ich South
side of model (d) Bar chart

2 -
Wil n =
fripRl e
=2 il eereee—
A4 Design by James Thring and Gerry Smith. A relative of Pike’s - LR C u’", . '_:
design, but smaller (occupancy 3). In this case the ‘cheap spuce’ is y - B S —)- [ Tl
below rather than beside the living space, ard allows a useful double Rl R

function of the soiar collectors, lowered during the day to admit light el
to the upper half, but raised during the nigh* as insulating shutter:.

It can also be used for livestock, yaraging and service ele nents,

cithough most of these elxments are contained in the central core.

(a2} Section (b} First floor plon (¢} Pattern of autonomy {a)




As Design by Brenda Vale, awarded the British Institute Fund
prize in Architecture. A Iong, wedge-shaped form with solar collector
as raof, and light admitted via greenbouse on south side, First floor

is smailer and can be shut off in the winter to conserve beat, Garden
layouts are specified in the design, and examples can be seen in Vision
No 3. Occupancy 4, Materials cost £10,000. See also Figs 5, 13, 15,
17, and compare Figs E2 and E3 in part VI, :Is6 by Brenda Vale and
ber busband Rolert.

() General view of the exterior

(d} Pattern of autonomy " il (c}

(k)

(b) Ground floor plan (c) Section
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As Design by

- Garrard Crouch. The
A-frame constructics
atiows maximum
double function of
solar colizctor as roaf/
wall, while service
elements fit mto tri-
angular ‘waste’ spaces.
Occupancy ‘3 bed-
room’. See also figs

4 and 16. (2} East
elevation (b} Pattern
of autonomy.

(= R Y N

9
10

1z
13
14

s
-

Vertical-axis rotor
Glass cover for still
Warter in salar still
Electrical generator
Clutch

Barteries

Drinking water store
Callender water-heater and
rotor brake

Shower

wC

1} Grey water rreatment tank

Kitchen unit
Stairs
Living area

15 Greenhouse
16 Window

17 Movable sofar collector and
insulated shutter

18 Subsoil wal}

19 Rain water tani

20 Slow sand filter

21 Earth water filcer

22 To drinking water store

23 Methane gas store

24 Gas outler

25 Livestock/garage space

26 Methane digestor

27 Heat exchanger

28 Rain collection gutter

29 Connection to solar collectors

30 Insulation

31 Dining area

32 Internal monitoring unit




AUTONIMY

B Modular /}compact

These designs reduce space standards and have a
tendency to fee! poky inside, but costs are lower
than in categorv A, The subsyvstem elements rend to
be physically separated, giving greater freedom of
overall layout. Autonomy 1s not so comprehensive
as in categorv A.

{e}

Bi Autonomous dome built by jaap 't
Hooft &t the Small Earth experimental farm.
Boxtel, The Netberlands. A very compacrt geo-
desic frame inselated with cork-cement,
Window area is very low (2%} but the
windows are carefully situzted. The mterior
is a single room with a sunken Jobby and
_separate bathroom. Solay collector, wind-gen-
erator and methane digestor are all vemoved
from the main struciure. Occupancy ! or 2.
Lost £3-4.000. See aiso Figs 14 and 22.

(a} Layout of clements (b) The exterior

tc} The interior (d} Pattern of auionomy.

1 ihe s

2 Methane digestor

3 Selar collector

4+ Wind generator

5 \ent

4 Non-opening windows
7 Upening window

8 Sunken doorway

9 Rain gureer ()
10 Methane digestor feed hatch  J
11 Stirrer handle

E___SH

Bz ‘Integrated Living $ystem’ built by Robert Heines in New
Mexico. A steel dome insulated with polyuretizane foam, and beat-
toss redued by airlock and lowered ventilation rate, Lighting by
‘portholes’ and fanlight. Wind generator and solar collector
separate front main structure, The system is oriented towards
energy autonsay in an ideal climate, Cost equivalent to mobile
home and potentiefly mass-producible. Gecupancy 2.

(@) Genercl view of dome, collectors and generator (b) Pattern

of wutonomy

fa)
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! with Charaing Chute
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- Laghting and Surmar

IV/HOUSES

83 Design by C.G. Golueke and W. ],
Oswald. This propases a food/water/waste
system for four people, The occupants and
animals are buused in a single structure, and
the waste products are used 1o grow algae and
generate methane for ceoking, refrigeration
and water-beating. Food is fully supplie 1 from
the animals and a presumed adjacent site for
vegetables. There is no special provision for
electricity or space-beating. (a) Floor plan
{b) Cut-away showing interior {c) Pattern of
autenomy.

C Low-cost

These designs are relatively cheap,
generaly made of lightweight
materials, and showing partial and
selective patterns of antonomy.
Occupants are expected to live
very carefully.

cg Street Fasiis House, designed by
Greham Caine and buill by the Street Favmers
at Eltfram, London. Timber frame fnsulated
with wood wool. Basically a shed with a green-
house, incorporating bydroponic beds and
fishpond fertilised with effluent from metbane
digestor. Occupancy 2%, Cost £1000, See also
Figs 10 and 24, and mterview with Street
Farmers tn the book.

{a) General view of the bouse (b) Cutaway
diagram of the system (c) Pattern of
autonomy — intended (d) Pattern of
autonomy — realised

Living part
Greenhouse part -
Solar collector panels i
{radiators)

Hot water tank
Methane digestor
‘Foilet sea”
Methane storage

®om e

(L =T~

B

Ly

Kitchen

Water collector
and filtration
Fish pond

Sod roof

), Polythene screening {originally inflated)
'k Openable panels

1| Hydroponic beds

m Nutrient feed pipe

n Nutrient overflow

T wmom
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Streer Farm - continued

AUTONGMY

02 ‘Integrated Solar Dwelling’ designed by Jobn Shote. Timber
frame structure with greenbouse section, insulated with cardboard
and cupbaoards, with ¢ small ‘retreat space” for very cold weather.
Solar beat is collected passively in the greenbouse and south walls
panels, The tower bolds wind-generator and water-tank. Occupancy 2,
See also Figs 12 and 14,

{q) Exterior (b} Plan {c} Patiern of Autonony

ca ‘Ecol’ built by the Minimum-
Cost Housing Group at McGill Univers-
ity, Montreal. This is a simple two-part 2m
structure of wood and cast sulsbur-
cement components, miended for use I E
in tropical areas. There is na need for - £ 2%
space-beating. The water supply and P 1S £ g f e cooker
waste-treaiment umit is separate from / Z 7t

the rest af the structure. Cooking is solar £

and done outside the bouse. See also 4 -
Fig 11.

(a) General view af the unit (b) Floor
plan (c} Elevation (d) Fatzern of auton-
amy

»

{e)




-
D Conversions
These are ad p&fb?s"df*er\fi&&ng\stmctures, Two
examples arefeiven, | both by lan Rogan of Low

| Impact Design, one §| urban and ane rural.

7/

it |

IV/HOUSES

E SH WH c NT w F
D 1 Urban bouse design for Conservation Tools and Tecknology
Led, The walls are insulated on the outside and cladded with match-
board, The windows are covered with a floating greenhouse for passive
heat collection. A beatpump extracts beat from she roof space and
stores heat in butyl bags under the ground floar. Electricity is
provided by an Elektro generator rated at 5kW and mounted on g
mast next to the bouse.
{a) Front elevation (b) Patteri of autonomy

D2 Hillside Cottage, the designer’s bome. Originally little more
than a ruin, it bas been restored with vernacular materials in an
uriuswal way. Ian Hogar remarks:

The house lies on the boundry between the highland (Cotswold}
veraacuiar of stone walls and roof, and the lowland (Vale of
Berkeley) vernacular of red clay bricks and tiled roofs. So the
uphill side of the house is the one, and the downhill side is the
other. Ha Ha. By the time we'd built that stone roof, 1 was knack-
ered, ond the tiles ave easier, so we finished the south side that way.
Bat throughout, vernacular materials are used with up-to-date
building-science information -~ damp-proof, insulated. Autonomy
is possible, if you trim yr coat. . .

The cottage sits on & two-acre wooded site, and uses wood for all
beating putrposes. The next stage is a greenbouse to be built ow the
south wall for passive solar beating and “parakeets, vipers, lemurs,
grapes, figs. ...

(2} South side (&) North side (c) Wind gererator (d) Pattern of
atonomy

{a)
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V/ECONOMICS

V ECONOMICS OF
AUTONOMY

Having described a number of built, planned or
«dreamed-of autonomous systems and, the principles
lbehind them, we have to try and make a more criti-
cal analysis of whether they are worth al the effort,
or a least whether they could be. There are some
jpretty idess, but one often gets the feeling that there
must be a catch somewhere.

We have to weigh costs against benefits. 4 short
discussion of the different aspects of cost is neces-
sary before getting down to the substantive issues.

For a start. autenomists have different motives,
so there is no universal yardstick for costs and bene-
fits that applies equally well to them al. Purely eco-
‘nomic motives are unusual. and autonomous units
are usualy justified on ecological or social grounds,
or simply as away of life. Of course, ho unit
can be built in complete disregard of financia con-
straints, but money ceosts are not the only ones we
need to consider.

Secondly, the distribution of costs over time must
be considered, especialy where autonomous
servicing is being compared with mains servicing.
The initial capital cost — what the system
cost to build — contrasted with the running cost —
what it costs to keep it going. As we shall see. the
overwhelming tendency is for the capital costs of
autonomous systems to be high, and the running
costs low; while the opposite is true of centra
servicing. Neither done is a very good basis for com-
parison. From the point of view of running costs,
autonomous systems can look miraculous (‘' Free
Ho: Water!” as the solar-panel ads say), but when
capital costs are comsidered, they can seem absurd.
The only fair basis of comparison is what is called
the ‘“Whole Life Cost’, which is the total capital
and running costs of a system over its entire life-
time. The yearly average of this | shal cdl the

that it involves making assumptions about inflation

and interest rates, how long the system is likely to

last, and so on. Jut it’s the best we ha.g.
Thirdlyhehéeocmaldpgributior * ~4ts must be

considered. In particular, whaips  tion of the
costs falls on the individual aut:. st Or unit
occupant, and what prope yon wciety asa

whole. Obviously the echadyics o1 aujonomous
units can seem favourab . if the buildek benefit
from grants, gifts of materials and labeur, and

other hidden subsidies: Ir is elways possible for a
few to live in the cracks, but we have fo ask the
question ‘What if everybody (idit?” This requires
ruthless exactitude about al *he inputs: where did
the skills of designers and builders come from? How
did they find the time to do it? What about all those
scrap parts? and so on. This cuts both ways: central
systems too are subsidised from generd taxes, and
grants are available to householders for certain
capital costs such as bathrooms. All this can often
be difficult to assess in detail, but it must be borne
in mind.

These distinctions will be important in the discus-
sion of economics which follows. They alow a bit
more precision, but underneath it is mostly guess-
work. We know rather little about the economics of
autonomous units because so few have actualy been
built, and even fewer properly costed or monitored
for performance, athough most of the sub-systems
have been investigated in isolation. Furthermore, in
any real case the costs will be affected by innumer-
able factors such as climate, density, distribution,
pattern of autonomy, loca resources, skills of
occupants, efficiency of design, interest rates, mono-
poly powers of suppliers, and so on. It is therefore
only possible to discuss general tendencies, and most
of the numbers | give will be at best informed
guesses. The ‘generalised graphs are particularly
tendentious, but they do not need to be exact to
make the points. The fina joker in the pack is
inflation, whick. could make nonsense of everything.

NON-MONETARY COSTS

Autonomous units are not generally built for short term economic
reasons. They may be built as an experiment to try out potential
economies, or as an investment, or as a hedge against troubled times
to come. But the rationales given are more commonly ideological, in
the broad sense, usualy to do with environmental impact and resource
depletion. The claim is that in these respects autonomous systems
offer a substantial improvement over mains services. Is this a

reasonable claim?
Consider environmental coszs. The kinds

involve comparing the environmental impacts
of mining, refining and working the steel,
copper, aluminium and lead; the impacts of
producing the energy necessary for all this;
and the transport. Given the economies of
scale, far more material mrust be necessary to
create a tmilion 2kW machines than a single
2GW (2 million kilowatt) power station.
Assumning that the environmental impact per
unit of material 5 about the same in both

cases, we can conchude fairly firmly thac

|

| Average Annual Cost. It has some disadvantages in

of techniques typically used in autonomous
units are often referred 1o as ‘Low Impact
Technology’, and one can hardly dispute thar,
say, & wind-generator entits less suiphur diox-

_ide, carbon dipxide and particulate matrer

than, say, ap oil-fired power station. Neither
does it incur the inevitable side-effects of oil
delivery, nor require transmission Haes. The
analysis is often left at this, Q.E.D.

But the operation of a wind-generator does
have an environmental impact. It is not likely
to be pretty; it can make a lot of noise; 2nd

pare the impact of a 2kW wind generator with
a power station producing perhaps a million
times 25 much. Therefore we must consider
the cumulative effect of a million such 2kW
machines oy, if larger ones are constructed,
tens of thousands — with transmission lines.
This is merely to trade one set of environment-
al impacts for another, and who is to say
which is preferable?

But ¢ven now, we have only considered
the running environmenta) costs. A fair com-
parison must include the environmental costs
of making the wind generators in the first

the capital environmental cost of small wind
generators is higher, pro rata, than that of
central power stations. Whether this extra
‘investment’ is 'paid off’ by improved environ-
mental impact during the life of the small
machines depends on one’s assessment of the
refative running environmental costs. it is at
best an open question.

A similar argument can be applied to other
autonomous sub-systems, with the possible
exception of garden produce. It is true that
their running environmental costs are
probably lower than those of wind generators




BOX 2.

ENERGY COST' OF BRAD
SOLAR ROOF.

For a diagram of the structure of the roof, see Fig E1 ¢; for a diagram of
the circuit, see Fig 7 in Robert Vale's article ‘Sunshine Superpower’.

1: ENERGY COST
Component

Aluminium (plate
and glazing bars}
Glass-reinforced
plastic {covers, tank}
copper {header pipe}
Other {electrical
compoenents, gutters,
transport etc)

2: ENERGY RECEIPTS (annual}

Daily incident energy per sq metre, summer average 3

Useful heat, at 30% efficiency

Total for 60 sq metres {area of roof)
Total over 8 summer months {250 days)
Less energy for T80W pump operating bh/day, over

250 days {say 500W thermal)!
Net energy yield per year

These calculations do riot allow {or the entropic differences between energy
of manufacture (high grade, and the refatively law-temperature heat col-

kected.But ‘pessimistic’ figures have
Seen chosen consistently. For
axample, published estimates for the
manufacturing energy of aluminium
range from 16 to 85 kWh{t), and the
latter has been chosen for these
:alculations,

The ‘payback’ period seems to be
between two and three years.

they can hardly involve less sheer material
than their mains equivalents and therefore
almost certainly incur greater capital environ-
mental costs. It is often argued that autono-
mous anits would use less, and therefore
mains-matching capacities of autonomous
sySTems are not necessarys: there would be
fewer windmills, etc. But the same argument
applies to central servicing: if households
would use less, power stations could be shut
down, tanker transits reduced, and flooded

| valleys restored, to exactly the same degree.

i This general conclusion about materials
inevitably raises the other ‘ecological” issue:
resource costs. Can autonomous units help

10 CONSErve SCArce resources, given imminent
shortages and the eventuaj exhaustion of a
number of important indusrrial materials?
Virtually by definition, the running costs of
an autonomous unit are low. Some designers
have attempted to use as far as possible abund-
ant lecal materials in construction. Neverthe-
less many parts of any moderately “fancy’
autonomous unit must incorporate metals,
that in many cases are scarce and non-renew-
able, and, further, require non-renewable
sources of energy for extraction and proces-
sing — assuming that the ambient energy

Energy of Manufacture
{kilowatt-hours per
kilogram)

85

29
23

}

" the muscle for such big industrial jobs.

Weight used Total
(kg} {kWh)

15000

6000
1700

{say} 2000

Total 25000

kvt

1
60
15000

1000
14000

resources, apart from hydropower, have not

Take again the case of wind-generators. If
every household had one, the demand for

! fundameneally it seems that any kind of

copper and lead would increase ¢normously,
Alternatives to mechanical generation of
electriciey or lead-acid batrery storage tend
to be even less efficient and also require

i non-tenewable materials {platinum, arsenic,
1 gallivm, nickel, cadmium, etc). While there

is a lot of scope for scrap-technology here,
Fal

F| the wherewithal to make them. (Fig 31)

V/ECONOMICS

e FE Sy Y alvas non

E%f{_’liiti\.‘,"'g:u:lﬂuug Systéiti involves non
renewable resources, and decentralised
systems ¢~y seem to reduce the efficiency
with which « 'ey are used. This is & conclusion
which autenoinists of every hue will be called
upon to answei

If this seems harsh, there is some comfort
in turning to oiher sub-systems. Although
they share the capital-resource inefficiencies
of smail-sca’e electrivity, their construction
usuaily invoives more abundant materials such
as aluminium, steel, glass, plastics, cement,
sand, etc, The problem with all these is not
that they are geing to run out, but that they
need a great deal of energy to make, energy
of a kind which is itself non-renewable. So
the next question o ask is, do typical auton-
omous systemns repayv their energy casts?

Thankfully. eh's 1s & bit mere encouraging.
Take the case of che BRAD solar reof {Fig
E1). It is made of aluirinium, glass-reinforced
plastic, plastic plumbing ai:d tanks, and a
smal! amount of copper that could in princi-
ple be replaced by another material. The
total energy cost can be generously estimated
a1 25,000kWh (see Box 2), whereas the
expected annual receipts are weil over
10,000k Wh, it should therefore recover its
energy outiay in three vears. It is expected to
tast art least thircy. A similar brisk recovery
seems t0 apply to most alternative encrgy
systems. As far as energy is concerned, they
are good investments. Under this is another
surptising conclusion: that ‘low-gnergy build-
ing’ (ie low capital energy cost), although
possible, is generally such a low proportion
of the total whole-life energy cost that it is
not really worth bothering about unless it
reduces running energy costs, The question of
balancing scarce energy costs against scarce
material costs remains to be answered, burt
if autonomous units can be buiit which save
energy through use of abundant resoutces,
they are clearly making a useful contribution,

A final catégory of non-monetary cost thay
must be considered is ‘alienation cost”. This is
a tricky one, but let’s say it is the sum total
of human misery involved in creating and rumr
ning an autonomous unit. Generally speaking,
the running alienation costs {except in as-yet
hypothetical pluto-units operated by a covps
of maintenance workers) fall on to the
occupants themselves in the form of vigilance,
effort, social tepnsions, discornfort and so on,
as discussed under Making Do. The capital
alienation costs are those required for build-
ing — which would be about the same as any
small-scale construction job, -ud in making
the materials; the unpleasant and ill-rewarded
work involved in mining, manufacture of
parts, cement, plastics, glass, wood, steel,
aluminium, etc; which has to be set against
those needed to provide coal, oil, electricity,
food, water and sewerage for mains services.
It would be difficult to compare these with-
out a lot of assumptions and a lot of research,
but we must be aware of the difference
between building autonomous units in utepia
where it's fair do’s all round, and in this
society where those who typically design and
inhabit the things are not those who produce

The general conclusions, then, are that auton-
omous systems probably change the nature
of, rather than reduce, the averall environ-
mental impact; that in some cases they
increase the use of non-renewable resources;
but can substantially reduce the use of non-
renewable sources of energy. Whether they
reduce sacial alienation in the long run is bard
ta say, but | would judge the autonomists
probably bave a case.
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MONETARY COSTS

wnce. 1 now represents the mirimum survival
evel: simple systems that vie:d very little and

A discussion of non-monetary costs

is necessary because the mere

price of goods and services does not reflect all the aspects on which
we want to place value. Prices are also distorted by inflated protit-
taking, monopolies, cartels, subsidies, and so on. But prices do reflect

many things we want to take accou

nt of: materia costs, [abour costs,

capital costs, scarcities and current social vaues. And since in practice
they deeply condition every choice that has to be made in the design
of autonomous units, money costs assume a central place (as usud) in

this anaysis.

A few numbers will illustrate the typical cost comparisons between
autonomous and centra servicing. A ‘typica 3-bedroom detached

house' cost about £3,000 for materi
Quantities for Brenda Vale's house

as aone in 1973. The Bill of
(Fig AS5), which is about the same

Size, came to £10,000. Mains servicing in eectricity, gas, water and
waste treatment for the typica house in 1973 cost about £80 a year
(national average — it would be lot more now). Comparable supplies
would be much cheaper in the autonomous house if the capital were
provided free, but the average annua cost including interest on capital

and maintenance costs wouid be at

least twice as much and probably

more. And this is not even quite as good as mains servicing. There are
limits to the demands that can be made, and a certain level of daily or
periodic maintenance is required. To mimic mains performance :
absolutely, for example to be able to run all electrical loads at once,
flush noxious chemicals down the toilet, use sprinklers on the lawn,
ete, raises the capital cost of autonomy (and hence its average annua
cost) from high to astronomical. The point is, how near to mains
standards of performance do we want to get?

The curious relationship between cost and
standards cf autonomy is reflected in the
following remark of lan Hogan's
Spend a £1000 or s0 on AT gadgets, and
any house can become about 60% self-
sufficient in energy. Spend more, say
£3000, on hear-pumps and windmills, 2nd
you may achieve 80% autonomy. The last
20% will be hardest and costliest to
achieve.
What he is saying is thar these are the kind of
costs needed to achieve ‘nommal’ standards of
consumption at ‘normel’ standards of
performance. It costs less if you have lower
than nomal consumption, put up with lower
standards of perfermance, or mix mains and
autonomous supplies. More of this anon, What
is important s the general form of the curve,
which crops up over and over agzin, and is
Hlustrated in Fig 26. 1 shall call this Hogan's
Law.
Fig 26 is a heroic generalisation of Hogan's
remark, assuming the pattern applies to other
services as well as energy, lumping all services

together, and convernng to average annual
costs. What is implied is that, for a given level
of consumptiion and standard of performance,
the replacement of existing mains services
with autonomous ones tends to get more and
more expensive as ‘total autonomy’ is

1 approached. On the graph, point T would
represent 4 few autonomous systems grafted
on 1o existing mains services, for example as
fuel or food savers; 2 would represent auton-
omous systems making a substantial contri-
bution to total demand, but with mains back-
up; 3 would represent almost compiete auton-
omy, but with ‘emergency’ stored supplies;

4 would be a hypothetical complete state of
autonomy with exactly mains standards.

But what if there is no mains supply to
begin with, and you are starting from scratch?
This gives a different interpretation to the
same curve, one that is more useful for our
purposes. Here the different cases are all
independent of the mains, and hence equally
‘autonomous’ in formal terms, but they give
different levels of consumption and perform-

yehave erratically; 2 represents an austere but
10t gruclling standard, with systems of
nodest performance; 3 represents ‘as near as
Jammit’ apgroxitmation to mains standards
ess than which most people, Building
Societies and Local Authorities would find
inacceptable; 4 as before represents a hypo-
‘hetical perfect mimicry of mains standards.
3 is an important case because it sits at what
t shall call ‘the threshold of bourgeois
amenity’.

A number of interesting features of auton-
omous setvicing are reflected in this curve.
One, which [ shall discuss in more detail later,
5 the hiarus between the spartan autonomy
of the nouwwveaux pauvres and the autonomy
f ‘bourgepis amenity’, The average annual
zosts represented by cases 2 and 3 divide the
graph’s area in three paris. Zone A is cheap —
perhaps under £200 4 year. Zone B is inter-
mediate — perhaps up to £500 a year. Zone
C is expensive — ovet £500 {all these are for
dwellings of 3-4 people). In zone € we find
lesigns restricted by the threshold of bour-
geois amenity. Zone A is inhabited by designs
resteicted by finance. Zone B is a kind of no-
man's land where few venture, but which is
prooably whiere the future lies.

It seems to me that the curve will always
have the same general shape, although the
zctual values will change in different circum-
stances. In Fig 27, curve A might represent
costs in (for example) a sunny climate with
mild winters, regular winds and well-distribue-
ed rainfall; curve B casts in a correspondingly
unfavourable climare. Many families of such
curves could be gencrated by taking into
account all the facters which influence costs,

[n contrast to these curves, mains service
costs — at least to the consumer — are pretty
wel] linear with consumption (the perform-
ance being virtually fixed), bur again will vary
under different circumstances, giving differ-
ent slopes. Curve C in Fig 27 could represent
trie mains costs in ideal circumstances of
settlement density, cheap fuels and iabour,
etc; curve D costs for sparse popuiation
where raw matetials and labour costs are very

" high.

Fig 27 indicates bow, under ‘norms! circum-
stances' (C and B) autonomy of any kind is
bopelessly uneconomic. But under conditions
favourable to autonomy and unfavourable to
mains servicing, cost advantage passes first to
the cheap-and-simple. systems, then through
the intermediate range, and finally to the
dear-and-fancy ones. It is now necessary to
explain just why the costs of mains and
service sy are so divergent,
and where they might go in the future.
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WHY ARE CENTRAL SERVICES S0
CHEAFP?

The costs of central servicing must inciude:
plant {equipment); fuels and other running
resources; distribution; labour, overheads,
maintenance, €te. Mormally chese costs can
be met economically owing to economies of
scale, since many subscribers are seived by a
single plant, and in the case of densely-settied
city-dwellers, by a single distribution system.
Capital for new plant can be met out of rurn-
over or cheap loans. The running resources
have been in steady supply, so there is no
need for storage systems either centraily ot
in dwellings, nor for alternztive systems in
case of failure. Running resources have also
been cheap: it is worth remembering that
while they last, coal, oil and natural gas are
as free as sunshine; the cost, as with solar

i enesgy, is in tapping and harnessing them.

: ‘The face that except for appliances there

i is virrually no capital equipment in che
houses - just holes in the walls and floors —
means low costs for the subscriber, because
oo interest oced be paid on loans for capital.
Individual costs are further reduced by the
availability of grants for what capital costs
remain - bathrooms, for example. Even rates
! mav not reflect the true costs, owing to grants
: from central guvernment to local authorities.

| WHY ARE ALTONOMOUS UNITS 50
! EXPENSIVE?

Finally, autonomous systems may have to
all more than one system to provide a

m service, This second system 1s known as
wk-up or auxiliary system, and it may be
ed on any of the four kinds of sources:
bient, focal, stored or mains. Naturally this
Jlves a certain duplication of capital costs,
the different cases have to be distinguish-

V/ECONOMICS

Yet another step away from ‘pure’ autono
my is the use of stored resources, giving the
kind of intermittent dependency favoured by
well-heeled ‘siege autonomists’: battled gas,
other solid and tiquid fuels, dried and canned
foods, .tationary generatar, water-puriicution
tablets, ete, The cheapest back-up is usvally
the mais themselves, in accordance with the

+ first interpetation of Hogan's Law, Ma:ns and

A second antonomons <ystem for the same
rice s most feasible when two sources of
ply are reciprocal, or at least independent,
example, when precipitation is low a solar
| is likely to work well (see aiso Fig 21).

is tends to be the most expensive solution,

i temains vulnerable to quirks of the

bieat conditions. The other sotutions are
aper yet involve 2 progressive retreat from
e dautonomy. The commaonest proposed

al back-up is wood, and this looks cheap,

- is not widely available. lts true cosrt should
iude land and labour, and there is a definite
it to the sustaipable yield off a given area
woodiand .

stared-resource back-ups allow auteromous
systems ta be simpler and smaller in copacity,
operating oply under optimum conditions and
therefore the overall system is relative y cheap,

 This iy wn imporeant conclusion, with certain
¢ implications about the real purposes of
auteromy. Trying to guarantee biih standards

of performance i bighly autonornous systems
is very expensioe. Trying to redece costs at a
bigh level of auttonomy leads to lower
standards of performance. Trving o reduce
costs at a bigh level of performance leads to
tower levels of autonomy. Sumetbing bas got
to give.

Autgonomous units avoid cerrain costs char
acteristic of central servicing: fuels, distribu-
tion, overheads. Plant cost accounts for most
of the total cost of autonomous systems, but
these tend to be far higher pro rata than
mains plant costs, for 2 number of reasons.
Firstly, technical economies of scale are
absent. Secondly the capital invesiment
involves borrowing money, and interest rates
are unfavourable for small enterprises. Interest
payments can easily double the average
annual cost. Thirdly, plant of extra capacity
and complexity is needed to provide a guar-
anteed supply. More needs t be said about
this last point. It applies particularly strongly
to those designs constrained vo conjure the
sitk purse of bourgeois amenity out ¢i he
sow's ear of mean and moody ambient
resources.

To provide high standards of consumption
and performance, autonomaous units first need
o spend more on ‘Leak Plugging’ (insulation,
heat exchangers, water-saving devices, ¢tc); for
example the insulation materials alone in
Brenda Vale's house (Fig A5) cost about
L£700). Then, it is usually necessary to design
all the sub-systems, not for average condizions
bur for the worst forseeable conditions. This
means that for most of the time the systems
are much “too good’ and represent capital
lying idle. Fig 13 for example shows thatin a
eypical year, a large storage tank for aurono-
mous water supply is never less than 2/3 full.
They are overdesigned. Where there is always
some ambicnt supply (eg diffuse sky radiation
or low-grade heat} it is possible ro increase
the capacity of the collector clements. But
it is more usual -~ and, where there are period:
of absolutely no supply (eg wind and rain),
necessary — to overdesign th: store ciements.
Designers have to decide {usuvally from
meteorological records) just how unusual the
conditions are at which they will give up
providing bigger and better stores and
collectors ‘just in case’. The water tank in
Simon Longiand's house, for example
(Fig A2), is so large that on average the
occupants wouid be one litre short of their
daily water ration once every 72 years. This
strikes me as taking it rather far — after all,
even the mazins break down sometimes.

AINSV. AUTONOMY: NARROWING THE DIFFERENTIAL

ader what circumstances are mains services more costly, and
tonomous Services cheaper? In terms of Fig 27, what might move
rve Ctocurve D, and Curve B to curve A? Some of these circum-
ances (eg location) have to be found or chosen. Others (such as fuel

ists} are social or economic trends

that have to he anticipated. Yet

hers (eg new designs or life-styles) must be experienced or created.

Iy remote areas trapsmission ang distribu. |
n costs of mains services arc already so high |
1t 2uOnOMouSs systems may already be
eaper, even in capital costs. An isolated
relling 1k from central plant would cost
out £6,000 to provide with mains electric-
', gas, water and sewerage. The advantage of
ing in such a situation is that land s much
eaper, but this in itself favours autonomous
its which make intensive use of their land
r food and wood production, The relation-
ip between location and the economics of
wvicing is succinctly summarised in Fig 28,
rrowed from Simop Longland. Running
sts of central services will certainly increase
a result of higher fuel costs, labour and
erlicads, and probably social measures such
stricter pollution standards. Not much
are can be said about these, because of the
wertainties involved: it is merely a question
waiting. The scope for action lies matnly
the other limb of the pincer: reducing the
sts of autonomous systems, and [ shall deal

th this at greater length.

CHEAPER AUTONOMQUS SYSTEMS

. First I'll consider those ‘social trends’ which,

aithough largely beyond our control, may

. reduce the costs of autonomous units: tech-

nological improvernents; mass production; and
general recognition of the social costs of con-
ventional secvicing.

Technological breakthroughs are some-
thing we can always dream about — although,
considering where all the research money is,

+ they are far more likely to apply o censralised

systems and end up reducing their costs. But
research into alternative systems is increasing.
[n the wind field alone, recent innovations
include the Canadian National Research
Council catenary rotor; ‘Windworks' octahe-
dral tower {see ‘Natural, Endless, Free” Dy

i Derek Taylor, Figs 9b, 35); and mass-produc-

iple teflon bearings for Savonius rotors. Other
improvements and reduced unit costs are
eagetly awaited in: selective absorbers for
solar panels: photoelectric panels; simple

and safe elecerolytic hydrogen generation

Fig 28. Notional selection of plant at various distances from central supplies. {From

Longland).
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AUTONOMY

V/ECONOMICS

and storage; tong life batteries: fuel cells:
insulation materials. And soya beans that
realiy work in high laticudes.

Mass-production of componears for auton-
omous systems could affect costs quite a lor,
although most of the mareriats are already
standard (batteries, dynamos, corrugated
aluminjum, glass-fibre, panel radiators, insula-
tion, pumps, tanks, pipework, etc). It would
need to be determined exactly when and
where mass-production of total systems with
formal labour would be more economical than
self-assembiyv from basic materials and parts
on 3 mete informal, co-operarive basis, more
exactly waitored ro the needs of the users.
Some designs are specifically intended for
mass-production {eg Figs A2 and B2) as com-
plete units. [t will certainly be interesting
1o see how Reines’s system {Fig B2) fares
on the marker.

A final social trend that may affect the
relative econemics of mains and autenomous
servicing is the recognition of the social costs
of central servicing, for «zample certain kinds
of environmenrtal damage, resource depletion,
balaace of payments, politica! dependencies
arising from resvurce needs and so on. This
recognition migls be reflected in exira charges
for mains services - or reduction of various
subsidies) or finan. .1l assistznce for
alternatives. Finanuia! assistance might be to
manufacturers, or to houscholders, possibly
in the form of low-interest loans that could
allow rational whele-life costing without
an exaggerated burden of interest payments.

Quite a different approach to reducing
the costs of autonomous units lies in explor-
ing the category of Clever Ideas and raking
more care to find exactly the best patterns of
sutonomy for particular circumstances. For
examgle, designers should consider carefully
for each sub-system whether Leak-Plugging,
overdesign or back-up systems are going to
be the cheapest, and in what combinations.
in the case of back-up systems, designers
must find the optimum balance between the
autenomons system and the back-up. This
can in favourable circumstances be cheaper
than either systemn alone, as indicated once
again by Hogan's Law {Fig 29).

degree of approximation to

‘novrmal’ standards of perform-

ance and consum fr! fan

Fig 29. Partial autonomy: costs for a mix-
ture of autonomous and mains systems.
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Economy may lie therefore in parrzal
autonomy for certain sub-systems, and even
more in selective autonomy: attempeing it
only for those services where it is most eco-
nomic. This is pretty obvious rezlly. BRAD's
shows some exarr;ples {Fig E1). The solar roof
is limited to summer hot-water heating, and
for this needs no store and can be very cheap.
Winter water heating is provided by wood and
roains efectricicy. No attempt wis made to
achieve autenomy in electricity as a mains
supply was zlready instailed, che sice is very
sheltered, and reliable performance is essent-
ial for driving the heat-pump and solar col-
lector pump. In a simitar way most of the
unizs described in this article have a mixed
pattern of autonomous servicing and external
supplies. This is what practicality dictates at
the moment, and 1 see no reason why this
should change.

Finally we reach a category of cost reductions
whicly in my opinion are the nub of the whole
mater: the social ratber thawn technical adape-

ations and innvvations, Hoga.:'s Law indicates:

that the initial basic measure of autonomy is
relatively cheap, and if its deficiencies can be
tolerated, adapred to, softened, or compensat-
ed for in inexpesisive ways, the lower end of
the curve could bold all the best bargains, 1
shall consider two broad topics. One is the
maore-or-less systematic sacrifice of consump-
tion/performance/reliability/comfort/conveni-
ence. This necessarily violates the canous of
bourgeois amenity, and splits autonomeus
designs into two broad classes whick I shall
try and define more closely. The other topic
is that of economies of scale, which raises the
whole question of autonamy versus collectiv-
ity, and what the bell we are trying to do

amyway.
i
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The spirit of this has already been invoked under Making Do. The art
isin judicious sacrifice of nominal amenity factors in such a way as to
reduce costs without a concomitant loss of perceived or subjective
amenity. Work and effort are substituted for material or capital stock;
consumption is reduced to levels that can easily be provided by the
simpler autonomous systems; and discomforts and inconveniences
which arise from the unrdiable performance of the cheap systems are
cheerfully (well then, stoically) borne. These sacrifices define another
class of costs, namely amenity costs, which to a large extent can be

exchanged for money costs.

As with other kinds of costs, there are |
both capital and running amenity costs.
Cazpitai amenity costs are incurred in construc-
ting the unit, 2ad if shouldered by the auton-
omists themselves may save perhaps a third of
the capitzl maney cost which would otherwise
hzve gone to labour costs and contractor's
profit. But of course, most self-builders hardly
regard it as 'work” at all. It’s kind of fulfilling,
and gives the builders a2 commitment to and
understanding of the unit which makes a lot
of difference to the eventual running costs,
amenity and otherwise. This is just the kind
of thing we are looking for — nominal amen-
ity costs with a silver lining,

Running amenity costs are those borne
while living in the unit. Some of these go on
all the time, others crop up occasionally.
What mighe be called ‘chronic’ amenity costs
include consumption limits on electricity.
water, gas, heat and meat. Most of these
entail arrangements disagreeable to conven-
tional 1aste, for example no baths, only
showers; no electric kettles for tea, or casual
brew-ups; raw foods, onte hot meal a day,
Chinese-style conking: bone soup, mince roce
a week or bacon from the unit pig; chilly bed-
rooms; small windows; stuffy air, etc. Lack
of space in those units underdesigned relative
to the service systems { Fig B1) is another
continuous amenity cost, as is the extensive
maintenance work needed to avoid the cost
of fancy automated systems that adjust and
regulate themseives.

‘Occasional’ running amenity costs may
or may not be planned for. They are incurred
when sub-systerns do not work at their opti-
mum level. and might involve simple proced-
ures like lighting candles or purting on extrz
clothes when the electric or hear systems run
low; or a systematic reduction of performance
cutting out the inessentials first, John Shore’s
‘cosy retreat’” (Fig C2) is 2 case in point, where
ultimately the whole house is shut off to save
heat. With wind-generated electricity, it is
usuzl to automatically forbid heavy loads
once the system is running off batteries. In
Simon Longland’s design, for example

(Fig A2), calculations over a four-year petiod
indicated that the worst windless condition
would require 18kWh storage capacity, cost-
ing £6 50 in batteries alone, to ensure ‘normal
demand'. Cutting loads to essentials in wind-
less periods reduces the storage requirement
to TkWh.

All these expedients concetn life at the
lower end of the Hogan's Law curve, where
those for whom autonomy justifies irself
find it rational to exchange amenity costs for
money costs. Unfortunately this kind of life
is quite unacceptable to the majority of
people. At the same time, to providc the kind
of life which is acceptable, by autonomous
means, excludes the majority on financial
grounds. This dichoromy produces two design
syndromes.

Designs constrained by fixed, high amen-
ity standards are restricted to technical rather
social means of achieving autenomy. This
tends to produce units which sie costly,
reliable, comfortable, convenient, permanent,
constructed professionally from standard
industrial materials, highly autonomous on
completion, and relatively free of mainrenance
tasks.

Designs constrained by lack of money, but
with no formal public responsibilities, can
assume variable and low amenity standards.
Units designed under these conditions tend to
be cheap to build; often lightweight and
perhaps temporary: unreliable and oceasion-
ally uncomfortabie by ordinary or even
extraordinary standards; self-buift with partial
or selective autonomy and pared-down back-
ups, developing in time rowards more
complete autonomy and higher standards;
making maximum usg of local, on-site,
scavenged or recycled materials; or existing
structures: and requiring extensive effort in
maintenance.

Recognisable examples of these two syn-
dromes will probably always exist, but the
likelihood is that they will move cioser
together. If the more pessimistic scenarios of
world economic trends are within a mije of
the eventual truth, cheaper systems must be




Fig 30. Economies of scale for renewable
sources of energy, estimated by Richard
Merrill from various sources. Assumptions

as follows: windfwarer {electricity) 2kW/2
people, 10mph average windspeed or equival-
ent head and flew of water, 20 vear life: salar
solar heat: 2 people/1000 sq. fr. house, HU%
space heating, below 469° latitude, 20 year
life; digestor {gas) 15 cubic feet/person/day,
organic feedstock freely available, cooking
only, 5 year life; aquaculture (Food) 70
grams animal protein/day /person, 10 vear
life; agriculture {(foud): ‘2 acre of land, suf-
ficient tools, water, seeds etc, vegetarian
diet, intensive garden farming. (From
Mereill),

favoured. and changes in habit, style and

I consumption may be forced on peopic any-
way. When (if) chis has gone on for a bit, the
cheap systems which make a virrue out of
frugalicy might come to seem less bizarre, At
the same time. the maore elaborate systems

. may be favoured if government and local
authorities take an interest and offer grants
or cheap loans, possibly under middle-class

. pressure and the influence of a new cost cal-

i culus based on whole Life Costs and weighted

for resource scarcities and environmental

impacts. With such official blessing, a whele

range of mutually beneficial trends could

gather momenium: couises in installation and

maintenance of autonomous systems at Tech-

nical Colleges and nightschools: more research

a favourable atritude 1o experimental struct-

ures on the part of Buillding Sovieties and so

on. There could be strong forces towards

tasic vtilitarian designs. and, perhaps, mild

social experiments.

This favours the convergence of the two
streams. Such a convergence s exemplified
by the Brunel House (Figt2), described by
Robert Vale as follows:

The Brunel House is the missing link

berween the eco-Concordes and the string

and polythene bag brigade. designed to
last a [ong time with low maintenance, to
give a lower material standard of living
than a centrally heated modern house with
all-electric kitchen ete, but noc as low as
life in a tent: to be built by occupier or
small tocal builder. using easily-available
materials.

LOCAL ECONOMIES OF SCALE

V/ECONOMICS

Technicalities, difficulties and advantages of collective forms of auton-

i omy have been met already under ‘Sharing’ and ‘' Size'. The principal

conclusions were that, although inevitably amenity costs are incurred

: bv sharing in the provision of services. there may be substantial savings

Institute has anatysed economies of

Larger, shared wind generators make a :
great deal of scise, because power output
incrzases with the square of the blade length
and this is a relatively cheap parameter to
increase. Sharing could permit siting the mill
in the most favourable place, and this would
also be safer. High volrage supply would be
much more feasible, and there would be con-
siderable savings in regulation equipment.
With solar systems, economies of scale are
less marked, since large collectors are no more
efficient than small, and a cenrral collector
couid not perform any double function as
: roof, wall or shutzer. It would perbaps make
sense to share long-term heat-storage among
buildings close rogecher, although the savings
in heat-loss from the storage rank would have
to balance against extra heat-losses in collect-
ion and redistribution pipes.

According to Merrill (Fig 38) methane
digestors show virtually no economies of scale,
This may be true in California, but in cooier
climates the thermal advantages of larger
systems must often outweigh the extra costs
of distributing the gas — expecially as
digestors must be sited away from dwellings
2nyway. Larger digestors are also better buf-
fered against changes of acidity, etc, arising
from varciations in the feed materials, which
tend to upset the bacteria, Aerobic compost-
ers, too, probably work better on a larger
scaje. Other waste-treatment systems such as
septic tanks are certainly much more econom-
ical on a targer scale.

Economies of scale in water supply must
depend very much on the source, znd the
proximity of t! ¢ Juildings. Water from pump,

If the vconomic climate remains poor, there
will be far greater scope for social adaptations
thar for autonemmous reconstritctions of con-
ventional patterns of life. Of these adapia-

| tinas, the most impeatant is probably the

| revival of social and economic life at the Ircal
| community level. That is discussed next.

Fig 31. No comment.
Fronr Survivre et Vivre,

well of stream wiil obviously need fo be
shared, and if it needs purifying, equally
obwviously this 1s best done on a collective
level. Possibly ‘purity B’ water could be
distributed in pir<s, and drinking water col-
lected by hand. if the supply depends only on
precipitation, it may be found economical to
arrange roof drainage ro flow into a communal
reservoir. From here it could be purified to

! various levels and wind pumped to header

| tanks in individual dwellings. 1dealiy this
would aveid the need for having to recycle
puriey C water, but if this were necessary,
again certain conditions would favour collect-
ing dirty water and treating it in a larger
communal plant.

Intensive food production, roo, could
benefit from a certain increase of scale,
through specialisation, wider range of skills,
better load factors on capital equipmens
(tractors, tillers, milking machines, etc), bulk
purchases, smaller fluctuations of stock, and
all those thirgs you can do if there is a
‘critical mass’ but can’t if there isn’t. Accord-
ing to Merrill, costs for small-scale agriculture
start to level off at abour 60 people, while
in the case of aquaculture they drop markedly

to zbout 20 before levetling off (Fig 300,

1n money costs that make the exchange rational; and :hat, above a
certain size, clusters of buildings are favoured over large Single
buildings. Socialy, the simplest form of such a cluster of buildings is
a group of nuclear-family-sire dwellings, sharing common services.
Perhaps this is as good a place as any to start socia experimentation
into autonomous systems. Richard Merrill of the New Alchemy

scale for this situation, and shown

that different sub-systems resrond differently to larger scales (Fig 30).
This is an important contribution and worth describing in some detail.

If all these economic benefits sccrug from
sharing autonomous systems, where do we
stop? Why not go right on back to central
servicing? This is 2 question that autonomists
would do well :0 ask themselves more often.
The answer depends on the reasons for which
autonomy is undertaken. There are those who
think they are helping conserve resources or
improve the environment; those who are
investing now for economies later: those who
just want to be ‘independent’; those who wish
to sutvive the Great Crash; those who want to
reorganise work-patterns, and sp on. Not all
forms of autonomy serve all of these ends,
and many of these groups are mistaken in
thinking that they do, in general or in particu-
tar cases. Their aims would often be better
served by honest-to-God mains supply. Others
are not mistaken; but the rest of us ought
perhaps ro ask whether their aims are com-
patible with ours, and whether they ought to
be gecting away with it (Fig 31). The fact
remains that the optimum balances between
autonomy and collectivity differ for all these
groups, and for individual sub-systems in ways
characteristic for each group. I cannot
possibly discuss all these in detail but { shall
give 2 couple of examples.

From the ecological point of view, the
virtues of antonomy in certain sub-systems
are doubtful, Water for example is a rencw-
able resource provided in great quantity at
high levels of purity by the Water Boards at
under 2 fiver a head per year. Domestic con-
sumption is only 1/3 of the total, and the
public interest is probably bettet served being
a bit less wasteful and reducing industrial
demands, than by fancy recycling systems for
bath water, For a more militant view on
autonomous water supply, see “Each Piece of
Land to Each Piece of Sky’, by George Wools-
ton. Likewise, as argued before, small-scale
wind-electric systems ar= not realty justifiable
on environmental grounds, and scarce
vesources would probably be better conserved
by larger wind generators like the 1.25MW
Grandpa's Knob machine than zillions of
capper and lead-hungry backyard numbers.

For 'siege autonomists’ looking 1o survive
troubled times ahead, cost is no object,
neither are resources, neither is environmental
quality. Al} that matters is that they do not
depend on mains supply. Often this goes with
a mistaken notion of totat independence, and
is a logical extension of ‘privatisation’, going
now beyond personat transport, personal
laundry, personal garden, to personal power
plant, water works, sewage farm. In straitened
times, economies of scale may lead to more
gruesome developments. It is possible to )
imagine fortified laagers of the wealthy, with
huge stocks of stored resources (food, fuel,
spares) and squads of rechnicians to maintain
sophisticated auronomous systems. Lt is an
unsavoury prospect.
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COLLECTIVE AUTONOMY

Such reasoning as these examples
represent cannot and should not be
used to justify auropomy. It seems to
: me that more solid and honourable
justifications from the resource peoint of
view are only to be found in the
countryside, where network costs from
central piant are high. ambient resources
are abundant and are not feasibly
collected, concentrated and redistribut-
ed again., The communal level would
reduce plant costs over the private level,
and reduce network costs over the
larger public level. This would help save
the concentrated resources whose exist-
ence makes feasible the functioning of
central plants which are absolutely
necessary in the cities. Here the primary
justification of the intermediate scale —
, the communal level of servicing — is
{ not technological but social.

Collective-scale semi-autonomous units
achieve ecoromies over the private
levei through co-operation, specialisa-
tion, and in communal use patterns
as well as communal production
patterns. As against the public level,
savings are ackhizved through the emerg-
ence of ‘residual factors’, the product-
ion of useful goods and services with
little apparent cost, with hardly anyone
noticing it because they are part of the
" social life of the community, ar games,
: ‘bees’, festwals, neighbourly gestures.
| That these can become a major part of
: economic life is a basic article of faith
i with many radical economisis. Their
operation could be seen in, say Barcel
ona of the late 30’s, or in contempor-
ary China. But there is no doubt that
the infraction of the conventionily
clean separation of public production
and private consumption would strike
most people in capitalist cultures as a
loss of amenity.

Keeping the distinction is regarded
as one of the marks of a bigh standard
of living. Once again, therefore, the
social unortbodoxy of communal
arrangements prevents ‘responsible’
designers or plannets from considering
them. Perbaps this i3 just as well? Mean-
while, the initial expense and difficulty
of finding and obtaining the use of
groups of buildings and/or land is a
| severe vestriction on ‘nouveau pauvre’
| builders, although they can at least
envisage the possibilities (Fig E4, ES5,
33, 34, Vision Nos 1, 3and 4).

All this is nor to argue against the
validity and necessity of the private
and public spberes, only against their
exclusive dominance. One cannot be
degmatic about the balance because
circumstances vary se muc). City and
country demand vadically different
patterns, But the nettle must be grasped
somewhere, and bere is a rule of
thumb,

Richard Merrill remarks that, accord-
ing to bis investizations, a group of 20
Jamily-sized units captures most of the
econoinies of scalz for autonomous
systems. This agrees fairly well with
the social criteria that separate co-oper-
ation among fricnds from transactions
among buyers and sellers, and define
a “village” or ‘trihal’ (?) scale as a useful
intermediate level.

Once more, this is not instead of,
but as well as, the private and public
levels. It is @ question of finding
appropriate balances.

VI COLLECTIVE AUTONOMY

This part takes up the story where part 1V left off. It describes some
proposals (alas, only one yet realised) for collective auntonomous units.
Other collective proposals are discussed in part VII (see Figs 33 and
34}and in Visions No 3 and 4. The interpretation af the bar charts is
given in part IV,

E.’ BRAD (Btotechnic Research and Develop- fa)
ment}, Eithin-y-Gaer, central Wales, This s strictly a
‘conversion’, one which dwarfs the original structure,
although the shape and orientation were strongly
influenced by the small stone cottage which forms the
north wall. The main frame is timber with polystyrene
insulation, and a 60m2 open-type collector for summer
bot warer (see Box 2 for energy calculations). Food
and wood-fuel are provided from a 4U-acre site.
Gecupancy 12, The structure was built by the
occupants with a little belp from their friends, and
cost about £10,000.

(a) North aspect during consiruction,
showing shell of original building:

(b) South west aspect, showing frame
and selar voof under construction;

{¢) Detail of solar roof (see also Fig

7 in ‘Sunshine Superpower’, by
Robert Vale, for diagram of civcuit
and for drawing of compieted bouse);
{d) Pattesrn of autonamy.

(b)

Ez Brunel House,

designed by Robert and
Brenda Vale, This is a slightly P retres P
larger version of Fig A5,
occupancy 6, under construct- f —root trusses
ion on the campus of Brunel il
Untversity near London. Fig Il
AS(a} gives an impression of |
the general appearance, but : L moer cuadding
the raafis steeper in this coNectorqutier.
versior, and the systems are e piazed
simpler and cheaper, Robert —— i | | coutie gtazec
Vale describes it as ‘the missing  opeg— L | window
Iinlke between the eco- shutters R i
concordes and the string-and- / F !l B concreto bioc war
polythene-bag brigade’. Auto- : J.m | heating airtets
nomy is approached in two y E R
stfqges. (a) Section; (b} Pattern
of autonomy - phase I1;{c) g
Iz’attem of aﬁton‘:lmy — phase 7 : :'::"?;:;‘m

- T L RP e — insutation

(a)

Ea Eithin 2. This is {a)

another, much larger variant
of the Vales' basic wedge-
shaped design (Fig AS). It isa
communal bouse for 16
people, intended for the
BRAD site in Wales. The same
long, flat structure with green-
bouse is retained, with an
extra floor for bedrooms canti- T
levered out over toe concrete (b) FrEr=

or monolithic earth walls of :

the ground floor, whick is used
for communal facilities and e
services. The standard of =
autonomy and performance is
bigh, but owing to economies
of scale and shared facilities,
the capital cost per bead would () Uy —
probably be less than for an
ordinary family bouse.

() Ground floor plan; (b)
First floor plan; (c) South
elevation; (d) Section; (e) Pat-
tern of anutonomy,
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1 Anodized -or-
rugated alum-
inlum

2 (ijass-reinfore-
ed plastic
covers

3 Standard alum-
inum glazing
bars

4 Hot water
gutter (pvc)

3 Rain gutter
{pwe)

& Polystyrene
insulation

7 Perforated cop-
per header pipe

8 Cold feed pipe

2 Ridge tiles

AWONOLAY

fa)
E4 Brack- ‘

nell Housing
Estate. Mick
Bedford's fanci-
fud but possibie
idea for suburban
bousing. Rows

of low rise houses
might be ideal for
solar bearing,
wind-gengrators
could be used to
skare grid loads
and garden space
for co-operative
vegetable product-
ifon, This migint be
a suburbgn
compromise (b}
berween Vision 3
and Vision 4. (a)
South elevation:
(b} Layout; (¢} Pat-
tern of autanomy.

(e}

Es Radial House. Anotber busic idez,
proposed by Herbert Girarder, The rooms

bave different functions and beating standards.
The ceatral roam (around the stove or furnace)
is completely surrovnded by other reoms,
therefore well-insulated, and suitable for com-
munal use in the winter. Exterior cladding can
be removed in the summer, and part of the
outer girdie of the bouse used as a greenbouse.
The bouse is intended i 5 k2 set in a civcular plot
of land for garden crops, in a community afp

plots with shared service facilities. See
Fig 33 for the layout. (a} Floor plan; (k)
Section {c) The madel (d} Pattern of autonomy. | GRZNHOVSE  § WORKRODM

2 Living Shace  STORE

CONSERVATORY

E SH WH c . F 8 ENTRANCE :? mﬁm ;

L SnpY

12 GUTER. SUPPORTS
5 WORKSHOP 0 21 pebinty AREA,
& BATHROCM/WE 1 ROOF WiNDOWS
7 RIrCHEN 5 ROOF
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VIIPRACTICAL
FANTASIES

it is clear that most of the autonomous unit designs
described in this article are technically feasible.
Many have alreaglv been built and. after their own
fashion, fiunction successfully. But they are nearly
all special cases, built with unusual supplies of cash.
material subsidy or dedication. And the household
unit is in many respects roo small, so rather uneco-
nomic, even in the long term. We need to explore
ways in which autonomous units could be better
integrated into the existing patterns of servicing so
as to make a positive contribution o problems such
as resource depletion, feod supply, housing, unem-
ployment andinflacion; help people live in afree
but neighbourly way; and ease the transition to a
no-growth economy.
1:’s hard to keep a straight face after writing such
a sentence, hut 1 shall outline two general proposals
for the servicing of semi-autonomous communities,
one for the country, and one for the city. Both
'involve a group of dwellings with many shared facil-
ities, Iassume that local authorities are willing to
co-operate and would make planning conditions
rezsonable, perhaps even give grants. | also assume
co-operating groups of occupants in the form of a
| housing association or some such organisation with
some kind of lega status, whose members are tilling
to adopt new work-patterns and living arrangemernts.

THE COUNTRY

close clusters of buildings. Other servicer could be
shared.” Electricity might well be provided by a pair

¢ of large win&generators (eg 50kW) with no storage, !
. but backed up either by mains or by a liquid-fuelled !
generator Whose waste hezt would he used to

provide communal hot water, say for laundry or
bathing, or for topping up heat-storage tanks. In a
basically agricultural community conditions would
be ideal for producing methane gas, with plenty of
animal and vegetable waste. This would he done in |
large central digestors (as with the wind-generators |
a pair would be preferable to alow for breakdowns |
and maintenance) and the gas piped to individual
dwellings. Great care would till he needed in using
gas, and back-ups of bottled gas might be necessary.
Human sewage would be a small proportion of the
tota and would probably not he worth piping to the
central point. It could he treated in smaller digestors,
cor"posters or earth closets. Grey water could he
stored for use on crops, or disposed of via land
drains,

Water supplies would depend on local conditions.
In most rural areas streams or springs would he
adequate, and a communal reservoir could be cots-
structed to buffer peak demands. Well-water could
be pumped up by windmills. Purification could bwe
done centrally and the water piped to households.
Prinking water could be provided centrally and
collected by hand, or by filter-candles in individual
dwellings. Food would almost al be produced
locally. Herbert Giradet’s plan (Fig 33) strikesme

| shali not argue at length over the case for increasing
rural population. In many ways, life would he more
! agreeable for everybody if the population were
| better distributed. Cities could be less oversized and
overcrowded; and the countryside would he less
lonely and boring. With more people on the land,
intensive cultivation could raise food yields per acre,
a the same time reducing the need for resource-
hungry machinery and chemicals. Since the use of
ambient resources is easier in the countryside, the
more people they serve, the less the load on over-
stretched central services.
The main function of a semi-autonomous rura
community should be agriculturd, yielding a food
surplus whiie requiring as little input from outside
as possible. A range of technical possibilities is
indicated in Fig32. based on three existing units.
i Layouts would depend on loca circumstances. Two
! possible kinds of layouts are suggested by Fig33 and
I Vision No 3 but these are rather more idea than
-anithing likely in practice. Although the emphasis
'would have to be on new building, there would
\ presumably he extensive rehabilitation of old
“structures. The more diversity the better. Sizeis a
; completely open matter, hut ‘village' gives the
i general idea. As an autonomous unit, the village
would run its own services, and he sire-specific.
tuned in to e local resources as closely as possible.
Probably solar heating would best be done at the
private level, perhaps with shared storage between

Fig 32. A possible integrated food-and-energy economy based
on three existing systems, each potentially producing 2
surplus. {From Merrili}

Integrated Living Systems
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Potential Building Systams
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The boxad flow diagrams repre-
sent three prototype integrated
systerns now working in this
country. The arrows flowing to
- and fram the center represent
the potential uses of excess
energias and wastes.
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Fig 33. A possible layout for new rural communities. The
method of circular plots gives a ratienal but vacied mixture of
private and community land. Many variations are possible on
this basic pattern. Contrast Vision No 3 for a layout with rec-
tangualar plots. (After Girardet).

1 Meeting place,
schoo! etc

2 Workshop
buildings

3 Courtyard
houses for
communal
function®

4 Farm buildings

5 Large work -
shops, buildings
and ligh- indus-
iy

6 House and
garden of
about ¥ acre

7 Collectively
farmed land

PRACTICAL FANTASIES

as1830. What | have outlined is a mixture of the
kind of community envisaged by Thompson, the
kibbutz in its pristine form (as envisaged by, sax,
Buber), and the Chinese Production Brigade, laced
with alternative technology. As yet, this form of
rural life has never been widely successful in the
industrial world. but its economic and social ration-
aity seem plain enough. | could go on thewrising
endlessly about why it has not worked in the pasr,
but the point isalways to try again each generation.
(yes, evenbefure the Revolution).

One fina remark needs to be made. The
occupants of such a unit must rem+<mber that self-
sufficiency is not enough. They can anly exist by
virtue of investment provided iniarge measure by
the sweat of the wider soviety, and must return
2 useful surplus.

THE CITY

The urban counterpart of the rural utopian dream

" as a good one for intensive horticulture and agricul-  has concentrated on regeneratirg the sense of com-
' ture. The plots round =ach building are for use at

thee discretion of the occupants, but there are
‘inferstices’ wWhere trees, flowers and other ‘free
crops are grown. Beyond the private plots is collect-
wely worked land with heavy crops (cereals, winter
feed) and animals. Elsewhere there would be glass-
heuses and facilities for the less orthodox food
rechnologies if necessary (hydroponics, aquaculture).

Part of the land could be used for sustainable

tirnber-growing, partly for wood as a material, and
partly as a winter back-up fuel.

Sociallv, the arrangements would obviously be
upto the inhabitants. Little need be said about a
collective meeting place, food store, medical centre,
bowling green, school if the community is large
enough, and any other facilities that might be
required. The mixture of work inside and outside
the community would have to be decided. Perhaps
all work would be done ‘inside’ and external supplies
paid for by the food surplus. There could be a
certain amount of light industry, particularty that
using agricultura products like hides =rd wool.
Food could be processed (dried, etc) as well as sold
or exchanged direct. Alternarively, inside and out-
side work could be done in rotation, or depending
on skills and preferences. Mach of the on-site work
waould be in maintaining e service systems. The
legal form of fandholding might be Land Trust, with
ne private ownership, an arrangement with promis-
ing precedents in the USA.

Other precedentsare less encouraging. Anyone
whio writes abeut such ‘ided’ villages must fedl the
weight of previous examples of rure! utopian com-
mmit% (see Jos Kingston's article ‘It's Been Said
Before — And Where Did That Get Usl). These have
usually ended in ccllapse after a few years. It is
possible to argue (and | would) that developments
in technology since the nineteenth century make
the establishment and running of such communities
much more practical today. Even so, many of the
‘community technologies of today were anticipated,
notably by the Owenite William Thompson as early

munity; of commitment to a neighbourhood,
making :t unique, cared-for, and a good place to be
in. This must involve sharing because the sense of
community is the antithesis of ‘little boxes and the
private, private life of passive consumers. A vision
of “how it could be’ was suggested a few years ago
by THe Berkeley Tribe in a dashing proposa called
‘Blueprint for a Communal Environment’ (Fig 34).
Streets would be closed off and made into gardens

Fig 34. ‘Blaeprint
for 2 Communal
‘Environmen®’ put
forward by the
Berkeley Tribe.

{(a) Floor plan show-
ing possil-le pattern
of communalised
space by removal of
partitions. (b) The
possible appearance
of a neighbourhood
after 'communalisa-
dor’. Most buildings
remain as dwellings,
but some houses are
made ovir to public
usc. Compare Vision
No 4.
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ind play grounds; party walls broken down and the
tmuse-spaces shared; trees would be planted and
bridges and walkways constructed to connect build-
ings; social services of all kinds would be organised
locally; one house would become the community
‘Life-House'.

There is something of a ‘sixties period flavour
about some Of this, but let us not debate that
socially itis on the sight lines. What we have to ask
is how the social aspects of such a scheme can be
blended with a certain amount of productive (eco-
nomic) activity, and with reorganised utility services
iin such a way as to be practical, economical, and
lbeneficial both to the inhabitants and to society as
a whole.

Autonomaous units of the kind discussed in this
article tend to be impractical in large cities. It is
amost certainly better to concentrate on making
better use of existing services, possibly supplement-
ed by autonomous systems but chiefly by Clever
ideas and Making Do. It is necessary to find a ration-
al m:xture of mains, communal and household scale
Services.

By way of assumptions, let us suppose that prices
of everything continue to rise faster than wages.
Costs of fuel and other non-renewable resources
rise even faster. Unemployment is at record levels.
Balance of payments difficulties are acute. Labour
anisupply problems constantly threaten mains
services. Under these circumstances there would be
greatly increased demand for social security
payments, unemployment benefits, and subsidies on
essential goods and services. In other words, govern-
ment and local authorities would find themselves
faced with greater demands at a time when their
means to meet them was stretched 15 the limit. The

pressure could be cased by encouraging co-operative
salf-employment, and self-provision of seivices,
including food.

Locel authorities, statutorily obliged to provide
housing, will prefer the rehabifitation of old build-
ings to the construction of new ones. Further, they
should be willing to permit and even subsidise seif-
building and self-maintenance, as a way of cutting
costs. Imagine, then, a block of terraced houses,
emptied and awaiting demolition, but with service
mins seill intact — merely disconnected. A Housing
Association approaches the council and offers to
rehabilitate the terrace on a long-term basis. The
council agrees and offers financial support. How
might the terrace be organised?

Vision No 4 shows the genera appearance of such
aterrace, and one way it might develop after a few

€ars.
Y The houses could be organised as follows: two
groups of four are physicaly collectivised, and one
group of two. The remaining two become the
‘Centre House' whose facilities are shared by dll
occupants of the terrace. Up to 50 people would
iive in the terrace including kids, in the three collect-
ivised dwelling units, one housing perhaps ten and
the other two twenty each. B drcoms are private
and vary in Size according to need. The rest of the
space is collective, some parts more regulated than
others. Each unit has a kitchex and common room.
Other rooms are used either for purposes of the
unit itsdlf, or of the whole terrace: playrooms,
pottery, weaving, darkroom, library, games, music,
storage, etc. Activities with heavy 1ses of energy or
materials are concentrated in the Centre House:
bakery, laundry, sauna, workshop, perhaps aso
meeting space, food store, office, etc.

’El:,'ctricity: In mrost cases wind generators
are not feasible in cities. and have other draw-
backs, as discussed befrr. 7 :~e mains clecini-
city is available, it i o_.iur e v i, but spar
ingly. In the livine rnies, iv7ds ] 1d be
restricted Lo Heh :

gand @ P anes -
petheps §ame .. e gt a. . be fluor-
escent, or wist i 222y bulbs.

Inn the Centre Hous R © atings would
be needed, for toals, et ;. Me . wring would be
at the unit level, with costs shared for the
Cenire House.

@ Spuce Heating: Heat loss would be cut

by extensive external insulation, covered with
weatherboarding, as in Fig D1, and double
glaxing. Exrra insulation may be applied in
communzl rooms. For heat sources, various
possibilities exist. Solar energy, except in
rather ungsval circumseances, i out of the
question. A Farge boiler in the Certre House
could provide central heating, but this tends
to be too indiscriminate and therefcre
wastesful, keeping too many spaces warm that
are oot needed. Probably small gas fires are
the best solution, larger ones in communaj
rooms, Gas is good because (1) if economically
used, supplies of natural gas (for Britain} are
considerable: (ii} oil gasification is possible,
but more particulatly, direct underground
gasification of coal is likely to become feasible
and economic by the end of the century and
caal deposits in Britain {and the U § ) are
very large (the hazards of subsidence must
not, however, be forgotten); (ii) future wind-
power deveiopments may involve hydrogen
generation, and possibly 2 'hydrogen

eonomy’ (which would operate through the
Fresent gas systems) rather than an ‘electric-
ity economy’ relying heavily on nuclear
power.

& Water Heating: This would be for washing
and washing up. Demands would be cut by
using spray-mist showers. The craving for
sensuzal bathing would be met by daily collect-
ive saunas in the Centre House (gas-fired, with
cold showers). The sauna could also be used
by others outside the terrace. Hot water
would be provided by gas geysers, and in the
suminer much of the load could be taken by
roof-mounted solar collecrors oprimised for
the job, Laundry would be done collectively
in the Centre House,

& Cooking: This would not account for
much of the gas demand, and would anyway
be reduced by coliective cooking, Baking is

& much heavier load and would be done in the
Centre House, Although methane conld be
generated for cooking, it would only*aflow the
meanest of meals and would look quite
ridiculous beside the therms tumbling in their

| hundreds through the gas main for space-heat-

ing. In the summer, some cooking could be
done on concentrating solar collectors, buy
this would be just for fun.

& Waste Treatment: The aim here should be
Lo conserve warer and nitrogen which would
otherwise be rendered unusable by contarain-
ation with industrial effluent (toxic metals etc)
in the sewers. Although the houses would be
connecered to the sewers, autgnomous treat-
ment would be preferable for sewage and
‘grey’ water, leaving the sewers to handle all

other liquid wastes {ie not much). Sewage
could be treated either acrobically or anaero-
bically. Aerobic treatment could be carried
out in composter upits such as those shown in
Fig 10 — say two for each living unit. The
advantage of these is that they nced no water
and preserve the existing connections between
the we and the sewer, leaving a handy access
to the sewer for toxic wastes unsuitable for
the garden, The disadvantage is that they
might need extra power for heating during the
wintér to keep the composting processes
going. Alternacively, anaerobic treatment in
digestors is best done collectively, and would
invoive rerouting the soil-pipes across the
garden. Gas output would be used exclusively
to maintain optimum ferimentarion tempera-
tures. The advantage of this system is that no
extra power would be necessary, the
disadvantage that water is needed for trans-
pore — wasting water which wight anyway be
too much for the digestor to handle, and neced
separating. A 'vacuum’ system might solve
this problem, but again needs extra encigy,
The output of composters or digestors would
of course provide fertiliser for the

garden.

@ Water Supply: Water-use in the terrace
would be heavier than average owing to the
needs of the garden. As far as possible raip-
water and grey water should be used for the
garden, and mains supply for drinking, cook-
ing and washing, since purification is costly
on 2 small scale, and city rainwater has a high
lead content. Demand would be reduced by
communal laundry, shared kitchens, and




showers in place of baths. Grey warer could
be used for flushing toilets if that were
necessary, either by hand-pumping back into
zisterrs from holding tanks (Figs 11, 14}, or
by using hand basins over cisterns as in ‘Ecol’
Watey from roofs and greenhouses could be
collected and stored in tanks at ground level,
overflowing to 2 lacger teservoir/swimniing
pool/fishpond for garden use. By such means
demiand for mains water could probably be
reduced 70-80%.

@ Food: Land is scarce but labour and
capital in this sitvation is high, so the most
intensive methods are favoured. particularly
giasshouse cultivation. Glasshouses as exten-
sions of the houses would have the many
adwvaatages already teferred to, and could even
perform better than comparable rurat setups
because cities are warmer — although high
pollukion could effect crops in some areas.
Hydroponics would be ideai, and could be fed
largely off the digestur effiuent (Fig 18).
Chickens and/or ducks could provide eggs
and if there were a large garden it might be
feasible to keep goats. Intensive aquaculture
on the New Alchemy model {see interview
with John Todd, and ‘Afier the Goldfish’ by
John Wood) would also be a good source

of primary protein economical of land. The
animals might need a certain armoumnt of
supplementary feed, but they should be able
to provide all the primary protein for the
community. Bulk carbohydrate could be
provided by potatoes. Bread costs could be
reduced by buying zrain direct 2nd grinding
it in the community. For this purpose a low-
gear slow-speed wind machine, made out of
scrap paris and operating whenever the wind
was right, might be a pleasing return to a
er2ditional pattern. Bread would be baked
cotlectivety at the Centre House. Vegetables
could be grown in the usual way, with com-
munal cultivation and proper rotations {see

Wicine Ma 11 Bwarics crailld ba grown nnder
¥a500 N0 1), 2XGUCS COUIG OF BIOWD unacT

glass in summer. Loft-spaces could be used
for germinatien or mushroom-growing, or, if
glazed, as extra greenhouses, perhaps with
hydroponics. Such a vommunity could hardly
hope to be seif-sufficient in food, bur it could
cut its bills by a very great amount, and 2t
some times of the year would have a surplus
for sale,

& Facilities: Bakery, workshop, sauna and
lzundry could be in the Centre House, Shared
uses would require co-ordination. Other
rooms in the Centre House could be used as
offices, foodstores, etc. The workshop would
be tooled for all routine repairs on che service
systems (€g Vision No 2). The living units
would each contzin facilities for communal
use, apart from their own kitchen, common
room and bedrooms — for example, weaving
and clothes-making, darkroom, potrery, lib
library, music, mediration, kids TV, games etc.
& Work: The necessity to work ouiside
would be greatly reduced because the com-
munity would be generating most of its own
essentials. The work that sught to be done
outside would be producing the external
materials and facilities which the community
used, ie workmg for the local authority in
power stations, sewage and water works,
roads, libraries, parks, ete: being doctors,
technicians, toolmakers: working in shops,
foundries, mines, hospitals, schools — rather
than banks, advertising 2gencies, bouriques,
military instaliations and universities.

Such a collective unit could be integraied
into 2 wider community with a wider range
of facilities and more scope for external
employment. Some of the poss:bilities are
illustrated by the Visions throughout this
book — workshop and garage; media centre;
school. There could alse be a bwiding co-op
or a small self-managed factory.

CONCLUSION

VIIICONCILUSIONS

Such a scheme as this communal terrace, in
the middle of a town, dependent on mains
supplies for its basic services, thoroughly

embedded in the wider economy, and with

i not a windmill in sight, is a far cry from the
: breve new self-sufficicney of Fig 1.* Yet the
: werrace still expresses the spirit of auto-

. nomous actien, and is a logical outcome of

! the conclusions drawn during this enquiry

into technical autonomy. Perhaps it is now
tme to summarise some of those conclasions.
The notion of autonomy exists ata
number of levels — existential, political,
economic, technical for example. It can spply

: to individuals or groups of virtually any size.

It is not an empty moral or political express-
ion which is by definition a good thing, but
has its sick and healthy manifestadions. In this
study I have focussed on the most pracical
forin — meterial and technical autonomy,
There are firm timics to the scope of auto-
nomy in most basic needs, bur in foed and the|
utility services, 3 fairly efficient functional
autonomy, even at the household level, can
be achieved in the countryside, or:ce the

| initial equipment is provided. By almost any
! criteria, optimal sofurions for cown and
. country are very different. It’s harder in the

town, but then, maybe priorities are different
there.

‘Autonomous houses’ are unlikely to gain
widespread acceptance as homes because if
they are :p to conventional service standards
they cost a fortune, and if they are cheap
enough to buy they fall sufficiently short of
conventiondl standards that the rigocs of
operating them are culturally unacceptable.
But if these rigors can be borne, adapted to,
made goed or whatever, cost-effectiveness is

rmuch greater at the low-cost, low-performance
end of the cost/peeformance curve. In certain
casgs, mixed mains and autonomeus systems
may give high performance at costs even

lower than mains. The general trends of mains
as against autonomous system costs is general-
Iy in the lattec’s favour, but for small dwellings
at comparable levels of performance auto-
nomous systems typically cost 2—5 times as
much to run, taking into account interest on
capital.

Even though the economies is currently
unfavourabie, many autonomists press on in
the belief that they are acting in the public
fnterest. This is often mistaken. In many cases
the overall non-monetary costs (in say,
resources, unnecessary work, environmenual
impact} exceed those of conventional systems
pro rata, Of course, they can be regarded as
experiments and in this respect may have
more than paid their dues. But astonomaous
systems cannot be indiscriminately applied
ofi a mass scale.

Social variables must come to the fore. It
seems that the most promising ways forward
in technical autonomy, which make a tangible
contribution to public as well as private
problems and explore new social possibilities,
are through group projects deing all their own
dirty work, reducing overall d d by
shared facilities, exchanging subjective
amenity costs for money costs, and using &
mix of technologics carefully assessed in terms
of wider social criterta. Should they wish to
extend the range of their autonoviy. to other
basic requirements such as goods and social
services, they would need to work in a wider
community, This would mark the beginning
of a new phase (see Visions 5 and 6).

* The cwa drawings sum up very nicely the
change betweer the Alternative Technology
priorities of 1972 and the Radical Technology
priorities of 1975. They were both drawn by |
the same person, with advice from friends,
including me. | wonder what 1978 will bring?

Fig 35. Peasant’s painting of a pig farm in
China. Surrounded by crops, bicycles and
honest muck, a nice example of collective
auronomy,

Itisa seeming paradox that
each extension of the scope of
! economic and material autonomy,
if it is to remain honest and non-
exploiting, requires commensurate
imeasures of collective particip-
ation. If hedthy autonomy can
only grew through cooperation, |
‘ can think of no better moral on
which to end.

b
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This scheme is described in detailt
on pp 166 and 167. It's not so
much an autoriomous as a com-
munalised terrace, in which shared
facilities reduce demand for cen-
tral services. Space inside the
houses iS reorganised, with groupls
of them being run together as a
single: unit. One pair of houses is
used for heavy-consumption com-
munal facilities such as the work-
shop (see Vision No 2) bakery,
sauna a N d laundrette, as shown
here, and coffee shop. Gas, elec-
tricity and water is supplied from
the mains, but the community is
set up t0 use these very econom-
ically. It treats its own sewage ancl
uses it as garden, greenhouse andi
hydroponic fertiliser. More details
of possible garden layouts can be

seen iN Vision No 1. Neighbour-

hoods of such communities would
rua larger facilities such as com-

manity workshops (Vision No 5)

arts centres (Vision N 0 6) and
such ingtitutions.

A Library

B Loft hydroponics tanks and
mushroom boxes

C Shdwer room with composting
toiiets

D Bakery

E Sauna

‘F Laundry

t External insulation with wooden
cladding

2 Rooftop solar water heatess

Extension greenhouses

Rainwater tank with overflow to

pond

5 Kitchen

& Chicken house

7 Centre House with communal
faciiities

8 Holding tank for soapy water

9 Reservoir/pond/swimming pool

i 10 Anacrobic digestor.
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INTERVIEW

INTERV]
SIREET
TARMERS

Godfrey Bovle

Imagine it. You're walking along amid the
bustle of London, traffic flowing noisily past,
tall office blocks on either side. You turn a
corner and, suddenly, you come across a
group of bairy frealts with a tractor, cheerily
ploughing up the street in broad daylight.
Some distance away, a vast army of sheep
is placidly advancing towards you, nibbling
bits off parked cars as they pass by, while
uncomgprehending City folk scurry off imto
side roads, clutching their briefcases. Cows
rumninate languidly beside the tube stations.
Across the sguare (Trafalgar Square, to be
precise) Nelson’s Column lies supine, its base
backed away by a gleeful rustic in rubber
baots. Nearby, gangs of whooping ‘unbuildmg
‘squads’ are attacking the office blocks with
pickaxes. Beside them, women plant corn on
the pavement. Imagine . . . that's the vital
thing, For, as the Street Farmers pbrase it,
hoing the lutionaries of the Situationist
International who took the streets of Paris by
starm in the glorious May of 1968, “The
revolution is impotent withogt g vision, as the
dreamer is impotent withbout a revoiution.”
The vision from which tbe Street Farmers
derive their name — the vmon of aband of

J es b 1g the arban
landscape by ploughing sbe streets — was first
articulated in a series of fantastic coll and

Guerilla architecture? Here’s an example.
In 1972 the town of Brackwell imvited
architects to enter for a competition to design
a bousing esiaie of some 20 dwellings,
Grabam Caine, who with Bruce Haggart
founded (if that is the right word) the Street
Farmers, decided to submiit an entry,

Grabam suggested a group of self-buiit
bouses canstructed of Japanese Giant
Bambouos, whick grow 10 a beight of 20
metres in only three months under the right
conditions, The bamboos would be planted
on the site in the appropriate pattern, then
bent into the desired shape by ropes as they
grew, forming u framework for the dwelling.
The framework would sken be covered ina
double skin of plastic, and filled with
expanded polystyrane for insulation. In the

| middle of the “bousing estate” would be

bydraponic gardens and a fiskh farm, fed on
the digested sewage waste of the members of
the ‘People’s Housing Associdsion’ who would
ive there. “Totally preposterous,” you can
fust bear the judges say. But why is it totalfy
preposterous: that's the point.

The Street Farmers really bit the beadliries
in a big way tn Angust 1972, when the
Losdon Observer splasbed across its front
page a story called “‘Living on the Sun in
South London™, whick described the
‘ecological bause’ whick Grabam and Bruce
were then building, The eco-bouse,
subsequently christened ‘Street Farm House',
uns officially Grabam s ﬁftb—year project at
the Archil fon school,

The local council gave temporary
perntission for it to be erected in a corner of
the playing fields of the Thames Polytechnic
at Eltbam on the understanding that it was an
‘experiment’. Street Farm House bas now
been lived in by Grabaw and bis lady Fran
{and, lasely, daughter Rosig) for more than
two years, and the il are now pressing
for the bouse to be demolished, (“How much
longer will your experiments last, Mr Caine?”
they ask. }

Although in any sane society the
Authborities would slap a vresexvation order
on such an bistoric architectural landmark,
the Sireet Farmers are phbilosophbical about
the possibility of its demolition. Grabam,
Fran and Rosie in any case spend an
mcreasing amount of time nomdays at ‘The
Vscamge a splendid old church with

cartoons in Sweet Farmer Lin 1972,

Tbe Street Farmers are not keen to be
squeezed into the straightjacker of definition,
but if I describe them as a London-based
group of aparchists practising, and preaching,
a unigue brand of guerilla architecture, I dou’t
think they would disagree too much.

g bouse in another part of South
London where Bruce and Kate Haggart and
some friends are lfoing communally in a style
vividly reminiscent of Alice’s Restaurant.
Peter Harper and [ taped a discussion with
them there in the autumn of 1974, Where,
we wondered, were the Street Farmers at,
nowadays?

Bruce There's no way of defining whar the
Streat Farmers are about these days. A1 one
time, we were students of architecture doing
a project, and we had a whole load of polemic
and theory about the State, capitalism,
freedom, collectives and anti-capizalist
society. Our main motivations were never
ecological, really, though Graham was
working on a house called the Ecological
house . . . that was unconscious. A house
organised the way the Street Farm House is
seemed appropriate to the sort of anti-
capitalist society we were taiking about. For a
long time arter we built the house there was
this feeling thart it was an experiment, but
that’s pone.

The house is now essential to the way we
live — it's a house for Graham and Fran and
Rosie to live in, and there would be a real
problem finding another place to live; it's
become a necessity. The fantasy has become a
reality, [ don’t know if that means we haven't
got any more fantasies or whether we just
live in pur dreams.

Peter What about living in Street
Farm House after a coupie of vears . . .
it get fucking cold during the winter?

Grabam We're applying for a grant from
the council to get a hot water system! No . . .
1 would say that my comfort levels have
changed,

Peter You mean you've got used to the
erratic environment?

Grabam I think I like it.

Peter What's the main source of space
heat?

Grapam Just the energy from the
greenhouse. And there’s very good insulation.

Peter Do you have any backup systems?

Grabam We've got a paraffin heater. Last
year we used only three galions of paraffin.

Peter What abour hot warer in the winter?
Do you find there is none for several days at
a time? What about the washing up?

Grabam We've got plenty of dishes!

Perer What about the crops?

Grabam Well, with the size' of place we've
got, we couldn’t be self-sufficient in food.
We're growing 2 lot, though.

Peter The cultivation was originally
supposed to be semi-hydroponic . . . do you
keep that up?

Grabam 1t's semi-bydroponic in as much
as we've got some totally hydroponic and
some in soil. We found that the hydroponic
stuff was no better than soil, and the seil no
better than the hydropenics. That might just
be because we don’t really know how to
organize it. But we've learned . . . 1 used to
have this naive attitude to gardening . . . |
dipuging, whatever you put down comes up.
And it’s just not like that!

Peter Have you fed the hydroponic swff
off the shit?

Grabam Yes. We've grown stuff straight
off what’s normally called ‘poltution’. To us,
poliution is a greenhouse full of tomatoes and
cucumbers and it’s pretey healthy pollution.
All you do is shit in at ene end and in the
mozrning, out comes something that looks like
— tea, 1 suppose.

Godfrey Without the leaves . . .

Bruce Doesn’t come in bags, either . . .

Godfrey Presumably the tea-like stuff's
been in there for 2 long time, anacrobicaily
digesting . . . But what about the £ Coli and
all those other nasty things that public health
inspectors don’t like?

tirabam The thing is, the process takes so
long that pathogenic bacteria die of old age.
And in addition to the anaerobic environment
there's an aerobic covironment and the
bacteria that survive through the anaerobic
environment normally can’t survive through
the aerobic environment. In 2ny case it goes

Does
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into the greenhouse where it's absorbed by
the plants which then take three months to
grow.

Peter Have you collie across a suceessful
digester design that actually produces more
methane than it takes to keep it warm?

Grabam Well, you're just talking about
the methane aspect. But the main point about
shir treatment is 1o change shie back to food.

Peter But that can be done aerobically
with compost heaps and all that; mavbe
aerobic decomposition is the best?

Grabam No, [ think thart the anaerobic
digestion system is better than the compost
system just purely from the aesthetic
viewpoint. Having some raw shit straight
outside your window in a confined space like
this can cause problems. Bur if the system's
anaerobic and it's weared before it comes our
you just put it on the plants without any
objections.

Pgter Well, they seem ic - u. rhe
aerobic system in China -® -° - . _at would
you say is the propertio .t you buy to
food you grow?

Gtabam We buy daivy and cat’s

‘meat — because we haven™ + vege zrian
cat, Of the vegerables, Twe | say that we
grow about 70 per cent over the year; during
summer the supply is tota” We also have 1o
buy bread. We use the gree  1cuse o grow the
sort of stuff that makes v szaple diet
really tasty. IU's also use , [ course, as a heat
source and as a rain collecvor and as a nice
space to five in.

Peter What about the pond?

Graban: We couidn't fish farm with the
pond because the water level goes up and
down. We had a fantastic drought this year.

Peter You're not on mains water?

Grabam No. We had to take some water
out of the pond to wate: the plants, and we
lost 2 few of the fish. . course, the
possibilities of wuat you could do ure
fanrastic, But it's 2 huise net a laboratory,
though we enjoy tinkering 2round with a
few things.

Peter Whart about building eco-houses?
How do you look on other people who build
them, not always for the same reasons as
you — like the really fancy Cambridge design
that costs £20,000?

Bruce Some people can build a canoe to
go up and down river on and some people
can afford to buy 4 yacht!

Grabam How do you define an eco-house?
Presumably the reason you refer to the
Cambridge design 3s an eco-house is because
of the technology?

_ Sereet farmhouse: (Top left) Installing the
! Savonius, (Top right) The greenhouse.

i (Bottom #ight) The solar collectors. (Bottom
| left} The solar water heater at the vicarage.

Peter The Cambridge house is an eco-house
i only in the sense that it mimics nature.
Everything goes round and round. | could call
it an autonomous house but of course it's not
autonomous to build.

Bruce 1 don’t reaily regard these houses as
eco-houses. There's no logic in the technclogy
that allows them to be done up as a consumer
product. The reality is that twice a week
you've got to get elbow-deep in shit. ..

Peter But what would you say to people
who arpie thar that position is elitise because,
the way society is now, most people just
could not do that — and because it must be
restricted to the few people with technical
aptitudes and skills who can do their own
self-maintaining, even build their own houses?

I suppose that we, collectively, have a very
deep faith that it’s the birthright of human
beings that they should have this self-
determination in all the things they do. That
worries me, because 1 don't know how to
answer some very cynical people who say
that: (2) people don’t want to do it; and (b)
they couldn’t do it anyway.

Now if they couldn’t do it anyway, well,
that’s an appalling thing for me 10
contemnplare . . . But if they don’t want to do
it, then, 1 mean, whose side are we on? If they
really don't want to do it, is it because they’ve
been, as it were, corrupted and they just think
they can't do it? They have an illusion of
impotence? It might be that But might be
that they just don’t want to, they really do
want to do something else. So we remain a
sort of fringe minority, articulating our own
tastes and values.

Grabam 1 wouldn’t say that our position
is elitist; or if it is elitist, [ wouldn't say that
ir’s exclusive. Whereas a house that costs
£20,000 to build 5 exclusive.

Godfrey This theory that all of us seem to
have art the back of our minds — that inherent
in every human being is the desire 1o be
creative and be self-sufficient ~ I think it's
like an act of faith. It's not corroborared with
any particular evidence — it's like thz belief
that all men are equal: there’s not much
evidence for thar. It's just something that we
have to accept as a basic premise untl proven
otherwise, Of course it’s just as hard 0
disprove the hypothesis that people are
born with an innate ability to rake control of
their lives, as it is to suppose that people are
born without that innate ability. Bur don't
you think that behind all this there’s 2 notien

" somewhere of the ‘whole man’ or *‘whole
: woman' — of a person who spends some of his }
 tilne growing vegetables, some of his time :
 playing guitars, building houses when the need ‘
' arises and writing books or drawing cartoon

‘ strips? That, to me, is the ultimately

‘ seducrive idea, and { don't think it's

| necessarily elitist to have that point of view.

| Peter Well, as you say, it's not proven. But
. other people can cite the evidence that if you

. go round the Ford factory they're just not
_interested in this kind of thing, by and large.

. And they can ask you, “Are you helping, are

. You zny use to them?"

Godfrey But if you take that further —
say, if you went to some people on a remote
Pacific island who'd never heard of transistor
rzdios or other baubles of civilisation and
said, “Do you want a transistor rzdio?"
they'd say, “What's a transistor radio?”

What I'm getting at is that these people,
never having experienced the sort of things
that we're talking about, would have no words
with which to express approval or disapproval
of them. Therefore to say that the people in
the Ford factory don't want autonomous
houses or alternative technology or whatever
is a bit meaningless.

Brice " Alternarive technology™: it's an
abstract concept. It's a point of reference, but
it's one I'm less and less happy about. I can’t
get to grips with thar linge any more.

Peter It's funny that other people bave,
you know. | mean, it’s appalled me, whart's
happened to ‘AT’. But Alternative Technology
bas become a movement in the senss that
people use the term to refer 1o each other —
bur actually they’re all doing completely
different things . . .

Bruce It’s obvious why it's become a
movement . . - | mean ir's the media . . .

Godfrey Yes, but | think a more subtle
reason may be because people in chis era have
faith in gadgets as a solution to problems. If
the present gadgets won't solve the problems
then alternative gadgers may solve them . . .

FPeter So is the essence, for you, building
it yourselves?

Bruce Well, there’s a reason for that
essence — you'te part of it, it’s an extension
of you and you’re an extension of it, and you
kaow it and you love it and you hate it, and
you can do things to it: you can modify ir,
change i, and it can modify you, change you.
You can’t phone up a plumber. . .

For the same reason, the loveliest houses
are squatted houses, where it's a free house,

a liberated house. Peopie can carve up the
inside, take the floors out, punch holes where
they want . . . because it's out of capitalism.
A squat js about the only example of
something that’s out of capitalism. Albeit

it's only temporary, and it may be
convenient for capitalism, it’s still something
where there's no market repression.

Godfrey An essential aspect of what
you're sayir x seems also to be that the act
of creating shelter for yourself should be, at
the same time, an act of affirming your
independence of the State and the System?

Bruce But there's more to it than that
‘There's got to be thoughts about what can
survive in the future, realistically — not so
much ecologically as politically. There's
something happening that's making it harder
for people to live with any kind of self-
determination. And if there’s going to be
something that can survive — though it's not
going to be one thing, it's going to be
umpteen things — then one of them might
well be 2 kind of Strect Farm-type scenario.
In twenty years time, what are we going to
be doing? Who knows, but we're going to be
doing something the way we want to do it.

Not the way we've got to do it.
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MATERIALS

A certain amount of knowledge of the physical and
chemical properties, and of the behavioural charact-
eristics of materids, is essentid if you intend to
design and build your own AT hardware. Wiy {o
things break? Why are some materials stronger thaw
others? Why do muterials bave any strength at ali?
Before you read this section you should know the
answers to these questions, which may be found in
The New Science of Strong Materials or Why You
Don’t Full Throughthe Floor by JE. Gordon
(Pelican, 1968). But to give you seme idea of the
answers, here are a couple of quotations from the
book:

“If | weigh 200 pounds and stand on the floor,
then the soles of my feet push downwards on the
floor with a push or thrust of 200 pounds; that is
the business of feet. At the same time the floor
must push upwards on my feet with a thrust of
200 pounds; that is the business of floors. If the
floor is rotten and cannot furnish a thrust of 200
pounds then 1 shall fall through the floor. If,
however, by some miracle, the floor produced a
farger thrust than my feet have called upon it to
produce, say 201 pounds, then the result would
be still more surprising because, of course I should
be airborne. The force need not be a stationary
weight.’

“The wind, blowing where it listeth, pushes on my
chimney pots. but the chimney pots, bless them,
push back at the wind just as hard, and that is
why they don't fal off.”

When you climb a tree the deflections of the
boughs are clearly visible, but when you walk across
astone bridge the deflections are imperceptible.

There is dways some deflection-just enough to
build up forces which counter the externa applied
j load. This is basic to al structures. If the load is

greater than the structure
can rake, it will become de -
formed, and bresk.

There is no general relationship
between the tensile and compressive
strength (see glossary of terms) of var-
ious materials. Cast iron, cement, plaster
and masonry are al strong in compression,
but have hardly any tensile strength; like a pile
of bricks, they are full of cracks.

Chains and ropes are strong in tension, but fold
up in compression. They can best be regarded as !
structures rather than materials. Wood is three or
four times stronger in tension than in compression,
because its cell walls fold up in compression (yet
wood is mainly thought of as a material rather than
a structure). Compressive failure of this kind'is a
more complicated process than tensile failure, since
there are several ways in which a material can ‘run
away’ from a compressive load. If the material isin
the form of a short, squat column, and is soft, like
mild steel or copper, ii will simply ‘rquish’ out side-
ways-like Plasticine. If the materia is brittle, like
stone or glass, ii will explode sideways in a very
dangerous manner, into dust and splinters.

Most metals and timber, rubber, fibreglass, bones, |
teeth, cloth and rope, are tough—that is, you can
bash them but they don’t break casily. Most mineras,!
glass, pottery, resin, bakelite, cement, and biscuits
are brittle—ie they crack easily. Cellulose, the main
congtituent of wood, cane, bamboo, and al vegetable:
fibres, is very tough. Yet chemicdly it is a sugar, and
all crystal line sugars are very brittle.

At the end of this section, | will explain the terms
stress, strain, stiffress, and strength, and basic
methods of calculati ng values for them. But rech- |
nically | shall say no more, as The New Science of !
Strong Materials explains admirably the theory and |
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practice of materials and structures for anyone who
wants more information.

Ecologicaly, however, there are many conflicting
arguments about the way we us¢, or do not pse,
vZrious materials. Alumijum; tor example, 1s easily
cut and machined, light; strong, wi!! not oxidize or
rot (in a pollution-free atmosphere), and potentially
can be used in very long-lasting products. However
the spoil heaps beside the associated mines, and the
massive hydra-electric schemes necded to provide
cheap energy for its processing, hoth cover vast
i acreages of good farm land. In view of the pollution
and eco-distuption thus czused, we certainly should
not be designing aluminium into throw-away
products.

Copper has a Smilar history of production. As for
its consumption, we in the Western world already
have more than our fair share. If the known world
copper reserves were divided by the world's
population Americans would have only one third of
what they currently use. But where does all the
copper go? The amount in cars and luxury items is
minute; in houses some is used in copper water
cylinders, water pipes, and wiring. But most copper

is in massive motors in industry, sewage works ?
and power stations. Think of the tons of the
stuff in those (thicker than car batterv leads) over-
head wires of the national grid. (Maybe they put the
high voltage in them to stop people nicking the
copper!). |

The politica implications of high technology ‘
materials should also be considered. Are we obtain-
ing them at the expense of the living conditions and |
standards of those in other parts of the world? Or of !
the working and health conditions of those who
process them? Is the system for obtaining them only
possible with large, al-powerful corporations? And
by ushg these materials are we becoming dependent
on these corporations, who will ultimately control
every facet of our lives?

An example of an ecologically OK materia is clay.
The continua silting up of river estuaries produces
more clay than is currently consumed. Its availability
is not dependent on large corporations or high
technology; many potters dig clay locally. Ceramics
are not only good for cups, bowls and plates, but for
food, grain and drink storage, for furniture, and of
course for houses. Bricks' are made of clay and
athough a lot of energy goes into firing them, the
process could be performed more ecologicaly with
a solar kiln (used on those frequent hot summer
days! }, or by having a kiln centrally situated in a
house and making full use of the waste heat from
the kiln chimney for domestic heating. ‘

If you are a purist, the only materials you can use
with an ecologically-free conscience are those that
are available naturally, preferably in your immediate }
surroundings. Most places have rocks, stones, earth,
clay or sand, and some wood. Particular areas have
chalk, slate, lime, peat, granite, etc. Then there's cod ;
and metal ores. Most deposits are owned by someone,!
but even if they weren't someone would soon start -;f-
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INTRODUCTION

mining and processing them for a living. So we may

as well accept that such materials as iron, copper,

tin, and lead exist and-so long as we recycle them-
| awayswill.

Generaly speaking then, wood, clay, glass and the
| more common metals are all right for us eco freaks,
but synthetics and plastics (which obviously depend

on high technology) are out. (Except perhaps in

1 these early days, when cost and time force us to use

i these nice, easy-to-put-up plastic drains, and that bit

| of plastic sheet to cover the roof while it's off for re:

i building-oh yes and a few inches of polystyrene

| insulation just to save energy now But we'll

! investigate organic insulation later.

i Findly aword about my pet hate: fibreglass. |
speak not in ignorance. 1 have used fibreglass very
successfully in making moulds and bucket-type sear
Although it is a marveloudly versatile materid, it is

un-recyclable. After a number of years it loses its

strength, becomes brittle and chips and cracks, and
crazing sets in—so you realy have no aternative but
to throw it away. In scrap yards | have seen fibregla:

body pandls, roofs and car fronts, which, due to this

i process of deterioration, are no good to anyone. (It'

. the sun’s ultra-violet rays and continued temperatur

changes which break fibreglass up). It is instructive

 to set out the pros and cons of fibreglass in tabular
form:

Pros
Light.
Strong (when new).

Can make moulds for
repeat items.

Can be sawn, drilled,
tapped.

Can be tranducent or
opaque.

Can be used to repair

itself and other items
(but different co-
efficients of expansion

often cause failure after
a while).

Cons
Un-recyclable
Non degradable.
Loses strength when old.

Very messy to use, how-
ever much care you take

Uses up resources of oii
and chemicals.

Depends on high tech-
nology for its manu-
facture,

Can cause dermatitis if
the resin gets on your
skin (so you must wear
throw away plastic
gloves whilst laying it
unl)

pla r LCN

{# a moment, we’ll be looking in more detail at the
various characteristics of specific materials and the
metbods and tools needed to work them. Let?
begin, however by examining the basic material i
which makes this book possible.

It's odd that the technology of paper-making is
sotaken for granted in owur society, the control and
functioning of which depends almost entirely on
paper-based information. Radicals tend to forger
(except, perhaps, whgn paying print bills) that they
depend utterly on today’s high-capital, centralised,
high technology paper industry for the basic vehicle
enwhich the dissemination of all their thoughts and
values depends.

I'f ‘The Revolution’ ever happens, its leaders are
unlikely to announce the event by taking a full-page
advertisement in The Times: equally, one would
have thought that the dissemination of revolutionar)
new and propaganda could be effected in a more
independent manner than on the products of Reed,
Bowater and the other International paper giants.

But can ‘the movement’ ever expect to be able to
produce its own paper, on a scale greater than that
achieved by the few small, hand-made paper manu-
facturers who still sell their beautiful but prohibitive
ly expensive sheets taday, but smaller than that of
the mammoth paper mills that gobble up enormous
acreages of trees and vast amounts of energy each
year, and spew out millions of tons of largelv-useless
packaging and advertising?

Derek Burns looks at what we #ight be able to
d o

or 12 in2}

brick is:

area (A)

Stress is simply load per unit area. L I weigh E
200 |bs and stand on a brick 3" x 4" (=12 sg

ins or 12 in?), the compressipe seress in the

-21—02Q= 16%/3 pounds per square inch, ie 1624 !

1b/in2

The caiculation is the same for tensile stress.
In shore:

stress (S) = load (P}

Strain is the amount of stretch per wnit length
of the materiat under load. If a rod 100 inches .
long stretches one inch under load, then it is | Across the whole range of solids E varies by |

other words:

\ strain (e) =

i stress by strain, le:

| Stiffness (E) = stress (5)
strain (e)

. . . 1
subject to 2 strain of .75 or 1.0 per cent. In

serezch (1)

origma[ Iengtﬁ {®]

Stiffness is the flexibility (or springyness) of a |
| material up to the point where it becomes ‘
I permancntly deformed. Stiffness (measured

! by Young's Modulus (E) is found by dividing

about 200,000 to 1. In substances we
normally think of as rigid E varies by about
1,000 to L, so E is a very useful yardstick for
comparing materials.

Strength is the force needed to break a

material. Most frequently it is though: of as

¢ tensile (*pulling”’} strength. Scrength is the

| stress on the material just before it fractures,

| So #strong stee) could have a tensile strength

| of 450,000 lbs/in2 (that’s 200 tons on each

¢ square inch!), while brick or cement might
have a strength of only 600 or 800 Ibs/inZ (in

! tension, that is: in compression they conld

withstand a much higher stress).
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PAPER:
ROLLING YOUR OWN

Paper is one of the simple but essential things of life
and, like sugar, its future supply is likely to be
erratic and expensive. The implications of such a

situation are vast: the simplest and cheapest channel | A

of communication is the written or printed word—
on paper. This is especialy relevant for Left and

i Movement groups, to whom channels of

«communication are important for mutua support,
propaganda and information.

The most obvicas response is to look at
'possibilities of making one's own, either from new
:materials or by re-cycling old. In attempting this
10ne comes up against a curious fact of history;
‘paper legpt from the phase of teing a hand-craft to

t ;almost total automazion with hardly a pause in

Ibetween. Hence any remarks about aternative
:modes of manufacture waver uneasily between the
«old ‘crafty’ methods and the intimidating demands
«of modem technology. What is needed is a great
«deal of research, experiment and discussion into this
imiddle ground, and &' attempt to graft technology
onto craft methods to produce a variety of systems
1to suit individual requirements.

Such requirements would differ according to (for
«xample) basic attitudes to technology, the level of
tsophistication that can be handled, and the output
iand quality of papzr desired. One can rough out
ithree basic approaches-the very simple ‘craft’
:1pproach; an atempt to graft on such technology as
1 general handyman might be able to handle; and,
{inally, the construction of a small-scale, high output
2lant. This differentiation will be used from now on,
though the last will receive only cursory mention
1recause of its complexity. And al these remarks are
:rimed only to start people thinking; they are in no
YNay a st of instructions Or recipes.

First one needs to know what paper is. It is
simply amat of fibre. Any fibre will do so long as
it absorbs water and ‘felts’, ie the fibres hook onto
o another naturally. Reeds, grasses, leaves,
bamboo, flax, jute, maize stalks and—especially—
c:otton rags have all been used successfully, but for
the |ast hundred years pride of place has been taken
1oy the tree. Alichese things are basically ceilulose
fibres glued together by complicated substances
«:alled ‘lignins’.

fiow 1s paper made? in simplest terms there are
ifour stages. Firgt, the original materia is ‘ cooked'
1in some way to extract the pure fibre. Then the

!l{fibre is bleached and washed to make it white.

—_—
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‘Next the fibre is ‘beaten’ to fibrillate it and allow it
‘to mat easly. Finally the fibre is made into a thin
;gruel with water, spread on to a supporting mesh
:and drained by suction, pressure, heat or plain
sgravaty. In the last stage various things can be added
1like “filler' to make it heavier, ‘size’ to make it print
iclearly and colour to hide off-whiteness.
Presumably the primary aim of &' aternative
jprocess would be to provide paper for writing or
jprinting purposes. This means that considerations
liike strength or water-resistance can be forgotten.
'What is sought is a reasonably white paper that can
+withstand moderate handling and that has a good

‘ take' surface. |I” essence this means “sing fairly
ong-fibred material, some bleaching, some sizing
:1nd considerable pressing.

The question of whether to use primary materias
or recycle existing paper is one for individual
«choice. Recycled paper is inevitably wesker than
. tthe origmal product so that use ot the obvious
imaterial-newsprint-is beset by difficulties. It need!s
tto be mixed with other larger-fibred paper to
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provide adequate ‘felting’ because newsprint is made
by a different process. Instead of being *cooked
fibre, newsprint is made by simply grinding the logs
of wood and using the resulting ‘splinters directly
for paper. The individual fibres are very much
shorter and less fibrillated, and hence break up
more easily. The other problem with newsprint is
temoving the heavy ink content, and as it was only
lightly bleached in the first place a rather dirty
coloured sheet is produced the second time around,
despite second bleaching. The choice of the exact
mix of materials for re-cycling can be left to
experiment, but an obvious starting point is the
addition of rag to the newsprint.

Having some idea how paper is made, decided
what sort you want to make and settled what your
starting material is going to be, how do you begin?
The Simplest approach, the ‘craft’ approach, would
best start with recycled paper. This can be ‘mushecl’
il a large kitchen mixer or a small baker's dough
nachiie. Rags should be first cut up into small
sieces and boiled vigorously for a. couple of hours
1 a mild bleaching solution, and then added to
water aready swirling in the mixer. Paper sheets,
:orn to a suitable size, could then be added, though
snsuring that the mixture never thickens beyond
the consistency of a very thin porridge. ie about
5% fibre by weight. The mush should be beaten in
the mixer for a considerable time-an hour or so—
to improve felting, and then tipped into a large tub
into which a ‘mould’ can be dipped.

A mould could be, made of any fine wire or plastic
mesh stretched across some stoutly joined 2 x1"s.
made 1"—2" larger al} round than the sheet size
required. A3 is a gaod size to start with, moving
larger as expertise cevelops. For the mesh the
material used for screen printing should serve
reasonably well, though the very fine weaves shoul¢d
be avoided.

The frame is quickly dipped into the mix and
lifted out; the ‘porridge’ is swirled around to get an!
even layer and excess poured off. Only experience
with a frame and the mix consistency can tell you

Fig 2. The mould.
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Fig 3. Fibres, gready enlarged, before (left) and after bearing.

what is ‘excess’. The aim isto finish up with neither
4 tissue paper nor a heavy board.

The frame is then put aside to drain for up to
half an hour. After draining, with the ‘mat’ till
tontzining over 70% water, the mould is reversed
sn to a piece of thick felt-like material, and a pileof
itternate semi-dry sheets and ‘felts’ (to help absori?
moisture) built up. This is known as ‘couching’.

The pile is then pressed to squeeze out more water
on a simple mechanical press. Then the sheets are
separated again and left to dry by some convenient
method that keeps them flat. Laying on a canvas
Frame and raising it out of the way by pulleysis ori€
way; pegging them on aline is another and simple:
method, if dight marking is not objected to.

For improved writing surfaces sheets may be
dipped in a bath of either gelatin or animal glue
before the final drying. Bathing in starch increases
the firmness of the paper ard gives some surface
improvement, particularly if subsequently each
sheet is lightly ironed. For colouring, kitchen
colourings, like cochineal, can be used-sparingly!

Thus, for this simple method, the equipment
needed is a beater-mixer; moulds; tub; screw press
press ‘felts’; a drying system; and a plentiful
supply of water. But such a method is no way to
produce quantities of paper, nor to accommodate
variations in the materials used. For this, some
simple equipment, specialy made, is necessary, such
as asimple refiner and aroll-press. The first is,
essentidly, a means of grating the fibres between a
heavy ridged roller rctat'mg in a tub with a ridged
bottom. Using such an item after the primary
mixer can reduce the beating time to five to ten
minutes yet produce much superior fibrillation. The
mangle-type roll press improves surface finish
enormoudly, especialy if a means of heating the
rollers can be devised.

Moving on to the third level of paper-making ohe
enters two complicated areas which it is difficult tto
discuss briefly and can best he studied in, and
adapted from, the basic texts on paper-making.
These aress are the ‘cooking’ and bleaching of fibres.
And beyond them are the rather remote possibilities
of continuous paper production.

Cooking involves boiling the basic materials with
strong caustic soda, about a 10% solution, for
several hours. This will work well for al materials,
but for wood two variants have been developed—the
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Fig 4. Dipping and couching.

acid method and the alkaline method. The first uses
calcium bisulphite mainly as the solvent and
produces particularly pure, long fibres. The second
uses sodium sulphide as the cooking liquor and
produces exceptionally strong fibres known as
*kraft’ fibre,

Bleaching involves treating the pulp with sodium
hypochlorite (commen bleach), followed by
washing. This can be done in the mixer stage by
adding bleach solution to the water mix, or it can
be done by the much cheaper, but more tricky,
method of bubbling chlorine through a closed
Il vessel. Either way it needs careful ‘washing’, ie

¥ig 5. Early paper machine — to set your handyman ideas going.

replacement of the bleaching liquor by plain water,
as well as carefully planned handling procedures,
before it is attempted.

If one is going to this level of sophistication, the
use of ‘wet-end’ additives could probably be handled
as well. These additives are basically rozin and china
clay. Rozin does the same job as the gdatin-it
gives a good finish for printing or writing purposes.
The clay is afiller, giving a more solid and whiter
sheet.

Contiruous paper production involves designing
some form of endless wire or plastic mesh rotating
over rollers, followed by steam-heated rollers for
drying. Vacuum drying boxes under the wire and
differential speed drying rollers-so that one roller
‘skidding’ over the sheet provides it with a ‘polish’-
are extras. The chances of realising such alternative
production of continuous sheet seem remote, yet it
is possible that plain economics might drive us to
it. A few figures may make the point. A competent
vat-man can produce about 250 A2 sheets an hour
after a sizable investment in frames, etc; a small
slow paper machine will produce 25,000 A2 shesets
an hour, and a fast one 2,500,000. To buy, hand-
made papér costs about 18p per A2 sheet, machine-
made paper about 0.75p.

But there seems no intrinsic reason why even
this level of alternate technology should be beyond
our ingenuity. So the message is-try things out,
start with the ssimplest methods and graft on the

i technology dowly. And keep the juices of invention

flowing steadily.

‘ f

Derek Bums

STVIHALVIV




178

MATERIALS

woon

WORKING THEPLANK

\ The “Back to Nature” movement of recent years has |

| turned many people on to wood as the ecological all- |

purpose material. But the trouble with wood is that
it is scarce and that new wood costs more than mass-
produced plastic equivalents. Sources. Ap:rt from

the wood sources mentioned in the recycling sect.n, |
you can aso pick up driftwood, and wood from local.

derdlict land. Building contractors sometimes return
at ‘knocking off’ time with a lorry load of scrap
wood to take to the tip next day—they’ll be glad if
you relieve them of it.

Once you've got some wood, to make the best use
of it the first thing to do is to grade it. Separate out
the wood that is good for interior use, and exterior
use, the pieces with rotten ends, and others with

woodworm and other infestations for use as fire
wood. Then pull al the nails out of the good wood
and stack it-vertically- with the big bits at the back,
progressing to approximately 3ft bits at the front.
Any hits shorter than 3ft can be stacked in a box or
bin. Make sure to cut off any rotten bits; watch out
for nails-look carefully al around before sawing.

If you buy new wood, get it from a timber yard,

i (not Do-It-Yourself shops). Have a look at their ‘off-

cuts’ (by the saw mill ) and ask for them at a reduced-

price. Ask for trade discount, say you work for your-
sdf, and are doing a job for someone ~ise. Y ou might
even go to the trouble of getting a small rubber
stamp made (eg JOE BLOGGS—Gardener/Handy-
man followed by your address. No VAT number is
required as your turnover does not exceed
£5,000). You can then make up official-looking
‘orders’ by stamping your name at the top of orders
in a standard order book, obtainable from any
stationer.

BASIC TOOLS
If you intend shaping large beams-perhaps from
driftwood or tree trunks-you'll need an axe, a log
saw, an adze, a drawknife and a pair of boots with
steel toe caps. You'll also need a wet stone and an
oil stone to keep the adze and drawknife razor sharp. |
Also useful are a set of steel wedges and a lumo
hammer, for splitting. But a basic toal kit for fighter
work should include: a handsaw (approximately 24’
blade with zeven teeth per inch), a claw hammer,
rule, pincers, a small bradawl, amalet, three chisels,
an oil stone, tvra screwdrivers, a spokeshave, a
combination square, a hand drill and drill bits up to
14", a brace with bits from % to1”, a smoothing
plane, and carpenters pencils. Further additions
could include a ripsaw, jack plane, tenon saw, pad
saw, marking gauge, pair of compasses, pliers, chak
and ling, and a spirit level. For even more ambitious
‘ work, add a coping saw, more chisals, gouges,
‘ another screwdriver, pin hammer, coarse files (flat
and round), saw sharpening files, saw set, G cramps
t (two large and two small) and combination plane.
Which tools you get first, after the basics, will
depend on the jobs you tackle first. Generally speak:
ing, older tools were made of better quality sted,
and stay sharp longer. Wooden planes are much

better to handle than metal ones and are just as easy
(if not easier) to adjust once you've got the knack.

| (InC|dentaIIy, put a little furniture wax polish on the

sole plate and you'll be amazed how much easier

! planing becomes). Apart from second-hand shops,

. watch out for old carpenters tools in ‘Articles For

* Sale’ columns in newspapers and magazines. When
lcoking for specific second-hand tools, know the
brand name, and the curreat price new. But look

. tarefully for worn, broken or missing parts.

MACHINE TOOLS

. The most useful power, or treadle, tools for general

| work are acircular saw, planer, and perhaps a lathe,
all of which can be builr from scrap (plus a few new)
* parts, or purchased second-hand. A circular saw with
49 or 10" blade, powered by a half-horsepower
motor of by a treadle and flywhed!, is the next step
from handsaws. Electric drill circular saw attach-
ments are not worth bothering with—in fact most
drill attachments will rapidly wear your drill out.
‘But Bosch jig-saws and similar attachments are
surpose-built and last for ages). Compressed air
tools can also be obtained-drills, jig-sa #s,orbital
sanders, nail guns, and the like--and in conjunction

- with a compressed air energy storage system (pawer-
2d by your windmill or watermill?) are very safe and
versatile. They cost a lot but last much longer than
their electric equivalents.

STORING TOOLS

If you're only going to use them in one workshop,-
then arrange them on the walls, each tool having its
own place, clearly visible, and marked by its outline
or silhouette. On the other hand, if you know you
will be moving from place to place, it is well worth
fitting them into a tool chest. Again, each tool
should have its own dot or clip, and should be easily’
accessible without having to take other tools out
first.

TOOL CARE

|

Don't leave tools out in the open, or edge tools on
; the ground (particularly on stone or concrete), whilst
 working. This also applies to saws.
Never use any tool (or alow it to be used) for any
| other purpose than that for which it is primarily
intended. Screwdrivers, and even chisels, for example.
should never be used to prise up nails or scrape paint
and rust. Despite all my ideals of mutual trust and

TOOLS FOR REMOVING NAILS " Tack lifter

& %

Caw hammer

Pincers

Crowbar,
jemmy or
wrecking bar

The *Vietor’
nail puller

—will even remove
headless nails

leve! with surface
of wood!

A homemade nail puller

Plan
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sharing, my experience has taught me that the only
way to prevent misappropriation of your tools is to
keep them under lock and key! If you're trying to
t'use them communaly, then dlocate the workshop
- key to @' elected person, and have a book to ‘sign
out’ tools from the workshop-it's worth it in the
end.
i Saws and edge tools must be kept sharp When
! they are not, work becomes difficult and the result
tis often far from sausfactory. Before | explain how
| to sharpen such tools, it is important that the actual
cutting action is understood.
Wood fibres, as can be see” from the grain. runiin

i more-or-less paratlel lines. They can be cut in only
|two ways. splitting or paring (as when sharpening a
| i pencil with a knife); or by severing (as when cutting
' a head off with a guillotine). A sharp chisel can be
used tor either purpose

Severing end grain
{chisel reversed to
cut vertical face}

Paring ‘with’ the grain
(important when planing)

A saw with teeth sharpened for cross cutting is

‘not very efficient for ripping (cutting with the grain).

; It is, therefore, much better to have two hand saws:
toie asin the basic tool kit: plus a rip saw with

| approximately 26" blade and four teeth to the inch.
i

ége;t:w!ﬁl@a

i Sharper gngle for

i softer wood CROSS CUT TEETH
acf pil, o
b
ettt

RiPSAW TEETH

Both types of saw have a ‘set’ (aternate teeth

: bent dlightly to each side), so they cut a slot wider
: than the blade, to avoid sticking. To sharpen a saw,
. first check with a stedl rule or straight edge to see

| that all teeth are level.

. CHECKING LEVEL

Steel rule or straight edge
. OF TEETH .,

USING A SAW
SHARPENING FILE

If not, file them with a fine flat file dong the
blade, or grind them off using a guiding piece of
metal or wood, clamped to the blade approximately
one inch from the teeth, and resting against the
gTinder's tool rest. When a small flat has appeared on
each tooth, stop. Clamp the saw between two pieces
of wood (say 2in by 1in) using a vice and two G
cramps. You need a triangular (three square) fine file,

{a double ended one with a handle is obtainable for
this purpose). Positio” che fide at the correct angles
for your saw (see diagram). Hold the handle in your
right hand, and the file tip under your left thumb
and asyou push it forwards apply a certain amount
of pressure. The file will cut much better on the
teeth bent away from you, so concentrate on these
first, and then turn the saw around. Check that you
are making each tooth the same size (counting the
file strokes may help). When no light is reflected by
each tooth point, then it must be sharp. Remove any’
side burrs thrown over by the file with the edge of
your oil stone, rubbed lightly along the blade, taking
care not to blunt the tip of the points. Finaly, toset
each tooth, tap dternate teeth with a flat-ended
punch, resting the blade on a hardwood block. Or
use saw-setting pliers. (You can make a saw set from
a strip of 1 inch by ¥/g inch mild steel).

Light tap. Set top
haif of each tooth only.

The dot should be only haf the depth of the 1
tooth. In order to bend each tooth by the same
amount another piece of metal bolted to the first
ican be adjusted to give the set you want (and prevent
you from snapping teeth off).

#oMEMADE SAW SET

_ Half depth of
tooth

Pull down till
stop touches blade

Saw blade

Circular saws are basicaly the same, but you can

get a combination blade which rips and cross cuts.

SIVINALYIY
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CIRCULAR SAW TEETH |

E e TPES

Cross cut Ripsaw
M W 1
Combination Tungsten tipped

Some hand saws, however, have hardened teeth
which must he ground off completely and new teeth
cut. Some circular saws have tungsten teeth which
can only be sharpened on a green grit grinding wheel,.

Chisals and plane irons should be sharpened at
two angles: 25 degrees and 30 degrees, the first on a
vret stone, 12 to 18 inches in diameter, znd 2% to 3
inches wide. The stone should rotate towards the
operator, and grinding should be done with the tool
held near the top, amost horizontal, otherwise water
from the stone will run down the hands and arm-
which is disagreeable, especialy in winter. The water
ensures that the temper of the steel is not lost, and

stone will deteriorate if left submerged. Alternatively;,
mount the stone in such a way that it can he lifted
clear of the water when not in use.

GRINDSTONE AND TROUGH

Tool rest

Con rod to treadle
(hand crank on other side}

The tool being ground should be moved from sidr:
to Side to ensure even wear of the wet stone. The
precess is much easier if atool rest is fitted, as
shown in the diagram. Check the squareness of the
cutting edge. The final edge is obtained on an oil
stone, Fist clamp the cil stone horizontally in the
bench vice, and squirt some thin oil onto it, Hold the
plane iron or chisel as shown, and rock it up and
dow to ‘fed’ the angle you’ve ground on the wet
stone, then raise the free end dightly so that only
the tip is touching the stone. Proceed by dliding the
tool up and down the oil stone in a figure of eight.
This ensures even wear of the stone, and cuts the
metal away far quicker than just going straight up,
:md down. Keep the angte constant, as far as possible,
#md finish off by placing the tool flat on the stone
(as in drawing 8) and sliding it back and forth a few
rimes. Findly, te remove any burr on the tips, rub i ¢
up and down on aleather strop, or on the palm of

your hand,

FOR CHISELS AND
PLANE IRONS

Grinding angie 2
Sharpening
angle
30°
CORRECT PROFILES

N1

Chise’s Smoothing plane Jack plane

Screwdrivers should. aso be ‘trued up’ occasion-
lly. Tips get rounded with use, and should be

quared Up on a grindstone, dipping the end in water :

rccasionally to preserve the temper of the metal.

iy,

Angles ro grind tue

SCREWDRIVERS

Worn tip

Having sharpened your tools, the most useful
hig to make is a heavy, andfor well secured bench,
vith woodworking vice, bench stop, and a central
rough for tools to rest in whilst working. The next
hing to make is a sawing ‘horse’, with a wide top
ind ‘v’ cut end-or = pair of such trestles with smaller|
‘ops.

For sawing logs and firewood, a trestle with six
egs extended as shown is well worth the time spent
naking.

Blocks screwed
and glued
{and countersunk)
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Make yourself a bench hook for light sawing jobs,
and four hardwood wedges. Tiiese can be used in
many cunning ways instead of sash cramps. For
example, to clamp a box up, strings are tied round
the planks (A) and sticks inserted (B). These are
twisted up and rested on the box, and the blncks are
screwed to the boards so that the wedges can be
inserted at C. These are tapped home, and the
contrivance checked for squareness. The wedges can
be used similarly for table tops and window frames.

CLAMPING A BOX
USING STRING, TOURNIQUET
AND HARDWOOD WEDGES

Another useful cramping device is a car jack. £
irecently cramped a window frame up as shown in
the drawing below, using a car jack between the watis.

Window

Walls
ITame 3

3 x 2" \1!

board

!

]
ot

4. Carjack

T

NE Only tighten untl glie has oozed out from joints. Don't
overds it!

wooD

Wood is awarm, versatile material, and renewable
to boot, but we can’'t use too much at once. So it
needs care and imagination. Treat it like a friend.

Rob and Al Hitchings

The nature of wood

Structure of wood

Wood, like all plant material, is made up of cells, or fibres,
which when niagnified have an appearance similar ¢o but less
regular than honeycomb.

The walls of the honeycomb correspond to the walls of the
fibres, and the cavities in the honeycomb correspond to the
hollow or open spaces of the fibres,

Softwoods and bardwoods

All lumber is divided as a matter of convenience into two great
groups, softwoods and hardwoods, The softwoods in general
are the coniferous or cone-bearing trees, such as the various
pines, spruces, hemlocks, firs, and cedar. T' : hardwoods are
the noo-conebearing trees, such as the maple, oak and poplar.
Moisture content

While the tree is living, both the cells and cell wails ate more or
less filled with water. As soon as the tree is cut, the water
within the cells, free water, begins to evaporate. When
practically all of the free water has evaporated, the wood is
said to be at the fibre-saturzdon point, i.c. what water remains
is mainly in the cell or fibre walls,

Except in a few species, there is no change in size during
this preliminary drying process, and therefore no shrinkage
during the evaporation of the free water. Shrinkage begins only
when water begins to leave the cell walls themselves. What
causes shrinkage and other changes in wood is not fully
understood; but it is thought that as water leaves the cell walis
they contract, becuming harder and denser, thereby causing a
general reduction in size of the piece of wood. If the specimen
is placed in an oven which is maintained at 2120 F., the water
will evaporate and the specimen will continue to lose weight
for a time. Finally a point is reached at which the weight
remains substantially constant, meaning that all of the water
in the cells and cell walls has been driven off. The piece is then
said 1o be *'kiln dried”.

If it is now taken out of the oven and allowed to remain in
the open ait, it will gradually take on weight, due to the
absorption of moisture from the air. As when placed in the
oven, a point is reached at which the weight of the wood in
contact with the air remains more or less constant. Careful
tests, however, show that it does not remain exactly constant,
for it will take on and give off water as moisture in the
atmosphere increases or decreases. Thus, a piece of wood will
contain more water during the humid, moist summer months
than in the colder, drier winter months. When in this condition
it is in eguilibrium with tbe air and is said o be air-dry.

A piece of lumber cut from a green tree and left in the
atmosphere in such a way that the air may circulate freely
about it will gradualty arrive at this air-dry coadition. This
air-seasoning process takes from one to three months.
Shrinkage
As a log shrinks, the parts season differently. These
characteristics are important to know for use of the wood as
lumber, The shrinkage from end to end is negligible, but in
cross section it shrinks approximately half as much at right
angles 10 the annual rings as it does parallel to them. This is
importint in framing and flooring: a stud wili not shrink much
in leng b, but will shrink somewhat in the 2 and 4" way.
Likewise, a green joint will change in depth as it seasons. In
flooring, cdge or verticat grain flooring, if green, will shrirk
about half as much as green fiav-grained flooring.

Density

The tree undergoes a considerable impetus early every spring
and grows very rapidly for a short time. Large amounts of
water are carried through the cells to the rapidly growing
branches and teaves at the top of the tree. The result is that
the cells next to the bark, which are formed during the period
of rapid growth, have thin walls and large passages.

Later on, during the suinuner, the rate of growth slows up
and the demand for water is less. The cels which are formed
during the summer have much thicker walls and much
smaller pores. Thus it is that each year's growth is of two
types, the spring wood as it is called being characterized by
softness and openness of grain and the summer wood by
hardness and closeness, or density, of grain. The spring wood
znd summer wood growth for one year is called an annual ring.

There is one ring for each year of growth. This development
of spring wood and summer wood is a marked characteristic of
practically all woods and is clearly evident in such trees as the
yeliow pines and firs, and less so in the white pines, maple, and
the like,
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BIOLOGICAL CHEMICALS

SKEPTIKAL CHYMIST

At present the major sources of many highly useful
and valuable organic compounds, ranging from
plastics to medicines, are non-renewable

hydrocarbons-oil and coal. This article looks at the -

possibility «f obtaining these chemicals on a small
scale from renewable sources-such as wood and
seaweed.

On examination of the present and past processes
for the production of chemicals from renewable
natural resources, the following significant points

| emerge:

- @ Many of the resources are renewed in a fairly

- short life-span (1-10 years).

. & They are often labour, as opposed to capital
intenstoe. -

® Many processes use only ‘waste’ by-products Of
normal production,

@ Many of the processes are based on pre-industrial
teckniques; and are thus readily adaptable to the
criteria of Alternative Technology.

Products to which these criteria apply include:

Plant Products: wood, sugar, starch, natura dyes,

insecticides, oils, fats, waxes, cosmetics, cork, drugs,

'nectins and peat. Marire Products: seaweed and
i drugs. Animal Products: drugs, enzymes, gelatin,
glue, dairy products (rennet etc).

Space (and persona ignorance) will not permit
me o discuss al! of these processes. | have there-
fore chosen three. The first is as yet theoreticil,
but should become of increasing importance,
namely the extraction of organic chemicals from
carbobydrates. And two others of proven use
wood and seaweed.

ORGANIC CHEMICALS FROM
CARROHYDRATES

Organic chemicals are very important to humanity
today. They supply the starting materials for:
plastics, perfumes, drugs, colouring dyes, petrol
and other solvents, fats and waxes, and a host of
other everyday substances. At the moment the
inajor sources for most of these organic ‘building
blacks’ are peroleum and to 1 lesser extent coal—
soth non-renewable.

Up to twenty years ago a significant quantity of

chemicals suc as ethanol {the acohol in booze),
i propanol, acetone and butanol were produced
from carbohydrates such as starches, sugars and

| molasses, but the wide availability of cheap

1 petroleum in the middle 1950°s rapidly killed off
this more ecologically sound process. .

The greatest natural source of energy is the Sun.
‘Plants trap and store the Sun’s energy in the form
- of carbon compounds. These compound
i carbohydrates are formed from carbon dioxide,
water, and trace elements, in a reaction sustained
| by light and catalysed by chlorophyll, the total

| reaction being called photosyntbesis. These

| carbohydrates occur in 2 variety of forms (See

table below).

i Although, in theory, any of the above sources
ymay be utilised, the most promising candidate

| A modem still for the distillation of rurpentine from Oleoresin

. developed by the US Naval Stores Station, Olustie, Florida. i

would appear to be cellulose, and to a lesser extent’
'starch. Cellulose is the world’s major industrial
| carbohydrate, annual world production being in
" the region of 100 billion tons (Ametica:).
Cellulose itself is a rather intractable polymer of
glucose units, and the hydrolysis of this polymer
(enzymatically or chemically) to glucose would :
appear to be a necessary step in most schemes !

making use of it.

The reactions of glucose, of interest to anyone
hoping to use it as a starting material for
synthesising the organic building blocks which
currently come amost exclusively from petroleum,
are widely scattered in the chemical and biologica
literature and require digging out by someone!
Until thisis done it is impossible to skerch ou:

Carbohydrates Sources

Cellulose Trees, shrubs, plant sralks, grasses,
and so on, bacteria.

Starch Cereals, roots, tubers, pith

Glucose Starch, honey, grapes, dates

Sugar {(Sucrose)
Gums, pectins and
mucillages
Hemiceliutoses and
pentosans
Alginates, agars and
carragecnans

Copra and nuts
Honey

Microbial polysaccharides

Specialist sugars
Biglogically active
carbohydrates

Frem ‘Industrial Uses of Carbohydrares’, Maurice Stacey Chemistry

Cane and beet, maple tree
Trees, fruit of =zl kinds, seeds

Trees, Leafstalk, corm-cobs
Sea weeds

Caco-nuts, trees

Bees

Bacreria and moulds

Fermentation induseries, polyszccharides
Animal tissues and fluids, micro-
organisms, synthetic compounds

and Industry pp. 222-226 (1973).




realistic schemes of relatively straightforward
syntheses suitable for those who do not have the
resources (money and technicians), or desire, to
slhve away a some complex route. Reactions, such
as the aromatisation of glucose to catechol (1, 2-
Dihydroxybenzene) are well known and may
provide some starting points, (ironically, catechol
one Of the few organics readily available from
natural resources).

But the most direct way of producing some
chemicals may be by reviving some of the earlier
fermentation technicues. Ch. Weizmann, the first
President of lsrael. did pioneering work in this are
and a recent (1974) report from the US National
Academy of Sciences suggests that the Americans
may also be taking it seriously.

WOon

Until the middle and late 19th century, when the
distillation of coal assumed prominence, the
a.stillation of wood supplied many of the commo
organic chemicals (especialy solvents). As Fig 1
indicates, wood could supply a very wide range of
aganic chemicals.

Rather than go into further detail on al these
frocesses some ot which are fairly complex, 1 shal

Fig 1.
PAPERBOARD PLASTICS
&
RAYON /
CELLULOSE
CHEMICALS TURPENES PERFUME
FURFURAL
——— WOOD SUGAR
LIGNIN |—| W f——— TANNIN
L g o2 PRODUCTS
. — . WOODGAS
_~METHANOL
L CHEM: —~ ACETALDEHYDE
EMICALS < ACETONE
] CHARCOAL | * ACETIC ACID
From:

‘Chemnicals irom Biological Resources” Alan L1, Dalion ITDG (1973

BIOLOGICAL CHEMICALS

select one which illustrates the potential of wood
chemistry and which, due to its long tradition, may
he of immediate use, namely: wood distillation.

For many thousands of years wood has been
used as a fuel and as a source of charcoal for the
reduction of ores for their metal content. However.
it was not until the beginning of the era of modem
chemistry that the real usefulness of al the by-
products came to berecognised. By the end of the
17th century it was known that wood burnt in
closed vessels produced vapour from which could
be condensed a tar and a watery liquid, termed
pyrolignesus a<id. In 1658 Glauber identified the
main product of this distillation as acetic acid
(vinegar), and Boyle, in his Scepzical Chemist
(1661), noted the presence of an inflammable
volatile liquid, ‘wood spirit’, later named methyl
alcohol, signifying the wine of wood. However, it
was not until the Frenchman Lebon, in 1799, took
out a patent for, “a new method of employing fuel
more efficiently, for heating or lighting, and of
collecting the various products’ (soon al Paris was
to admire his gas-lamp in the Hotel Seignelay), that
things really got going.

The basic details of the process are given in Fig 2.

Fig 3 shows the section of a battery of retorts (A,

of the Mathieu type. The wood is charged
automatically from the running buckets, (¢,
suspended at g. At the end of the operation the
charcoal is discharged into the vessdl; (P),
which is provided with a cover to prevent the hot
charcoa from igniting in the air. The vapours from
the distillation pass into the tube, (H); which
conducts them into a coil cooled by the water in T
and then into the barrel, (J), where the tar and the
pyroligneous acid separate; the gas, which does not
condense, but isstill partly combustible, is washed
and passes through the pipe, (), to be burnt under
the furnace-hearth, (D); there is no danger of
explosion, since, if there is any air in the retorts, it
cannot communicate with the hearth, the barrel, ()
serving as a water-seal.

The products obtainable from a typical dry
distillation operation are as shown in Fig 4. See
overleaf.

Solvent

Fig 2. Products of woed distilladen Naphtha

s

Wood Gas

{

Pyroligneous
Acid

Crude
Woaod Spirit

Woed
MNaphtha

Denaturant
Formic Acid

Crude

Acid Acetic acid

Higher Acids
Crude
Wood Spirit

—5

Crude

s ——— a0 0}

Retort
Wood Tar

e Charcoal

Wood

s |

IFig 3.

Source: Molimasis's Chemistry Vel 2, pt 1, JLA. Churchill (1921).
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W
2 || mga
£ || Products obrained by dry-distillation of 1 ton of hardwood scrap
i ‘} (ca. 70% maple, 25% birch, 5% ash, elm and oak)
<
z Charcoal 600 b
Gases: 5,000 cu ft

Carbon dioxide (38%)
Carbon monoxide (23%)
Methane (17%)
Nitrogen (16%)

PP ol

Methanol 3 gall

Ethy] acetate 15 gall
Ethy! formare 1.3 gall
Acerone 0.7 gall
Creosote oil 3.3 gall
Sol. rar 22 galj
Pirch 66 1b

Source: Alap J.P. Dalton, ‘Chemicals from Biological
Resources’ ITDG, (1973).

SEAWEED

From the 17th century until the development of the
Le Blanc process, in 1781, seaweeds formed the
major source of akali (sodium and potassium
carbonates) in Europe. their ash being known in
Scotland and Ireland as ‘kelp’. From then until the
1930's there was a lull in the industry, but from
then on increasing use was found for one of the
major products. Alginic acid. Fiis 5-& give some
idea of the products available from seaweed; the
earlier manufacture of soda and iodine; the three
major products of the industry; the organic
chemicals (sugars and steroids) that have been
produced by simple laboratory procedures; and the

occurrence of seaweeds throughout the world. Harvesting seeweed off the coast of Australia
The giant keip Macrocystis pyrifera
_ . Fig 5
(DRUGS) AGAR CARRAGEENIN
ORGANIC {(IRISH MOSS)
CHEMICALS
10DINE ALGINATES
SEAWEED
SODA ——
LIQULD - ANIMAL FCODS \‘—— FOODS
FERTILIZER
Fig 6. SEAWEED KELP
100 TONS
MAJOR USE — N
OF ENERGY I
—
DRY: 12 TONS
AMMONIA: DRY OILS: »
3.3TONS | DISTILLATION [~ 2.1 TONS b
! 2
EXTRACT m
Loz WITH WATER _| SOLID | b
— —T m
10DINE:
20 LBS isom: 3 TDNSI rcuan.; 2.4 TONS l 2
© fFrom: o
‘ 'Chemicals from Biological Resources’Alan J.P. Dalon ITDG (1973 3
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Fig 7.

Chemicals potentially available per annum from 1,800 tons
of fresh ‘L. Cloustini’ (whole plant)

STVINILVIY

Chemical Calculated tonnage present in weed
May October Average
Alginic acid 28 31 30
Mannitol 10 33 18
Laminarin Njl 40 14
Fucoidin 6 9 7.5

Source: Organic Chemistry Today F.W. Gibb, Penguin (19¢4).

Product Uses

Agar Microbioiogy
Foodsmuffs
Fharmaceuticals

Fig 8.

Fharmaceuticals
Foods

Rubber
Textiles

Paper

Alginates

Source:

Carrageenin Largely foodstuffs

CIBA-GEIGY REVIEW

It would appear that much Scottish and Irisix

|:seaweed is still gathered by hand-which cannot be
1 :much fun on araimswept and windy besch at the

‘height of winter. The processes for the extraction of
these chemicals have been developed by the now
defunct Scottish Seaweed Research Ingtitute, during
the 1950’s, and may well have been improved on by
.now. The originai methods were simple and
admirably suited for communities located near large,
amounts of seaweed; for most practical purposes the
North West coast of Scotland and the West coast of
Ireland.

Incidentally, it is possible to cultivate seaweed
(the red seaweed, Porphyra teners, has been
cultivated for food in Japan for years), but the
problem of interference to shipping and fishing,

. coupled with the major changes in the environment

which would occur as a result, led to the dropping

of such proposals from the Bririst: industry, under
'-pressure from the Ministry. Anyoae familiar with
the apparently uncontrollable growth of red seaweed
now going on along Britain's south coast, will
understand the need for caution. In short, the
probiems may well be socia and ecological rather
1 than technical.

Alan Ddton

Alan J.P. Dalton,
“Chemicals from
Biological Resources’
ITDG, (1973).

Ceramics
Alcoholic drinks
Electroplating
Leather finishing

[Part of an alginate producing plant in Scotiand
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- randomness is less than the degree of organisation

SCRAP

ANY OLD IRON |

THE ECOLOGICAL ARGUMENTS

The environment, that is al living things, the air,
water, and soil, forms a ‘whole system’ usually
referred to as the ecosphere. .

The Earth developed randomly from deserts into
forests and vegetation capable of remaining relatively;
stable in the face of internal or external changes—
capable, for example, of ensuring an optimum
balance of oxygen and carbon dioxide in the air, of
regulating run off to rivers, of periodically shedding
the leaves which build up humus, so ensuring soil
fertility. Solar radiation, during photosynthesis,
organises nutrients in the soii into complex plant i
tissue. Herbivores digest and reorganise this into
till more complex animal tissue, and having
processed it, return the valuable nutrients to the
soil.

During these seif-regulating processes, waste or
random pz-ts are generated. If this consequent

gained, then the system’s overall stahility will have
been increased.

The environment can only absorb waste by
recycling it, so it ensures that the waste from one
process serves as the materias for the next. Whereas
the ecosphere is an open system as regards energy
(direct solar), it is a closed one as regards materials
-hence afl materials must be recycled.

Until relatively recently, the environment was a
very stable whole system. Now it is endangered
because the subsystems are not capable of the
taicreased rate of operation demanded of them by
man's ever faster ‘progress’.

When more waste is supplied than the system can
use it becomes ‘overloaded’; the self-regulating
mechanisms cease to function, and the waste simply |
accumulates. The dlightest amount of synthetic '
products, when introduced to the ecosphcre,
congtitutes pollution. Some pollutants accumulate
in iiving organisms, causing cancers and mutations.

If man wishes to survive, he must:

(1) Ensure the proper functioning of the self-
regulating mechanisms, respect the essential
structure oi the ecosphere, and deviate only within
acceptable limits.

{2) Reduce and flatten out exponential growth of
consumption of energy and non-renewable resources.
(3) Re-cycle the materials we have, and the wastes
we produce.

WASTE

The term ‘waste’ covers not only those household
and industrial materials which we want to be rid of,
but also waste by extravagant use of, materials and
energy. Of the latter type the greatest is ‘production’
waste. When design is tied to sales rather than
product function, and when marketing strategy is
based on frequent style changes, the results are:
tendency to use inferior materials, short cuts in
rsound product development, neglect of quality and
inspection. This built in obsolescence comes as a

. than in Using what it has, claiming that recycling
! materials cost more. When this is true it is invariably

AND RECYCLER’S GUIDE

disguised price increase to the consumer in the form
of shorter product life.
When you buy a car you are aso buying the tens. |

. of thousands of gallons of water used in the
© processing of the steel. An aluminium window frame,’

for instance, can be traced via rolling mills back to
the smelters (perhaps in Ghana where vast hydro-

electric schemes produce cheap energy), then to a
mine (perhaps in Jamaica) where bauxite is

| extracted, using more energy and creating vast mine

tailings.

Inferior short-life goods*often compound their
waste by performing absurd (and perhaps, in a
starving world, obscene) functions which do not
need fulfilment.

Repair and re-use are treacheries against the
consumer ethic: so when our products fall apart
we throw them away. Having concentrated materials
from dispersed sources we re-disperse them by
burying or burning-reducing them to oxides in a

i jumble of other materials. This is hardly rationa

behaviour.
Yet industry is more interested in mining afresh

for the wrong reasons.

Recycled materials are unnecessarily expensive
because most wastes are intended not to be |
recycled. And the price of new materials reflects
neither their true social cost (eg smelter pollution,
indirect energy costs, loss of windlands) nor the
irreversible depreciation of a fixed capital asset.

PRESENT METHODS OF WASTE RECLAMATION

¢ < Local Authorities have to collect and ‘dispose of
¢ domestic refuse. 90% of which gets tipped and

These vary from composting kitchen wastes to large
plants for shredding up car bodies. The two largest
channels being Local Authorities and commercial
reclamation.

buried, but wi.i increasing land shortages many are
turning to total incineration. Almost all the
Authorities who aready do this do not even use the
heat evolved (equivalent to haf that of coal).
Domestic refuse is expecied to double in volume
and increase hy 70% in weight over the next i
‘decade. Consisting of paper, kitchen waste, tins,
bottles and fail trays, it should be looked upon as a
valuable source of raw materials rather than as a
nuisance to be disposed of.
Separate your own waste al source. compost your
vegetable wasies. Wash tins for re-use, or remove
the base and flatten thew. Paper and card should
be flattened and bundled. Wash and save milk tops
and silver paper Some ideas for uses are given
below:
@ Paper Some local authorities aiready collect
paper separately and sell it to board manufacturers,
but even they do not separate the paper mixed in
with the refuse. And we import wood pulp at an
annual cost of approx £100 million. At £11 aton
for waste paper we are dumping an equivalent of

L-64 million a year.

TONY DURHAM




If you collect paper locally as a fund raiser
remember that a special trip to deliver a pile of
newspapers could cost more in petrol than the scrap
value of the paper.

& Vegetable and putrescible matter During the last
war many local authorities provided neighbourhood
bins for collecting such matter, for use as pig food
or compost. (Jersey il does). In Holland, domestic
waste IS composted on alarge scale at afew
strategic sites.

Every family which owns o garden could compast
their waste, so reducing the pressure on the refuse
collection service and improving the fertility of
their gardens. Otbers cou’d put it in bags TOI
communal-composting.

@ Mezals Over amillion tons of iron are discarded
every year, yet ferrous metals can be recovered
easily by magnetic separation. Non ferrous metais
are mostly hand sorted, but some larger industries
are developing automated methods. The worst
problem is that products made of a mixture of
metals are very hard to separate.

Dismantle your own junk, save useful parts, and
separate metals for scrap.

& Commercial reclamation The scrap trade
operates a two main levels:

(1) The small yards, who depend largely on ‘tatters

(rag and bone men), sort scrap by hand, and sell it
to larger yards who supply bulk buyers of scrap,
such as steel works.

(2) The larger yards, who will buy direct from
tatters and individuas, rely mainly on ‘contracts’
with fiims and corporations as their main source of
materials. They use cranes, lorries, shears for
chopping, and bailers for compacting scrap. Hand
sorters are still employed, efficiency depending on
ability to recognise various metals in a dismantled
mixture. Oxy-acetylene or oxy-propane cutters are
used to cut up larger steel objects, but cutting car
bodies this way is uneconomical so large firms are
developing mass-reduction methods, (eg Proler
Cohen at Willesden). Steel extracted from such
plants is often contaminated with non-ferrous
fragments. These form blemishes in the rolled plate
produced.

Attempts to overcome this have been made-for
example, freezing in liquid nitrogen and smashing,
which produces small fragments for magnetic
separation. For non-ferrous metals, colour ‘sortex’
machines and fluidised beds have been developed.
& Non metds Some commercia reclaimers also dc i
in tags, woollens, paper and card, and some
specialise in these, A few Jeal in plastics and
chemical effluent, but the technical problems are

"
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‘ great, and usualy only a second grade material 1s
produced.

WASTE AS A RAW MATERIAL

Most commercia reclaimers see their ‘scrap’ only as

a2 material t0 be re-processed nzo ‘raw’ material.

There are exceptions; clean rags are cut up for
‘wipers', weollens and clothes arc sorted and some
sold to second hand cioihes shops.

Some metal yards put aside girders and pipes, old

: lamps, benches, pub tables and antiques generally
for re-sde at greater than scrap value.
There is still @ good amount of good’ scrap, such
as lengths of tubing,rod, shelving, and ex-stock
(but new) machine and vebicle parts, (including
bearings, nuts and bolts), which cost the carth new
and can be got for a few pence.
€ Wood Often not thought of as worth bothering
with, it's useful to know where your nearest second
hand timber yard is. Most towns have one, and
prices are about half that of new wood or less, with
the advantage of being well seasoned. You can aso
get large pieces, and woods such as pitch pine and
* vak which are almost unobtainable elsewhere.
: @ Rubber Reclaimed motor tyres are used in
| producing new ones, in road surfacing, and basic
rubber products. But used (cured) rubber can
never be un-cured, so just tills out the new,
. producing a poorer quality rubber as a result.
- & Glass Some glass is separated by local authorities,
and small agantities used in road surfacing. Most
glass can be remelted, but manufacturers again
prefer clean raw materials on economic grounds.
% Slag From blast furnaces, processed, can be used
for road building and construction purposes.
@ Lubricating oil Motor vehicle and industria plant
i produce hundreds of thousands of gallons of waste
oil a year. Some garages save it for collection and
refining for re-szle as a cheap oil. Engine oil filters
have been developed which greatly increase the life
“of the ail, but are unlikely to be generaly available,
as it would not be in the interests of the oil
companies!
. Keep an oil-soaked rag by your tools, particularly
. wood chisels and drills and wipe them after use:
. this prevents rust and dulling sharp edges. Use old
oil on your bousing stone, hinges, catches, nuts and
Folts, shears etc.
Build a drip-feed oil burner—can be very efficient.
Oil drips onto a very bot plate, napcurises, and flash
gnites.
Keep a large tin of old oil own your work bench to
quench bot metal in—it gives a dlue finish which also
helps prevent rust.
@ Sewage The one waste few people think of using,
can, by anaerobic digestion, be degraded into a first
class fertiliser, giving off methane in the process.
: Milan's sewage is treated this way and enough
i electricity is generated from the gas for the entive
city. In this country a few sewage works do the
same (Bournemouth, Worthing and others), but
some even treat the gas as a waste product and burn

energy section on methane for more information.)

it off!! -What does your local sewage works do?(See

TOTAL USE

lit is worth iooking at China's example where, in an
artempt to be self reliant, each area scrupulously
re-uses al its resources.

Anima and human excrement is used for

¢ )manure, waste wood fibre and water from paper

imaking are turned into resin and sulphuric acid for
imaking synthetics. Alcohol is extracted from other
liiquid waste. The Fushun No.3 petroleum plant
jpumps waste gas into bottles for use in domestic

i «cooking. Factories are encouraged to make their

own machine tools, often from scrap metals. They
imay not be the most efficient tools, but they have
:avery low socia cost.

The western recycling indusiry would be

. ‘improved if it spread out into small, local, low
i technology ‘recycling yards, stocking unwanted but

i still csable materials and selling the remainder to

larger re-processing industries. This wouid mean that
‘materials would cost more.

However, if articles were designed to last longer,
industry encouraged to re-use its own waste, and

. people shown the potential of articles which they

would otherwise throw away, the scrap trade
.generally would decline.
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' the highest or to ithe yard which has the sort of
scrap you want. Ask the price again when you get
there, and have your scrap ‘weighed in’. Don’t
argue with him over a few pence! Then tell him
what you are looking for and ask if you can have a
look around-buy something before you go and
you'll be welcome back next time.

i Rag and bone men will gladly sl direct off their
- carts.

STYINALYIW

€ Demolition sites These are good for wood, junk,
shop fittings-private contractors are best. Take
some grotty wood they want rid of and they may
let you have some good stuff free. When asking the
foreman try and sense the reaction-a tip may be
expected. Corporation sites are a pain-you'll spend
hours following officia channels tr. get permission
and when you return they’'ll have burnt it! Try, but
the best bet is quiet removal in the evenings. Don’t
take metals or valuable objects then if you get
copped you may get away with it. Some
corporations store wood, poles, lamp standards,
baths and sinks, water tanks etc from demolished
buildings and will sell them.

© Corporation tips are a haven of useful objects—
again, try the foreman-Sundays and evenings are

ﬁl SCAVENGZNG quiet.
% | At the' moment we are fortunate that, with the right | @ Electricity boards and the Post Office have old
™ i gpproach, and a bit of searching, materials for most: | telegraph poles-get the right man, chat him up a
&1 jobs can be got for little more than scrap value. bit, and you're away.
5 The first place to look through iz at home, @ Industrial estates often have small tips on vacant
2 making best use of things you dready have. Old plots and at the end of dead end roads. Ask
bottles can he washed out with soap and hot water, | permission of nearest firm, and go during working
obstinate dirt disodged by the addition of sand, or | hours, or you'll get ‘done’. Many firms have junk
& concentrated solution of caustic soda. Tin cans outside which often they are glad to get rid of-—see
washed out make good containers for painting jobs, | the manager.
| storing nails, screws, nuts and bolts, etc. Save jars € Shops --most have dustbins. Camping., sailing,
' for jam making. Dead branches from trees are as Army and Navy, DIY shops-ail produce useful
"I good as seasoned timber, but rotten wood is wastes. Ask when they’re going to clear out old
valueless and should be burnt as soon as possible to. | stocks and be there. Watch out for shops under-
| avoid spreading. Woodworm should be treated going alteration. The same goes for warehouses,
immediately (at least before May, when they fly and garages, the signs are workmen’s vans and

to new breeding grounds). If only a few holes show: | skips-ask politely and you'll get. Grocers' old
the wood wili not be weakened too much and can vegetables are ideal for feeding goats

be re-used. © Manufacturers throw out offcuts eg furniture

€ Scrap yards Just to ‘get in', they msi -hink manufacturers, Sail and tent manufacturers-canvas

you'll provide goad custom, but let ther mew etc.

you're not a sucker = ter, € Garages throw out old exhausts, tyres and inner
First, if possible, :ectsome scrap (say Ycwt tubes.

cast iron—old fire fronts or car engine blocks, or € General Develop a keen eye for usefi: unwanted

51b copper tube, etc). Then phone around a few items you see in back gardens and yards. A few

yards asking the buying price, per ib or cwt. Go for- | friendly words and they could be yours.

R,
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MATERIALS

wATErpracf ply
Counersunk  poft
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—— or Wildedtp—

Ball bearing races from whecl bubs and gear —E% . ;
boxe:—- moint in ha:dwood blocks, grcaEc e y"mf shAft
well and keep dirt and water out. -~

Fanbelts for drive systems. Uses—wurkshop Fita Top blarng

equipment, windmills, water wheels, potters ang BlECK hEsE o ‘

wheels, treadles, etc.

Tubt r'E’-jéTy—rfI
‘m,lfvrh&é e{m C-utr;mp ang fil
g inAl WheE L With Copp
El et o ™ b el o
- = FlywhEg

.

Rear balf sbafts (from the back axle)—
columns for potters whe:ls. and lay shafts
for treadles.

Steering colusnns provide useful lengths of
tubing as do

Prop shafts —-which are useful in windmill
tuIret construction.

Head lights —can be used in house and
workshop 12v lighring.

Doors and roofs —cut out useful sheet. Van
rear doors have useful hinges for gates etc.

Alternators and generators plus control box
for charging bateeries—wind or water
driven.

Dynamos, and windscreen wiper moross can
be used as 12v dc morors—for pumgps, fans,
light machinery.

Starter motors have high rorque, could
drive a wheel chair or trolley—-but will suon
flatten your battery. Fit a fan and drill
cooling holes for long running.

The engine —mount on heavy base and
convert to gas. Can drive generator, circular
saw, lathe ete. —or use the whole car!

Solpr watEr
WESTET

Radiators and beaters can be vsed with
blowers for ot air heating systems.
Trunking and air ducting —use as same,
Water pumps —bearing, shaft, pulley and

fan can be removed as a usefu! unit (no good
for pumping to any great heighr, though).

Tyres make good playthings, and shoe

soles. Use a wide large diameter one, the
more flexible the better; avoid tyres with
steel webbing. Cut them with a hack saw and
dn snips.

Scooter wheels can be adapted for bamrows
and trolleys eg carrying oxy-acetylene

bottles.

Lorry --air brake tanks for compressed air
. itorage ete. Inner mbes are useful for large
wtodEn joc KEy thick rubber shee:—diaphrams, bellows,
fulgEr uslng fia 1 t
bicyet b Ap valves etc.

Bicycle —dyno-hub wheels are useful for
wind generators, wheel hubs, bottom
brackeis and sicering bearings for pulicys,
polishing spindles erc. '

$e007er
~TWhEEIS

bicroietyre
Tyres cut up for shoe seles. Two strips are TErEads
needed. (See also worksbop below,)
Mosorcycles —bearings used as above, Wheel

hubs and alternarors, for windmills,

bemch grondfer o gyl |
“5tng bcycle whEE( hub ’
Couia f1t.on TrEARLE Surving mAching.
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The workshop

Containers

Many things for the workshop can be made
from old junk. Here are just 1 few.

Storing materials Bins for wood and metal
can be made from oil drams (5 gallon).

Trays for small offcuts of tube, etc, made
from roasting tins— which can be found in
dumped cookers.

Old bread rins are good for nails.

Large matchhoxes can be made into smal
chests of drawers for small screws etc.
Yoghurt pots are reasonably good for
similar purposes.

Typewtiter tins are good for washers,
tobacco tins for nuts. Metals should be
szoted horixontslly on a wall for casiest
access. Anything under 1 ft is put m small
mays.

METAIrACE
mAde from wood
A 2 xhils

55 gal drums —water barrel; coal/grain
storage; forge; Savonius rotor; water wheeb.
Plastic bostles —cut off bottom half, use
top as funnel, bottom for liguids or smail
objecis.

SCRAP

(Tis Apadsng Fo~ Thuq g SALL b5 peTal Bk bole, becARse fhe [Avout guy §-

A few minutes sorting may save hours of
burnting

L

Miscellaneous

Hd Pignoes —lead from the notes, hinges,
piano wire from serings (pood for making
wvour own springs), and good quality wood,
Some have cast iron frames and brass
pedals—weigh in as scrap,

Filing trays and ex supermarket baskers—
garden sieves and veggy racks.

TV’s radios, tape recorders erc. provide a
host of useful compenents for the
electronics fiend. Some may be repairable
—bad jointing being a frequent cause of
circuir breakdown.

SWAPPING AND TRADING

As a final thought on re-cycling and if
you've got the room—collect anything, buy
bargains etc as they occur, don't just ook
for something when yon need it. You may
be able to swap at a later date with someone
else for something they have got that you
need.

Tocls

Tool rack from cycle tyres

bd bqoycis
Frre

Soft jaws for the vice from that old ally,
sheex or copper tube

Hammer bandles that are broken can be
replaced, keep the old cne for wedges and
making smaller handles.

Bellows for forge from plywood and car
inner tubes

Al jed
Fimp O vinbE I .
onFun)tdE'Giﬂrﬁ i b "‘Pﬂ , Peydises,
o 1Ler A
f VAl J 7 Fined
springr

Gl drum
ForgE

FElectric motors Found in serap vards, exe
often still serviceable—for bench grinders,
compressors, ete.—but for less dependence
on CEGB get into Treadles. For these, fly-
wheels zre needed—old flat belc pulleys
and mangle wheels are OK, and car wheels
with tyres filled with concrete serve well
for heavier work and for potters wheels,

O1d files 