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Editorial.
The agribusiness approach to

-arming has become the dominant
trend around the world. Where this
approach has been used in the under-
developed parts of the world, the
effect has often been detrimental
to the local peoples. There are
many alternate agricultural tech-
nologies which have been developed
or could be developed. Why is so
much effort put into technologies
that make large profits for only a
very select few but stuff up a very
Large number of (usually poor) people?

An initial answer to this quest-
ion is often this old "there is
nothing wrong with the technology,
it's just the way it's used" approach.
If you happened to be talking with
someone who'd just developed an
improved type of Napalm or such-
like, then the argument would
seem a little thin. The problem
with this answer is that the tech-
nical forms adopted by a society
are a reflection of its dominant
economic and political forces,

A potential technological
innovation is evaluated against
a criterion of "will this streng-
then or weaken the power of the
ruling elite?" Take, fox instance,
ploughing a rice paddy. If ext-
ensive use of tractors is pushed,
this enriches the owners and

sellers of tractors and impover-
ishes the smaller farmers. This
reinforces the existing order.
Alternatively, a group of farmers
could collectively own a caribou
(water buffalo) which doesn't re-
quire cash outlays for petrol or
spares. This threatens the exist-
ing order. In one instance I know
of, a man was trying to set up
such a group in a Philipino vill-
age. He was denounced by the vill-
age head man (who owned and hired
out a tractor) as a communist and
imprisoned.

The choice of alternate tech-
nologies is a political and social
act! It alters the way you effect
other people and your dependence
upon the existing system.

ALAN HUTCHINSON
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The technology may be good but is
it appropriate? A look at a variety
of appropriate technology devices
from around the world which also
considers the social impact of the
technology.

An easy to build and use experim-
ental methane digester, which
makes the investigation of
digestion an easy matter.

The basics of electric vehicles,
how they work and how they are
built, with two real life exam
ples of working vehicles.

A fun toy which makes use of sil-
icon cells to provide it's own
energy needs.

A bit of fishing wire, a table
tennis ball and a protractor
are all you need to measure the
strength of the wind.

Solar ponds are forming the basis
of a new energy system in Alice
Springs.

A bike race with a difference,
including how the winner managed
to average about 30 kilometers
per hour.
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APPR0PRIATE
TECHNOLOGY FOR
ABORIGINALS

The Appropriate Technology Centre
at the Community College of Central
Australia has recently been involved
in the conversion of electric washing
machines to hand powered washing mach-
ines.

The conversion was a result of a
request from Aboriginal women of Centr-
al Australia who asked for the develop-
ment of washing machines suitable for
communities without electricity. The
Tangetyere Council has been carrying
out the conversions of the machines for
use on Special Purpose Leases and Out-
stations.

The Appropriate Technology Program
is funded by the Department of Aborigin-
al Affairs to develop Or adapt technol-
ogy which meets the needs of Aboriginal
communities.

HIGH EFFICIENCY
REFRIGERATORS

A recent US Study found that
Japanese appliance manufacturers have
developed energy-efficient refriger-
ators that use 70% less electricity
than the equivalent-sized American
model. They avoid energy wasting,
gimmicky features and cost about as
much as less efficient Japanese models,

As it turns out there has been
more than a 50% drop in energy con-
sumption since 1975 among the most
efficient Japanese refrigerators, com-
pared to 20% in the US.

Modifications in areas such as

insulation, design and positioning of
the heat pump, and use energy wasting
features (e.g. ice makers and heated
butter compartments), are likely to
be the major reasons for the drop in
energy usage.

The savings in electricity with
the high efficiency refrigerators can
be quite significant when yOU consider
a refrigerator runs 24 hours a day..

SOLAR BREEDING
American photovoltaic cell manuf-

acturer, Solarex, has set up a new sol-
ar cell and systems production facility
which will be powered only by solar
energy. This facility, which they call
a solar breeder (by analogy with breeder
reactors), will draw its entire electric
power from a 200 KW photovoltaic array
or its lead acid battery backup. The
array has an area of 3000 square metres.

Solarex also has built a 'silicon
manufacturing plant which they claim
will produce silicon (the raw material
for cells) at about $5/kg. This is
about one tenth of the present cost.
Dr. Lindmayer, the company president,
claims that this new plant will have
"enormous potential" for reducing
solar cell costs below $1 per peak watt.
[Current Australian price is still
a b o v e  $ l 0 / w a t t . The plant will begin,
operation in September and has a capac-
ity of up to 1000 tonnes.
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POTATO PEEL
METHANE

Potato peelings from the McCain
Foods Factory at Ballarat are being
used to produce biogas, (a mixture of
carbon dioxide and methane). The gas
is mixed with natural gas and then fed
to the factory boilers where it is used
to raise steam.

In the past the company disposed
of the peelings by dumping them near
Beaufort, resulting in an ugly, smelly
mess. Today the potato peelings are
fed into two 560,000 litre digester
tanks continuously and more than 2,000
cubic metres of gas a day is produced.
The system is expected to save the Co-
mpany $15,000 a year in fuel bills.

The peel takes about 10 days to
be digested once placed in the digest-
ors. Seeding of the digesters was done
by collection of some sludge from the
local sewerage authority. The bacteria
was placed in McCains digester and
potato peel slowly added until they had
adjusted to the new environment. How-
ever the bacteria can be fragile. Rec-
ently a drum of fungicide ended up in

the fermenter and it took two weeks for
the bacteria population to recover.

 SOLAR STREET
LIGHTS

A Japanese company Matsushita re-
cently came up with a solar powered
street lamp. It is claimed to be a
money saver because it does away with
the need for expensive wiring. The

light uses solar cells to charge stor-
age batteries kept at ground level.
The system has a storage capacity suff-
icient to run the light for up to two
weeks of rainy overcast conditions.

l

SOLAR TEST
CENTRE FOR
PERTH

Last year saw the opening of a
Solar Test Centre in East Perth, West-
ern Australia. The Centre is a joint
project of the Solar Energy Research
Institute of Western Australia and
the State Electricity Commission.

The Centre includes test rigs
for solar water units, low or high
temperature collectors, and all types
of photovoltaic devices. Through the
use of computerised testing equipment
detailed analyses of manufacturers'-
products can be carried out. suggest-
ions for design improvements are then
passed on to the manufacturers.

The availability of local test
facilities is especially important in
Western Australia as W.A. manufactur-
ers supply 90% of the total national
demand for solar collectors.
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BEEKEEPING EQUIPMENT;
(SAFE) PLANT FOODS;
NATURAL PEST CONTROL;
VEGETABLE SEEDS :
'New Gippsland’ &
'Thompson & Morgan’;

HERB SEEDS: A range
of more than forty;

PLANTS: More than 60
permaculture plants;
TOOLS: Unusual tools
including Adze, Hay
Fork, Scythe, Augers.

BOOKS
We have thousands

of books on: Shelter,
Agriculture, Energy,
Tools, Health, Food,
& Self Sufficiency.

HEATING
We sell quality Beasley Hot
Water Systems: All copper
solar collectors with “Amcro”
selective surface. Insulated
copper storage tanks.

Also available:
Frost Protection;
Stove Connections;
Mains Pressure.

FOOD
Flour Mills: Samap;
Little Ark; Corona.
Bread Tins & Yeast,
Hand Juicers.
Sprouts & Sprouters l
Lloyd’s Grape Juice.

ELECTRICITY
Solar Electric Systems:
Panels, Batteries,
Regulators, Inverters,
Appliances & fittings.

SHELTER
INSULATION: Alpinite
safe, natural eelgrass

MUD BRICKS: Stainless
steel tapered moulds.
Dalrac Presses.



APPROPRIATE
TECHNOLOGY

The concept of appropriate technology
is not new, only its name. Innovative
people in every age have made use of local
resources to develop equipment and techniq-
ues to suit local conditions. One instance
is the simple wood frame and canvas sail
Cretan windmill which is used to exploit.
the consistent winds in that region, such
an area is the plain of Lassithi, barely
10 km ride. Standing cheek to jowl, some
3000 windmills draw water to sustain a fer-
tile garden area in marked contrast to that
otherwise barren island. These windmills
can be constructed and repaired using local
skills; use local materials and exploit a
renewable energy source. A more recent ex-
ample, in the field of medicine, is the
Chinese 'barefoot doctors' program. T h i s

provided an immediate solution to the prob-
lem of providing at least a very basic lev-
el of medical care for their huge populat-

i o n . The scheme exploits a local resource
- spare people - and fits within limited
financial resources by getting the doctors
to spend some of the time working in the
paddies (hence 'barefoot') to earn their
keep. Need for conventional medical serv-
ice is reduced by concentrating on prevent-
ative medicine (hygiene, health education,
i n n o c u l a t i o n ) .



APT. TECH
Following the work of Dr. E-F. Schu-

macher (of 'Small is Beautiful' fame) and
his Intermediate Technology Development
Group (ITDG), appropriate technology has
acquired a more specific meaning related
to community development in a third world
context.

Despite the drift to the cities, some
70-80% of people in the developing world
still live in rural communities.. These
communities, rarely operate much above sub-
sistence level and the developed elite of
the cities rise as islands in a stagnant
rural sea. The developing countries are
characterised (to varying extents} by
heavy dependence on the agricultural sector,
high birthrate, high unemployment, and
often pronounced inequality of income.
The infrastructure (water, electrical,
communications, transport) and services
(health, education) are relatively poor.
Gross national product per capita is small
and the rate of capital generation low.

Appropriate technology is concerned
with finding a complete integrated solution
to the development problems of a particular
community and hence to improve their quality
of life. This is the way of gradual change
rather than big push development which often
leads to widescale social disruption. It
tries to maximise the use of renewable
resources and create workplaces where the
people now live. The creation of rural
jobs, with a low capital outlay per job
created, is a necessary step toward reduc-
ing the drift to the cities.

The appropriateness of an innovation
can be gauged by how well it fits the
following constraints. It should -
(1) employ local skills. It is desirable

that any new machinery or tools intro-
duced be simple enough to be manufact-
ured locally. This provides employ-
ment and could form the basis of a
local industry if the innovation
proves successful. Locals must be
capable of repairing any equipment
when it breaks down. If spares have
to be imported, the machinery may be
out of action for long periods. Con-
sequently, old methods may have to be
revived periodically and it is then
difficult to justify the expense of
setting up the new system at all- A
handpump that works is infinitely
superior to a broken windmill. A
bullock plough is preferable to a

tractor that fails due to a lack of
proper maintenance or requires expen-
sive imported spares. If you live at
a subsistence level there is not much
margin for error and communities are
justifiably cautious about the intro-
duction of new methods.

(2) employ local material resources. Any
material which has to be imported
depletes the country's often limited
reserves of foreign currency. Since
international trade (and the exchange
rate) is heavily stacked against the
developing countries, an item which is

 relatively cheap in the developed coun-
tries can be prohibitively expensive
for someone in the developing world.
For example, a cheap biogas unit was
developed for use in Indonesia to
cost $50 (Aust). This is apparently
cheap until you are aware that it is
about one quarter of the average per-
son's annual income in Indonesia.
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fig 3. Solar rice dryer (Thailand)

The local resources available vary from
area to area and an appropriate sol-
ution in one area will probably not be
the best solution in another area.

(3) employ local financial resources e.g.
setting up co-operatives.

(4) be compatible with local cultures and
practices. To quote Schumacher 'A
project that does not fit, education-
ally and organizationally, into the
environment, will be an economic fail-
ure and a cause of disruption'.

(5) satisfy local wishes and needs.
Ideas for innovations have been dram

from traditional practices which have been
improved or introduced to a new area, old
ideas that have been resurrected, modern
industrial processes scaled down and from
exploiting 'new materials and techniques.

in example of transferring a tradit-
ional practice is the introduction of
Cretan windmills into a northern Ethiopian
community (fig. 1). The wind driven pump
is capable of irrigating about one acre of
land which improves yields and allows new
crops to be introduced. This increases and
broadens the local diet. The mills were
constructed in a local workshop which meant
that expertise for maintenance and spares
were available locally. One social factor
was overlooked. The canvas sails of the
mills were being stolen by the village girls
for use as skirt material until replaced by
a less suitable material.

The use of small scale Humphrey pumps
is an example of reviving an old technique
(Victorian engineering). The Humphrey
pump is a type of internal combustion engine
which uses a column of water as the piston
(fig. 2).

It will run on a variety of gas fuels
and can lift up to about 10 metres. Its

main application is lifting water from riv-
ers for irrigation. Since there is no
piston or crankshaft assembly to machine,
the pump can be made in a very basic machine
shop, The gas can be produced in a biogas
digester and a small solar cell panel used
to charge a battery to supply the ignition
spark.

An example of a successfully scaled
down modem industrial process is a paper
pulp moulding machine designed to produce
egg cartons in Zambia. The only commercial
machine available produced 12 times the
requirement for the whole of Zambia and
cost $200,000. A small scale version prod-
ucing about l/3 of the requirement and
costing $14,000 was designed through the
ITDG. This machine was within range of
local finances, recycled a waste material
(old newspapers etc) and replaced a product
that had to be imported with a local prod-
uct.

There are many examples of the use of
new materials. Plastic sheet has been used
for a low cost solar rice dryer in Thailand
(fig. 3) and for a solar wood drying kiln.
These are made by covering the rice or
wood with a sheet of horticultural poly-
thene and operate like a greenhouse except
that air flow is necessary to keep the hum-
idity down. Layers of plastic sheet inter-
spersed with layers of mud (and insecticide)
have been used to line holes for water st-

continued on page 20



A small, compact, easily con-
structed methane digester can be very
useful to someone wanting to study the
digestion of methane. Here are inst-
ructions on how to build and run a
small 5 litre digestor. While it does-
not produce enough gas to be of much
practical use it can give you a good
idea of how well different materials
would digest under different conditions.
It can also give valuable experience
for people wanting to build a larger
practical sized digester.

Construction

The digester was constructed
from a five litre glass storage jar,
sealed with a large rubber stopper.
Gas was taken away through a glass
tube and tap. Another glass tube also
passes through the stopper. This can
be used to sample the waste for such
things as pH. If the waste is in a
liquid form it can also be used to
remove old liquid which has digested

Fig. 1. The methane
digester and gaso-
meter.

and replace it with fresh undigested
waste. The glass tube has a short
length of rubber tube attached. This
is clamped to prevent the entry of air.
An optional extra is a large bore, long
needle. This when attached to a syr-
inge can also be used to sample waste.
However it becomes easily blocked if
the waste has "lumps" of material in
it.

The digester sits in a container
filled with water. An aquarium heater
is placed in this water bath to keep
the digester at a constant warm temp-
erature. A thermometer also sits in
the water bath so you know the temper-
ature of your digester:

The gas outlet is connected to
the gas storage via a rubber tube.
Gas storage is carried out in a simple
gasometer where gas is stored in a
container floating upside down in
water. The gasometer consists of a
two litre plastic container (we used an
orange juice bottle with the top cut
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off, inverted in a larger glass or degrees C is a good temperature. At
plastic container filled with water.
A glass tube and tap was fixed by a
rubber stopper; this acted as the gas
outlet. Attached to the glass tube
of the gas outlet was a short piece
of rubber tube and then a pipette. A
small amount of glass wool was placed
in the pipette to act as a flame arr-
ester. This helps prevent any chance
of back burning if the gas in the
digester is being burnt. The pipette
acts as a gas jet from which the me-
thane can be burnt safely. Two 400 g
weights were placed on top of the gas-
ometer to increase gas pressure.

Operation

There are few hard and fast rules
when it comes to getting methane out
of your digester. As long as you
keep the temperature constant some-
where between 20 and 40 degrees C,
and feed it organic waste with water
mixed in you will almost always get
some methane out of your digester
sooner or later, 'However if you want
your digester run reasonably quickly
and efficiently there are a number of
things you should keep in mind. These
include temperature, waste to liquid
ratio, waste type, carbon to nitrogen
ratio, presence of oxygen and the form
of the waste.

is
The general rule for temperature
warmer the better, Around 37

lower temperatures digestion still takes
place but a slower rate. Don't run
your digester at 40 degrees C because
that temperature is not very suitable
for the bacteria. Above 40 degrees C
digestion can be carried out but you
may have problems getting your aquarium
heater to heat the water bath that
high. Also evaporation from the water
bath can become a problem. Maintaining
a constant temperature is very import-
ant as a variation in temperature of a
couple of degrees can kill the bacteria.

The liquid to solid waste ratio
should be about 1O:l. In working this
out you should remember your waste will
be partly liquid and take this into
account. Here is an example of how you
would work out how much water to add
to 100 grams of waste (assuming half
(50g) of it is liquid). Take the weight
of the waste (100g) multiply it by 10
and subtract the liquid in the waste.

Water required for
10:l liquid solid ratio = (solid waste
x 10) - liquid in waste
(100 x 10 - 50 = 950 grams of water.

The waste will digest quickest
if it is in liquid form. If it is
animal waste the waste will probably
have been broken down enough. However
if the material is plant material it
may need to be broken down mechanically.
A blender is very good for this.

A large variety of materials can
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be fed to the digester. These range
from wheat straw and potato peelings,
to fowl manure or human sewerage. Fowl
and pig manure are probably the best
'fuels'.

An important point to consider
regarding the waste you use is the ratio
of carbon to nitrogen which should be
no more than 30:l. Some typical ratios
are cow manure 25:1, grass clippings
12:1, cabbage wastes 12:l and wheat
straw 128:l. Based on these figures
all the above materials would be suit-
able with the exception of wheat straw
*which would need to be mixed with some-
thing with a lower ratio (e.g. cabbage
wastes). The C:N ratio is generally
Within acceptable limits with animal
waste however if you are planning to
digest plant material it could be worth
checking.

Checking How it is Going

While running your digester it
is good to monitor a couple of basic
points to give you an idea of what is
going on, The first is the amount of
gas being produced. Measure the amount
of gas your digester produces (prefer-
ably daily). It is useful to draw a
graph of this gas production. When
you find the digester is producing a
lot of gas constantly you are probably
in the methane producing stage.

Another simple point worth record-
ing is whether the gas burns. After
you have measured the amount of gas
being produced on a particular day,
empty the gas from the gasometer and
try burning it as you go. If it does-
n't burn then the waste is probably
still in the early stages of digestion,
(liquid formation or acid formation
If it does burn, it will be in the
methane producing stage.

You may want to monitor the pH of
the digester. This can be measured
with pH papers. You dampen with waste
a pH paper of the appropriate scale,
it changes colour and by comparing
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the colour on the paper with other
colours on the scale you can work out
the pH of the waste. In the acid
forming stage pH is between 5 and 6
and in the methane forming stage bet-
ween 7.0 and 8.5.

When you carry out these tests
you should also give the digester a
good shake so the material is kept
reasonably well mixed.

A Test Digestion

The first digestion that was run
in the experimental digester consist-
ed of grass clippings (290 grams),
and fowl manure (100 grams), plus
3,000 grams of water. If you assume
50% of the waste was water this gives
a ratio of approximately 16:l. Too
much water was added due to an error
in calculations. It is likely this
slowed down the digestion. However
despite this the digestion proceeded
quite well and about 143 cubic litres
of gas was produced. The digester
was also run at a lower temperature
than it could have been: 33 degrees C.



Time (days) 
Fig. 2. Gas production and pH fur the test run.

'This was probably also important in
slowing down the digestion. The
table shows the details of the dig-
estion's progress.

want more details on the system get
touch with me care of this magazine.in

In the meantime happy digesting.

Conclusion

Later other types of material
were digested. These included fowl
manure, grass clippings, human sew-
age and cow dung, Of-these four fowl
manure was by far the best giving
the greatest quantity of gas in the
shortest time. Grass clippings
were very slow and if you plan to use
them it would be a good idea to liqu-
ify them in a blender. Cow dung
worked well, but as gas production
grew gas built up Under a floating
layer of solid grassy bits. This was
forced up by the gas and blocked the
gas outlet. Pressure built up and...
POP.. .the top blew off resulting in
a horrible mess.

A word of warning. A mixture
of air and methane is explosive. So
if you are trying to burn off the
gas from the digester make sure you
have flushed out any excess air from
the system first. And make sure you
have no air leaks.

Otherwise the system is,
foolproof and easy to use. If you

FOR DETAILS CONTACT
THE 12 VOLT COMPANY on

(03) 429 2847 or write P.O. Box 43,
Burnley, Vic. 3121



When used in the right situations
electric vehicles can provide a quiet,
reliable, clean and efficient form of
transport. With the rising price of
petrol they can provide a viable alter-
native to the conventional combustion
engine which can be cheaper in many
situations. In addition to this they
are quiet and do not pollute in them-
selves.

Another benefit of electric veh-
icles is the way in which they conser-
ve energy. To begin with they are
more efficient than conventional vehic-
les. Because they are slower and often
lighter they also tend to use less
energy. Another indirect way they save
energy is by discouraging the use of
a vehicle for short unnecessary trips,
as it is not possible to quickly charge
the vehicle in the way you can quickly
fill a petrol tank.

However electric vehicles do have
severe limitations. The major ones
are really the other side of the coin
of energy saving. As you use less
energy you get less power. This is
felt in the form of lower speed and a
shorter range. It also means you can
carry less weight. Few electric ve-
hicles have a range of over 160 kilo-
meters and a top cruising speed of
over 80 kilometers an hour.

Depending on the individual vehic-
le acceleration can also be slow, A
major disadvantage when the vehicle
is purchased in the first place is the
cost of the batteries. Storage batt-
eries of the capacity required for an
electric vehicle are expensive. They
have a limited life (generally 2-5

ELECTRIC SURREY CONSTRUCTED ON “THE RIKER SYSTEM,” SHOWING DETAILS OF WORKING PARTS

years) after which they must be replac-
ed. This cost can offset the lower
running cost of the electric vehicle.

These advantages and disadvantages
have led to electric vehicles being
present in large numbers in certain
situations while in others they are
relatively rare. The largest number
of electric vehicles are used in fact-
ories, mining operations and process-
ing plants where fumes from combustion
engines can cause problems. The kinds
of machinery involved are fork lifts,
industrial tractors and personnel
carriers,

On road electric vehicles tend to
be used for delivery of goods, (such
as the milk truck discussed later in
this article), delivery of people,
(such as in electric buses), and veh-
icles used in private transport. Of
these delivery vehicles are the most
common,

Components of an Electric Vehicle

Motor

The size and type of the vehicle's
motor will have a major influence on
the vehicle's speed and weight. The
more powerful the motor the faster
the vehicle can go and the more weight
it can carry. However a larger motor
delivering more power means more batt-
eries are needed to supply the power-
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An
Electric
Mini
Conversion

After many hundreds of hours of work
our 1976 model mini now features a large
plywood and fibreglass battery box where
the rear seats and boot space used to be.
it has a drivetrain consisting of two 4 KW
motors driving through two 1 inch toothed
belts to a modified differential and thence
to the front wheels.

The control system is in three major
sections 1) high current contactors mounted
in a control box atop the motor differential
assembly 2) Power transistors mounted in
what remains of the boot space and 3) control
and logic circuitry beneath the dashboard.

The control system is a transistor-
ised chopper which operates in two modes.
1) with motors in series giving high starting
torque at low speed and 2) with motors in par-
allel for higher speeds. Regeneration is
achieved by connecting the motors in series, at
high speed thereby doubling the available volt-
age to recharge the batteries and slow the
vehicle.

Over the two year period in which the
car was built the control system developed
from an original system of battery and motor
switching to the present chopper control.

At present the car travels around 10km/
day with an occasional trip of 30km or more

F i g .  1 .
cuitry

Under the bonnet; control cir-
and drive motors (bottom left).

and is recharged several times per week dep-
ending on use. Maintenance amounts to replac-
ing drive belts after 1000km and topping up
battery electrolyte every 3 months.

Considering that the car has been
under constant development its reliability
record has been very good with only two inst-
ances of breakdown.

After two years and 3500km there has
not been any discernable reduction in battery
performance. This use equates to 130 partial
battery cycles at an average of 27km per
charge (partial charges). We are hoping for
the equivalent of 300 full battery cycles
which is equal to approximately 15,000km be-
fore we have to replace the battery.

The economics of the car can be
reduced as follows:-

Replacement battery cost $800

300 charges at 15 kwh and
2.5 cents/kwh $113

Total $913 for 15,000km

This is equivalent to 5.9km/litre
(16mpg) at a petrol price of $0.36/litre.

Reduced maintenance requirements,
longer life, and reduction in air and noise
pollution are benefits which help to offset
the cost disadvantage and limited performance.

Specification

Make 1976 Leyland Mini
Voltage 72 Volt DC
Battery 72 volt 220 Amp Hour
Battery Weight - 336 Kg
Vehicle Weight - 1010 Kg
Motor Two 4 KW Compound Wound

2800RPM
Top Speed 70 km/h
Range at 65 km/h - 70 km
Range City Driv-
ing 45 km
Acceleration:
O-30 km/h 8 sec
O-60 km/h 21 sec.



Electric Vehicles

Motors can be of a number of types.
The series motor has its filed coils
connected in series with the armature.
Its characteristics include a large
increase-in torque with a given increase
in current as well as a high starting
torque.

The shunt motor has the field wind-
ings and armature windings connected in
parallel. This results in lower start-
ing speeds and a tendency for its speed
to remain constant under variable loads.
Reduction of field current can cause
the motor to overspeed.

The compound motor has both
series and parallel field coils within
it. It has both the advantages of the
series and shunt motor. It tends to
maintain its speed under variable loads
like a shunt motor but at the same time
exhibits a large increase in torque with
a given increase in current like a
series motor. However the motor is a
compromise. While it does both of
the above it does them less well than
would a separate series or shunt motor.

The permanent magnet motor has
no field windings. Instead field flux
is supplied by permanent magnets. This
simplifies the motor's construction.

Fig. 2. An idea fur a future petrol
electric hybrid Volkswagen.

These motors have torque and speed char-
acteristics approaching that of series
and shunt motors. They have more "drag"
during "no-power" conditions due to the
field always being active. They are
more efficient due to a lack of power
being needed for the field. 

Gearing

The gearing of the vehicle is
very important in determining the amount
of weight the vehicle can carry and at
what speed. Low gearing, such as in
the milk truck mentioned later results
in high torque but low speed. In low
speed vehicles such as this single
fixed ratio fearing is often adequate.
Higher speed vehicles will have higher
gearing and be able to carry less
weight. The greater range of speed
will mean a variable speed gearbox will
be more desirable.

Batteries

Electric vehicles need a type of
battery which can be generally classif-
ied as "deep cycle". This means the
batteries can be almost fully discharged
and recharged many times without a sig-
nificant loss of life. In Australia
the major suppliers of deep cycle 
traction batteries are Besco, Chloride,
Dunlop and Lucas Industries. Traction
batteries generally have a capacity of
200 to 300 A.H. with a voltage of 2 or
6 volts.
The 'size of the battery bank can re-
quire careful consideration. The
more batteries you carry the greater
your range and potential speed. But
at the same time the vehicle has to
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An
Electric
Delivery
Truck

History

A large number of these trucks
have been running for many years in
Britain as milk floats. This truck
has been in use by Associated Dairies
in Victoria for about 10 years. It
was in use five nights a week travell-
ing about 40 miles a night. The truck
was designed and constructed by Cromp-
ton Leyland Electricars Ltd. in England

Specifications

Speed: Top speed approx. 18 mph.
Range:

Load:
Gearing:

Motor:

Control:

Batteries:

Charging:

Body:

Approx. 70 miles depending
- load and type of

driving (stop/start, or
continuous).
Up to about 2 tons.
Two stages, first: heli-
cal spur, second: spiral
bevel. Ratio of 13.52:1.
Enclosed, ventilated and
protected series - wound
traction-type 72 volt
motor, designed for
heavy duty use with fully
protected ball or roller
bearings. Rated at 8 hp.
Three step resistance
control, with forward/
reverse switch.
Thirty-six, two volt,
Compton, lead-acid tub-
ular plate batteries...
Heavy duty charger with
two charge rates 18 amp
and 25 amp. 300 amp
sockets and connectors.
Steel frame, aluminium
decking, fibreglass cab.

Comments

This vehicle was especially desig-
ned as a heavy low speed truck. It uses

heavy traction batteries (total weight
about 1 ton) and a heavy steel frame.
A very low single speed gear ratio gives
the vehicle the ability to carry up to
approx. 2 tons. The control system is a
simple but effective resistance control.

Modifications

In the future it is planned to
use the truck for transport of solar
energy display equipment to fairs, comm-
unity events, etc. In this application

the maximum weight would be likely to
be around ½ ton. Because of this lower
weight it should be possible to increase

the speed of the vehicle by changing
the gearing and fitting a variable speed
gearbox. Work will also be done on re-
ducing the weight of the vehicle by
lightening the truck's frame and body
wherever possible. Other changes inc-

lude fitting of a volt meter, an amm-
eter and other monitoring instruments.

Fig. 3. Battery banks and drive mot-
or (top centre) for the electric truck.



Electric Vehicles

be larger and stronger (which usually
means heavier), to carry the batteries
So the batteries have to be selected
with this compromise in mind.

Control

For a small vehicle such as a mot-
orised bicycle a simple on/off control
can be quite adequate. For a more
powerful vehicle a resistive control
is the simplest and is often perfectly
suitable. With this system a resist-
ance is placed in series with the
field, armature or both depending on
the type of the motor.

Another approach is voltage tap
control. Here a series of solenoid
switches, switch battery bank connect-
ions to vary the voltage going from
the battery bank to the motor.

Electronic control often uses a
chopper system where high speed pulses

of different lengths vary the amount of
power flowing to the motor.

Body

A very important factor in any
electric vehicle's body is weight.
Low weight means a smaller motor can be
used and fewer batteries. This in
turn means costs are lower. Stream-
lining of the body to reduce air resis-
tance is important especially in higher
speed vehicles. Rolling resistance
can be reduced by inflating tyres to
a high pressure.

While electric vehicles lack the
power, flexibility and convenience of
many conventional motor vehicles, they
can be a useful and environmentally
more desirable form of transport if
their limitations are remembered.

Anemometer for Loan HEY YOU!!

YES YOU!!
Yes the anemometer described in
previous issues of Soft Technol-
ogy has been improved, (it now
records 2,000 wind samples, one
an hour for 44 days), and it
can be hired out at a low charge
by members and subscribers. It
is currently being used by one
member to test how good his
site will be for-wind power. If
you are interested in using the
anemometer then please write to
us.
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Solar Train

As well as being used as a serious
energy source solar cells can be used
for making all sorts of fun gadgets.
Here is how we put together a solar
train set.

The train, track and carriages
were bought in a set for about $9.00
complete. It ran off two size D,
1.5 volt batteries, which were mounted
inside the engine. It also featured
a head light and smoke generator which
we disconnected to reduce the power
consumption of the train.

We used seven silicon solar cells
which were obtained from Solarex in
Sydney for $8.00 each. The cell had
an output of approximately one amp at
just over half a volt. This gave app-
rox. 3.5 volts at 1 amp. The cells
were mounted on a foam backing which
was in turn fixed in shallow aluminium

boxes. These were glued to the top of
the train and carriages and wired in
series to the motor.

The train worked. In bright
summer sun we had to add weights to
the engine to keep it from flying off
the track. However the train worked
poorly in hazy summer sun or in winter
sun.

Be careful not to leave the train
in a stalled position in the sun, where
the cells have enough sun to generate
electricity but not to start the engine,
as this will burn out the motor brushes.

You may also have to hunt around
a fair bit to get a train set with a
low voltage (ours was 3 volts) and a

low current rating, so the solar cells
have enough power for the train.
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APT. TECH continued
orage tanks in Botswana. This provides a
very cheap waterproof tank. Another example
is the introduction of moulded ferrocement
fishing boats for use on Lake Malawi be-
cause of a shortage of timber. A 6 metre
fishing boat can be produced for about
$800 which is considerably cheaper than
the wooden boats and employs local people
in a self supporting long term rural indust-
ry*

Local grass fibres are used to replace
asbestos in cement sheet for roof cladding.
These fibres, added as l-2% of cement weight
vastly increase the strength of the cement
by stopping it cracking as it shrinks during
drying. In Bangladesh, jute fibres have
been used as the glass fibre material, ut-
ilising the cheap local resource of jute
and employing local people in the moulding
process.

The ubiquitous 44 gallon drum has been
put to a myriad uses. The two halves
make a good Savonious rotor wind generator.
A couple of simple forges using forced
air are shown in fig. 4. There is a severe
deforestation problem in Java. Some 1.3%
of arable land is lost to agriculture and
firewood gathering each year. Methane
digesters might conceivably alleviate this
problem. The gas would remove the need
for firewood and the digester effluent is
an excellent fertilizer which could raise
food production levels. One unit desig-
ned for this purpose uses three drums

fig 4.44 gall. drum forges.

welded end to end. Gas was stored in four
upturned 30 gallon drums standing in water

fig 5(a) Methane digestor (horizontal)

fitted 44 gallon drums. The digestor op-
erates horizontally (slightly sloping down-
wards) and has the advantage over vertical
digestors that airspace above the slurry
is eliminated and so a thick scum layer
can't form on top of the slurry (fig. 5).
The digestor requires about 2/3 bucket of
manure per day. Using a primus roarer
burner (with the jet bored out to 1 mm),
one days supply of gas was sufficient for
2 hours cooking. These burners are too
expensive for general village use and so
a stove was made from a powdered milk tin
with holes punched in the top. Because
the ambient temperature in Java is high
(20-37°C) the black painted digestor works
within the optimum 33-38°C range for most
of the year. One beneficial side effect
is the cleaning up of the yards as the
animal waste becomes a valuable commodity.

In Ladakh (north India, above Kashmir)
the temperature ranges from 32°C in summer
down to -4O°C during winter. Fuel for
heating is scarce at these altitudes
(9,000-14,000 ft) and the cold and smokey
conditions contribute to tuberculosis and
eye disease, However, the area is well sit-
uated to take advantage of passive solar
heating, cloud free days average 328 per
year. This led to attempts to introduce
a Trombe wall heat storage mechanism to
store heat during the day and release it to
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the house at night. The Ladakhi houses
have thick walls which provide good insul-
ation and large thermal mass for heat stor-
age, All that was necessary was to paint
a south facing wall (northern hemisphere)
black and cover it with glass (fig. 5).
This was simple enough for local carpenters
to handle (although they thought it was
crazy to glaze a solid wall) and the wall
was quite successful in that, although temp-
eratures outside were below freezing, only
a light jumper was needed inside. The
idea was being spread around by taking
guided tours round the two trial install-
ations, The main cost is the glass - about
$300 (8 x 4 metres).

Along the length of the Nile river,
communities depend on water drawn up from
the river to irrigate their crops. In
many areas the fertile strip extends no
further than a couple of kilometers from
the river. To raise the water some 2-3
metres to surface level requires a pump.
There are many possibilities. One pump
type which you see frequently along the

fig 5(b) Stove from powdered milk tin

Egyptian part is the Archimedian screw
Pump- This is very simple, consisting of
a large screw inside a pipe which can be
turned by hand (fig. 7). However it gets
to be tiring pumping by hand: The Nile
has quite a strong current. Why not use
a waterwheel to get the Nile to lift its
own water up? A conventional waterwheel
requires a considerable amount of material
(usually wood) for a given driven area
beneath the water because most of it is
out of contact with the water, However,
using a completely submerged Darius rotor
(similar to windgenerators) about ¼ of the
energy passing through its swept area can
be extracted. A rotor with a swept area
of 4m2

was constructed in the boatyard at

fig 6. A Trombe wall installation
l

Juba (southern Sudan) and moored on pon-
toons on the White Nile (fig. 8). At a
river current of 1.1 metre/sec, the rotor
power available is about 700 watts. Fitted
with a centrifugal pump, it can deliver
200 litres/min (one 44 gal. drum/minute).
This provides an inexpensive pump that can
be built with a simple workshop and local
materials. The problems with this method
are the effect of floating objects fouling.
the blades and suspended silt scouring the
bearings. -

An example of a low cost per work
place local industry is the Markala women's
soapmaking cooperative. A group of women
chose soapmaking as a way of increasing
their inadequate family incomes. After
initial experiments with a cold soap making
process, they obtained expert advice from
the Technology Consultancy Centre in Ghana.
They were introduced to the hot process
(boiling caustic soda with various oils
until saponification occurs> which cost
them about $800 to set up. This provides
about 20 women with an income from work
which suits their schedules and through
experimenting with various mixtures of local
oils they produce a product which is as
good as the commercial product.

fig. 7. Archimedian
screw pump
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APT. TECH
There are potential problems with any

innovation. Sometimes the full consequences
of an action are not thought through. For

 example, a borehole was sunk in an area of
Ethiopia where previously water had been
carried from a long way off by donkey. The
borehole was repeatedly vandalised by the
donkey drivers who were now out of work.
These men were appointed well guardians and
the problem disappeared. This points up
the general problem that technology is not
neutral and any innovation is a political
act. Installing a well is a political act,
it changes the power structure in the
society. A technical aid program cannot
operate in a political vacuum. A recent
example is an agrarian reform project that
the U.S.A. began pouring money into in El
Salvador in an effort to take the wind out of
the insurgents sails. The director of the
program and his American advisers were
promptly assassinated by National guardsmen
acting for the few large landholders who
were not at all keen to lose their large
estates.

Land tenure is one of the major prob-
lems leading to poverty in the developing
world. The much vaunted "green revolution"
is a good example of a high technology
solution which has actually made life worse
rather than better for many of the small
farmers in the third world. The new high
yield, rapid growing wheat and rice strains
must have a high fertilizer and water in-
put and be protected by herbicides, fungic-
ides and insecticides (usually imported).
This is biased toward large area capital
intensive farming. The reduction in prices
brought about by the increase in production
by the large farmers forces the small
farmer out of business. The small farmer

cannot afford the capital investment in
fertilizer and pesticides (and for hybrid
varieties - seed stock) and SO has a lower
output. The benefits of operating in larger
units leads to owners evicting tenants to
enable large scale mechanised farms to be
set up. The net effect is a large increase
in rural unemployment (who often drift in
to become urban unemployed) and the country
has a large drain on foreign reserves, to pay
for fertilisers.

The program works, in that larger
quantities of grain are actually grown, but
this grain is not going to feed the people
it was supposed to benefit - they've been
forced off their land and now don't have
any income to buy it. A highly inapprop-
riate technology for small farmers. How-
ever this technology benefits the large
oil companies who sell fertilizers and
pesticides (and now seeds).

Some innovations fail not because the
technology doesn't work, but because the
original specification was wrong. An
attempt was made to introduce solar cookers
into an area of India to replace cow dung
cooking fires. The cookers worked, but
the idea failed because traditionally
cooking was done in the evening, cooking
in the midday sun in unpleasant and the
peculiar taste imparted by traditional
cooking was absent.

In a certain African country there
was a small local industry making leather
sandals. To produce a cheaper product,
the country imported two plastic injection
moulding machines at a cost of $100,000.
These operated very successfully but the
effect was to put 5,000 leather shoemakers
out of work, which also reduces the income
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of associated industries such as producers
of leather, glue, thread, fabric linings,
tacks etc. In return only 40 people were
employed, and the PVC for moulding and
spares had to be imported. The overall
result was a decline in domestic income
and living standard and a continuing drain
on foreign capital.

Some people (from developed countries)
who are developing appropriate technology
type techniques, try to sidestep the pol-
itical problems by claiming that their
solutions are applicable regardless of
the prevailing political conditions.
The actual development directions and ob-
jectives are a matter to be left to the
people of the country concerned. This
ignores the fact that a particular tech-
nology brings with it a particular social
organization necessary for its operation.
Thus, introduction of a production line
factory brings a social organization char-
acterised by a controlling technical/man-
agerial elite and a large subserviant work-
force living around the factory. Intro-
duction of a Nuclear power plant again
brings control by a technocratic elite
and a police state necessary to ensure
safe operation, The antithesis of the 
factory situation is a regional cottage
industry in which the workers are free to
determine their own times and rate of
production to suit themselves and are thus
not controllable like machines as they
would be in a factory situation. The
management cannot dictate exactly what
happens in this situation and the workers
are not so readily dehumanised. The use
of a simple technology understood by and
controlled by the people who use it, does
not bring with it alienating forms of
social organization. One of the reasons
why the countries of the communist bloc
are becoming indistinguishable from the
capitalist countries is that the communist
countries have set up technology based on
imported capital intensive techniques
which brings with it the rigid operating
structure of management, foremen and work-
ers that existed in the countries that it
comes from. The technology is not neutral
but eventually reshapes the society as
people adapt to the machines. Appropriate
technology is about adapting machines to
suit the people.

Sources of Information.
Most of the examples cited in this

article have been culled from the quarterly
journal 'Appropriate Technology' which is
published by Intermediate Technology

Improved water mill.

Publications Ltd. (9 King St., London.
EC2E 8HN). This magazine is an excellent
source of practical ideas drawn from
around the world. The ATA has a set of
copies if you want to examine them. An
excellent introductory book covering
the whole range of appropriate technology
is 'Appropriate Technology, technology
with a human face' by P.D. Dunn (Macmillan
Press 1978 London). Dunn is professor
of engineering science at Reading univer-
sity, England, and is associated with
the ITDG. This book is simple enough for
non technical readers and gives a compreh-
ensive bibliography which makes detailed
follow-up easy. On the effects of new
technologies, an interesting book is
'Alternate, technology and the politics
of technical change' by David Dickson
(Fontana 1974).

On a local note, an Appropriate
technology section was established in the
Faculty of Engineering at Melbourne Univer-
sity in 1979.

Alan Hutchinson.



Some Cheap and Simple Ways of
Measuring the Wind.

A very simple method of measuring
the strength of the wind can be carried
out as follows. You need 30 cm of thin
fishing wire (or similar), a protractor,
a table tennis ball and a spirit level.
Basically it is very simple. All you
really do is fix the ball to the end
of the wire, and fix the other end of
the wire to the centre of the protract-
or. When the wind blows the ball moves
and the angle of the wire changes. By
using the table below and reading the
angle of the wire off the protractor
you can estimate the strength of the
wind. The spirit level is used to
make sure the protractor's top edge is
horizontal-.

Angle (degrees) Kph

90 00
85 9.3
80 13.1
75 16.2
70 18.9
65 21.4
60 24.0
55 25.4
50 28.8
45 31.4
40 34.2
35 37.4
30 41.3
25 45.9
20 52.0

HOT WIRE WIND MEASUREMENT

Another way of measuring the
wind involves absolutely no moving
parts. It simply uses a hot wire sit-
ting in the air stream. The harder
the wind blows, the cooler the wire
gets. This can be used to measure
the amount of wind because the resist-
ance of the wire changes with its
temperature so if you measure the re-
sistance of the hot wire under differ-
ent conditions you can then estimate
wind strength.
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A novel application of solar ener-
gy is being used to supply electrical
power to a restaurant, vineyard winery
complex near Alice Springs. The power
is supplied by a 2,000 sq. metre solar
pond which has an electrical output of
20 Kw.

Research into solar ponds has been
going on for a number of years. Appli-
cations include desalination, absorpt-
ion, cooling, electricity production
as well as heating. For providing heat
solar ponds can provide energy for less
than 1.8c per Kwh,

Solar ponds consist of what is
basically very simple; a pond of salty
water. The key to the pond is that
the concentration of the salt in the
pond varies according to depth. The
deeper the pond the more concentrated
the salt.

As a result when sunlight strikes
the pond, heat is trapped in the lower
more concentrated salty layers near
the bottom of the pond. Because the
lower layers of water are denser, the
water which becomes hot does not rise.
Thus heat is trapped and stored in
the pond.

Most solar ponds are 2 - 4
metres deep. The surface of the
pond consists of a thin layer of
almost fresh water, a density gradient
of about 1 metre to prevent convection
and a storage layer 1 - 3 metres

thick which contains highly concentrat-
ed brine.

One advantage of solar ponds is
their huge storage capacity. This
means they can serve as a base load
generator with no back up required.
Another advantage is they do not need
special "solar" materials and so can
be built very cheaply. In fact they
yield more energy per dollar invested
than any other solar energy system.

The solar pond in use at Alice
Springs is the successor of an exper-
imental pond which was built in late
1979 early 1980. As a result of SUCC-
essful testing, the larger pond was
build and completed in July, 1981.

The pond is designed to produce
20 Kw of 415V/50H three phase elect-
ricity on demand with an average 24
hour load of approximately 8 Kw. Over
the year, electricity production is
expected to be over 60,000 Kwh,

It should be possible to continue
drawing power from the pond for up to
two weeks with no sunshine.

Maintenance of the pond is expect-
ed to be cheaper than it would be for
a conventional diesel generating plant.
The organic Rankin cycle engine is a
relatively simple unit which should
require little maintenance, The major
maintenance task will involve controll-
ing the slow upward diffusion of salt.
This diffusion is controlled by a



boundary layer control system which
removes salty water from upper levels
of the pond, purifies it and returns
it to the pond.

Another method used to limit diff-
usion involves the use of a wind att-
unator system which reduces mixing due
to wave action.

Conditions in Central Australia
are nearly ideal for solar pond systems:
close to the equator, high insulation,
low average wind velocity, dry sandy
soil and very high conventional power
costs.

However there are some special
problems with the establishment of
solar ponds in Northern Australia. The
soil must be treated for white ants as
they will eat almost anything. The

very deep and extensive root system of
arid zone trees and shrubs as well as
their re-growth capability can be a
problem for solar pond liners. To
overcome this problem all visible root
systems were dug out and the soil
treated to prevent re-growth.

The liner of the pond was fabric-
ated in Adelaide and transported to
Alice Springs in four sections. These
were laid out and joined together by a
four man installation team. The seams
were double glued using both a solvent
glue and a hot glue.

The solar pond is currently under
test, It appears that after many years
of research solar pond systems appear
ready for commercialization.

SIMON RICHARDS.

The second electric bicycle race
was held on Sunday 16th May on the
asphalt car park in front of Glen Wav-
erley shopping centre, The race is to
see who can cover the most distance in
two hours with a battery weight of no
more than twenty five kilogram.

About twenty machines were ent-
ered and a good crowd rolled up includ-
ing a group of disabled young people
who darted around on their electric
wheelchairs.

There were a wide variety of
designs entered. These ranged from
simple printed circuit motors with
friction drive onto the tyre, through
to elaborate motor bike like aluminium
frames with chain drive and cowlings.

The winning designs were the
printed circuit motors/friction drive
bikes which came in first and second,
well ahead of the rest of the field.
These bikes had a significant weight
advantage because printed circuit mot-
ors are very much lighter than starter

motors and the like with their heavy
iron casings and armatures.

Over the two hours, the winner
covered about 60 km. This is an aver-
age speed of 30 km/h which is what can
be sustained on a normal lightweight
push bike using pedal power (on a smooth
flat road) supplied by a reasonably fit
human. It is apparent that electric
bicycles have not got to a state where
they have a greatly superior performance
to that obtained through simple muscle
power.





You Can Join or.......Subscribe
The Alternative technology Association is a group of people interested and

involved in alternative technology.
film nights,

Activities of the group include meetings,
practical workshops and field trips.

MEMBERSHIP SUBSCRIPTION
Membership to the group means

you receive the newsletter six times
a year and this magazine "Soft Techn-
ology" four times a year, You are also
free to participate in the groups act-
ivities. Rates are $14.00 per annum, or
$7.00 for pensioners, students and un-
employed and $20.00 for institutions.'

Subscribers receive the mag-
azine "Soft Technology" only, The
annual subscription includes four
issues. Rates are $7.00 per. annum
for individuals, and $9.00 for
institutions (schools etc.).

Fill in and send to the
ALTERNATIVE TECHNOLOGY
ASSOCIATION, 366 Smith
Street, Collingwood, Vic
3066.


