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Some important definitions

Throughout this book (and also in the more technically sophisticated 
literature) various terms will be used which are often misunderstood. 
Some of the most important are:

Work in the simplest technical sense is when a force is used to move 
something. If you push the back of a car but fail to move it, although 
it may feel like "work”, unless some actual movement takes place, no 
work is done; a force is merely being applied to no effect. However if 
you push a car and succeed in moving it, the work done is technically

Scope of Handbook
f

This handbook is intended to provide information about methods by 
which people living in areas remote from an electricity supply grid 
may improve the availability of power in their homes and reduce the 
costs of their power supply. The book is divided into several 
sections. The first sections deal with methods by which existing 
equipment can be used more efficiently so that fuel consumption is 
reduced. Subsequent sections deal with methods of increasing the 
availability of power.

An important and vital bit of information to be aware of is that, 
nearly always, it will be cheaper to increase the efficiency with 
which an existing power supply is utilised so as to make it go further 
than to simply increase the availability of power to meet an increas
ing apparent demand. Only when all possible sensible steps to use an 
existing power source as efficiently as possible have been taken 
should a user generally consider increasing the size of the power 
supply. So this handbook will deal virtually as much with saving 
power as with generating it efficiently.

It is not possible to cover topics in great depth in a book of this 
size; therefore we have provided interested readers with references 
to other more specialised publications, suppliers and organisations. 
The final section gives product information together with sources of 
supply. The product list is not exhaustive. Wherever possible, at 
least three sources of supply are given for a product. However, 
since I T Power has not got first-hand experience of many of these 
products, the inclusion of any particular product is not an indication 
that the product is approved by I T Power. All information is taken 
directly from suppliers* literature. In exactly the same way, the 
exclusion of any product does not imply that we consider it unsuitable 
or inferior in any way.
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Efficiency

Efficiency
It is defrni

be described as 30% 
burned by the engine, 
The other 70% is 

was’ted as heat, noise and incompletely burned fuel lost in the exhaust

Efficiency = (Useful work done by device)-s-(Energy supplied to device)

For example, a diesel generator may typically 
efficient. This means that of the diesel fuel 
only 30% is converted into useful electricity.

the product of the force used and the distance travelled. The same 
principle applies to other applications; eg. electrical work requires 
a flow of electrons (current) to be pushed by an electrical force 
(voltage); hydraulic work requires a liquid to be pushed by some force.

Power

Energy

Many people confuse the meanings of the words "Energy” and "Power”. 
Energy is the total work completed; so its units are a combination of 
power and time. The basic unit of energy is the kilowatt-hour "kWh” 
(or sometimes the watt-hour "Wh") which is the energy involved in 
delivering lkW for 1 hour (or 2kW for 30 minutes, or 500W (0.5kW) for 
2 hours, for example).

The basic unit by which electricity is commonly sold is the kWh. As 
fuel is burnt to generate electricity (or heat which is another form 
of energy) a can of fuel represents a "package of energy”. One litre 
of diesel fuel, for example, if completely burnt produces approxima
tely lOkWh of heat. But because no process for converting the energy 
of fuel into electricity is even near to being perfect, only some 
fraction of the energy in the fuel will be converted into useful 
energy output and the rest will be wasted as various losses such as 
waste heat and noise.

Power is the rate of doing work. The quicker you do a certain finite 
amount of work the more power is required. In the case of electricity 
the work consists of forcing electrons, m other words an electric 
current, to move through a circuit and hence perform some useful 
function like making a filament glow white hot (in a light bulb), or 
making electro - magnetic fields turn a rotor which may, for example, 
pump refrigerant through a freezer’s heat exchanger coils to remove 
neat from the food. So the more current you force through some 
electrical device the more power is needed. A 100W light bulb uses 
exactly twice the current and hence twice the power of a 50W bulb.

Power used to be measured in horsepower, the rate at which a horse 
could do work, but the modem unit is the Watt, abbreviated as ”W'. 
There are 746W in 1 hp, so the watt is rather a small unit and it is 
therefore more common for many practical purposes to use Kilowatts 
"kW” which are units of 1000W.

is an important concept for any discussion about energy, 
ed as follows:
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4/60 hEnergy used by 3 kW kettle =

0.2 kWh

6/60 hEnergy used by 2 kW kettle =

0.2 kWh

Annex 1 gives more information about the basic units of power and0 energy for those readers who are unfamiliar with them.
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Electric Current and Voltage

In some of the chapters of this book, reference will be made to the 
electrical parameters of current and voltage. A brief explanation of 
their relationship to energy and power is included here for readers 
who are unfamiliar with the physics of electricity. Most electrical 
equipment is designed to operate at a particular voltage. In simple

gases. So instead of lOkWh from each litre of diesel fuel, the best 
that is likely is 3kWh of electricity (often written as 3kWh(e)) and 
7kWh of waste heat and noise.

Power and Energy

The power rating of equipment and the energy used or produced by the 
equipment are important values. Power is a measure of how ouickly the 
equipment can do work, whilst energy is a measure of the total amount 
of work completed or fuel used. A simple example illustrates this:

Consider two electric kettles. One kettle has a power rating of 3kW 
whilst the other kettle has a power rating of 2 kW. The 3 kW kettle 
is therefore more powerful than the 2 kW kettle and will boil a litre 
of water more quickly. However, both kettles will consume the same 
amount of energy in boiling the litre of water, assuming they are 
equally efficient. The amount of energy consumed is calculated as:

(Energy used) = (Power rating) x (Time)

If it takes 4 minutes for the 3 kW kettle to boil a litre of water and 
6 minutes for the 2 kW kettle to boil the water, the energy used is 
calculated as:

2 kW x

3 kW x

No device is ever 100% efficient - some energy is always wasted 
whenever energy of one type is converted into energy of another type. 
However, it is obviously desirable to be as efficient as possible when 
using energy, and therefore it is often worthwhile to pay a little 
extra for a more energy - efficient piece of equipment. In the long 
run, this equipment will use less energy and hence cost less to operate.

Efficiencies based on the definition just given will be referred to 
throughout this handbook as a measure of the ’’quality” of different 
devices.
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In effect the current rushes backwards and forwards down the wire to 
produce power.

Mains 
current

I
Voltage

I

The European and UK standard common to appliances generally used in 
the Falkland Islands is 220-240 Volts (this is the average voltage as 
of course it continuously fluctuates) and 50 Hertz. In the USA and 
many South American countries, the US standard of 110 Volts and 60 
Hertz is common. Alternating current has the advantage that the 
voltage can be easily and inexpensively changed by using a transformer.

Alternating and Direct Current

wa throughout the world is delivered as AC (alternating 
in which the voltage goes from zero to some peak value, 

back to zero, to a negative value and so on as indicated. This 
commonly happens 50 times per second, and the frequency is said to 
be 50 Hz, as illustrated in the following diagram.

1/50 second

terms, the voltage is the amount of electrical pressure or force 
needed to push the electricity through the equipment, whilst the 
current is the amount of electricity flowing. The power, voltage and 
current of a device are related as follows:

Power = Voltage x Current
in watts (W) in volts (V) in amps (A)

Conversely, if an appliance is rated with its power and voltage, the 
current that it will take is given by:

Current = Power -r Voltage 
in amps (A) in watts (W) in volts (V)

If the 3 kW kettle is for use with a 240 V electrical supply then the 
current that it uses is calculated as follows:
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Transformers, Rectifiers and Inverters

AC voltages can be converted by using transformers which for example 
can change 220-240V to 12V or 120V when this is needed. AC can then 
be converted to DC with devices called rectifiers. Most modem cars 
for example, have AC generators (often known as alternators) as these 
are cheaper, more powerful and trouble free than the traditional DC 
generator (or dynamo), so the output from the alternator is rectified 
by a set ot diodes (solid state electronic devices) to feed DC to the 
car battery (AC will ruin a battery).

Similarly if you want to store electricity in batteries you have to 
rectify any AC supply and feed the battery DC at a suitable voltage.

If a DC supply, such as from batteries, is needed to power standard AC 
mains appliances, it is possible to convert the DC back to AC. The 
traditional method was a so - called rotary inverter, which is a DC 
electric motor driving an AC generator or alternator. Such devices are 
noisy and inefficient and the modem alternative is a solid-state 
electronic device called a static inverter.

Three-phase and single-phase AC

So far we have only talked about single phase AC where two or three 
wires, the supply one known as the "Gve'^ and usually coded with brown 
or red insulation and the return one known as the meutral” (coded 
blue or black) (plus usually a third green/yellow "earth” cable which 
is vital to ensure safety) are used and the voltage and cunent 
fluctuate 50 times per second (usually) to average 240V. For power 
levels greater than around 5-10kW (i.e. most industrial and many 
agricultural and workshop applications) it is common to use 3-phase 
AC. Here there are three "live" cables from the supply generator each

The power delivered by batteries and some specialised types of 
generating equipment is DC (direct current). In this case, the 
voltage is constant and the current flows steadily in one direction 
only. DC is often used in low voltage equipment. For example, a 
torch commonly uses two dry cells of 1.5 V each.

High voltage DC is uncommon because it is more hazardous than AC to 
human life and also it is not so amenable to being stepped up or down 
to different voltages, it needs heavier and more expensive conductors. 
Also AC appliances are mass-produced, almost universally used and 
therefore more easily and cheaply obtained.

Virtually all electronic devices, such as radios (both transmitters 
and receivers), computers, tape-recorders or videos depend primarily 
on low voltage DC although they are usually equipped internally with a 
what is called a ’’power supply" which transforms mains voltage AC down 
to low voltage DC. Televisions and computer monitors also have an 
additional high voltage circuit to power the tube.
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of which behaves like a single phase "live” line except the current 
and voltage fluctuate so that each line is one third of a cycle out of 
phase with its neighbour. A single fourth "neutral" line normally 
serves all three phases. The individual phases are sometimes coded 
with yellow, blue and red insulation (or terminal tags).

Three-phase power, for reasons that are not important at this stage, 
is more efficient and cost effective for larger power applications and 
it is therefore only used in the Falklands in the larger settlements. 
Small applications on three phase systems are usually shared between 
the phases to try and put approximately the same electrical load on 
each phase. It is quite important, to ensure safe, reliable and 
efficient operation, that the phases are generally kept as evenly 
loaded as possible.



Reducing Diesel Consumption

F

* 

I

M
Iff

* 

iff





Energy Manual Section 2

2. REDUCING DIESEL CONSUMPTION

M
For■

DORMAN 3DA 21kW

LISTER TS2 7.1kW
20

1 0

0
20 40

Fig 2.1: diesel generator set efficiencies at part load
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2.1 Diesel Engine Efficiency

A diesel engine will be rated to produce a certain amount of power 
under optimal running conditions. For example, a Lister - Petter diesel 
generating set TS2 is rated at 7.1 kW. If the generating set is used 
at altitude, at high temperature or in very humid conditions it will 
not produce as much power. It must be derated. For example, every 
300m of altitude above 150m reduces the maximum power output by 3.5%.

Normally the full power output of a diesel generating set will not be 
required. The engine is then said to be running on part load. For 
example, 5kW from a 7kW TS2 represents 70% part load.

Part load (%) = (Actual load in kW)v(Maximum output in kW) xl00%

It is usual to size a diesel generating set to run at 70 to 80% of 
part load. This means that the set has some spare capacity to cope 
with occasions when a higher than usual load is needed. However, it 
is important that the generating set is not oversized so that it is 
often running at a small part load of 50% or less. Small part loads 
are bad for the engine and bad for the pocket of the owner. The 
engine will suffer from excessive soot deposits and will require more 
frequent overhauls. Its life will be significantly reduced. The 
efficiency will be low making the cost of electricity high.

For example, a diesel generating set run at 25% part load will consume 
about 70% more fuel per unit of electricity than the same engine 
running at 75% part load (producing three times as much power) or 
about 40% more fuel than a smaller engine running at 75% part load 
(producing the same amount of power). Figure 2.1 shows diesel 
generator set efficiencies versus part load for two sets. Diesel 
generating sets are typically 25-30% efficient at full load. Larger 
sets are usually more efficient than smaller ones as in the example.
At small part loads the efficiency drops off rapidly.

60 80

Percent of
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Detailed information on battery systems is given in 
chapter 4. If a battery system is used there is then the 
further possibility of using a small wind powered turbine 
to charge the batteries. The diesel engine need be used 
only occasionally then. Chapter 4 also describes the use 
of wind turbines.

When running a diesel generator set it is worthwhile keeping the load 
as close to full load as possible, but without wasting the electricity 
produced, and to run the generator for as few hours as possible each 
day. For example, if some washing is to be done in a washing machine 
it would be better to do this at a time when other electrical appliances 
are also needed, such as lights, television, etc, rather than to run 
the generator specially for it. (Unless the generator is small enough 
for the washing machine rating to be close to the generator rating.)

If your diesel generator set is often run on a small part load of less 
than 50%, it may be worth your while to consider one of the following 
options to rectify this situation:

- Examine your use of electricity and tiy to use more appli - 
ances simultaneously, so increasing the part load, but you 
will then need to run the generator for fewer hours.

- Buy a new, smaller diesel generator set which more 
closely matches your power needs. You may then be able 
to run the small set tor small loads, or the older,
larger set for larger loads, or both together for very 
large loads. You have greater flexibility. However, 
before deciding on this option you should examine the 
costs and benefits using the method described in Section 5.

- Install a battery to backup the diesel generator set. The 
set is then run at full load for a few hours when all the 
larger appliances have to be used (eg. washing machine, 
vacuum cleaner, iron, etc) and any surplus power generated 
is used to charge up batteries. The batteries are then 
used when the engine is switched off to power the smaller 
electrical loads through the rest of the day, such as 
lights, television, central heating pump, etc. The savings 
made by running the generator set at higher efficiency and 
for fewer hours, may offset the cost of the battery 
charger, batteries and inverter in some circumstances. More 
information on this possibility is given in Section 4.

It is often more expensive to use batteries than to run a 
diesel generating set at small part load. However, there 
are other advantages which may justify the extra cost. The 
most significant advantage is that there is power avai
lable at all times, so lights or central heating pumps can 
run whenever necessary and refrigerator and freezer motors 
can run more efficiently, intermittently on their thermo
stats.
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Fig 22: the flow of exhaust gases from a selection of Lister
engines working under full loads
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In a water-cooled diesel engine, water circulates around the various 
parts of the engine and extracts heat from it. The hot water then 
passes though a radiator where it loses its heat to the atmosphere. 
The cooler water leaving the radiator returns to the hot engine to 
extract heat once more. Instead of losing the heat from the hot water 
via a radiator it could be used more usefully, either to supplement

— Engine Rating
25 <kW>

Anyone who decides to buy a new diesel generator set or to use a 
battery connected to the set should seriously consider the energy 
efficiency of electrical appliances. Section Z.2 gives some limited 
information about energy efficiencies of common AC appliances. Anyone 
who intends to use a battery may find it worthwhile to use some or all 
DC appliances. Batteries store direct current (DC) whereas most 
common electrical appliances use alternating current (AC). Therefore, 
in order to run AC appliances from a battery, an inverter is needed. 
The inverter converts DC electricity into AC. However, inverters are 
expensive and therefore it is sometimes a better option to use DC 
appliances. This is discussed in more detail in Section 4.

Since a small to medium sized diesel generator set is at best 30% 
efficient, there is a large amount of energy in the fuel which is 
generally not accounted for. Some of this energy is used to overcome 
friction, to move parts of the engine or is wasted as incompletely 
burned fuel in the exhaust gases or as noise, but far and away the 
most of it is turned into heat. Usually this heat is wasted. It is 
possible to recover some of the heat that escapes in the hot exhaust 
gases, and in water cooled diesel engines it is also possible to 
recover some of the heat transferred to the cooling water.

The exhaust gases from a small diesel engine are typically at 400- 
500°C. The temperature tends to be higher in larger engines and when 
they are working under full load. Figure 2.2 shows the flow of 
exhaust gases from a selection of Lister engines working under full 
loads. Some of the heat from the exhaust gases may be extracted with 
a simple water-filled heat exchanger. This could then be used to 
supplement domestic hot water, or for green house heating, for 
example (see also Chapter 3 and Figure 3.1).
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22 More Efficient AC Appliances

If you use more energy - efficient electrical appliances, you may be 
able to reduce your diesel fuel consumption. However you must be 
careful not to reduce the electrical load so much that the diesel 
engine will run on a small part-load (see previous section). By using 
more energy - efficient appliances you may be able to run more equipment 
off your existing generator, or you may then have surplus power which 
you can use to charge a battery. If you are intending to buy a new 
generator you may be able to buy a smaller size if you also invest in 
more energy efficient equipment. In this section, information is 
given about the energy efficiencies of common household appliances.

If you are interested in the efficiencies of other electrical equipment, 
you may be able to obtain it from Consumers’ Associations, or from 
suppliers. In Canada, all electrical equipment has to be labelled 
with its energy consumption and the label must also state the energy 
consumption of the most efficient similar device. Some useful 
addresses are given in Section 7.

Refrigerators and Freezers

There are quite large differences in the efficiencies of different 
models of refrigerators and freezers. The differences are large 
enough that the cost of electricity used to run one model can be 
several hundred pounds more than for another similarly sized model, 
over the lifetime of the freezer or refrigerator. The difference in 
running costs is often larger than the difference in the first cost, 
but tests show that the more expensive models do not necessarily have 
the lower running costs. If you are buying a new refrigerator or 
freezer, it is well worth your while to obtain information about the 
running costs of all suitable models.

hot water heating (although care must be taken that the water can be 
cooled sufficiently before it is returned to the engine) or to warm a 
greenhouse or a polytunnel.
The use of both exhaust heat and cooling - water heat as described above 
is generally not worthwhile for very small engines because the 
complexity of integrating both systems simultaneously is too great in 
relation to the amount of heat recovered, but simple exhaust heat 
recovery may be worth considering in many cases.

The fuel efficiency and breakdown frequency of a diesel generating set 
will depend very much on the quality of maintenance that is carried 
out, as well as its running load. It is most important for long 
engine life and good reliability that the maintenance schedule 
recommended by the manufacturer is carried out. Regular changes of 
oil, oil filters, fuel and air filters within the recommended time 
periods will have a bearing on fuel economy, the life of the engine as 
well as its long term reliability and therefore good reliable 
maintenance is an excellent and important investment.
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air should be able to circulate freely round refrigerators 
and freezers.

refrigerators and freezers should be kept as full as. 
possible. This will reduce the electricity consumption 
and will allow less warming up when the power is off.

- excessive frost should not be allowed to build up on 
refrigerator ice boxes and in freezers. Frost build up 
will tend to be reduced if food is always stored in 
sealed containers, and the door is opened infrequently. 
Frost and ice prevent the cooling coils from working 
properly.

- whether it is chest or upright. In general a chest 
freezer should be slightly more economical to run than 
an upright freezer because cold air sinks. When the 
door of an upright freezer is opened, the cold air will 
tend to fall out. The door of any refrigerator or 
freezer should be opened as infrequently as possible.

The electric current required to start the compressor motor of a 
refrigerator or freezer is generally much higher than the current that

The differences in electricity consumption are largely due to the 
quality and thickness of the insulation used. Better, thicker 
insulation has two advantages:

- it reduces the running costs

- the refrigerator or freezer takes longer to warm up if 
its power supply is cut

and one disadvantage:

- the refrigerator or freezer will have larger external 
dimensions for a given internal capacity. In other words, 
it will take up more space.

There is a strong correlation between electricity consumption and time 
to warm up. A more energy efficient refrigerator or freezer is 
usually able to withstand a longer power outages (i.e. when the diesel 
is off) without any damage to the food.

Other design factors and the ways in which the appliance is used also 
affect electricity consumption such as:

the detailed design of the door and especially the door 
seal. If the door does not seal all the way round, warm 
air will leak in. The door seal should be checked 
regularly and replaced if it becomes damaged or perishes.

- refrigerators and freezers should be placed somewhere 
cool, not near a cooker or radiator.
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Ordinary bulbs
60 W
75 W

100 w
150 W 
200 W

the light output of fluorescent tubes and compact fluores
cent bulbs gradually decreases and may be reduced by as 
much as 20% by the end of the life. The power consumption 
does not fall correspondingly so it may be worthwhile to 
replace bulbs or tubes before they actually fail.

the life of a fluorescent bulb or tube depends on how often 
it is turned on and off. Typically if the lamp is on 
continuously it will last 1.5 x normal life but if it is 
turned on and off every 5 minutes it will last only 0.2 x 
normal life.

the light output of all types of fluorescent lamp is much 
reduced at low temperatures (but increases as the light 
unit warms itelf up). At 0°C the light output is about 0.4 
x normal output. If these lamps are used m unheated 
places, the lamp should be well enclosed. Some compact 
fluorescent bulbs will have difficulty striking if they are 
at below freezing temperatures.

in practice the amount of useful light from a lamp is 
affected by how clean the lamp and lampshade are, by 
the colour and type of lampshade, and by the colour of 
the walls and ceiling.

This high start up current may cause a 
eciallv those who use battery back up. It

: Approximate equivalent lamp ratings
for the same light output

A few points which may be relevant to choice of lighting in certain 
circumstances are listed below:

Lighting

Some lamps are more efficient than others; they give more light for 
each watt —hour of electricity consumed. Table 2.1 summarises the types 
of lamp available and their relative merits. In particular the amount 
of light they produce for each watt-hour is given as a relative value 
in the range 1 to 10, with a score of 10 for the most efficient, and 
hence cheapest to run, lamp. Table 2.1 shows the wattage of ordinary 
incandescent light bulbs and fluorescent tube lamps which produce the 
same amount of light.

Fluorescent lamps 
9-13 W 

15-18 W 
20-25 W 
28-32 W 
36-40 W

it uses once it is running.
problem to some users, especially those who „ . , (
is possible to limit the start up current with a "soft starter 
are discussed in chapter 4.
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15
25
40
60
75
100 
150 
200

110 
200 
325 
575 
780 
1160 
1960 
2720

390
665
880 
1260 
2040

f
1

113 of cost for bulb 
replacement

Fig 23: three single coil 40 W light bulbs give less light than 
one single coil 100 W bulb

17% less electricity

Table 2.2: Comparison of filament bulb types

Where a light fitting uses more than one bulb, it is energy efficient 
and cost effective to replace them with a single bulb of higher 
wattage. For example, three single coil 40 W light bulbs give less 
light than one single coil 100 W bulb (see Figure 2.3).

Some people may be used to leaving all their lights on in order to 
increase electricity consumption so that the diesel generator is . 
operating near full load. In practice, it would be better, if it is 
possible, to use the over capacity of the diesel generator to greater

- fluorescent tube lights are often considered to be ugly 
and to give a "cold” light. Many of the new fluorescent 
bulbs and newer types of tube light are much improved in 
this respect.

People who choose to continue to use incandescent light bulbs may be 
able to reduce the electricity consumption of these bulbs because 
higher wattage light bulbs are more efficient. Table 2.2 illustrates 
this point. It gives the light output (in lumens which are a standard 
measure of light) for two types of ordinary light bulb.

Light output in lumens 
Single coil bulb Coiled coil bulb
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advantage as is discussed earlier in this Chapter. If a new generator 
is to be bought it is well worth considering whether a second smaller 
engine for use exclusively with more efficient lights and other small 
appliances while the old larger engine with a change over switch is 
used less frequently purely for the few heavier loads. If back up 
battery storage is to be used, it is imperative to use high efficiency 
lamps to reduce the battery size needed (see Chapter 4).

The power rating of normal sized irons varies in the range 1.0 to 
1.6kW. The rating will affect the speed with which the iron heats up 
but is not dependent on the type of iron. Steam irons do not 
necessarily have a higher power rating than ordinary irons, and 
similarly cordless irons may have a rating anywhere in this range. 
Unless speed is important, it is likely to be a better option to 
choose an iron with a power rating at the lower end of the range.

Washing Machines

Washing machines vary a lot in their power consumption depending on:

- maximum spin speed

- maximum weight of clothes

- whether they take in cold water and heat it, or take in 
hot and cold water

- whether they are front load or top loading.

It is usually best to have a machine which can take in both hot and 
cold water. If it is fed with hot water, the machine will then adjust 
the temperature of the water by only a small amount, and hence use 
only a little electricity in water heating. The wash will also be 
faster because less time is needed to neat the water. The other 
factors which affect power consumption may be more influenced by 
personal circumstances. For example, although power consumption is 
significantly higher for a machine with a high spin speed, if drying 
clothes is a problem the high spin speed may be considered important.

Irons

Television sets are often used for about 6 hours per day on average. 
As a result the annual electricity consumption can be as much as 300 — 
400kWh. However, the electricity consumption of television sets 
varies widely and therefore it is worth choosing a model with a low 
consumption. The most efficient ones use about half as much electri
city as the least. In general smaller sets use less electricity than 
larger ones and black and white sets use less electricity than colour 
ones. Video recorders tend to use a lot less power than a television, 
often only around 30 to 50W.
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Vacuum Cleaners
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Fig 2.4 upright and cylinder type vacuum cleaners

■

4
-15-

Cylinder type vacuum cleaners are 
often about 20% more energy 
efficient than Upright types

/) UPRIGHT

;ht design, as 
ligher power 
Typically,

„ The best and worst vacuum cleaners, 
from an energy point of view, are rated from 800W (best) to 1200W

The best value compact fluorescents seem to be those with a detachable 
tube fitting into a special adaptor like the Lynx and the 2D (Figure 
2.5). This is because typically with the Lynx, for example, the 
whole lamp with the adaptor costs much the same (approximately £12 to 
£15) as the types like the Philips and the Osram which plug straight 
into a light socket and the lives of the tubes are much the same. But

Table 2.3 which follows details the pros and cons of different types 
of lighting in more detail. The Efficiency factor shows how much 
light you get for a given electrical energy consumption compared with 
a standard "long-life” 60W filament light bulb.

Figure 2.5 illustrates various forms of high efficiency domestic 
fluorescent light which are becoming available (a few types have been 
stocked by suppliers in Port Stanley already). Some comments on these 
are worth making. Most of the folded tube or compact fluorescents can 
be obtained either to fit directly into standard bayonet or edison 
screw light sockets or they have adaptors for this purpose. So a 15W 
compact light can substitute directly for a 60 or 75W conventional 
bulb. The compact light will use less than a quarter as much . 
electricity for the same amount of light but will cost quite a bit 
more in the first place. Most folded tubes have a life of around 5,000 
hours compared with l,000hrs (if you are lucky!) from modem filament 
bulbs.

Vacuum cleaners may be either of the cylinder or uprigl 
shown in Figure 2.4. Usually an upright design has a n: 
rating and uses more electricity than a cylinder design, 
it will use 20% more electricity. The best and worst i

(worst).
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iapply if a fresh unit is procured at the very end of the

■
1 & 2 tubes3Number of replacements 11

£17.00£27.00Purchase cost £5.50
150kWh150kWhElectricity consumed 600k Wh
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H
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I

£ 41.50
£ 83.50
£305.50

£ 36.00
£ 78.00
£300.00

£36.00
£46.50

£102.00

£9.00
£19.50
£75.00

£36.00
£36.50
£92.00

£9.00
£19.50
£75.00

Tungsten 
filament 
60W bulb

Detachable 
compact 

15W tube

Annex 2 gives some typical power and energy requirements for a variety 
of electrical appliances which enable the reader to estimate the 
likely costs of using different types of electrical equipment.

the Lynx tube can be replaced separately for around £4 as its adaptor 
has a claimed life of 50,000 hours (more or less for ever) while the 
integrated compact fluorescents need complete replacement, to the tune 
of around £15 everytime they bum out (because their choke and starter 
get thrown away with the tube). It should be noted that these lamps 
are likely to get cheaper as they get more widely used and already 
significant discounts may be negotiated with wholesalers if they are 
bought in quantity.
So over a 10,000 hour operating period taken as an example (maybe 7 
years regular use averaging about 4 hours/day) the following compan — 
son would apply if a fresh unit is procured at the very end of the 
period: -

Standard 
compact

15 w tube

Cost of electricity
a) in UK (1990)
b) Stanley @ 13p/unit
c) Camp gemset @ 50p/unit

Total cost for 3 years:
a) in UK @ 6p/unit
b) Stanley @ 13p/unit
c) gen set @ 50p/unit

In reality, although generating 
the region of 50p/kWh the sa
( ■’ x ”  

doesn’t cost that much less to nm a diesel at part load. The biggest 
savings can be had either from being able to use a lower powered 
generator in the evenings or by being able to reduce generator running 
hours though the use of battery backing for the lights (which is only 
economically feasible with high efficiency lights). But it can be 
seen from this that folk in Stanley and the larger settlements who get 
metered electricity can obviously make genuine savings from investing 
in high efficiency lighting, and so for that matter can their 
community since most settlements in Camp where metered electricity is 
provided have to subsidise the cost of generation as 13p is 
considerably less than cost.

set electricity will usually cost in
*, the savings from using more efficient lighting 

or other appliances are not as good as this might indicate as it
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Description Pros Cons

1 0.50Expensive to 1,000run
I

1 0.602,000

1 Good for spot lights 1.20Expensive 1,000

Spot or floodli ght 1.5 Can be used outdoors 3.502,000

Incandescent strip 1 1.25Poor buy for most uses 1,000

Halogen bulb 2 4.00-6.002,000

5 9.00-13.00

M 6 5,000

2.508

5.7010

10,000+8-12

Table 23: Pros and Cons of different types of lights
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Compact folded tube 
fluorescent with 
built in ballast

Compact folded tube 
fluorescent with 
separate ballast

Standard 
fluorescent tube

Ordinary light 
bulb - tungsten

Efficiency 
(relative)

Most efficient type of light
ing but orange only. Very long 
life. Ideal for outside lights

Longer life than standard 
bul bs

Produce less light than 
standard bulbs usually

Bulb becomes very hot. 
Bulbs damaged by finger 
grease - use gloves.

Lamps heavy so can only 
be used where strong 
secure fittings exist. 
Takes a few minutes to 
reach full brightness

Difficult to install.
Separate ballast 
necessary, usually 
included in fitting.

Unattractive to look at. 
Difficult to install. 
Separate ballast and 
starter necessary, often 
included in fitting.

8,000-
10,000

8,000- 
10,000

Reflector light 
bulb - tungsten 
filament, half 
silvered glass

15.00
(18W tube) 
fi tti ngs 

cost varies

Life 
(hours)

UK Price 
(£)

6,000
bui1t-in
bal1ast

' Tri phosphor 
fluorescent tube

Low pressure 
Sodium 1 amp

Good value, especially where 
lights are left on for long 
periods, so long as size and 
wei ght al 1ow

Most efficient type of white 
lighting and provide better 
quality light than standard 
fluorescent tubes.

Good value, especially where 
lights are left on for long 
periods, so long as size 
and weight allow

Cheap way of having lots of 
ight.

3.00 (tube)
10.00 (fitting)

Long life standard 
light bulb -

■1 filament

Orange light distorts 
colours. Needs special 
luminaires & starter. 
Takes 10 mins to reach 
full output 

Standard bulb which will fit 
into existing fittings in most 
houses

Require special fittings 
which incorporate the 
ballast. Adaptors 
available. Takes a few 
minutes to reach full 
brightness

Maintains brightness all its 
life. Good for places needing 
a 1ot of 1i ght.

Often used in or under 
cupboards, at bed-heads. No 
ballast needed so cheap to 
i nstal1.
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These types 
fit standard ■< 
light sockets

Osram/Philips
SLD OPAL
9, 13, 18W

Osram/Philips/Sylvania 
LYNX

10, 13, 18, 26W

Osram 
CIROOLUX 

12, 32W

Osram 
DULUX 

7,11,15,20W

Thorn
2D

18, 28W

Osram/Philips/Sylvania 
COMPACTA

9, 13, 18, 25W

Jt3i

h H 
ilk

These types 
need special 
adapters to fit « 
standard light 
sockets
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REDUCING PEAT CONSUMPTION3.
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Commercial engine exhaust heat exchangers (some examples are given in 
Section 7) should generally include a safety valve as a precaution in 
case boiling does take place, and it is also normal also to include a 
temperature sensor which will trip the engine emergency fuel cut-off 
and hence the whole heating system too, m the even of over-heating.

Another potentially important precaution recommended by some suppliers 
is to install the exhaust heat - exchanger below exhaust manifold level 
so that in the unlikely chance it develops an internal leak, water 
cannot run into the engine cylinders. This also helps to prevent an 
airlock in the system that can happen if the heat exchanger was 
located higher up. In any case the high point of the circuit 
preferably needs an automatic central heating air bleed valve.

3.1 Heat Recovery from Diesels

Most residents of the Camp use diesel generating sets and generally 
these get used every day for a number of hours. All the time that your 
engine is operating it pumps out waste heat from both its exhaust and 
from its cooling system. In fact for every kWh (kilowatt-hour) of 
electricity generated, typically three kWh of heat are wasted.

It is becoming common practice with large diesel systems to recover 
and use as much waste heat as possible, but this practice remains 
unusual with smaller generating sets even though very useful quanti
ties of heat could be extracted and used for such purposes as space 
heating and water - heating and could save a certain amount of peat 
consumption. Households using diesel fuelled ranges for cooking and 
water heating obviously could save significant quantities of diesel.

The easiest method of using some of the waste heat from a diesel is to 
fit a special heat exchanger to the exhaust, in which the exhaust gas 
is used to heat water in a water jacket. Typically 75% of the exhaust 
heat can be removed for practical purposes. It is also possible to use 
the engine cooling system (assuming the engine is liquid cooled) but 
this is more complicated as it can interfere with the engine cooling 
and not recommended with small engines.

Figure 3.1 shows a typical exhaust heat recovery system integrated 
with a standard domestic central heating system. The hot water from 
the engine exhaust feeds the domestic hot water cylinder and there is 
a thermostatically controlled diverter valve which switches the hot 
water supply to a "dump radiator” on occasions when the cylinder has 
reached its required temperature. This is of course a vital component 
as otherwise the water in the system will boil if there is no way of 
getting rid of the heat, with potentially dangerous and catastrophic 
results. The "dump radiator" can be an ordinary, but rather large 
domestic radiator (a dented or old one will do so long as it does not 
leak) or if a compact device is wanted, a fan-assisted convector 
radiator can be used.
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DIESEL ENGINE EXHAUST HEAT RECOVERY: TYPICAL CONTROL LOGIC
Circulating pump

If T2>T1 (D warmer than A) then water short-circuited through point C
X] Zone valve ■® Hand valve

I
B

Fig 3.1 diesel engine exhaust heat recovery system
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Q3 Two-way valve

Temperature sensor

Hot Wa:er 
Cylinde r

Cold Water
Make up

Heat dump 
(fan 
assisted)

Hot water 
feed

If T1>T2 (A warmer than D) then water from heat exchanger passes thru’ 
hot water cylinder to heat water, until....

If T1>Tmax when water in cylinder reaches required thermostat temp
erature, then zone valve redirects water through heat dump

Diesel 
engine

Cold 
water 
feed

Diesel 
control box

Emergency high
t^mn^rature cut-off

Tmax 
,T2

D

_ "IT

Heat exchanger
Silencer Fl

Figure 3.1 shows a typical system of a kind that has been installed 
experimentally at Sealion Island Lodge. Various features of it are 
worth detailing as they are likely to be needed on any other systems 
too. The engine shed is some distance from the Lodge so 15mm Acorn 
nylon central heating tube threaded through foam insulation was buried 
in a shallow trench to transmit the water between the engine and the 
main building. For various reasons this installation had to have the 
heat exchanger above the engine, (even though it is better located 
below it if this is possible in other installations both to reduce the 
chance of air-locks and to remove any chance of water getting into the 
engine if for any reason the heat exchanger ever develops an internal

Ti
(©
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Possible r 
where the

3.2 Insulation and Draught Proofing

All the heat that is put into a house eventually finds its way out 
into the atmosphere. The slower that the heat leaks out of the house

leak) so in this case it incorporates three safety precautions to 
prevent any leakage back to the engine. First all pipes slope 
downwards slightly away from the engine, secondly there are open 
capillary tube drains both upstream and downstream from the heat- 
exchanger and lastly a temperature sensor is fitted to the heat 
exchanger in series with the engine fuel cut-off solenoid so that if 
the temperature goes over boiling point at the heat exchanger 
(indicating an airlock or some other problem causing boiling) then the 
engine will automatically shut down until the problem is rectified.

Because the water circuit is at a high point at the heat exchanger, an 
automatic central heating air bleed valve is fitted to avoid air locks 
and localised boiling. Obviously if the flow of water through the 
heat exchanger is interrupted, localised boiling can start which then 
prevents the flow from being re-established. With in this case up to 
5-6kW of heat going into the heat exchanger it only takes a short 
interruption in flow to cause overheating. Therefore careful bleeding 
of the water system is essential to remove virtually all air before 
running the system.

This system is controlled by a standard central heating controller 
which can compare the temperatures at the three points indicated 
(these are standard sensors). At start up when the water in the 
feedpipes will be cooler than the water at the hot water cylinder, the 
two way valve short circuits the system through the by-pass "C". When 
the temperature of water coming from the engine at point Tx becomes 
hotter than the lower sensor T2 on the cylinder, then the controller 
moves the valve to feed the water from the engine into the hot water 
cylinder. Once the hot water cylinder entry temperature reaches the 
tank thermostat setting Tmax, then the hot water is by-passed through 
the heat dump (a fan convector central heating radiator) to dissipate 
the unwanted heat and prevent the heat exchanger getting too hot.

The enthusiastic "do-it-yourselfer" could make a home made mild-steel 
heat exchanger (and it probably would corrode through after a few 
years, but if welded up from scrap pipes need not cost a lot to 
replace). However in such cases it is important to ensure that proper 
protection against explosion if the water were to boil is provided (a 
new central heating boiler safety valve could be used) and that proper 
precautions exist to prevent boiling occurring in normal circumstances 
or water leaking back into the engine if an internal leak develops.

An interesting challenge is to find a use for dumped heat that needs 
to be dissipated when the central heating tank thermostat causes the 
diverter valve to cease delivering hot water to the domestic system, 

applications might be to put the dump heater in a peat shed 
e heat can help to dry the peat (and increase its calorific 

value as a result) or in a greenhouse or "poly - tunnel".
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Fig 32 the percentage of the total heat which is lost in different 
ways from a typical house

51
51 5)
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Windows 
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■Roof
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Walls 
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Floor 
10%
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Even if your house already has some loft insulation it may still be 
worth your while to add more. If your loft has no insulation it is 
most definitely worth your while to insulate it. Figure 3.3 illustra
tes the sayings in heat and in kilograms and "yards' (yd3) of peat 
that a typical householder could make during the coldest quarter of 
the year (May-July) if he or she added more insulation. Note that a 
"yard" (i.e. cubic yard) of peat can vary considerably in weight so 
the figures given are only approximate. It has been assumed that wet 
peat weighs around 800kg (or 0.8 tonne) per "yard” and dry peat weighs 
about 200kg per "yard" (i.e. 25% of the wet weight). It has also been 
assumed that the average temperature difference between the interior 
and the exterior of the house is 25°C (or 45°F).

the better. The rate of heat loss is reduced by insulating r0(^s’ 
floors, walls and windows, and by eliminating draughts and redu 8
ventilation rates. Each of these is discussed in this section, pno 
all the measures for reducing heat loss described here are suitao e 
for all houses.
Figure 3.2 shows the percentage of the total heat which is lost in 
different ways from a typical poorly insulated house. The easiest ano 
often the most cost effective ways of reducing heat losses are lott 
insulation and draught proofing.
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BASIS: Winter three month period with heating for 12 hours/day and 25°C 
temperature difference between the inside and the outside. Loft area - 50 sq m.

When laying loft insulation the following general points are worth 
bearing in mind:

All pipes in a loft should be insulated to prevent them from 
freezing.

Remember to fix some insulation to the top of the loft trap 
door.

5 Saving for 
, this 50mm 
j Ceiling

Saving for 
this 50mm

Saving for 
this 50mm

Saving for 
this 50mm

kg of 
dry 
peat

Cu. Yds 
wet 
peat

kWh of 
energy 
saved

to lay mineral wool blanket. Also information leaflets and books are 
available from organizations like the Energy Efficiency Office and the 
Consumers Association. The addresses of these and other useful sources 
of information are given in Section 6.

Fig 3.3 The savings in heat and in equivalent amounts of peat that a 
typical householder would make during the period May-July

If there are cold water storage tanks or a central heating 
header tank in the loft space, these should be insulated 
too, but no insulation should be placed beneath them (see 
Figure 3.4). This is to ensure that some heat reaches them 
and the water does not freeze.

The roof space must be ventilated so do not cover the eaves 
with insulation completely.Check that there are air gaps in 
the eaves.

The commonest type of loft insulation is mineral wool or glass fibre 
blanket which is sold in 50mm, 100mm and sometimes 150mm thicknesses. 
This is laid between the joists in the roof space. An alternative is 
to lay loose vermiculite chips. Most DIY books give advice about how
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Fig 3.4 Insulate around but not beneath cold water storage tanks to 
ensure that enough heat reaches them to prevent freezing.

In some old houses it is difficult to gain access to the loft space. 
In such cases or with flat roofed buildings, it is possible to reduce 
heat losses by covering the ceiling with insulating board or insula
ting tiles. (These are different from polystyrene tiles). Insulating 
board is normally 125mm thick and is available in various decorative 
finishes or in the form of acoustic tiles which offer the possibility 
of sound proofing. For a typical house with no loft insulation and a 
roof area of 50nr, with a 25°C average temperature difference between 
the interior and the exterior, (as described for Fig. 3.3) insulating 
board fixed to the ceilings would save 1700kWh of heat, which is 
equivalent to about 1200kg of dry peat (or 6 yards of wet peat) during 
the winter 3 months.

It has been estimated on the basis of much study that a satisfactoiy 
ventilation rate for a house is 0.5 -1.0 air - changes per hour. This 
ensures a healthy and pleasant atmosphere. Higher ventilation rates 
are unnecessary and waste fuel. Over 25% of the heat losses from a 
house may be due to air infiltration and ventilation. In situations 
of high draughts, ventilation rates can be excessively high, up to 
several air-changes per hour.

It is relatively easy to decrease air - infiltration through doors and 
windows by fitting proprietary sealing strips, draught excluders, etc, 
and to seal off fireplaces when they are not in use. The Energy 
Efficiency Office and the Consumer Association (see Section 6) have 
both produced useful publications about different types of draught 
proofing and how to fix them. The following points are important to 
note:

I I 
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Draught proofing and sealing reduces heat losses and makes 
rooms feel more comfortable, but it can be overdone. Air is 
still needed for people to breathe and to allow heating 
appliances to bum properly. Also if draught proofing is 
overdone, condensation may become a problem.

In a typical small house of 50m2 floor area under the 
conditions described earlier, if the ventilation rate were 
reduced from 1.5 to 1.0 air-changes per hour, the heat 
demand during the winter 3 months would be reduced by about 
400 kWh, which is equivalent to about 280 kg of dry peat or 
a bit more than 1 yard of wet peat.

Insulating Walls

In a poorly insulated house, about a third of the heat used is lost 
through the walls. By insulating walls well, this loss can be reduced 
to less than half of its original value so that the amount of fuel 
used can be reduced by about one sixth (17%).

Houses with solid walls can only be insulated by cladding the inner or 
outer surface. This is much more eroensive than cavity filling usually 
practised on brick houses in the UK. External wall insulation is 
possible but is generally unsuitable for wooden buildings and more 
often than not is a job for a specialist contractor making it of 
limited usefulness in the Falklands.

Insulating Floors

It is surprising that a significant amount of heat is lost through the 
ground floor of a house. It is quite simple to reduce losses through 
the floor using some or all of the following:

- If the floor is wooden, fix mineral wool blanket underneath 
it between the joists.

- Lay sheet insulation (a thick layer of special material) on 
top of the floor.

- Fit thermal underlay and fitted carpet.

Internal wall insulation, on the other hand, can be done on a DIY 
basis but it is not a simple job. Special boards consisting of 
plasterboard backed with insulation, with a vapour check inbetween are 
available from specialist suppliers. The insulation is commonly expan
ded polystyrene or polyurethane foam. These boards are fixed securely 
to the wall with adhesive and/or plaster dabs and screws. Alternati
vely, ordinary plasterboard or wooden panelling may be fixed to wooden 
battens. The spaces between the battens are filled with mineral wool 
or glass fibre blanket. It is essential that a vapour check membrane 
(polythene sheet) is fixed over the battens to prevent condensation 
causing rot.
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Insulating Windows
Windows may be insulated by double (or triple) glazing or more simply

Cover floor with hardboard panels, carpet paper, underlay 
and carpet.

NOTE: The space under the floor needs to be well ventilated to avoid 
damp and rot problems. Care is needed to ensure that insulation does 
not block the ventilation.

warmest rooms, so if only a
1 1 » . -.A. . .

living rooms.

Draughts around window frames should be sealed before fixing 
secondary double glazing since these will reduce the 
effectiveness of the double glazing.

For windows which do not open, consideration should be given 
to fixing the secondary glazing to the outside of the 
frame. If there are small air leaks around the secondary 
glazing, these may cause condensation between the panes 
when the secondary glazing is internal. Condensation will 
not occur when the secondary glazing is external.

by the use of blinds, curtains and shutters.

Compared with measures like draught - proofing, double glazing is expen - 
sive and will take much longer to pay for itself in terms of energy 
savings. However, double glazing does provide a number of additional 
advantages; it eliminates the cold draughts that are often associated 
with single glazed windows, and it greatly reduces condensation of 

. windows and hence reduces the frequency with which the frames have 
be painted.

The effectiveness of double glazing depends primarily on the distance 
between the sheets of glass which make up the window. The gap should 
preferably be at least 5mm, which will reduce the heat loss by about a 
third. If the gap size is increased to 12mm the heat loss is reduced 
to about a half. Increasing the gap beyond 12mm has very little 
further effect in saving heat.

There are two types of double glazing: sealed units which consist of 
two panes of glass factory - sealed together, and secondary double 
glazing which is single panes of glass fitted to the inside or outside 
of existing single glazed windows. Many types of double glazing can be 
fitted by a competent handyman.

The following points are worth noting:

- The savings from double glazing are greatest in the 
portion of the house is to be 

double glazed, first consideration should be given to the
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the curtains should either make a snug fit with the window 
sill or reach close to the floor.

where a radiator is fitted below the window, the curtains 
should close behind it or alternatively reach close to a 
shelf above the radiator.

Typically, if close fitting, heavy curtains are drawn on every night of 
the heating season, about 400 kWh of energy, equivalent to about 300 
kg of dry peat (P/2 yds of wet peat) can be saved in the example 
described earlier even with single glazed windows.

Window blinds can save an appreciable amount of fuel too. Provided 
the blinds are a good fit to the windows (they should preferably 
in channels at each side of the window frame), they will save 
approximately 40 kWh per square metre of single glazed window area per 
year, which is equivalent to about 30 kg of dry peat per square metre, 
in the example described earlier.

Although double glazing does not pay back very quickly in terms of 
energy saving if it is retrofitted, it certainly pays if a new building 
is being designed and ready-made window units are to be imported 
specially, as the marginal extra cost of importing double glazeci rather 
than single glazed windows is small. In fact most modem system 
houses and prefabs, many of which have been introduced to the islands 
in recent years, generally automatically are supplied with double 
glazed sealed window units.

a box pelmet above the curtains will reduce down draughts 
behind the curtains.

In a typical living room, with a 25°C average temperature < difference 
between interior and exterior, the heat loss through the windows would 
be reduced by about 80 kWh per year per square metre of window (equiv
alent to about 55 kg of dry peat/year/m2 of window) by installing 
double glazing.

For people who do not wish to go to the expense of double glazing, 
heat losses from windows can be reduced to some extent with curtains, 
blinds and shutters.

Curtains are most often fitted to ensure privacy and are chosen for 
their decorative effect, and their use to reduce heat losses is often 
given little consideration. However, by choosing heavy material or 
adding a good lining and by ensuring that the curtains are well 
fitted, they can make appreciable savings to the fuel consumption 
provided they are closed every night. The heavier the curtain and 
lining material, the better the insulating effect.

Ideally, the curtains should be a close fit within the window frame 
but this may be aesthetically unacceptable. However a few simple
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Hot Water Temperature

If your hot water is heated by diesel oil, you should fit a thermostat 
to the hot water tank and this should be set no higher than ou C. You 
could even try and set it at 55°C. This should give a quite adequate 
temperature and save significant fuel.

If you have a solid fuel boiler or stove, on the other hand, it is 
important that you do not control the temperature of your hot 
water because these only respond very slowly. Therefore it is important 
that excess heat can be dissipated and in such systems the hot water 
tank is the usual place where excess heat has to be dumped. Most solid 
fuel stove users in any case soon become expert in damping the system 
down by limiting the air supply setting when less heat is required.

Therefore the methods of heat conservation so far described will not 
automatically save fuel with peat burning stoves, but they should 
allow the stove to be damped down more often and for longer periods 
which will in turn save fuel. Thermostatically controlled diesel oil 
burners and electrical heaters will automatically respond to heat 
conservation measures by shutting down sooner and for longer once 
their temperature setting is reached.

Considering a new boiler or central heating system

If you are considering installing a new central heating system or 
intend to replace your existing boiler, it is worth while to take 
some trouble to obtain the correct size to match the size of system in 
your house. This will not only save you fuel, but will also in many 
cases save some money on the initial boiler purchase cost too. Most 
central heating systems tend to be oversized as often the supplier 
guesses what is needed and increases the size to be on the safe side. 
Too large a boiler may be less efficient but will always meet any 
demand while too small a boiler will not meet the demand during 
extremely cold conditions.

Before starting to consider what size of system you need, you should 
look critically at the insulation and draught proofing in your house. 
By improving the insulation, the heat demand will be reduced so that 
smaller radiator and boiler sizes can be used.

There are two basic types of central heating system: pumped or 
gravity. The earliest central heating systems to be installed were 
gravity systems, where the water flows around the system due to 
natural convection; in otherwords hotter water is less dense than cool 
or cold water so the hot water naturally tends to rise from the boiler 
towards the top of the system passing through radiators on its way. As 
it cools it falls back through the system due to its increasing 
density until it re-enters the boiler to be reheated and recirculated. 
Such systems require larger diameter pipes than most modem systems as 
the pressure due to convection effects is small so pipe friction needs 
to be minimised. Most modern central heating systems are pumped; a 
small electric circulating pump moves the water through the system.
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diameter pipes, 
gravity systems.

Plumbers are not experienced 
in installing gravity 
systems these days.

usually). ’

Pipes can be inconspicuous.

Electricity supply 
must be available

Pumped

Smaller diameter and therefore 
cheaper pipe (1/2” and 3/4”

Pumped systems are common 
and information about them 
readily available

Gravity

Large diameter, more 
expensive pipe required 

(1 3/4" and 2" usually).

Pipes are obtrusive and ugly.

No electricity supply needed

If the total costs of pumped and gravity systems are compared it is 
usually a little cheaper to have a gravity system because the cost of 
the pump and the power needed to run it is a little more than the 
extra cost of large diameter pipes over small diameter.

However, if the coast of freighting the equipment to the Falkland 
Islands is included, the difference in costs becomes marginal and 
therefore most people would be better off to choose the more common

Some old fashioned gravity systems, usually with steel pipes and cast 
iron radiators, were "direct” in that the hot water supply and heating 
system are all combined as one. On the other hand, most modem pumped 
systems with copper pipes and steel radiators are "indirect" in that 
the. water passing through the boiler is retained and constantly 
recirculated in a closed system and generally contains inhibitor to 
prevent corrosion and to lubricate the circulating pump much like the 
cooling system for a car. So the hot water supply is indirectly heated 
by the hot water from the boiler passing through a coil heat exchanger 
in the hot water cylinder.

In areas where the water is mineralised or potentially corrosive due 
to its acidity, it is essential to use an indirect system to prevent 
excessive firring of the pipes and cylinder in the case of hard water 
or excessive corrosion often manifested by pin hole leaks due to acid 
water (the latter being a more common problem in the Falklands). Where 
water supplies are seriously mineralised, resulting in rapid corrosion 
of the plumbing consideration should be given to investing in a water 
treatment system or to using copper cylinders with sacrificial anodes 
to protect them from pin-hole corrosion.

The use of a pump enables smaller diameter pipes to be used because it 
can provide the force to overcome the higher friction in small 
diameter pipes. Table 3.1 summarises the pros and cons of pumped and
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1. Reduce the heat demand of your house as much as possible by 
insulating and draughtproofing.

and more modem pumped central heating system. It is also worth 
noting that gravity systems require much more accurate sizing than 
pumped systems if they are to distribute the heat evenly.

The pump in the central heating system will need an electrical power 
supply. If the pump is connected directly to the circuit from the 
diesel generator the central heating can only be run efficiently when 
the generator is running. Many central heating systems in the Camp 
function by convection when the generator is off and in such 
situations the heating tends to be very uneven. If designing a new. 
system where it is known that the pump will be off for lengthy periods 
then it may help to tend to oversize pipes (i.e. use 22mm instead of 
15mm and use 28mm instead of 22mm).

It would be better if the central heating could be run whenever it is 
needed, irrespective of whether the generator is running or not. Tu”' 
can only be achieved by using a rechargeable battery to power the 
when the generator is not running. Since the battery will provide 
electricity and the generator provides AC, the situation is not 
straightforward. The following options exist:

- Use a DC motor pump unit. This would be run directly from 
the battery all the time. The disadvantage of this is that
DC motor pump units suitable for central heating duty are 
uncommon and fairly expensive.

- Use an AC motor pump unit. This would require an inverter 
be used between the battery and the motor. The inverter 
converts DC electricity from the battery into AC electri
city needed for the motor. The motor pump unit could then 
be run either from the battery and inverter all the time,
or it could be switched to run directly from the generator 
via the battery and inverter at other time. The disadvan
tage of this option is that inverters are expensive, 
although the AC motor pump unit is relatively cheap.

Section 4 discusses the use of batteries and inverters in more detail 
and shows the advantages and disadvantages of DC and AC appliance.

It is worth ensuring that any new central heating system is properly 
sized. Some central heating supply companies in the UK offer a design 
service or booklets on the design techniques used (they often 
advertise in the DIY magazines). Usually they charge for this service 
but credit the cost of it against purchases of equipment. Even if the 
equipment is bought elsewhere, as is likely in the Falklands, the 
cost of the.design services offered by the larger and well established 
companies is usually reasonable and good value if it saves making 
mistakes as it gives expert advice at a reasonable price.

Before designing and procuring a central heating system it is worth 
carrying out the following:-
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Twin pipe system: water arrives at each radiator 
at the same temperatureSingle pipe system water reaching each successive 

radiator gets cooler

r£ 
I I
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or pumped system, and if the

11 
d

pipe to travel on to the next radiator.
cooler water leaving the radiators is piped back to the 

In a large house a single
unlikely to be satisfactory. i
<
distribution and control, and single pipe systems are generally 
only used for the simplest, direct heated, gravity typ-_' 
system and are not to be recommended for general

a separate circuit.

Calculate the heat demand of each room. For this you will need to 
know the temperature at which you want the room to be, the 
temperatures of all adjoining rooms, the dimensions and construc
tion of external and internal walls, ceiling and floors, the 
number of air changes per hour and the sizes of 
the windows. If all this information is to hand, the calculations 
are simple using standard formulae. A typical heat demand of a 
small, well insulated living room is 1.5kW whilst a typical heat 
demand for a poorly insulated large living room is 3 or more kW.

Estimate the hot water demand in terms of the number of litres 
required per day.

Calculate the boiler size. The boiler must be large enough to 
meet the heat demands of all the rooms and the hot water, with 
some reserve capacity (usually 20%) to cope with exceptionally 
cold spells. Boilers are usually rated in kW or BTU/hr. A 
typical small house would need a 10 - 15kW (35,000 to 
55,000 BTU/hr) boiler whilst a large poorly insulated house 
could need a boiler as large as 25-50kW (90,000 to 
180,000 BTU/hr) or more.

Decide whether to have a gravity 
latter, whether to have an AC or DC motor pump.

Decide whether to have a one pipe or two pipe system. Figure 3.5 
shows the difference between these two arrangements. In a one 
pipe system the hot water enters a radiator, is cooled as it 
radiates heat to the room and the cooler water then re-enters the

In a two pipe system the 
j boiler in 

“ pipe system is 
'Generally most modem pumped 

systems use the twin pipe arrangement as it allows more even heat

•es of 
use.



Section 3Energy Manual

I
7. I

8.

I
I
i

c)

I
I
I-32-

Decide the routing of the pipes and then calculate the sizes 
of the radiators required for each room, remembering that 
exposed pipes contribute to the heat whilst pipes under floor 
boards or in roof spaces do not, and should therefore be well 
lagged.

Decide the required flow rate of the hot water through the 
pipes and then calculate the friction losses in the pipes. From 
this and the position of the pump, header tank and height of 
expansion tank determine the pumping head needed. When the flow 
rate and pumping head are known you can choose a suitable pump.

3.4 Fuel Efficient Cooking and Good Housekeeping

Quite big savings in fuel can be made if you are prepared to make 
small changes to your life style and/or the ways in which you carry 
out some household activities. The extent to which the recommenda - 
tions which follow are adopted depends to some extent in most cases on 
how you rate convenience compared with fuel economy.

a) Showers or Baths

If you have water heated by anything other than a peat fuelled boiler 
it would be more economical to have showers rather than baths.
Typically a shower uses a quarter of the amount of hot water of a 
bath. However, if you have a peat fuelled boiler in which your hot 
water tank acts as a heat sink you will probably have ample hot water 
and the fuel savings will be minimal.

b) Dripping Taps

These should be mended very promptly especially if they are hot water 
taps. For example, one drip a second for a year would waste about 70 
kWh of energy or the equivalent of 50 kg of dry peat (0.25 yards of 
wet peat).

Lights

Switch off any that are not needed, especially if you are running your 
lights from a battery or if the diesel generator is heavily loaded. In 
such cases you could also consider substituting more efficient types 
of light for any frequently used standard incandescent bulb. If the 
diesel generator is not heavily loaded and you need it to run for 
other appliances anyway, then switching off lights will have little 
effect on saving diesel fuel.

d) Fridges/Freezers

You should open fridges and freezers as infrequently as possible. Let 
freshly cooked food cool to room temperature before putting it into a 
fridge or freezer. If possible locate fridges and freezers somewhere 
that tends to be cool and so that the cooling coils at the back are 
well ventilated.
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If using an electric kettle, fill it with only as much water as you 
need. The more water you try to heat the more electricity will be 
needed. The tall narrow plastic jug type of kettles are generally 
better for boiling small amounts of water. Electric kettles use much 
more expensive energy than a kettle heated on the hob of a peat range.

f) Saucepans

When cooking in a saucepan, use a lid, as the amount of energy used 
will be only 25-35% of the amount used if you don’t use a hd. 
Pressure cookers also can speed up cooking times and thereby save 
fuel. Again, this is less important on the commonly used peat-fired 
ranges tnan for people using oil fired stoves as the peat stove has to 
burn continuously anyway in most cases.

g) Microwave Ovens

These are more economical than conventional electric ovens for some 
foods but not for all. They do however impose a much lower surge load 
on a small diesel generator than an electric oven but are especially 
effective for defrosting frozen food in order to shorten cooking time 
whichever method of cooking is used.

h) Rechargeable (NiCad) Batteries for torches, etc.

Small rechargeable batteries are cheaper in the long term than buying 
throw-away batteries, (assuming you have a regular need for batteries 
for small portable devices like torches. You would have to buy a 
battery charging unit, but if you are using many throw-away batteries 
this investment will pay for itself in a reasonably short time apart 
from the added convenience of not having to buy in a stock of dry 
batteries regularly. See also Section 4.
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The problem boils down to having to have a diesel sized to meet 
the peak daytime demand which is frequently then to large for the 
evening "base load", (see figure 4.1). Ironically this problem 
makes economising electrical use difficult with many diesel 
generating sets as switching off things that are not needed has

While it is common knowledge that electrical storage, using batteries, 
is an essential requirement when using wind or solar energy, it is 
less well known that electrical storage batteries can be used to 
improve a diesel generation system and even to save considerable 
running costs by reducing the hours the engine may need to be run in 
some cases. For example, a diesel sized to take significant daytime 
loads like numerous freezers, washing machines,- hoovers, etc., will 
frequently be used at night merely to keep the lights going, at which 
time it may be considerably more powerful than necessary.

Because diesels do not like to be too lightly loaded, and running a 
diesel at less than 30% to 50% of its rated power results, in minor 
savings of fuel and possible problems with gummed up injectors and 
rings, many users develop the habit of simply leaving nearly all then- 
lights on to keep a reasonable load even if all those lights are not 
really needed. Moreover there is little incentive to use high 
efficiency energy saving lights such as fluorescents, compact folded 
tube lights, or exterior sodium lighting as the reduced load on the 
diesel which they offer could be more of an embarrassment than a help 
at times.

4.1 Use of batteries, inverters and chargers

Battery - backed systems to make the supply better fit the demand

Unless a mains power supply is available, or some sort of continuously 
available energy resource hke hydro-power, most people can only have 
an intermittent electricity supply. Typically when a diesel genera
ting set is used, it is only economic to run it a few hours daily and 
perhaps for a few hours in the evening to provide lights and any such 
luxuries as video/TV, or to run electric kitchen appliances like 
microwave cookers or deep-fat fryers.

If wind or solar energy is used for electricity generation, using 
techniques described later in this chapter, then the output will tend 
to vary with the wind or the sun and some form of electrical energy 
storage (i.e. batteries) is essential if a supply is to be provided at

4. INCREASING POWER AVAILABILITY
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1
Mid
night

A possible strategy to consider is to start initially with a small 
battery backed system to power key lights only and to expand this to

little effect on fuel consumption. The best way to cut diesel running 
costs is to run the diesel for fewer hours.

This sometimes becomes possible if the "key" lights (such as in the 
living room, the bed rooms and the bathroom) are run from batteries, 
which can be recharged from the diesel during the daytime. If this 
arrangement is used, then in many cases the diesel need not be run at 
night (or may be shut down earlier). Moreover, such an arrangement 
has the further major "operational advantage" that the key lights will 
be available at any time of the day or night, "at the flick of a 
switch" regardless of whether the diesel is running, (providing. of 
course that there is an adequate state of charge m the batteries).

0
Mid
night

Fig.4.1 Daily electrical demand pattern

Since batteries are expensive items, there is of course a need to 
minimise the load supplied by them to keep costs down, so once a 
system of this kind is in use there is every incentive to switch off 
any lights that are not needed and to use only the most efficient 
types of lights.

Systems of this kind could be expanded to a sufficient size to power 
the freezers and TV too. If the freezer is run off a battery backed 
system it should of course have its thermostat activated and not be 
run continuously, as so many freezers are when powered directly from a 
diesel. A freezer is obviously more efficient (and more effective) if 
powered from a 24 hour unbroken supply and run under thermostatic 
control.. However, as will be explained, the power demand from a 
freezer is such that a much more substantial battery back system is 
needed to support it than if merely lights and possibly the TV are to 
be used.
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appliances, such as the freezer, later. In fact nearly 
isident already has a small battery - backed electrical

I

There are for all practical purposes just two main types of electrical 
storage battery (i.e. re-chargeable battery), namely lead-acid or 
nickel - cadmium. Other types do exist, as do primary cells (i.e. non- 
rechargeable “throw - away'r batteries) but the former are not at present 
in general use and the latter are only useful for too low power 
applications such as hand torches (flashlights) or transister radios 
and "Walkman"s, etc.

The least expensive option for any significant size of electrical 
battery storage is the lead-acid battery. The most commonly known 
version is of course the automotive battery designed for starting cars 
and other motor vehicles. However car batteries are not to be 
recommended for any but the smallest of electrical storage tasks as 
they are designed to be kept at a high state of charge and to put out 
an occasional short strong current lasting only a few seconds to start 
an engine. Car batteries do not take kindly to being discharged for 
any length of time, as normally, every time they are discharged they 
are immediately re-charged. The cell design in a car battery is 
optimised to deliver heavy currents and therefore it is ill - suited to 
supplying smaller currents for many hours before being recharged, as 
is required for most applications of interest in domestic power 
supplies.

It is worth understanding that in general, any given type of battery 
will withstand a certain number oi charge - discharge cycles before it 
fails and needs to be replaced. The greater the average percentage 
discharge (i.e. the more on average the battery is "flattened"), the 
fewer cycles it will survive, and vice-versa. Figure 4.2 illustrates 
this and shows how, in this example, if you discharge the battery

take in larger appliances, such as the freezer, later. In fact nearly 
every Camp resident already has a small battery - backed electrical 
system, to power their VHF radio - telephone sets. Almost everyone is 
familiar with how a small battery charger is used to keep the radio’s 
batteries topped up everytime the diesel comes on, so the radio is 
always available 24 hours per day. What we are talking about here is 
a larger version of the same arrangement.

Once the battery backed system is in place, then serious consideration 
can be given to enhancing it further by adding alternative means of 
charging the batteries to the diesel generator. For example, a small 
wind-turbine can be added at a later stage to keep the batteries 
charged so allowing the use of a freezer indefinitely when a resident 
is away, without recourse to the diesel.

The rest of this chapter will discuss the options available for 
creating and using battery - backed electrical systems and various 
supplementary power sources using natural energy resources of the 
wind, the sun and small streams.



Section 4Energy Manual

Ml100

I60

40 0
20 

iSOSIgfl®
o

1482 4 60

■

I-38-

10 12
’000 CYCLES

 Typical example of how battery cycle lives are
related to the percentage depth of discharge
(Shown as a step function as an aid to sizing and costing)

Note: Different types of batteries differ and manufacturers 
 should be asked to provide data of this kind to enable

purchasing decisions to be made regarding both types 
and sizing of batteries

Deep - discharge storage batteries are available with flat or with 
tubular plates (the latter tend to be heavier duty and more expen
sive). They are also available in the old fashioned form with access 
to each cell (where the electrolyte needs an occasional top up with 
distilled water) or in sealed form. Sealed batteries sometimes come 
with jellied electrolyte and such types can be used on their sides or

Ma

% DEPTH 
OF 
DISCHARGE

80

Fig 4.2 Depth of discharge versus number of cycles for a battery 

regularly by 80% of its total capacity it may last 2000 cycles but if 
you only discharge it 20% it may last 8000 cycles. Obviously if you 
only discharge a batteiy 20% rather than 80% you will need four times 
as many batteries to deliver the same energy, but they will last four 
times as long, which in the Falkland Islands, where shipping costs are 
high, might seem a better long-term approach to take. Incidentally, 
totally discharging a lead-acid battery can often be catastrophic and 
seriously impair its capacity for being recharged.

Therefore sizing a battery installation needs to involve a compromise 
between making it so large that it is too expensive to be affordable 
or so small that it gets discharged too much by the average demand for 
electricity, and hence has a short useful life. Battery suppliers. 
literature normally provides data on the criteria for sizing and in 
many cases a battery supplier will advise a customer on correct sizing 
if there are doubts.

The kind of battery needed for serious electrical storage is known as 
a "deep - discharge" battery. There are also so - callea "traction 
batteries" used for electric vehicles, which also can be usefully 
applied, although they need more maintenance (topping up) than 
dedicated stationary storage batteries and they have a higher rate of 
internal discharge (a battery slowly discharges internally even if it 
is not connected to an external load).
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SPECIFIC
GRAVITY

charge of a battery

The other method used by most automatic battery charge regulators is 
to sense the battery voltage. Unfortunately this is not an easy 
measure of the battery state of charge to interpret accurately as it 
is sensitive not only to the state of charge, but to the temperature 
of the battery and to the immediate discharge history. If you draw a 
heavy current, even briefly, it can depress the battery voltage for 
some time giving an apparently lower state of charge than really 
exists. The surest way to check a battery is to measure the "open 
circuit" voltage (i.e. when no significant cunent is being drawn)

1.94 1.98 2.02 2.06 2.10 2.14 CELL VOLTS

Fig 4.3 Correlation between acid specific gravity and state of

in any position, even upside down in some cases. Sealed batteries are 
maintenance - free, but significantly more expensive.

Batteries need to be re-charged in a carefully controlled manner. This 
is usually accomplished by a DC power source. Normally a high rate of 
charge is acceptable when the state of charge of the battery is low 
and the charging current needs to be tapered off as the battery 
approaches its fully charged condition. Many modem battery charging 
systems contain sensing circuits to adjust the charge rate automati
cally to suit. Sometimes a so-called "equalization charge" is useful 
in which the battery is left on a low rate of charge, or trickle 
charge when fully charged as this equalises the state of charge of all 
the cells and brings up any which may have not quite been fully 
charged.

Overcharging causes hydrogen bubbles to be generated on the battery 
plates which can cause damage to the battery internal structure. Most 
sizeable batteries will take a low trickle charge without producing 
significant bubbling even if fully charged. It is important to adhere 
to manufacturers’ recommendations on battery charging.

There are two ways to check the state of charge of a lead-acid 
battery. The most reliable, if the electrolyte can be accessed, is to 
use an old fashioned hydrometer to suck up a sample of the battery 
acid and measure its specific gravity. Figure 4.3 illustrates a 
typical correlation between acid " ’gravity and cell volts. 1.25 is 
usually a fully charged battery and around 1.12 is a flat battery.
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The main alternative to the lead-acid is the ni-cad battery. These are 
generally significantly more expensive for a given rating, but they 
can withstand a greater depth of discharge than a lead-acid battery, 
so sometimes a smaller capacity can serve a given duty. Also, nickel- 
cadmium batteries are less easily damaged by over discharge or over
charging (they are significantly more robust and have a reputation for 
being more reliable) so simpler and cheaper charge control systems can 
be used to compensate for their extra umt costs.

Nickel - cadmium batteries can be financially competitive with lead-acid 
batteries, and particularly with the more expensive sealed lead acid 
ones. Figure 4.4 indicates battery costs based on data supplied, by 
manufacturers, from which it can be seen that sealed lead-acid 
batteries are typically twice the median price for the unsealed types 
and nickel - cadmium batteries may be nearly three times the basic price 
for lead-acid (for a given capacity).

Ni-cad batteries use an alkaline electrolyte and they are also 
available fully sealed. In fact small sealed dry-cell replacement Ni- 
cad batteries are well known and represent a more cost-effective 
solution than using dry-cells, especially in remote areas like the 
Falklands where snipping costs make throw-away dry-cells even less 
attractive than in Europe (as you throw away the shipping costs as 
well as the battery costs each time!)

The reader is advised to calculate the size of battery that would be 
appropriate (in the way to be explained below) and then to approach 
manufacturers of both lead - acid and nickel - cadmium batteries for 
recommendations on specific sizes and types of batteries and prices. 
In the end the final decision may be dictated by a combination of 
price and quality considerations. Its obviously worth paying a

after the battery has been standing idle for some time.

With a standard nominal 12V lead - acid battery, it is usual to charge 
it at around 14V and it can be considered discharged if the voltage 
falls below about 11.5V when it has been on open circuit for some time 
or has not delivered a heavy current in the immediate past. A 
voltmeter is an almost essential item for any battery backed system to 
give an instant indication of the situation, although the readings 
need some interpretation.

Care is obviously needed with lead - acid batteries as the battery acid 
is extremely corrosive and rapidly attacks almost everything including 
both a person’s skin and clothing.

As unsealed lead - acid batteries produce hydrogen gas, which is highly 
flammable and potentially explosive, care shoula also be taken not to 
expose a battery to naked flames or to sparks, especially if the 
battery is housed in a confined space. For this reason battery storage 
areas should preferably be well ventilated. Sealed batteries contain 
chemicals to absorb the hydrogen that is produced.

nickel- cadmium batteries
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premium for sealed batteries or for Ni-cads, but only the customer can 
decide how big a premium is acceptable.

as 120VDC. Where lead - acid batteries are used,
i provide 12V 

(for example most cars and smaller motor vehicles use 12V DC). In the 
case of Ni-Cad batteries (Nickel - Cadmium), each cell has a nominal 
rating of 1.2V so 10 cells are needed for 12V and 20 for 24V, etc. 24V
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standard for telecommunications equipment is a nominal 48V. It

lethal (DC is more dangerous than AC as it causes a person’s muscles 
to grip onto anything live whereas AC tends to throw someone off after 
the initial shock).

The power supply for recharging batteries can be either a DC source 
such as solar photovoltaic panels or it can be more commonly a 
transformed and rectified AC source. AC can readily be changed from 
one voltage to another through the use of a transformer (with DC it is 
more difficult to switch voltages in this way). When you transform AC 
from one voltage to another, the current changes too, so as to keep 
the power more or less constant. For example if you draw 1A at 240V 
into a transformer and step it down to 12V, the output will be a

Battery - backed systems

Some typical battery - backed systems are shown schematically in Figure
4.5. In all cases there is a battery bank which needs to be fed with 
DC electricity at the appropriate voltage to suit the batteries 
selected.

■
600 700

I 
400 500

COST 500 r 
(£/kWh)

400 ■

In most cases multiples of 12V jire common, especially 12 or 24V and in 
a few cases as much 122' ’22 1__2 _72 2 7
each cell has a nominal 2V rating so 6 cells are needed to 
c / ’ " ....................... .
case of Ni-Cad batteries (Nickel - Cadmium), each cell has a nominal^

is common with commercial vehicles and larger battery systems and the 
common standard for telecommunications equipment is a nominal 48V. 
should be noted that DC voltages greater than 100V are potentially 
lethal (DC is more dangerous than AC as it causes a person’s muscles 
to grip onto anything live whereas AC tends to throw someone off after
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ft

Charge 
regulator

Battery 
charger

Heavy cable needed 
to prevent voltage drop

AC supply from 
“ inverter

AC supply from 
engine

'PK

wiring will heat up and energy will be lost.
Power source 
(eg. wind turbine)

nominal 20A because 1A at 240V is 240W so the current to give an 
r ^^,,7 . . . . .. . , ’ 1 ‘ is a

Heavy cables for low 
voltage circuit

output of 240W at 12V is twenty times greater. In practice there 
small loss of power that appears as heat in the transformer, so 
slightly less than 20A will appear at the output.

This illustrates an important point, namely that the lower the voltage 
the higher the current for a given electrical power demand. To 
transmit 20A at 12V needs much heavier cables than 1A at 240V even 
though the power being delivered is the same. So a low voltage 
distribution network needs heavy and expensive cables or else the
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11
13
18
24
31
42
56

Nominal 
power

2.6
3.1
4.3
5.8
7.4

10.0
13.5

Voltage drop 
per Amp per 
metre (mV)

40
27
16
10
7
4
3

3
4
8

12
18
30
45

30
40
80

120
180
300
450

* 

bl

0.12
0.20
0.30
0.50
0.75
1.50
2.25

UK Trade
Price

(£/m)

1.0
1.5
2.5
4.0
6.0

• 10.0
16.0

Conductor
c.s.a.
(mm2 )

Transmission distance 
for 10% voltage drop at 10A 

@24V

Inverters

A solution to this problem is to convert the battery output back to 
mains voltage. This is usually done by using a device known as an

After adjusting the voltage via a transformer the low voltage AC is 
commonly transformed to DC using sold state electronic devices known 
as diodes. Diodes are in effect like non-return valves or one-way 
valves; they let the current flow one way but block it the other way. 
To obtain a smooth rectified AC output requires some complexity as a 
single diode merely lets half the AC wave through and blocks the other 
half. The interested reader is advised to study a standard electrical 
text book on this topic as it is not necessary to explain rectifica
tion in detail here.

requires 16mm2 cross - section cable for a transmission distance of only 
45 meters if the voltage drop is to be under 10%. The percentage 
voltage drop gives a direct measure of the cable losses, so a 10% drop 
represents 90% transmission efficiency (i.e. 10% of the energy 
transmitted fails to arrive!). In contrast, 240W at 240V requires only 
1A so that even 1mm2 conductor would allow 300m transmission distance 
before a 10% loss occurred or, 10A (representing 2400W!) could be 
transmitted 450m using the same 16mm2 cable. Obviously even a 24V 
system is only feasible if transmission distances and current levels 
are kept quite small, or very heavy and expensive cables are needed. 
A 12V system is twice as lossy as a 24V one.

Normally the transforming and rectification are completed in a single 
’black box”; this is the battery charger (sometimes known as a "DC 
Power Supply”). This device commonly also includes some electronic 
control circuitry to sense the battery condition and hence to control 
the current to the battery. This is necessary because lead-acid 
batteries in particular can be damaged if they are charged to heavily 
for too long or overcharged.

The output from the battery can be used as "raw DC" to power DC 
appliances. After all most vehicle lights (including high efficiency 
fluorescents used in buses and caravans) are designed for 12 or 24V DC 
systems. However, heavy and quite expensive cables will be needed 
except for the smallest wattage appliances, as can be estimated from

appliances. After all most vehicle lights (including high efficiency

systems. However, heavy and quite expensive cables will be needed 
excep 
the following table:

Nominal 
rating

(A @ 240V) (kW @ 240V)
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inverter which accepts low voltage DC and outputs higher voltage AC. 
A 240V 50Hz inverter permits the use of standard mains wiring and 
appliances up to whatever its maximum continuous power rating is.

The earliest types of inverter were known as rotary inverters and were 
essentially a 12 or 24V DC motor driving a 240V AC generator. Devices 
of this kind are no longer manufactured out can be improvised, but 
they are relatively inefficient (usually 50% or thereabouts - i.e. for 
every kWh they deliver they waste a kWh), they are noisy and lack the 
durability and reliability for continuous operation.

In recent years so called "static inverters" have appeared which 
convert DC to AC electronically. They are generally quite expensive 
and the specifications vary widely. The cheapest and crudest inver
ters produce a square wave AC output and are relatively inefficient 
even at rated power and often highly inefficient at part load. More 
sophisticated inverters cost more and produce a "quasi sine wave 
output"; i.e. approximately the equivalent to normal mains AC power. 
They tend to be more efficient at rated power (the best are around 90% 
efficient) and a lot more efficient at part loads. The very best are 
designed to switch themselves off at no load. A danger with inverters 
that don’t do that is that they can drain the batteries they are 
connected to even when no power is needed.

Inverters had a tendency to be unreliable, but a few brands have been 
made in some quantities now and it is certainly worth trying to find 
an inverter that has a "track record" and is widely used as well as 
having good efficiency right across its power spectrum from no load to 
maximum rated power. Another important feature with inverters is 
their overload capacity. The better models can handle from 4 to 6 
times their rated power for brief periods. Since many electrical 
appliances draw a surge of current greater than their normal power 
requirement when first switched on, some overload capacity is gener
ally an important requirement.

Another problem with inverters is a tendency to create radio frequency 
interference. This can often be suppressed with special added on 
electronic components (the manufacturer ought ot be able to advise), 
but again it is worth questioning a supplier on this issue and perhaps 
obtaining guarantees that the inverter will be free of radio frequency 
interference or that appropriate suppressors are provided.

The most sophisticated inverters come as combined inverters and 
battery chargers. They effectively act as a UPS (Uninteruptable Power 
Supply) when connected to a battery bank. Basically when power is 
received by the inverter (whether from an unreliable mains supply or 
from a diesel generating set) if the battery voltage is below a pre
set value the unit will charge the batteries and connect the 
mains/diesel supply to the load. Once the battery voltage reaches the 
level indicating they are fully charged the inverter - charger ceases to 
charge. If the mains/diesel stops and there is a demand 
from the 240V 50Hz output of the inverter, it immediate! 
the battery as an energy source and acts as an inverter. ’

battery chargers. They effectively act as a UPS (Uninteruptable Power 
Supply) when connected to a battery bank. Basically when power is 
received by the inverter (whether from an unreliable mains supply or 
from a diesel generating set) if the battery voltage is below a pre
set value the unit will charge the batteries and connect the 
mains/diesel supply to the load.

charge. If the mains/diesel stops and there is a demand for power 
ly switches in 
if the mains
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probably prudent to size it so that you discharge it to no greater 
than 50% of its nominal capacity under normal circumstances before it 
is recharged (a Ni-cad battery can reasonably be discharged perhaps to 
70% or more without risk). So a rule of thumb to size a small system 
not requiring short heavy currents, is to take the manufacturers

. . . . . ...... ~ ’ ------

/ available "between recharging. For 
of lights for 6h per night plus a 100W 

night, the daily electriczd energy requirement will be

This battery would also be called a 12V 20Ah battery rather than a 
240Wh battery. The reason is that the actual usable stored energy may 
differ from the value we have just calculated for a number of reasons.

In practice the total capacity of a battery depends on the tempera
ture, the rate at which it is discharged and tne number of cycles it 
has previously experienced. If you take lOOhours to discharge and 
recharge a battery at a very low current you can get as much as 100% 
more capacity than if you subject the same battery to a lOhour charge - 
discharge cycle with ten times the current. Manufacturers of batter
ies publish graphs or tables in their sales literature giving their 
batteries capacities at different rates of discharge.

Furthermore, if you want a good life from a lead-acid battery it is 
probably prudent to size it so that you discharge 
than 50% of its nominal capacity under normal 
i ' '
70% or more without risk).
L_. - .
nominal A - h rating, multiply it by the voltage and halve the answer to 
obtain the maximum battery energy available between recharging. For~ 
example if you wish to run lOOWc "J
TV for 3h per night, the daily electrical energy requirement will be 
600Wh + 300Wh = 900Wh.

Since an inverter will be required to convert battery power to mains 
power standards, we must assume some losses from the inverter and 
cabling. 70% might be a reasonable guess for a reasonably modem

or the generator comes back on, the unit links it straight back to the 
load and starts to recharge the battery again at the same time.

Some units even have a sensor to cut off the system if the battery 
state of charge falls below some minimum level, to prevent over- 
discharging the batteries. Then of course no power will be available 
until the diesel or the mains come back on, but at least the batteries 
will be safeguarded. It is possible even to get the signal that shuts 
off the batteries due to over - discharge to auto-start a diesel 
generating set to avoid any significant break in the power supply. 
Usually there will be from one to several seconds break in the supply 
while the switchover takes place, but this is a small inconvenience to 
have a 24hour lighting system.

Sizing a battery

The capacity of a battery is generally given in A-h (Ampere-hours); 
i.e. a 20 A-h cell will deliver up to 20A for 1 hour or 10A for 2 
hours or 40A for 30 minutes. If the battery in question consisted of 
6 such cells in series (i.e. a 12V battery) then the energy capacity 
would be simply the voltage times the capacity:

(volts) x (amps) x (hours) = Wh
12 x 20 = 240Wh
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42 Use of Wind Energy

The Falkland Islands have a wind energy resource that is second to 
none. For example, the mean windspeed at Stanley is 7.7m/s (15.5kt) 
over the year, and the monthly mean for June, the least windy month, 
is not a lot less at 7.1m/s (14.4kt). These represent exceptionally 
high means with unusually low variability over the year compared with 
most other parts of the world. The energy content of such a wind 
regime is approximately 2 to 3 MWh/m2 per year (or in the order of 5

system, so the gross output from the battery will need to be: 

900/(70/100) = 1285Wh every 24h

If we do not wish to discharge the battery below 50% of its nominal 
capacity, we will need a battery capable of delivering a nominal 
output at 100% discharge of:

1285/(50/100) = 2570Wh every 24h

Let us assume we go for a nominal 24V battery system (as being 
slightly more efficient than a 12V one), then the A-h rating for this 
battery needs to be:

2570 / 24

This gives an idea of the kind of battery sizes you need to be looking 
at. In the end it is advisable to write to battery suppliers with a 
specification giving the following information:

a) rate of discharge (how many amps for how many hours)
b) end voltage (inverter input voltage)
c) temperature (what kind of temperature will the

battery be exposed to — outside or indoors?)
d) cycle length (typical charge - discharge cycle period)

This should enable a manufacturer to recommend the most cost-effective 
options to meet your duty requirement.

Although manufacturers’ warranties are of limited usefullness in the 
Falklands (the cost of returning a dud battery for exchange is 
probably prohibitive and few warranties will cover such details as 
shipping costs) they are worth reviewing if only as an indication of 
the confidence a manufacturer places in their product.

A generously sized, good quality (i.e. not cheap) heavy-duty, deep- 
discharge battery ought to last 3000 cycles at 50% discharge (which is 
over 8 years on a 24hour cycle) and 5000 cycles at 30% discharge which 
is 13 years. So quite respectable life expectations are possible from 
batteries providing they are properly sized and reasonably maintained 
(when of the kind that needs maintenance). Figure 42 indicates a 
typical curve for cycle life as a function of depth of discharge.
Obviously these curves vary for different batteries.
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Therefore, when evluating whether a wind turbine is worth purchasing 
it is necessary to balance its cost against the anticipated fuel 
savings (and also to take account of any operational advantages and 
labour that might be saved).

A very important point that applies to all wind - turbines or windmills, 
is that it is vital to install them where the wind is clean and 
unobstructed. Any nearby obstructions will have a turbulent area in 
their lee which can be extremely damaging to any wind turbine located 
in the turbulent zone. Therefore windturbines need to be installed at 
least 3-4m above the wake from any solid obstruction on their windward 
side, more to avoid damage from turbulence than because of the obvious 
loss of energy that also results.

An important point in connection with all types of wind - turbines is to 
understand that in almost all cases their main purpose is to save fuel 
that would otherwise be used to perform the same function. Even the 
stand-alone systems such as those powering mountain-top VHF repeaters 
indirectly save fuel be reducing the need to visit the sites regularly 
with a Land-Rover in order to change the batteries and any wind- 
electricity generators connected to a domestic supply (such as at 
Pebble Island), serve the purpose of reducing diesel running hours and 
the load on the diesel.

■■
F
F■

to 7kWh/m2 per 24 hours). Of this, about 20% should readily be 
accessible using modem wind - electricity generating systems - i.e. at 
least 1 kWh of electricity per day, on average, for each square meter 
of wind turbine rotor.

Despite this seemingly excellent wind resource, little useful exper
ience has yet been gained at using wind turbines in the Islands. The 
one exception where windmills have been used in the Falklands for many 
years are a number of UK manufactured (now obsolete) Climax farm- 
windpumps which were used for livestock water supplies (although these 
are mechanical rather than electrical devices). The fact that a 
number of these machines have been in regular and reliable use for 
over thirty years (eg. at Darwin, near Port Howard and at Fox Bay 
West), indicates that, given appropriately selected, reliable and 
robust equipment, wind power can be usefully exploited in the 
Falklands. Unfortunately the UK manufacturer of the Climax Windpump 
has long since ceased production and spares are no longer available, 
so these machines have tended to go out of use as and when any key
component fails.

Wind electricity generation has so far only been practised on a very 
—2 —L 1 i handful of places in the islands. There is a lOkW 

installation which charges a battery - inverter system at Pebble Island. 
Other than the Pebble Island machine a number of very small machines, 
mostly 50W Rutland wind - chargers, with rotors around 90cm in diameter 
have been used generally quite successfully for small applications, 
such as electric livestock fences (eg. Port Howard, Salvador and 
Pebble Island) and for the Educational Service VHF (2m band) repeater 
stations on Pebble Island and to the north of Port Howard.
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Types of wind-powered system

Windpumps

Windpumps are windmills dedicated to pumping water, (see Figure 4.6). 
They are generally driven by a multi-bladed fan-like rotor which most 
people are familiar with from Westerns (as the windpump was originally 
developed in the US mid-West for watering livestock on the prairies).

B

Fig 4.6 Typical farm windpump

Today a number of windpumps can still be purchased. The main sources 
of supply are Australia, New Zealand, the USA and if trade links are 
re-established it so happens that Argentina produces large numbers of 
relatively low cost farm windpumps. Examples are of course given in 
the Buyers Guide section of this manual.

Mechanical windpumps are generally a more reliable and cost-effective 
solution than using a wind - electricity generating "wind turbine" to 
drive an electric pump.

The manufacturers’ literature will give tables showing the output of 
water for a given pumping head and windspeed. The basic information 
needed when ordering a windpump is:

- the depth from which the water must be lifted (i.e. the 
distance from ground level down to the rest level of the 
water in the well or water source)

- the delivery head (i.e. the height above ground level of the 
water level in the storage tank to which the water will be 
pumped)

- the horizontal distance from water source to storage tank 
and the pipe diameter for the pipeline (to assess the extra 
pressure needed to overcome pipe friction)
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5
10
20
40
60

38,000 
19,000 
9,500 
4,750 
3,200

(imp.gallons)

8,400
4,200
2,100 
1,050 
710

Average daily water output 
(litres) (Imp.gallons)

AVERAGE OUTPUT IN LITRES/DAY FROM A WINDPUMP 
WITH A Im2 ROTOR AREA IN A MEAN WINDSPEED OF 6m/sec

Total pumping
head in metres

Any windpump system generally needs a storage tank as obviously there 
will be calm days when little or even no water is pumped. It has been 
found from experience that in a windy place like most potential sites 
in the Islands, a tank with 3 days capacity (i.e. three times the 
average daily water requirement) will make it virtually 100% certain 
that water will always be available. A smaller tank may cause 
shortfalls in the supply during very calm periods, but providing there 
is at least 1.5 day’s capacity such shortfalls will be rare.

One point to consider when purchasing windpumps (or any other types of 
water pump) is freezing. Providing the pump is well submerged in the 
water source and that the riser pipe is well lagged in exposed, windy 
places, freezing will not be a problem, but some windpump manufactur - 
ers provide a facility to avoid damage occuring in the even that the 
pump temporarily freezes.

Another consideration is whether or not to use a suction pump (where 
the pump is above the supply water level and therefore has to suck the 
water) or a submerged lift pump which avoids suction. It is always 
better to avoid suction pumps as they require priming to get them 
started and if they lose their prime they can run dry and suffer

- the mean windspeed (if in doubt use the figures given 
previously for Stanley which in any case significantly 
exceed the highest windspeeds most manufacturers include in 
their pumping tables)

- the average daily output of water that will be required

To give an approximate idea of the output that might be expected from 
a wmdpump, the following table shows the daily water delivery 
assuming a mean windspeed of 6m/s (to be conservative by Falklands 
standards) for a range of different total pumping heads (i.e. static 
head plus pipe friction head) for every square meter of windpump 
rotor. If tor example, three times as much water is required per day, 
then a 3m2 rotor (which is 1.95m or slightly more than 6ft in 
diameter) will be needed. To remind those whose maths is a bit rusty, 
the relationship between the area of a circle like a windpump rotor, 
and its radius (i.e. half the diameter) is:

Area = 3.14 x (Radius)2 (where 3.14 is the constant or)
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Wind electricity generators (WEGs)

V
V

BatteryRectifier —

i. Small autonomous battery charging wind-generator

Rectifier — Inverter

— Dump load

Automatic iwitching

s ■— Dump load

Load

Fig 4.7 Four main types of wind - electrici I
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i

Programmed 
controller

j is at a 
the pipe line which will tend to stay full of water.

n
Manual or auto* 
malic switching

Diesel gen. ________
set_______

iii. Wind-diesel system with grouped loads

DC
Load

AC
Load

Load 
priority 1

Load
| priority 2
JToa’d 

priority 3

Battery

Battery 
chaiger

I 
Diesel gen. 
S9t

ii. Wind generator with battery storage and diesel backup

Diesel gen.________
_____

tv. Integrated wind-diesel system with programmed control

Fig 4.7 Four main types of wind - electricity generating system 
potential users with no more than a small-scale applications. The two 
larger options are more of relevance for community supplies which are

There are four main types of wind - electricity generating system that 
are possible (see Figure 4.7) but only two main options for most

serious damage as a result.  . . 
unavoidable, in which case it is best to make the delivery line 
"up-hill” from the pump so L j , ’ ...
and to provide a non-return valve in the suction line in addition

In some situations a suction pump is 
 ‘ i run

it always is full of water near the pump 
t tQ

 the foot-valve to help keep any water in the suction line from running 
back to the water source. It is also worth having the suction line 
rise to a slightly higher level than the pump so that the pump is at a 
low-spot in the pipe line which will tend to stay full of water.
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battery charger

Here quite a small wind turbine, probably in the power range 50 to 
250W (maybe 1000W at the most) (for example see Figure 4.8) is used to 
charge a bank of batteries. At its simplest this can be a 50W 
windturbine a car battery (unsuitable though those are, as explained 
in the previous section) and a very small electrical load such as an 
energiser for an electric fence or one or two lights (preferably 
fluorescent with integral inverters).

Fig 4.8 Typical small battery charging wind generator 
(50W Marlec "Rutland" Windcharger)

With very small systems you can afford to provide a significantly 
larger battery capacity than is strictly necessary as the load is so 
small, which allows you to get away with a car battery as the depth of 
discharge will be quite low and car batteries are more easily obtained 
than specialised batteries.

The output from the battery will have to be delivered over quite a 
short distance unless veiy heavy and expensive cables are used or 
unacceptable losses are incurred, so such wind turbines need to be 
located with 10 or 20m of the application they serve.
Small wind turbines in the 50W range typically cost around £200 to
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---------- on
lowest priority

’ t water.

£300, can be obtained by mail-order and are easy to erect using a 
length of water pipe as a mast.
If guy wires are used follow the suppliers instructions. Generally it 
is prudent to use at least four and preferably five guy wires o 
the minimum of three is used only one has to become uproot 
catastrophic failure. Fencing wire is generally not good enougn as i 
stretches and goes slack.
A small braced tower (welded up from scrap steel bits and pieces) is 
generally more robust than relying on guy wires and also it is 
sometimes difficult to anchor guy wires on rocky ground or very son 
peaty ground that is common in the islands.

ii wind battery charging with occasional use of diesel generator

The next most ambitious wind turbine would be in the 250-2000W range, 
and might be introduced as a secondary power source for an existing 
diesel - battery - inverter system as described earlier in this chapter.
A windturbine like this might frequently keep the battery bank 
sufficiently well charged to avoid the need for starting the diesel at 
all or to greatly reduce its use. It will also allow an isolated 
family to leave their house empty knowing the windturbine will keep 
the batteries sufficiently well - charged to keep their freezer going 
while they are away. In otherwords it will keep vital small electrical 
appliances going indefinitely without the need for frequent human 
intervention such as is needed to start or stop a diesel in most cases.

One extra component usually needs to be purchased with the windturbine 
and is generally available from the supplier, and this is a charge 
regulator which shunts surplus power into a ballast resistor to 
dissipate it once the battery is fully charged (otherwise there is a 
risk of damaging the battery). Charge regulators are usually relati
vely inexpensive but they are important and pay for themselves in 
preventing battery damage.

iii Wind-diesel system with grouped priority loads

Much larger windturbines can be considered for community use (in the 
50- 100kW range) and they have been successfully installed for example 
in the UK on Lundy, Fainsle and on Foula in Shetland (for example see 
Figure 4.9). Here the windturbine is usually oversized to the extent 
that it meets essential community electrical needs such as lighting 
even in the lightest of winds.

The loads are divided into separate prioritised electrical circuits so 
that top priority (lighting, TV, etc) is always served except when 
there is a windless period (when the diesel obviously has to be 
started), the next priority is important loads where the timing of the 
power supply is unimportant so long as enough power is delivered on 
average, such as freezers, ’fridges, etc. Finally the lowest priority 
load is storage heating for both domestic heat and for hot water 
There is then a "ballast load” for dumping power as waste heat in 
situations where the windturbine produces more power than can be
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Fig 4.9 Typical community wind turbine (Wind Harvester UK)

A microprocessor controls the switching by sensing the demand for 
electricity and the availability of power from the windturbine and 
when necessary the controller can also start the diesel. Systems of 
this kind have been found to work reliably in the various UK islands 
where they have been tried and generally the need for using the diesel 
is relatively rare.

absorbed usefully by the normal load circuits, as can frequently 
happen in summer when little heat is needed and less lighting too.
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can you get from the wind and is it cost-How much electrical energy 
effective?

It has already been explained that, typically, a wind turbine should 
deliver in the region of lkWh (or slightly more) per day for each 
square meter of rotor area. For example, a machine rated at 50W 
will deliver approximately 500Wh/day and a 250W rated machine should 
produce around 2.5kWh/day. The former will cost in the region of £350 
installed and the latter, nearer £1000 (not including batteries, 
inverters or other equipment).

Assessing cost - effectiveness is not straightforward as a small amount 
of energy for an important purpose (eg. for a radio or a single key 
light) is often worth much more to the user than a larger amount of 
energy for something less important. But an indication of what the 
output from a small windturbine costs can be had if say we write the 
machine off over 5 years (they ought to last longer than that, but 
let’s be cautious). Five years is 18z5 days, so in that time a 50w 
machine will deliver about 900kWh (so the average investment cost per 
kWH would be around 38p/kWh) while the larger 250W windturbine will 
deliver around 4600kWh (giving a similar crude cost of 21p/kWh). These 
are competitive with the cost of electricity from small diesel 
generating sets and clearly have the potential advantage of requiring 
much less human involvement once the system is up and running.

This slightly simplistic analysis ignores battery costs and considers 
the windmill purely as an ^add-on" to an existing diesel - battery 
system, which seems perhaps the best way of introducing windpower anyway.

In general, it can be concluded that the power range from 2kW to 
around 30kW is difficult to satisfy economically using wind turbines 
at present even though the systems exist and it is technically 
feasible, (the lOkW system at Pebble Island being an example) because 
such systems are big enough to require substantial electrical storage 
capacity if batteries are used and complex control equipment and 
inverters but not big enough to give the economies of scale obtained 
from wind turbines in the 50kW or larger size range.

rv. Integrated wind- diesel systems

Finally it is possible to integrate a windturbine with a small diesel 
power system where several diesels are generally used to meet the peak 
load. Here the windturbine can frequently reduce the number of diesel 
generating sets that need to be operated. Much work is in hand world
wide on wind - diesel” integrated systems and the technology for 
introducing wind - generated electricity up to around 20 - 30% of the 
total load is now well - established. Major settlements like Port 
Stanley could readily reduce the diesel - generator running hours 
through such an approach. Wind-diesel systems where the windturbine 
is of a similar capacity to the diesel are at a less well - developed 
stage at the time of writing, but are expected to become commercially 
viable in the near future.
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Clearly the average irradiation available in June is very limited, but 
the situation can be improved by installing a solar photovoltaic panel 
at an optimum angle or about 60° to the horizontal to maximise the 
solar energy intercepted; setting a panel at this angle would result 
in an average of 1.22kWh/m2 per day being accessed in June at the 
inclined surface, although if the panel were left at that angle all 
the year around, less than the optimum would be received in summer 
(although there is so much more solar energy available at that time 
that for most purposes this would not normally matter).

Use of solar energy

There are two primary options for using solar energy in the Falkland 
Islands; solar photovoltaics (solar cells) which is a technology that 
produces low voltage DC electricity directly from sunlight (see Figure 
4.10) and solar water heaters (which use solar energy to heat water - 
as in Figure 4.11).

A few farmers have recently imported solar photovoltaic (photo-cell) 
powered units for livestock electric fencing. There is insufficient 
experience yet to report conclusively on how effective this technology 
can be in the Falklands, since the solar energy availability in mid
winter at the latitude of the islands is quite limited. Most of the 
units so far imported are from the New Zealand - based supplier 
Gallagher, who expressed doubts about the use of their equipment 
during short winter days in the Falkland Islands.

Analysis of the solar regime by IT Power Ltd., using computer software 
that can estimate solar insolation for any location in the world, 
indicates that solar photovoltaic systems can only be cost-effectively 
applied for very small scale power applications where the high cost of 
solar panels necessary to access adequate levels of solar energy 
during short June/July days will remain within acceptable limits and 
where a static (non - mechanical) device is preferable to a wind-charger 
(eg. where a lot of turbulence might be experienced) or where the 
power demand is even too small for the smallest wind chargers. The 
most likely general application for solar photovoltaics in the 
Falklands is for electric fences although Cable & Wireless PLC have 
used larger solar photovoltaic arrays to power the telephone repeaters 
recently installed in the Camp.

An analysis by IT Power produced the following indications of mean 
daily solar insolation on a horizontal surface in kWh/m2 for each 
month (these were theoretically derived, actually measured figures may 
differ slightly from these):

4.2 3.3 4.3 5.31.9 1.0 .65 .79

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec annual 
mean
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Fig 4.10 Typical photovoltaic array (Courtesy BP Solar - UK)
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solar water heaters) but it is doubtful that this would be very useful 
in the winter due to the limited availability of solar energy. It 
does make sense to use solar water heaters in places where the summer 
] 

Tourist Lodges and other such establishments, 
exampl 
Sea Lii 
water peaks conveniently for the

Use of hydropower

Micro - hydro - electric power is a relatively mature and widely used 
technology which can be highly cost - competitive compared with all 
other options (notably diesel - generation), given adequate river 
resources close to a place of use. It also has the advantage of 
generally requiring much less maintenance than diesel plant and of 
lasting much longer.

The basic requirement is a small stream and terrain such that it is 
possible to arrange to divert some (or all) the water from the stream 
through a pipe to allow it to fall sufficient distance to generate 
useful amounts of power if it is then passed through a small turbine 
(see Figure 4.12).

Penstock pipe

Solar energy could also be used for heating water (via flat plate

in the winter due to the limited availability of solar energy.

requirement for hot water is larger than in winter, for example the 
‘ ' . Sea Lion Lodge, for

example, uses solar water heaters as peat cutting presents problems on 
population and the demand for hot 

Lodge during the summer tourist season.

As with solar photovoltaic panels there are benefits in setting the 
angle of a solar water heater higher than the latitude in order to 
extend the season during which useful inputs of solar heat might be 
collected. At Sea Lion the solar water heaters are set at 45°.
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To estimate the potential power in a stream you need to know just two 
facts, the volume of water available "Q" and the head through which 
the water can be engineered to fall through an enclosed pipe to a 
turbine "H". Q of course varies from day to day and what is most 
important is the minimum flow that can regularly be counted on even in 
dry periods. H can be measured with some accuracy or estimated using 
large scale contoured maps in cases where quite hign heads are to be 
considered.

The power available from a hydro-plant, P is, numerically:

P = gQH

and if metric units are used where g (the acceleration due to gravity) 
is 9.81m/s2, Q is in litre/second and H is measured in metres, then:

P = 9.81 x (Q litre/sec) x (H metre) Watts

In practice a small hydro system is unlikely to convert more than 50% 
of the available power into useful electricity, so the electrical 
output to be expected, bearing in mind that 9.81 is approximately 10, is:

P(e) = 5 x (Q litre/sec) x (H metre) Watts 

which, of course, can be divided by 1000 to give a figure in kilowatts. 

Unfortunately there are few rivers or streams which flow all the year 
in the Falklands, and even fewer settlements in convenient proximity 
to potentially usable micro - hydro - power sites as most settlements are 
on the coast. The only existing micro-hydro installation in the 
Islands has been recently completed at Port Howard. Other rivers of a 
size that might allow future hydro development are mainly at some 
distance from settlements, so electrical transmission costs could only 
be justified if quite large levels of power could be tapped.

The system at Port Howard has a maximum output at present of 13kW(e), 
but it has some potential to be extended later to a higher head which 
would raise its output to around 20kW. Interest in a micro- hydro 
system for Port Howard goes back to the mid 1950s, when river flow was 
accurately gauged for over a year and correspondence on the supply of 
equipment was initiated with a major UK supplier of micro-hydro 
equipment. This project is intended to offer a limited 24 hour/day 
electricity supply and to supplement the already stretched and 
intermittent diesel - generated supply.

Longer-term, it may be worth identifying other potential hydro sites 
in tne Falkland Islands, even if at present they are remote from 
settlements or habitation, on the grounds that any new settlement or 
habitation if and when it is required could possibly be sited near to 
a good micro-hydro resource. There are believed to be a number of 
northwards flowing streams in both East and West Falkland that might 
offer micro-hydro opportunities but most such places are remote from 
existing settlements.
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1 wublo vulvo
2 - drive pipe
3 - water source
4 - strainer
5 - hydram body
6 - delivery valve
7 - air chamber
8 - delivery pipe
9 - check valve

Hydraulic ram pumps were originally invented at the end of the 18th 
Century by the Montgolfier brothers in France (who are better 
remembered as the first successful developers of hot air balloons). 
They are extremely reHable and long-lasting (if sohdly manufactured) 
and a few manufacturers still produce them, they are seriously worthy 
of consideration if stream flow is needed to pump a smaller quantity 
of water to a higher level, especially in remote areas where a small 
water supply is needed (eg. shepherd’s shelters or if drinking troughs 
are needed where cattle or horses are grazed).

Since the potential for micro-hydro in the Falklands is severely 
limited this hand book will not deal with this topic in detail, 
although certain relevant products are included in the buyers guide, 
in particular hydrauhc ram pumps.

The hydrauhc ram-pump is worth mentioning as it is a httle-known, 
extremely simple device with no moving parts other than valves, which 
works by the effect known as water hammer where if you suddenly stop a 
flow of water it causes a violent and sudden pressure rise (the bang 
in the pipes that can occur if you close a tap too suddenly is an 
example), see figure 4.13. The hydraufic ram is fed by a drive pipe 
from a small weir and has a valve which gets slammed closed by the 
water flow the moment it reaches a pre-set velocity. The resulting 
sudden pressure rise reaches a pressure greater than the dehvery head 
so that a small proportion of the flow discharges through another non
return valve into the dehvery pipe, causing some water to emerge at a 
much higher level. The valve that was slammed shut by the flow falls 
open, usually due to gravity, as soon as the pressure level falls 
again, water discharges below the pump until the flow through it again 
reaches the velocity at which the valve slams shut, causing a repeat 
of the cycle.
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Other unconventional energy generation possibilities

There are possibilities for using peat to generate electricity. 
However, tnis is not practical at the present time due to a general 
lack of reliable and cost-effective equipment for its implementation, 
even though in some cases such equipment existed and was widely used 
in the past. Nevertheless there are many developments taking place 
and it can be anticipated that suitable equipment will become 
available within the next decade or so, especially if there is another 
significant increase in oil prices. The primary options for generating 
electricity from peat are:-

i) gasifying plants (or "producer gas units") (see Figure 4.14) 
which can fuel conventional spark ignition internal combustion engines 
similar to a petrol engine or which can supplement the fuel supply for 
a diesel engine. Unfortunately the gas quality from present equipment 
is usually so poor that most modem engines suffer greatly reduced 
performance and rapid deterioration due to carry over of tar and acid 
pollutants in the gas unless very expensive gas cleaning equipment is 
introduced.

ii) small steam engines; the problem here is a combination of non
availability in the small sizes of interest and high capital cost of 
mechanised and adequately safe modem furnace/boiler systems 
(traditional steam systems would be too labour intensive to be any 
even if still available). The forestry industry in Brazil has yielded 
several types of robust steam engine powered generating sets in the 30

JH IB.
Sh«ker Gr»te
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iii) small Stirling engines (or hot air engines) are under develop
ment. These could bum peat although only one significant system (10 
to 40kW from Stirling Power Systems AB, Sweden which needs propane as 
a fuel) is currently commercially available, and this machine is 
unattractively expensive and moreover it is doubtful if a suitable 
burner for fuel such as peat is available for it. . Also Stirling 
Engines remain immature (despite a 150 year history), and are. only 
produced in limited quantities, and therefore not cost competitive 
with diesel at present. A lot of development is taking place in this 
promising field, including by I T Power who produced tnis book, and 
may result in appropriate commercially available systems for domestic 
power generation appearing during the 1990s.

to lOOkW range (see Figure 4.15). These are available "off-the-shelf’ 
in wood-waste burning form but specialised furnaces and peat handling 
equipment would be needed to run such equipment on peat. Although the 
use of peat fired steam plant for electricity generation would 
certainly be technically feasible, it probably would only become 
seriously worth considering if signincant increases in the world 
market price for diesel fuel take place.

■ 
■

Fig 4.15: 25kW Brasilian reciprocating steam engine
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Sometimes you have to spend money to save money, but sometimes 
spending money is just spending money. We all need to use energy to 
survive and, so far, we have shown that there are ways to increase the 
amount of energy available and there are ways to conserve energy and 
make what you already have go further. The question in the end is 
whether any supposed improvements are worth paying for, in other 
words, are they cost-effective?

One of the first difficulties you run into when comparing technologies 
is the fact that there are two main costs associated with everything 
and these are difficult to compare. These two quite different 
categories of expenditure are:

- the first cost or purchasing cost (often known as the 
"Capital Cost") and

- the running costs sometimes known as "O & M costs" or 
"Operation and Maintenance costs".

Some technologies are low in first cost but have high running costs 
and conversely, most which have low running costs have high first 
costs. If anyone invents an energy device with both low first costs 
and low running costs it would no doubt replace everything else we use 
at present, but at this time nothing so attractive exists. For 
example, a diesel generating set has relatively low first costs (the 
pounds per kilowatt of capacity you need to pay for a diesel are qi 
low compared with other power sources - perhaps £200-500/kW) 
the life-time of a diesel generating set there is a continuous need to 
purchase fuel, consumable spares, lubricants and the labour to 
undertake maintenance and repairs. In contrast, a solar photovoltaic 
power array is extremely expensive, around £5000/kW, but it needs no 
fuel at all and virtually no maintenance so that the running costs are 
extremely low and moreover it tends to last longer than most small 
diesel engines.

Similarly, it costs money to save energy. Better insulation, waste 
heat recovery equipment from a diesel, battery backed electricity 
supplies to reduce diesel running hours, all involve extra investment. 
Here the question is whether the extra money invested creates a 
sufficient reduction in running costs to make it a good investment.

It should be added that the financial aspects of energy generation and 
conservation are definitely not the only factor to consider. There 
are often many other good reasons than financial ones for investing in 
something; convenience being a common one. A battery backed lighting 
system may save diesel running hours, but often the convenience of 
having lights available at any time is a more important factor than
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whether or not it pays back in saved diesel fuel. Similarly, good 
draught proofing might save peat for the fire, but the improved 
domestic comfort of getting rid of draughts is another good reason to 
spend some money on this measure.

But even if a measure is for non - financial reasons it is worth 
assessing whether it is also financially worthwhile (or if not, what 
are you actually having to pay in reality to achieve it?).

To do this kind of financial calculation requires the ability to 
compare the value of a capital investment (or a sum of money spent 
today) with a future cash-flow (i.e. a projected series of payments 
that will have to be made over a certain number of years).

The simplest comparison of this kind is known as "Simple Payback" or 
"Crude Payback". For example if you invest £1,000 in some equipment 
and you assume it will have a useful life of 10 years before it needs 
replacing, then in "Simple Payback" terms the cost is £1,000/10 or 
£100 per year. If this investment saves diesel fuel or peat or labour 
(or whatever) which is worth over £100 per year than the investment 
can be considered worthwhile, and if it tails to save as much as 
£100/yr it is not financially worthwhile.

Simple payback is not a strictly accurate method of evaluating an 
investment since it takes no account of the value of your capital. 
This is because a sum of money can be invested at a bank or similar 
institution to increase in value in accordance with the applied 
interest rate. If a sum is invested instead in equipment such as to 
generate power or even to reduce energy losses, then its potential for 
mterest accumulation is lost. If the capital is not available, then 
the capital has to be borrowed and will incur the need for regular 
repayments of both the original capital sum and the predicted interest 
accumulation. Therefore in business, it is normal to compare a 
capital investment with the regular repayments that would be necessary 
to borrow it, whether or not the money needs to be borrowed.

For example, if you borrow £1,000 from a bank for a period of 10 years 
at an interest rate of 10%, you are likely to have to pay £170/year 
for ten years (assuming the bank allows equal annual payments at a 
fixed rate like this). In otherwords you pay back £1,700, of which 
£1,000 is the principal (the original sum borrowed) and £700 is the 
interest. So you can assume if you purchased a piece of equipment for 
£1,000 that the annualised value of the capital, assuming a ten year 
life and a 10% discount rate (or interest rate) is £170/year and not 
£100/yr as with the simple payback method. Even if you do not really 
have to borrow the money, this still is true, since, if instead of 
buying the equipment you had put your £1,000 in a deposit account 
yielding 10% per annum for 10 years, you would have had £1,700 at the 
end of that period in the account, so by not investing the money you 
will have deprived yourself of £700 in interest accumulation over that 
period which ought to be accounted for.

In reality of course, discount rates vary between banks, building 
societies and other possible places you can lend or borrow money to or
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maintenance, spares, repairs)

add the annualised capital cost to the total recurrent or 
operating cost to obtain the total annual cost

estimate the useful energy production per year (or in the case of 
a conservation technique, the useful energy saved). The word 
"useful” should be noted, since in practice a 10kW diesel set, 
for example, may on average deliver only 5kW of useful power for 
3,000 hours per year, which is 15,000kWh - it would obviously be

from and the rates vary all the time too. However taking a fixed 
"typical" chscount rate, like say 10%, does give a reasonable method 
for assessing the value, or the return to be expected from an 
investment. Moreover, even if it may not truly allow a prediction of 
what will really happen (as you obviously can’t predict what the Bank 
Rate will be in the future, although some specialists try to make a 
living by doing so!) it does offer a sound and realistic way of 
comparing different options, since the cheapest option at a reasonably 
realistic fixed discount rate will generally be the cheapest option 
even when the rate changes (providing it does not change radically 
from the assumed value).

This method for prediction of the value in the future of a sum of 
money spent now is known as discounting. If the discounted annual 
repayment is "A", the original capital sum is "C", the loan period is 
"n" years, and the interest rate is "i" (for instance, at a 10% 
interest rate "i" has the value 0.1) then it can be shown mathemati
cally that:

i(l + i)n 
A = C-------------

(1 + i)n -

The annual repayment A is also referred to as the "discounted 
annualised capital cost". To save you working out these values, Table 
5.1 includes factors for a common range of discount rates for periods 
up to 25 years. If you multiply the capital sum "C" by the appropriate 
factor you obtain the annualised equivalent repayment "A".

It is noticable that low discount rates (such as apply to "soft loans" 
make capital seem cheaper so that systems involving high first costs 
and low running costs (i.e. renewable energy systems) seem more cost- 
effective when discount rates are low and options with relatively low 
first costs and high running costs seem more financially competitive 
when discount rates are high.

To make reasonably rigorous financial comparisons between different 
methods of power generation (or energy conservation) it is necessary 
to follow the following procedure:

annualise the capital cost using an appropriate lifetime and 
discount rate



Section 5Energy Manual 0
0
05.

06.

0
0

Year
0.02 0.05 0.15 0.20

0
0Table 5.1: Annualised Capital Cost Factors for various discount rates

0
-66- 0

1.00 
1.10 
0.58 
0.40 
0.32 
0.26 
0.23 
0.21 
0.19 
0.17 
0.16 
0.15 
0.15 
0.14 
0.14 
0.13 
0.13 
0.12 
0.12 
0.12 
0.12 
0.12 
0.11 
0.11 
0.11

1.00 
1.15 
0.62 
0.44 
0.35 
0.30 
0.26 
0.24 
0.22 
0.21 
0.20 
0.19 
0.18 
0.18 
0.17 
0.17 
0.17 
0 17 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1.00 
1.05 
0.54 
0 37 
0.28 
0.23 
0.20 
0 17 
0.15 
0.14 
0 13 
0.12 
0.11 
0.11 
0.10 
0.10 
0.09 
0.09 
0.09 
0.08 
0.08 
0.08 
0.08 
0.07 
0.07

Discount Rate
0.10

1.00 
1.20 
0.65 
0.47 
0.39 
0.33 
0.30 
0.28 
0.26 
0.25 
0.24 
0.23 
0.23 
0.22 
0.22 
0.21 
0.21 
0.21 
0.21 
0.21 
0.21 
0.20 
0.20 
0.20
0.20

1.00 
1.02 
0.52 
0.35 
0.26 
0.21 
0.18 
0.15 
0.14 
0.12 
0.11 
0.10 
0.09 
0.09 
0.08 
0.08 
0.07 
0.07 
0 07 
0.06 
0.06 
0.06 
0.06 
0.05 
0.05

a mistake to multiply the rated power of lOkW by the hours per 
year.

divide the total annual cost by the estimated useful output (or 
saving) to get an average cost per kWh

repeat this procedue for each option to be considered and compare 
the results

If this procedure is carried out for each option you wish to choose 
between it will at least give a financial criterion for selecting the 
most cost - effective option. In the end you may choose for other 
reasons an option that is not the seemingly most cost - effective, but 
at least you will know exactly the extra spending needed to obtain the 
preferred method of energy generation or energy conservation.

There are other finanical/economic evaluation techniques, but they are 
generally more complicated and will add little to the value of what 
can be achieved eitner by a "simple payback" calculation or where more 
sophistication is wanted, by simply using this basic Discounted Cash 
Flow approach.
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Building Research Establishment
Advisory Service
Bucknails Lane
Garston
Watford WD1 7JR
Specialised questions on building design and materials

Combined Heat & Power Association
Bedford House
Stafford Road
Caterham
Surrey CR3 6JA
Trade association for manufacturers of CHP equipment

Solid Fuel Advisory Service 
Hobart House 
Grosvenor Place
London SW1X 7AE 
primarily deals with coal

Draughtproofing Advisory Association
P O Box 12
Haslemere
Surrey GU27 3AN

External Wall Insulation Association
P O Box 12
Haslemere
Surrey GU27 3AN

1

ft

Energy Efficiency Office
Department of Energy
Thames House South
Millbank
London SW1P 4QJ
Publishes a number of useful booklets on energy conservation 
and also on UK manufacturers of Energy Generation or 
Conservation equipment

6.1 Addresses of organizations able to offer specialised advice (Note 
all addresses are in the UK except where other countries are 
indicated)
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British Standards Institution
Linford Wood
Milton Keynes MK14 6LE

Ener-
The Building Centre
26 Store Street
London WC1 7BT

Glass and Glazing Federation 
6 Mount Row
London W1Y 6DY

Heat Pump Manufacturers Association 
2nd floor
Nicholson House
High Street
Maidenhead
Berks SL6 ILF

The Consumers Association
14 Buckingham Street
London WC2N 6DS
Publishers of Which? magazine

Central Heating Efficiency Confederation
P O Box 17
Northampton NM4 OPG

Solar Trade Association
Brackenhurst
Greenham Common South
Newbury
Berks RG15 8HH
Mainly represents companies concerned with solar heaters 
(rather than solar photovoltaics)

lergy production 
(alcohols, etc)

British Wind Energy Assocation (BWEA)
5 Hamilton Place
London W1V OQB
Learned society open to individuals and companies or other 
organizations concerned with the production of power from 
wind energy. Publishes magazine called 'Wind Directions".

Trade Association for Biomass Industries Ltd 
PO Box 7 
Southend
Reading RG7 6AZ
Represents British companies involved with enei 
from biomass, such as burning, fermentation (' 
or digestion processes (biogas, etc).
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Centre for Alternative Technology
Machynlleth
Powys
Wales SY20 9AZ
Demonstration centre showing environmentally benign methods 
of generating power or growing crops with bookshop and 
numerous relevant publications available

"The Draughtproofing Handbook"
London Energy & Employment Network 
99 Midland Road
London NW1 2AH price £5
good source of detailed information on the choice and 
application of draught proofing

"Energy Savings with Home Improvements"
from Which? Book Offer,
Dept of Energy Library, Room 1020, Thames House South,
Millbank, London SW1P 4QJ price £5.95

Enquiries Bureau
Energy Technology Support Unit
Building 156
AERE Harwell
Oxon 0X11 9NP
Publishes leaflets and other booklets on energy efficiency 
projects earned out in the UK (advises UK Department of 
Energy on energy conservation and renewable energy technolo
gies)

National Association of Water Power Users 
c/o Arnold, Greenway & Sons
P O Box 27
Exchange Chambers
10b Highgate
Kendal
Cumbria LA9 4SX
Association for manufacturers and users of water power in 
the UK Publishes regular newsletter and will suggest 
contacts to answer specific technical questions to do with 
water power

UK Section of the International Solar Energy Society (UK- 
ISES)
Kings College
Atkins Building South (128)
Campden Hill Road
London W8. 7EH
Learned society open to individuals and companies or other 
organizations concerned with the production of power from 
solar energy. Produces various publications.
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^etail how to build cylindrical water

14 Buckingham 
London WC2N

"Wind Power Equipment" by D F Warne, (1983) published by 
E & F N Spon Ltd., Freepost, Northway, Andover, Hants SP10 
5BR

A Guide to Construction and Development 
Areas" compiled and Edited by P Stem from

"Keeping Warm for Half the Cost" 
by J Colesby and P Townsend (1981) cost £2.95 
basic handbook on insulating a house in the UK 
"Windpumping Handbook" by Sarah Lancashire, Jeff Kenna and 
Peter Fraenkel (1987) cost £6.95 A4 paperback 
basic introduction to windpump types, siting, maintenance 
and economics 
"Ferrocement Water Tanks and their Construction" by S B 
Watt, cost £4.95 paperback 
describes in practical detail how to build cylindrical water 
storage tanks up to 150m3 capacity from wire reinforced 
cement mortar 
"Field Engineering: 
Work in Rural Are 
original by F Longland. £12.50 hardback or £5.95 paperback 
covers many aspects of engineering projects in remote areas, 
including energy and other topics like building sanitation, 
water supplies, roads, river crossings, small dams, bridges, 
etc.
"Solar Photovoltaic Products: A Guide for Development Work
ers", by Anthony Derrick, Catherine Francis and Varis Bokalders 
covers available photovoltaic systems £12.50 
The above group (and numerous other publications) available 
from:
I T Publications
103-105 Southampton Row
London WC1B 4HH

"Cutting Home Energy Costs"
from
Energy Efficiency Office, Department of Energy, 
Thames House South, Millbank, London SW1P 40J, 
This is a step-by-step guide to cutting energy costs

’The Which? Book of Do-it-Yourself
"The Which? Book of Plumbing and Central Heating" 
’The Which? Book of Home Improvements and Extensions" 
The Consumers Association
14 Buckingham Street

6DS

"Heating Water by the Sun" by M G Hutchins and W G Gillett, 
available from UK-ISES (qv) cost £3.00
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"All About Inverters" by David Copperfield
'The 12Volt/Low volt Shop" by David Copp<
"How to install Solar Electric Panels" by D;
Copperfield
"Windpower for the Homeowner" by Donald Marier 
Examples of books available from
ASE (Alternative Sources of Energy), 107 South Central 
Avenue, Milaca, Minnesota 56353, USA

"Guide to Small Wind Energy Conversion systems" Twidell, 
1987, price £15
Excellent general review of windpower options and how to 
apply them, from 50W battery chargers to lOOkW machines. 
"Design with Energy", Littler, (1984) 366p price £19.50 
Book for architects and those with serious technical inter
est in low energy and passive solar building design 
"Home Insulation, DIY" Thomas (1985) 63pp 99pence 
Sensible advice on insulation
plus dozens of other related publications from: 
Centre for Alternative Technology 
Machynlleth
Powys
Wales SY20 9AZ

Periodical publications and journals

"Industrial Exchange and Mart" 
Contact the Marketing Dept. (IEM), Link House, 
25 West Street, Poole, Dorset BH15 ILL
Weekly Journal of industrial advertising includes new and 
second-hand generating sets construction materials, pumps, 
etc.

"Alternative Energy Sourcebook"
Real Goods Tradmg Co., 3041 Guidiville Road, 
Ukiah, California 95482, USA, 
telephone 707 468 9214
Probably the most comprehensive catalogue of renewable 
energy power supplies, energy storage equipment, inverters, 
and domestic equipment specially selected for use in remote 
areas. Includes useful articles on the items in the 
catalogue and detailed descriptions and specifications. 176 
page large format paperback book which cost US $5.00 for the 
1988 edition. The publishers can supply the equipment they 
describe in their catalogue. Most appliances for domestic 
use tend to be to US standards rather than to UK standards 
(Le. mains voltages of 115V and 60Hz) but a lot is for low 
voltage battery operation.
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"Real Goods News”
Real Goods, 3041 Guidiville Road,
Ukiah, CA 95482, USA
tel 707 468 9214
Quarterly magazine and equipment catalogue of the Real Goods 
Company includes useful articles and detailed descriptions 
and prices for a wide variety of useful products for use in 
remote areas, such as renewable energy equipment, energy 
conservation equipment, including many unusual and hard -to- 
find products such as 12V DC microwave ovens, composting 
toilets, 12V telephone answering machines and televisions, 
water purifiers, small generators, etc.

"Monergy News"
Occasional publication by the Energy Efficiency Office, 
Department of Energy, Thames House South, Millbank, 
London SW1P 4QJ
Glossy officially produced free magazine with articles on 
methods for domestic energy conservation and advertisements 
and details of other sources of information relating to this 
topic.
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