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summary 

Studies have been made of the needs, current practice and future 
prospects for power supply to off-grid areas m the State of New South 
Wales, Austraha. These studies have included a consideration of both the 
techmcal and financial aspects of available equipment. At present, it has 
been found that costs of traditional stand-alone power generation are high 
and system rehabihty is low. This is partly due to the poor match between 
the load demand and the method of power generation. There are significant 
barriers to the wider implementation of new power supply technologies, 
these mclude high capital cost, lack of performance data and techmcal 
guidelines, and hmited consumer education Ways being investigated to 
overcome these problems are described 

1. Introduction 

Many areas of the world (so-called “remote areas”) do not have an 
electricity supply network and, therefore, the mhabitants of these regions 

*The crews expressed m this report are those of the authors and not necessarily 
those of the Energy Authority 

TNote from the Editors 
Stand-alone power systems, mcorporatmg “renewable” solar and/or wmd technol- 

ogies, offer the prospect of a cost-effective alternatrve to grad connectron m meetmg the 
exlstmg and future electrmlty-supply needs of commumtres hvmg either m remote areas 
of developed countrres or m countries with restricted mams electrrclty networks This 
paper descmbes the approach being taken m Austraha to developmg so-called remote-area 
power supply (RAPS) systems Smce electrochemical storage IS a key element m many 
of the proposed RAPS systems, and 1s a major problem area where technologrcal nn- 
provements are necessary, the Editors of thu, Journal mvrte further contrrbutrons on the 
design, testing and performance of power sources m RAPS apphcatlons - an emergmg 
potentially slgmfrcant market for both batterres and fuel cells 
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require some form of alternative electricity generation system [l]. Such 
systems are also needed m isolated pockets withm an area that is serviced by 
a network but where further connection to the grid 1s costly. 

Recent developments m the fields of electronics and renewable energy 
technologies are makmg mdependent power supply systems more reliable 
and less expensive [Z, 31. However, the choice of a power supply system IS 
often dictated by lifestyle, fmance and demand patterns. Almost without 
exception, people m remote areas have had to weigh up lifestyle versus 
fmancial outlay. Included under lifestyle is the range of power supply 
features such as peak load, average load, hours required per day, voltage and 
waveform required, and any special appliance demands. The abtiity to pay, 
or more generally the financial situation of the consumers, is a determmant 
m selecting appropriate alternative supply technology. 

In most circumstances, 240 V a.c power supply is required by rural 
farms for at least some of their load. Power supply from the grid network m 
rural areas is SubJect to more frequent supply mterruptions, voltage-drop 
problems and frequency fluctuations than m city areas. These problems 
result from the vulnerability, and hmitations, of long supply lmes. Rural 
consumers largely accept these problems as part of country life. Farms not 
connected to the grid also suffer similar disruptions from alternative power 
supply systems. Most appliances m use m these farms will tolerate fluctua- 
tions m voltage and frequency. However, with more use of sensitive equip- 
ment, such as home computers, the demand for standards comparable with 
those of city power supply IS expected to increase Power supply systems 
that have a projected life of more than five years should, therefore, antic- 
ipate this demand and as far as possible provide a supply of equivalent 
standard to that provided by the city grid network. 

The need for a contmuous (24 h) 240 V a.c. power supply means that 
many farmers are pressmg for connection to the grid network. In areas where 
connection costs may be reduced for a variety of reasons, such as poolmg of 
costs by a group of farms or by favourable consideration by the local supply 
authority, it is apparent that some farms will connect to the grid network m 
preference to all alternatives. The pressure for connection m outlying areas 
is expected to increase. Once connected to the network, the maintenance of 
supply must be attended to at the supply authority’s cost and this may 
exceed any profit from electricity sales. 

This paper exammes the technical and non-techmcal problems to be 
overcome m providmg viable stand-alone household power systems, and 
considers the State of New South Wales, Australia, as a specific case m point. 
An exammation is made of consumer groups, available power supply sys- 
tems, and their relative cost effectiveness. Finally, a discussion is presented 
of the work being undertaken by the Energy Authority of New South Wales 
that IS amed at developmg systems based on specific combmations of con- 
ventional and new technology. These systems mclude more efficiently used 
diesel plant, fuel-saving devices such as wmd generators and solar panels, and 
rechargeable batteries for storage of the derived electricity 
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2. Electricity supply characteristics 

The necessary or desired (as opposed to currently achieved) electricity 
requirements for household power supply may be summarlsed by specifymg 
two basic parameters load profile and power supply quahty. 

2 1 Load profile 
The load profile is a curve of mstantaneous power demand against time 

of day. It includes peak load, hours per day of power availability, average 
load and the load-factor relationship (ratio of average power to peak de- 
mand). The load profile can be used to analyse patterns of usage but un- 
fortunately, little work has been done on typical load profiles for consumers 
m remote areas. Therefore, typical demand patterns need to be analysed and 
the analysis extrapolated to consider the changes that take place when, for 
instance, a contmuous power supply is made available. 

Where power is supplied by diesel generator alone, the measured load 
profile can be confused by artlfic~al load added to the system to ensure 
adequate engine loadmg. An additional confusion occurs because the con- 
sumer may have a lifestyle based on activities centred around times when 
the diesel is running. Such activities as washmg and vonmg are crammed mto 
evenmg periods slrnply to take advantage of run time on the diesel set. 

Let us consider the components of the load profile. The peak load is 
reached when a significant number of apphances are turned on together, and 
is particularly noticeable if a motor-starting load is mcluded. The peak load, 
measured m kilowatts, is the sum of the expected simultaneous appliance 
loads. For outback properties in Australia, the mam household loads may 
include a refrigerator, air conditioner, freezer, coolroom, washing machine, 
other normal household appliances and some workshop tools. As a general 
rule, a peak load of 10 kW might be expected. Clearly, this will vary some- 
what with consumer, depending upon such specialist loads as weldmg or 
sheep shearmg demand. A list of common appliances and their power de- 
mand is given m Table 1. It can be seen that peak load requirements are high 
if refrigeration, cool room and au conditlonmg loads are m use. 

Peak load requirements will not necessarily fall with changing supply 
conditions. Power 1s required to be available contmuously If an effective 
cooling load is to be mamtamed. It is chiefly the difficulty of provldmg 
continuous power supply that plagues remote area power systems. The total 
amount of power required each day is more easily described as the average 
over the 24 h period, a 10 kW h per day demand may therefore be rep- 
resented by an average load of 417 W. 

The relationship between peak and average power requirements must 
be recogmsed when considermg adequate supply alternatives. An installation 
that requires a very high peak demand, but a low average demand, will 
require a different system to an mstallation with a more closely matched 
peak/average demand. The power demand relationship may be expressed as 
a ratio termed the daily “load factor”; this ratio is usually expressed as the 
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TABLE 1 

Typical apphance loads 

Appliance Ratmg Typical peak demand Energy demand 
(W) (W) (kW h per day) 

Refrigerator 
Freezer 
Fan 
Lights (total) 
Kitchen 

Blender 
Coffee Pot 
Exhaust Hood 
Toaster 

Washing machme 
Pump (small) 
Iron 
Drdl 
Stereo 
Televlslon 
Sewmg machme 
Vacuum cleaner 

500 2500 3.6 
300 1500 20 
100 100 10 
500 200 10 

350 
600 

60 
1000 

300 
450 

1000 
250 
100 
100 
100 
600 

1000 05 

1000 
1000 
1000 

1000 

05 
10 
05 
01 
01 
05 
01 
01 

Total 110 
(- 4000 kW h per year) 

Other loads 
An condltloner 

Dlshwasher 
(with heater) 

Hot water 
(storage) 

Stove 

1600 2000 

2400 2400 

3600 3600 

6000 6000 

38 
(summer usage) 

1 

8 

4 

average divided by the peak. For example, a homestead with a peak of 
10 kW and an average of 417 W would have a daily load factor of 0.04. 

A dlstmctlon should be drawn between “load factor” and “capacity 
factor”. As stated above, load factor IS the ratlo of average power demand to 
the required peak load. The capacity factor of a system 1s the ratio of the net 
amount of power delivered by the system to that potentially able to be 
supplied Thus, an mstallatlon that runs a diesel set for a few hours each day 
may have a low load factor but a hgh capacity factor, meaning that diesel 
set use is optnnal, but If use were extended for contmuous supply it would 
be under-uttilsed. Often a high capacity factor 1s achieved through adding 
arttiiclal load This 1s called a “load dump” and 1s of no fmauclal value. 
Assessment of a particular mstallatlon must identify and discount any load- 
dumpmg actlvltles. Thus, only a reahstlc capacity factor 1s conndered. This 
can be compared with the load factor to determme If energy storage IS 
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needed. If, for example, the capacity factor and load factor are both greater 
than 0.8, then the system would be quite adequately provided for by a single 
diesel generator and no great value would be gamed by mtroducmg a storage 
system. It is a general requirement for efficient diesel engme performance 
that the capacity factor be better than 0.8. Low values mdicate that the 
installed capacity is not well utihsed and could lead to high mamtenance 
costs and even engme damage. 

2 2 Power supply quallty 
O’Flynn and Darvemza [4] have determmed the electrical supply 

requirements of a rural consumer m the State of Queensland, Australia. 
This study considered consumption, voltage regulation, frequency stabihty, 
power factor, inrush current, and waveform. The consumption exceeded 
5000 kW h per annum for the all-electric home. It was found that a peak 
capacity of 5 kV A was required with a voltage regulation of 6% and a 
frequency stability of 5%. The authors also concluded that most domestic 
appliances may be operated using a voltage source approachmg a square 
wave 

The quality of electricity supply mcludes voltage fluctuations, fre- 
quency stability, and waveform of a particular system In Australia, grid 
supply is 240 V a.c., 50 Hz. For apphance compatibility, it is desirable for 
remote power supphes also to be 240 V, 50 Hz. In view of this, it is remark- 
able that many remote area residents have only recently had access to 240 V 
power and that many still have not. Dwellmgs without grid connection 
operate with either 32 V d.c power exclusively, or have no electric power at 
all. In most mstances, it is not a desire to do without 240 V power but rather 
a practical choice based on the cost of runnmg a diesel set or mstallmg a 
renewable energy system 

The choice between alternatmg current or direct current is not difficult 
as it follows the choice of voltage. Direct current systems are, m general, low 
voltage systems Arcmg durmg switchmg and lack of transformation severely 
limit use of d.c power m remote regions where normal apphance use is 
required Heavy loads such as large refrigerators and large motors cannot be 
effectively operated on d.c If a c. electricity is supplied, then 50 Hz power 
would be expected. Most control systems can mamtain frequency stability 
within 5% and this would be quite satisfactory for a homestead power 
supply. Frequency-sensitive electromc equipment such as hi-f1 turntables 
and computers may require an additional, small, well-regulated power 
supply 

Modern diesel sets can usually mamtam an accurate smusoidal wave- 
form. However, many alternative off-grid power systems use a waveform 
other than smusoidal In most cases, the waveform is a modified square 
wave. A pure square wave may cause motor heatmg problems as well as 
producmg unacceptable levels of radio frequency (r.f.) mterference As radio 
reception IS often central to the operation of the homestead and motors are 
a major load, the type of waveform produced by the power supply must be 
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considered carefully. A modified square wave with adequate filtermg IS 
acceptable, although a pure sme wave is clearly preferred. 

3. Off-grid electricity supply technology 

Commercial, or near-commercial (say m the next three years), off-grid 
power supply technology mcludes fossil fuel (diesel and petrol) engme-driven 
generators, battery storage systems, wmd-driven generators, photovoltaic 
panels, and mmi-hydroelectric generators. Each technology consists of com- 
ponents that can be described under the general headmgs of either genera- 
tion storage, control, or power converaon (or power conditlonmg) and 
needs to be considered m terms of usefulness for a particular application. 
Such consideration must take mto account system performance, efficiency, 
reliability, mamtenance, future prospects and cost. 

Five technologies commercially available as sources of off-grid power 
supply for the various consumer groups m remote areas of the State of 
New South Wales are discussed below. These technologies are: (1) diesel- or 
petrol-driven generators; (11) 32 V power systems with battery storage; (m) 
diesel-plus-battery systems; (iv) wmd-driven generator systems, and (v) 
photovoltaic panel systems. 

3.1 Diesel- or petrol-driven genem tors 
By far the most commonly used equipment is the diesel generator; it 

has provided power in remote areas for many years. Both the standard of 
generator set and its use have increased steadily over the years. In early 
times, simple engmes were used and operated on petrol or kerosene. These 
units gave way to diesel engmes, mamly because of increased rehabihty and 
better fuel economy. More recently, the advent of low-cost petrol engines 
has made available highly portable generators that augment the use of 
stationary diesel sets. 

The power required to drive the electrical generator (usually a brushless 
or slip-rmg alternator) is provided by an mtemal-combustion engine. In the 
case of the diesel set, this is a compression-ignition engine Such engmes are 
mherently robust, reliable and fuel efficient if used appropriately. They are 
typically bulky and operate at low speed. The ability to produce power at 
low engine speed is one of the mam reasons for the long service life of the 
engmes (10 000 h can be expected). The compression-lgmtion feature also 
ehmmates the need for potentially troublesome ignition systems. Accurate 
timmg and precision m the origmal manufacture are critical to the engme’s 
performance. Thus, mitral care must be taken durmg operation by ensurmg 
regular oil-, au- and fuel-filter changes, as well as routme service and opera- 
tion to manufacturers’ specifications. To ensure a correct operational tem- 
perature the engme must be run with a mmmum load of 30%, and ideally 
with a load of 70% - 80%. Runnmg of the engme at low load for long periods 
will result m carbomsation, cylmder-bore glazmg and poor fuel economy. 
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Engme life will be severely shortened. Well loaded, the engme may achieve 
20% - 30% conversion of fuel to shaft power, the remamder being lost as 
engme heat, exhaust heat, unburnt fuel and noise. Engine protection circuits 
are mcluded m most diesel generator systems to ensure that the umt will not 
run m a faulty condition. 

Petrol engmes are the antithesis of the diesel engme. The hght weight 
resulting from the high rewmg, less robust, spark-ignition system is an 
advantage for portable power supplies. However, the system is inherently 
unsuitable for continuous stationary power supply. The engines have an 
expected service hfe of some 1000 h. The engme limitations mean that the 
generator sets are usually small (0.5 - 8 kV A). 

In early years, the conversion of shaft power to electricity was achieved 
by using a d c. generator Such generators require a commutator and brush 
system. The mamtenance problems associated with brush systems and the 
hmitation of d.c. power supply soon led to the use of alternators. The term 
“generator” remams m use to cover all devices that convert mechamcal 
power to electricity. An alternator is a generator that produces a.c. power. 
A wide range of alternator types has developed. Most are self-excitmg and, 
to an extent, self-regulatmg devices of remarkable reliability. The rotatmg- 
field brushless alternator is the most commonly used 240 V a.c. type, 
although slip-rmg alternators are also used. The &p-ring alternator is a 
rotatmg-armature compound-wound device, older m design than the brush- 
less type, and uses a transformer regulator rather than an electronic regu- 
lator. It is generally better able to handle overloads. This feature combined 
with the simpler field serviceable regulator, makes it a more robust unit for 
remote area use. It does, however, have a brush and slip-rmg power take-off 
system and this requires maintenance from time to time. User preference 
has, as a result, tended towards the brushless alternator. Nevertheless, both 
types of alternator are suitable for use m remote area power supply and, 
m general, they perform well for many years with minnnal mamtenance. 

Power supply from a modern diesel set is usually high quahty 240 V 
a.c. and would not normally require further conversion or conditionmg. 
Most rural mstallations are smgle-phase (one source of voltage and current), 
however, a significant number do use three phase supply. This is usually spht 
mto three single-phase circuits, but occasionally a large motor, used for say 
a cool room, may be of a three-phase type. From the point of view of the 
manufacture of the generators, the number of phases is usually linked to 
the size of the generator. Three-phase is used for large (usually greater than 
15 kV A) sets where the three smgle-phase supply circuits can be evenly 
loaded For simphcity, three-phase supply should be avoided where possible. 

In systems where the power demand is well matched to the diesel 
generator set, such as a roadhouse load, the only form of storage required 
is a fuel tank. Most mstallations, including single homesteads, have 200 - 400 
htre storage tanks, sufficient for a few days’ or weeks’ supply. Refillmg is 
rarely done by tankers. Usually, fuel IS pumped from 200 1 drums. Fuel 
cartage is a significant cost m the operation of the system, In some areas, 
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large underground fuel storage systems are bemg mstalled to overcome 
interruptions to supply. Concern has been expressed, by at least one orl 
company, of the risk of long-term storage of distillate smce the fuel changes 
with age and seasonal supply (orl companies change the fuel characteristics 
with season) and may become unusable. 

Two forms of control need to be consrdered, these are power supply 
regulation and system operation control. Power supply regulation IS usually 
achieved through a small solid state electromc or transformer regulator. 
Voltage regulation may be held wlthm 2% - 3% and frequency within 4% 
of 50 Hz System operation control may vary m complexity from a sunple 
remote start/stop switch to complete automatic operation. Time switches 
are also used for unattended mstallatlons. 

3 2 32 Vpower systems 
At present, 32 V d.c. systems rorm an important back-up to diesel 

generator sets. They used to be the only form of power supply for many 
remote grazlers and, m some homesteads, this 1s strll the case. However, 
the avculabihty of modern diesels and the growing demand for 240 V a.c. 
supply has meant that they are gradually being replaced as the mam source 
of power. This 1s bemg hurrred along by the drfflculty m obtammg 32 V 
apphances. Nevertheless, 32 V systems represent an excellent mm between 
renewable energy sources, diesel performance and load demand for the 
typical remote homestead. 

Two methods of generation are employed: diesel- or petrol-driven and 
wind-driven The generators used m these d.c. plants are renowned for thev 
rehabrhty, often needmg no more than a new set of brushes after years of 
service Although available for direct power supply, the d.c. generators 
usually charge batteries Generation is usually an ad hoc affarr depending on 
manual engme startmg and wind avarlabrhty. 

The diesel or petrol sets are usually smgle-cylmder engmes, often 
water cooled, that are quite fuel inefficient. They are used to run a small 
(0.75 - 1 kW) 32 V d.c generator via a belt drive. The wind-driven generators 
are usually four-bladed (0.75 - 1 kW) compound-wound d.c. units or three- 
bladed (0.75 - 1.5 kW) shunt-wound d.c. units. The blades m the former 
generator are fured-pitch folded metal arrforls that grve an extremely reliable 
method of control. Three-bladed generators are variable-pitch fixed-tall units 
fitted with manual brakes. 

Storage batterres are essential m wind-driven generating systems. The 
only commercml battery avarlable at present for thus application 1s the lead/ 
acid system. The 32 V storage faculty IS made up of either individual 2 V 
cells, or 6 V or 12 V batteries. The general requrrements for batteries m- 
stalled in wind/electric systems are the same as those for any deep-drscharge 
storage battery Preferably, the cells should have translucent cases or m- 
dlcators to enable easy observation of plate and electrolyte condltlon. The 
case should have a deep space below the plates to accommodate the build-up 
of sediment and hence reduce the posslbrhty of internal shorting of cells. 
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These larger cases also allow greater depth of electrolyte over the plates, thus 
extendmg the time between electrolyte top-ups and reducing mamtenance 
tasks. Maintenance-free batteries have recently been developed that include 
a catalyst to recombme the hydrogen and oxygen produced by electrolysis 
of the electrolyte durmg the gassmg phase. Physical retention of active 
materials can be assisted by supporting battery plates with plastic or glass- 
fibre envelopes. Self-discharge should also be kept to a mmunum by using 
grid alloys of appropriate composition 

Origmally, batteries with a large capacity (- 12 kW h) were employed 
for 32 V systems. As battery costs have risen, the option of smaller batteries 
has been taken up. A mmmum of 200 - 250 A h (7 - 8 kW h) of storage is 
required m a typical system that uses both a wmd generator and a diesel set. 
Battery life is the chief concern of most operators. Only 2 - 3 years is 
achieved from deep discharge batteries, and much less from automotive-type 
batteries. This short life is mamly due to poor mstallation, charge/discharge 
control and maintenance Charge control IS critical to overall system per- 
formance. Charging must be mitiated at the correct time and mamtamed at 
the correct rate. Overcharging must be prevented. In addition, the control 
system must ensure discharge is withm defmed hmits and prevent discharge 
beyond a safe level for the batteries. Lack of easy state-of-charge mdicators 
means that recharge is usually mitiated when the terminal voltage drops 
markedly Durmg chargmg, a simple cut-out regulator disconnects the cur- 
rent when the terminal voltage reaches a preset level. The relationship be- 
tween this and the true state of the charge m the battery is vague when the 
batteries have been mstalled for a short while. Poor control, based on out- 
dated devices, is one of the mam reasons for battery deterioration. 

Power is supplied from the battery bank directly to d.c. lighting and 
appliances. In most cases, there is no control to limit the energy withdrawn 
from the batteries and they may be discharged to a level well below the 
mmnnum recommended by the manufacturers. A simple cut-out operated 
by low battery voltage would mmlmise this problem. 

Conversion of 32 V d.c. to 240 V a.c. is achieved by several different 
types of mverters. Low-cost rotary mverters are often used. They provide a 
good source of 240 V a.c. power for motor applications as they can over- 
come startmg loads. Unfortunately, they are very mefficient and cannot be 
used for long-term power supply. Static (electromc) mverters have become 
available over the last few years. Most high quality mverters have a standby 
mode that uses little power. The operational mode is automatically switched 
m when a load is sensed. Such mverters can achieve 80% - 90% efficiency 
over most of the load range. Efficiency, no-load power usage, and cost are 
all expected to nnprove with new electronic devices becoming available. The 
waveform produced by the static mverters is rarely smusoidal. Square wave, 
modified square wave or smulated sine wave usmg pulse-width modulation 
are available 

Typically, 1 - 2 kW h per day will be provided by the system. Of this, 
only a small fraction IS required at 240 V a.c. Large 240 V a.c. loads are 
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usually powered by a standby diesel set. This demand may only be for a 
short time but if it is to power some motor load, such as a kitchen appliance, 
then the mverter will need to have a peak capacity of at least 0.8 - 1 kW. If 
a washing machine is occasionally required, then a 1.5 kW mverter would 
be needed. A unit of tl-ns capacity may cost more than the owner of a 32 V 
system is prepared to pay. 

3.3 Diesel-plus-battery systems 
A few dresel-plus-battery systems have been developed m an attempt 

to improve the utmsation of diesel generator sets and extend the time power 
is available. Typically, storage batteries are charged from the diesel generator 
durmg run times and batteries supply power requirements during low-load 
periods. Most of these systems have been built by the owner m an ad hoc 
manner. Voltages of the systems vary from 12 to 110 V d.c. These systems 
are an improvement on simply runnmg the generator for periods of low load. 
However, the concept may be taken much further by dedicating the diesel 
set to battery charging alone. If this is done, the diesel efficiency can be 1l11- 
proved further by reducmg its size and runnmg it fully loaded at all times 

In low-voltage systems, the batteries are similar to those m 32 V sys 
terns. Banks are made up from 2, 6 or 12 V units. The performance of such 
storage systems depends on the charge/discharge characteristics, depth and 
frequency of cycling, and general mamtenance. Strict hmits must be adhered 
to in regard to the charging of batteries. If these are not used to determine 
the type of battery to be installed, then they may be mismatched to the 
generator. Poor performance and short life are the result. 

Owner-built systems are usually d.c. and are used to power lightmg and 
some light appliance needs. A simple 24 V battery bank with 4 - 5 kW h 
storage would be sufficient for several days of hghtmg. As with 32 V sys- 
tems, some small commercial d.c. to 240 V a.c. mverters are used. The m- 
creased availability of 12 V d.c appliances, rumed mamly at the leisure 
market, may result m 12 V rather than 32 V systems being used m future. 

Until recently the hmit of diesel-plus-battery systems was determined 
by the capacity and poor efficiency of available mverters One recent devel- 
opment is the availability of an efficient, lower cost, high-power mverter 
made specifically for this application. The mverter is available at 10 or 
20 kW capacity and clarms better than 90% efficiency over the full load 
range. Power supply from the system is entirely 240 V a.c Such a break- 
through was needed for the diesel-plus-battery systems to be able to offer 
significant fuel savings and realistic power availabrhty. 

From a system efficiency pomt of view, the concept of dedicating the 
diesel set to serve as a battery charger has a great deal of merit, even though 
the batteries may only be 70% - 75% efficient. This is only true, however, for 
installations with low load factor and a variable load pattern. System effi- 
ciency stems chiefly from better loadmg of the diesel. The diesel IS smaller, 
and is run at full load and for fewer hours. 
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In installations where the load is more constant, such as a roadhouse, 
diesel/battery systems offer very few advantages other than convenience 
The systems that are now commercially avalable may gradually replace the 
smgle diesel set m homesteads and small farms. 

3 4 Wmd-driven generator systems 
For more than 35 years, wind generators have been used m New South 

Wales to charge storage batteries for small low-voltage lighting systems. A 
wmd generator consists of a rotor that is driven by the wmd to produce 
shaft power. This rotor is hmited in rotational speed by some form of 
governor. The rotating shaft connects either directly or through a gearbox 
to drive a generator. Horizontal-axis wmd generators are turned into the 
wmd by means of yaw control systems, usually a tail vane. 

Early Australian d.c. generators were effectively limited to 1.5 kW peak 
output and were either compound-wound or fully regulator-controlled. 
Although they were effective battery chargers, even m relatively low-wind 
areas, poor voltage regulation frequently led to overchargmg. In 1965, a 
brushless alternator umt rated at 2 kW was introduced. The design consisted 
of a series-wound generator mcorporatmg a fixed tail and automatic blade- 
feathermg control. Over the past 5 years, many new types of wmd generators 
have been developed m Australia and overseas. Many of these are still m the 
development stage but an mcreased mterest m wmd energy, particularly in 
the U.S.A., has led to a rapid Increase m the availability of well-designed 
units. The horizontal-axis propellor type is still the most popular design. 

The blades of propeller-type wmd-generator rotors may be made from 
wood, folded metal sheet, alummium or fibreglass. All materials are required 
to mamtam strength and stiffness under extremes of temperature and wmd 
pressure. The blades unc’ergo countless repeated bending stresses and failure 
due to fatigue is an important design constraint. Exposure to the environ- 
ment may lead to surface deterioration. Thus, regardless of the material 
used, it is important that the blades are well mamtamed. Aerodynamic 
design differences between rotors are relatively ummportant on small rotors 
(up to 8 m m diameter). If a standard airfoil IS used, and the pitch angle is 
set between 12’ and 14”, the rotor should be capable of efficient perfor- 
mance 

Rotors of wmd generators differ from the “wind wheels” of water- 
pumpmg mills. The latter generally use fan-type blades that achieve virtually 
no aerodynamic lift on the blade surface They are not designed to maxlmise 
energy conversion but to achieve high torque for mechanical pumping in 
light winds. In contrast, the rotor of a wmd generator is designed to perform 
well m high winds by making use of aerodynamic hft on the blades. Such 
rotors only require two, three or four blades. A well-designed wmd generator 
should achieve a tip-speed ratio (ratio of rotational speed of the tip of the 
rotor to the wmd speed) of up to 8. This compares with a tip-speed ratio of 
less than 1 on most wmd wheels and is a measure of the higher rotor effi- 
ciency. 
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The rotors on early generators were fixed pitch, but most current 
battery-chargmg wind generators have some form of pitch control mech- 
anism. Alternatives to this design mclude air brakes and swivel rotor systems. 
All methods aim to prevent the rotor from overspeedmg m high winds. Stall 
regulation is a preferred method of speed control, but is only practical on 
large rotors (greater than say 6 - 8 m m diameter). Air-brake control has 
proven successful on many units, notably the early Jacobs range of wind 
generators from the U.S. The swivel rotor is used m the North Wind units 
from another U.S. manufacturer. Elektro GmbH of Switzerland and Dunhte 
of Australia are two manufacturers that use a pitch-control system m their 
range of modern wmd generators. All methods work successfully. Air brakes 
may suffer from noise and swivel rotors tend to be expensive, but both are 
currently m use. Pitch control is the most widely used system and has been 
in use for more than 35 years. 

Direct-drive generators are available up to 4 5 kW capacity. Although 
modern gearboxes are usually rehable devices, they are best avoided if pos- 
sible as they represent an extra source of failure and another item for mam- 
tenance. They are usually a pmion and gear assembly with a 4 - 5:l ratio. 

Yaw on batterycharging wmd generators IS usually achieved by using a 
tail vane. Some units are tail-less, usmg a down-wmd rotor that is pushed 
around m changmg wmd directions, but these are not common. A few 
vertical-axis wind generators have been built for battery charging but none 
are m commercial production. Slmllarly, electric yaw control is not com- 
mercially available. The tail is not only used for yaw control but may be 
pulled parallel to the rotor to turn it out of the wind as a method of shut- 
down. All wind generators require protection from high winds. Wind speeds 
may be monitored by means of a wmd vane or anemometer. The control 
function activated when the wmd exceeds a preset level may be designed to 
turn the rotor out of the wmd, operate a brake pad or au-brake system. 
Whichever way the unit is designed to shut down, it is important that the 
system be fail-safe, as machme damage will usually result from continued 
operation m high winds. A manual over-ride should also be available. 

A battery storage system capable of meeting demand of 3 - 5 days is 
normally mstalled If power is to be supplied continually Such installations 
may require substantial peak capacity and the preferred storage voltage is 
110 V. For a given power demand, the current drawn is dependent upon 
the system voltage. Typically, a lead/acid battery may have a safe discharge 
current level numerically equal to about 10% of the battery’s storage capac- 
ity For example, a 225 A h battery may sustain a discharge of 22.5 A, and 
the maximum power which may be drawn from a typical 110 V battery 
bank, capable of a 3 - 5 day storage, would therefore be 2.7 kW. In practice, 
higher surge currents may be drawn without damage to the battery. Un- 
fortunately very little experience has been documented with regard to 
the performance of high-voltage battery banks operated m the manner 
necessary for power supply to a homestead. The Energy Authority of New 
South Wales is instalhng three homestead power systems, with battery 
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voltages of 48, 110 and 240 V. These systems will be monitored for two 
years of operation and are expected to provide valuable field data. They are 
described m more detail below. 

The need to store power m batteries means that some form of d.c. to 
a.c conversion must be employed. As mentioned above, the small com- 
mercial static mverters used m the past for 32 V hghtmg plants have often 
been inefficient. In larger systems, where the voltage is 110 or 240 V d.c., 
the efficiency of conversion may be mcreased. State-of-the-art mverters 
offer better than 90% efficiency over the full load range and operators can 
now achieve 24 h a c. power supply at 1 - 20 kW peak capacity. 

From the foregoing discussion, it can be seen that battery life and the 
reliability of unproven technology (such as mverters) are two areas of con- 
cern for potential mstallers of wmd/electric systems. Also hampering the 
wider implementation of the technology can be the lack of wind-speed data. 
A modern domestic-sized (4.5 kW) wmd generator may be expected to 
produce m excess of 4000 kW h per annum m a 4 - 5 m s-i annual average 
wmd speed This is sufficient for all normal apphance needs, even allowing 
for system losses. This type of generator can also be used as a fuel-savmg 
device m conJunction with a diesel generator. The performance of any 
particular unit IS dependent upon site-specific features such as load profile, 
wmd speed distribution and mdividual system design. However, m windy 
areas, wmd generators can provide a viable source of power supply, or fuel 
saving, for people livmg m remote areas. 

3 5 Photovolttzic systems 
Of all renewable energy systems, photovoltaic systems offer the sim- 

plest method of generation from an operational point of view. The unit of 
electrical current generation m most commercial photovoltaic panels is the 
silicon cell. The cells are connected together and mounted (or “encapsulated”) 
m a panel The panel consists of a clear, low reflective cover and backing 
material. The technology of cell manufacture is complex but, when encap- 
sulated, the resultmg panel is a remarkably simple low-mamtenance and 
rehable source of power generation. The panel is usually designed to charge 
a 12 V battery, but may be connected with other panels m series to charge 
24, 32, 48 or 110 V battery banks. The use of photovoltaic systems has 
increased quite dramatically m recent years. This expansion m activity has 
followed a progressive decrease m the cost of silicon cells. At the outset, 
the technology was only cost effective m very remote, low power demand 
mstallations such as navigational aids and communication links. As the cost 
of cells dropped, small home hghtmg systems became economic. Today, 
many homes with low demand (up to 1.5 kW peak) are using solar electric 
systems while higher demands are being met by solar hybrids, a e combma- 
tions of solar and wind, diesel, petrol, etc [ 51 

Peak output currents from photovoltwcs are usually far less than the 
upper limit for chargmg a typical lead/acid battery Thus, no design limits 
are usually encountered m this area. Generation follows a daily cycle and the 
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regular chargmg of the storage battery is an attractive feature of the tech- 
nology. Although smgle-crystal mhcon is still the most commonly used, 
progressive cost and efficiency improvements are leadmg to the mtroduction 
of polycrystallme cells mto the market. Typical smgle-crystal or polycrys- 
tallme panels currently available have peak power ratings of 35 - 40 W, an 
open-circuit voltage of approximately 20 V, and a short-circuit current of 
2 5 A. Amorphous silicon panels are now becommg available, but are cur- 
rently high cost and have lower hfetimes and efficiencies. 

The chief requirement of a battery m photovoltaic power systems is to 
provide power supply at night and m tnnes of cloudy weather. The size of 
the battery store will vary dependmg upon the site. In some areas, 8 - 10 day 
storage may be required but usually 3 - 4 days is sufficient. Assummg a 
typical daily demand of 1 kW h, the storage requirement would probably be 
3 - 4 kW h or 125 - 170 A h batteries at 24 V. Where ancillary power sources, 
such as petrol, diesel or wmd generators are also used, storage can be reduced 
to 1 or 2 days. 

Two further battery aspects are Important, the rate of discharge re- 
quired and the boost chargmg facility. As with all battery systems, the rate 
of discharge ~111 influence the battery life. Boost charging of the battery is 
necessary at least once per month to ensure cell equahsation. In photovoltsuc 
systems, this is a relatively simple matter, smce the cells are self-regulatmg. 
In wind or diesel systems, however, boost charging must be arranged through 
the charge control system. 

Small photovoltaic systems, suitable for a load such as lights, radio/ 
television and a few appliances, have been successfully mstalled at many sites 
m New South Wales over the past 7 - 8 years. Larger systems for household 
loads are relatively few m number. With the advent of more efficient m- 
verters, there are no technical reasons why photovoltaic systems cannot 
provide the entire power supply for a normal home or homestead. With 
present photovoltruc prices, however, hybrid systems using a diesel, for 
example, may provide more cost-effective power for large loads. Comparison 
with other technologies suggests that photovoltaic systems are cost com- 
petitive for certam loads. However, the very high mit1a.l costs of solar panels 
means that few customers could currently afford to mstall a large photo- 
voltaic system. Since photovoltaic systems are modular, however, the sys- 
tem can be built up gradually with any mcrease m load bemg catered for by 
increasing the number of panels. 

4.Off-grrd consumers in New South Wales 

The State of New South Wales can be divided geographically into three 
regions: eastern seaboard, central western and far western (Fig. 1). The 
physical features that define these three regions have mfluenced the present 
power supply situation Population density, economics and electricity 
demand patterns evident m the different regions have historically mfluenced 
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Fig. 1 Dlvlslon of New South Wales mto regions with different power supply character- 
1st1cs 

the extension of the md network and still influence declslons regarding 
power supply 

The people hvmg m the far west of the State have managed without 
connection to the supply network for many years by operating a variety of 
diesel, petrol- and wmddnven generators, wood fueled, and LPG appliances. 
More recently, areas around Bourke Cobar and Hlllston have been serviced 
with single-wue earth return (SWER) network connections Property owners 
m these areas are eager to connect to the new supply, but many fmd the 
connection fee (now averaging $40 000* per property) a burden. In addition, 
the supply 1s often disrupted by hghtnmg and bushfires. Further away from 
these town centres, property owners are generally excluded from connec- 
tion and remam with their muz of generators The problem of nnprovmg 
the power supply to these people, to a standard considered mmnnal m city 
areas, still remains. 

The area not serviced by any part of the network 1s not the only region 
to requve some form of stand-alone electricity generation system Within the 
network isolated consumers mclude weekend farms or cottages, hobby 
farms, small farms, and community groups. Some wish to be self-reliant, 
some only require a small amount of power and the cost of grid connection 
cannot be lusttiled. Some seek the lowest cost option. 

*All costs m this paper are given m terms of Austrahan currency 
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At present, production of stand-alone power by conventional diesel 
systems m use m the above areas is often expensive mefflclent, unreliable 
and mconvement. Extension of the SWER network to all consumers would 
be very expensive and of questionable rehablhty m the very isolated resons 

Five off-grid consumer groups have been ldentlfied. (1) far western 
district grazlers, (11) isolated hotels, roadhouses, small towns, or mine sites, 
(111) isolated farms (often small or hobby farms) wlthm the grid-serviced 
region, (m) weekend or part-tnne residences (e g holiday homes), and (v) 
alternatlve-lifestyle commumty groups. The followmg sections discuss the 
charactenstlcs, current practice and trends m electricity generation for 
these consumers. 

4 1 Far western dzstrxt grazters 
4 1 1 Electrlclty requirements 
The grazlers m the far west of the State, although numencally small, 

occupy a vast tract of land. The region covers approxnnately one-thud of 
the State, extendmg west of a line drawn from Brewarrma, through Nyngan 
and Condobolm to Griffith. Grazmg activities mclude both sheep and cattle 
The difference m land use between sheep and cattle may at times be nnpor- 
tant for power supply considerations because heavy short-term electrical 
loads such as shearing are slgmflcant 

The far western region 1s very hot m summer but has cold winter 
periods. An- condltlonmg 1s a necessary, but not often avmlable, feature. The 
generally dry chmate makes evaporative coolmg feasible. The hot summer 
period also makes cold storage of food a necessity. Both coolrooms and 
conventional refrigerators are required If satisfactory food storage is to be 
achieved. The cold winter nights demand some form of heatmg, but this is 
usually of such a mmor nature that an auxiliary heater, often wood fired, 
1s all that 1s required. Electric space heatmg would not generally be needed. 
Ram 1s sparse throughout the region and water pumpmg 1s necessary. The 
electric power supply would normally be expected to operate the domestic 
water-pumping needs, however, stock water 1s usually pumped by wind- or 
diesel-driven pumps, and more recently by photovoltac powered pumps. 

The remoteness of much of the region means that service, spare parts, 
and even simple repair mformatlon for on-farm machmery 1s often difficult 
to obtam. Grazlers are rightfully wary of new technology because even a 
simple repau may take several days and possibly Involve hundreds of kllo- 
metres of travellmg. Grid extensions m such areas are also SubJect to the 
dlfflcultles of remoteness. It 1s estunated that the average length of connec- 
tion to the remammg customers m regons such as this 1s 12 km. However, 
the real cost incurred m such regions is mamtenance of the grid lines, which 
averages $200 per km per year The remoteness also affects overall power 
supply rehablhty Repair teams, whether for grid lines or on-farm machinery, 
may take several days, if not longer, to restore power supply Many house- 
holders, therefore, retain thev original power system for emergency use. 
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A homestead m the far western district 1s sun&r m many respects to 
a city home and would not be expected to use less power fi it were available 
If anything, additional demands such as extra rendents, workshop loads, 
cooling on a larger scale, both for food preservation and space coolmg, and 
&e-specific loads such as water pumpmg, mean that electrical loads may be 
expected to be higher than those for city counterparts. In fact, present 
homestead electricity demand is quite low Lack of reasonable power supply 
has meant that a variety of alternative energy sources are used (such as LPG, 
wood, dvect diesel engme power, etc) Thus, power demand varies widely 
dependmg upon the solutions found by mdlvldual grazlers Values of 5 - 48 
kW h per day are encountered with 8 - 10 kW h being most common 

4 1 2 Present electrmty genera tzng practice 
Homesteads with small 32 V wmd-driven plants and ancient smgle- 

cylinder back-up generators stand beside homesteads with modern 25 kV A 
diesel sets that are run for 16 h per day. Maintenance is also as variable. In 
the mam, present generators are 32 V d.c systems that utilize wmd and 
diesel plant or 240 V a c diesel or petrol-only plant The 32 V systems 
consist of outmoded d.c generators (500 - 1500 W), a small battery bank, 
a crude control panel, and possibly a small (300 - 500 W) static mverter. 
Wlrmg m these low-voltage systems 1s often poor The use of low voltage 1s 
an mvltatlon to tolerate substandard msulatlon and connections. Wlrmg m 
a 32 V household 1s mvarlably substandard for 240 V connection. Conver- 
sion of base plant to 240 V standards therefore requires complete rewlrmg, 
which escalates the cost of conversion 

Despite their hmltatlons, 32 V systems are inherently low-cost and an 
efficient power supply for low electricity demands. A complete system 
might be installed for a few thousand dollars and, if a wmd generator 1s 
used, can be run for a few dollars per day This IS not to say that the cost 
per kW h IS low because the systems are very hmlted m power output. Thev 
sultablllty, however, 1s declmmg with the growing demand for power. 

The range of type, size and quality of 240 V a c diesel mstallatlon 1s 
wide Some grazlers claim satisfactory performance from 4 kV A plant, 
while some have mstalled 25 kV A umts By far the most common is the 
8 kV A two-cylinder plant, although most would agree that this 1s a com- 
promise between meeting peak loads of 10 - 12 kV A and fuel usage. 

Typically, the generators are run either 4 - 5 or 10 - 16 h per day. 
The choice 1s usually based on the method used for refrigeration. If LPG 
refrigerators are used, then the diesel running time may be reduced to a 
few hours at night. In either case, the demand 1s not necessarily well 
matched to the diesel capacity. The diesel size must be such as to allow for 
peak loads, and for much of the time it is run at very low loads or artlflclally 
loaded with unnecessary lighting or heatmg to avold engine damage. Some 
control swltchmg, together with water-heater load, means that a better 
match is reached, but this is not a common practice. LPG 1s expensive m 
remote areas and absorption-cycle gas refrigerators are less efficient than 



222 

thermostat-controlled compression-cycle units. The high capital cost of the 
gas refrigerators compared with 240 V a c. electric refrigerators 1s also an 
mhlbltmg factor However, although the capital cost of the diesel set is 
relatively low, the high fuel cost can also result m very expensive electricity, 
particularly if the diesel capacity 1s not well matched to the load. 

The wide variety of supply systems currently installed means that there 
IS a wide range of load profiles and related features. The load profile for a 
32 V system can be expected to show a low peak of only a few kW and a low 
average demand. The load factor may be low but, because storage is included 
m the system, this 1s of little consequence to the overall efficiency. The 
capacity factor 1s usually high, meanmg that the systems are generally well 
utilized. 

The chief lumtatlon of the systems 1s their small peak capacity (usually 
limited to a maximum of a few kW). The systems are usually considered to 
be a low-cost hghtmg plant and as such provide reliable, cost-effective, 24 h 
power supply. The total usage from such systems may be 1 - 2 kW h per day 
or an average of 80 W. Appliances with 32 V ratings are still m use but are 
becommg more difficult to obtam Interestmgly, 12 V appliances are becom- 
mg more common, a result of consumer appliance developments, particularly 
for campmg and caravanmng The 32 V d.c. hghtmg system IS quite adequate 
for reading and 1s possibly easier on the eyes than poorly regulated a.c. 
hghtmg 

Diesel-only systems that do not provide refrigeration load are typmdly 
run at night (4 - 5 h) to provide hghtmg and some appliance loads (such as 
a washing machme or a televlslon set). The average load over 24 h for such 
systems may be 400 - 600 W. However, the load profile for such mstallations 
during the run time usually shows a contmuous high load for the diesel set 
(2 - 4 kW) This only apphes when the consumers are well orgamsed and 
undertake those tasks requrrmg electrlclty m the few hours of run tune. If 
the diesel set 1s small m capacity (say 4 - 6 kV A), then the capacity factor 
may be as high as 0.75 and the diesel set 1s efficiently utlhsed. If the diesel 
is of larger capacity, or the consumers are not well organued, then the 
capacity factor may be as low as 0 03 

In diesel-only systems where refrigeration load 1s included, the average 
load might be 500 - 700 W. The load profile m this case may agam show a 
high peak and low capacity factor, agam with engme damage as a result. It 
is usual m these installations to have some dummy load connected to ensure 
adequate engine loadmg at all tunes. This false load leads to unnecessary fuel 
usage and poor economics but does maintain engine life 

4 1 3 Current trends 
Over the past 10 years there has been a steady move towards the 

mstallatlon of diesel generator sets. In parallel with this, the use of 32 V 
systems has declined. The use of gas or kerosene hghtmg has also faded out. 
For the next few years at least, this trend is expected to continue New 
technology is begmnmg to have an unpact. Diesel-plus-battery, wmd gener- 
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ator and solar systems are now available as alternatives to diesel-only sys- 
tems. They could represent a marked improvement over the current practice 
of runnmg a diesel generator alone Indications are that alternative tech- 
nology, now m its mfancy, will be the mamstay of power production withm 
the next 5 - 8 years. 

4 2 Isolated hotels, roadhouses, small towns and mme sites 
4 2 1 Electruxty requvements 
The electricity demands are similar for isolated hotels, roadhouses, 

small towns, and small mme sites The maJority of these consumers, not 
connected to the grid network, are located m the same geographical area as 
the far western district graziers. Air conditionmg is a necessary demand and 
refrigeration m summer is imperative for the commercial survival of these 
concerns. Water pumping is another essential load and, m mstallations that 
provide for accommodation, can represent a maJor system design factor. 
Water purification although not currently a common demand, could rep- 
resent a major load if grid power were connected 

The region is sparsely populated and centres such as hotels form a 
valuable focus for meeting as well as providmg necessary accommodation. 
The very fact of the remoteness means that these centres are under pressure 
to mamtam a reliable power supply As a result, the mstalled power supply 
system is placed under quite different pressures to those of the graziers 

The mstallations m this groupmg all serve a large number of people 
and require, m general, a reasonably constant supply of power for loads 
such as refrigeration, which must have power for at least 15 h per day, and 
all-night outside hghtmg. Well-stocked and msulated refrigerators may 
remam cold without power supply for up to 10 h, but beyond that time 
there is a severe risk of food spoilage as the refrigerator warms up. In addi- 
tion to refrigeration, heavy loads such as electric cookmg, large-volume water 
heatmg and space coolmg are also usually required. The load profile that 
emerges from such mstallations is quite different to that of the single home- 
stead The main difference, apart from quite a significant increase m the 
amount of electricity required, is the flatness of the load profile compared 
to the quite variable load pattern found m a smgle homestead. This is be- 
cause the consumers are generally aware of the problem of too high a peak 
load and have sufficient appliances mstalled to enable orgamsation of the 
load, z e load management, to suit the installed generator. Time switches and 
controls that limit the smultaneous tummg on of heavy apphances can 
smooth out the load curve and reduce the peak demand. 

Peak-load requirements vary dependmg upon the size of the mstallation 
(I e number of people serviced). Most mstallations requrre several refrrger- 
ators, some space coohng, electric cookmg and a sigmhcant hghtmg load. 
Given that the mstallation is well load managed, with automatically con- 
trolled swltchmg to hmit simultaneous cuttmg m of appliances, peak loads of 
14 to 20 kW may be expected. However, this may range as high as 30 - 40 
kW m larger hotels or a mme site that uses large electric motors Rarely 
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would the peak load requirement be less than 10 kW. However, the average 
load for a typical roadhouse with several refrigerators and some cookmg and 
water heatmg load, but httle or no accommodation, would possibly be 
about 3 kW (70 - 80 kW h per day). Clearly, rt 1s difficult to generahse 
because the demand depends upon the number of people serviced, the degree 
of energy conservation practised and the nature of the particular installation. 
With a peak load of 15 kW and an average of 3 kW, the load factor is 0.2. If 
a 15 kW diesel set is run 15 h per day, the capacity factor is 0.32. This is far 
better than the typical homestead but still short of achieving optrmal per- 
formance from a diesel set. Larger mstallations may further improve the 
system configuration by mstallmg diesel sets of different sizes to better 
match the load, 1 e. achieve a higher capacity factor. In most cases, how- 
ever, the capacity factor is unhkely to improve much beyond 0.4 and dum- 
my load is still required to ensure correct engme loadmg. 

Voltage required by all mstallations is 240 V a.c. Frequency and wave- 
form requirements may be less exactmg than for mdustrial installations m 
the city. Most apphances used m these remote mstallations will tolerate 
voltage and frequency fluctuatrons that may occur from time to time with 
diesel sets. However, modern control equipment should be capable of quite 
accurate stability control. As with the homestead power supply, r f mter- 
ference cannot be tolerated as it may disrupt radio commumcations. 

4 2 2 Present elec trzczty genera tzng practzce 
Without exception the present generatmg system used m these m- 

stallations is a medium-sized diesel set (15 - 35 kV A). The systems are 
almost always without back-up (from plant such as a 32 V generator) be- 
cause the demand is consistently high. Emergency supply m the event of a 
breakdown is provided by a second diesel set. The diesel engine is usually 
a low-speed (1500 rev mm-‘) type with a 10 000 h service hfe before mqor 
overhaul. With a power availabrhty demand of 15 - 20 h per day, this life 
may be reached in less than 18 months. Typical installations claim a maxi- 
mum trouble-free life for a new generator of 2 - 3 years. To mamtam such a 
power supply is an increasing burden. Costs of fuel, labour and replacement 
parts are escalatmg. Supply is being mamtamed m many mstallations by the 
constant efforts of the proprietor. It 1s little wonder that local electricity 
supply authorities are contmually pressured for grid extensions m such 
areas 

4 2 3 Current trends 
With the rismg cost of runnmg the diesel umts, consumers are seeking 

alternative power supply options. Some mterest is apparent m battery 
storage systems, either as a prune source m smaller mstallations or as a 
“piggy-back” system m larger mstallations The interest is m the better 
matchmg of load and engme performance. Current trends seem to be toward 
more rational use of the existing diesel set with a growing mterest m fuel- 
saving add-on renewable energy systems 
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4 3 Isolated farms wzthm the grid-serviced regton 
4 3 1 Electrlczty requirements 
A small group of off-grid farm-based consumers (perhaps a few hun- 

dred) exists withm the area serviced by the conventional power network. 
This area includes both the central western and eastern seaboard geograph- 
ical regions (Fig. 1). The entire area is well populated and most farms would 
be connected to grid power or are withm a few kilometres of a power line. 
However, there exist pockets of developmg farmland m which farmers face 
costly connection fees. Such farms seek alternative power supply systems 
and, like the western district graziers, usually mstall a single diesel set. Where 
diesels are used, consumers tend to fit as much activity as possible into the 
periods of diesel runnmg. As a result, the observed load curve is of short 
duration and with a high average for the run time 

The farms are often isolated by rugged terram and lend themselves to 
renewable energy system use. Wmd and water generators may be used 
where mdrvldual sites permit. Solar cells are able to take advantage of sunny 
exposures m the coastal area or m the clear an of mountain regions. The 
chmatic and other physical features of the farms vary widely: coastal 
regions have mild chmates, thus little space heating or cooling is required; 
farms m mountam regions may requrre space heating. In general, the chmate 
is more hospitable than the far western district and the farms smaller. This 
is reflected m lower electrical demand. Refrigerators need not be as large nor 
use as much power, the need for space coolmg is reduced and the farm size 
(and therefore the electricity consummg workload) is less. However, the 
farmer needs to have periods of recreation and the usual list of low-power 
farm Jobs have to be done Thus the demand-load curve reflects the need 
for power availability for long hours of low load as well as periodic peak 
loads Many mstallations operate on small diesel sets (4 - 5 kV A), thus 
providmg a practical peak hmit of 3 - 4 kW. In many cases, this would be 
considered adequate. However, with the prospect of conventional power 
supply availability, the peak could be expected to rise to 5 - 6 kW through 
the relaxation of load-management practices. 

Many farmers express the frustration of bemg tied to the diesel run- 
time for farm repair work The mconvemence of diesel generator power 
supply IS made more acute for these farmers by the fact that many of them 
have come from areas supplied by the grid network. Lack of a contmuous 
power supply means that excursions away from the farm for even short 
periods become difficult if food is to be kept frozen, etc. Often neighbours 
are requrred to start the diesel plant each day the farm is unattended. 

A farmer m this group may require 8 kW h per day or an average of 
333 W Load factor values of 0 1 or less may be encountered. An improve- 
ment m load factor over that for the western district grazrers may be 
expected m many mstallations, reflectmg the lower peak load for slmllar 
average demands. Even with the improved load factor, it would not be a 
proposition to consider runnmg a diesel set for long periods without dummy 
load provision. In practice, the diesel set is run for only short periods and the 
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capacity factor may be as high as 0 6 - 0.7 m an mstallation where the load 
is well managed In the case of contmuous supply, the low load factor 
indicates that a simple diesel-only system IS not satisfactory. 

4 3 2 Present elec tract ty genera tlng prac tlce 
As mentioned, most farms m this group use small (4 - 5 kV A) diesel 

generators to supply househoId power These are run for a few hours each 
day There are, however, a number of farms that use some form of renewable 
energy system, based either on photovoltaic panels or a wind generator. 
Some farms have a modern automatic diesel generator mstalled, but by far 
the most common mstallation consists of an old manual-start generator with 
remote stop Heavy specialist loads, such as welding and pumpmg, may be 
met by dedicated engmes This system of providmg power by separately 
matchmg load and supply results m a high capacity factor (I e 0.6 - 0 7) for 
the mam diesel generator. This well-loaded diesel generator need only be run 
for 1 - 2 h m the mornmg and 3 - 4 h at night. The low run time and high 
capacity factor mean that the generator is well utllised. Refrigeration must 
be powered separately m these systems, usually by using LPG. 

The cost of electricity, although still high, is considered reasonable by 
most farmers. Real cost of generation varies between mstallations, depending 
upon how well the farmer is orgamsed. The cost is misleadmg, however, 
because it does not take mto account the total cost of energy provision to 
the farm. The cost of LPG used for loads that could be electrified must 
therefore be included m any comparison with alternative systems. 

Renewable energy systems currently mstalled are commonly low-power 
low-cost supplies. Peak power is limited to 1 - 2 kW. Photovoltaic systems 
usually consist of four to six 40 W panels, but some have as many as ten 
panels mstalled. Such systems provide 0.8 - 2 kW h per day. Wmd generator 
systems are of similar capacity, although m areas of high wmd the net energy 
generated may be higher. 

The small diesel generators provide 240 V a.c power with reasonable 
rehabllity Voltage fluctuations are apparent near full load and frequency 
control depends upon the particular unit mstalled. The renewable energy 
systems mamly provide low-voltage (24 - 48 V) d.c. power for lighting and 
small appliance use. Limited use of mverters extends the power supply to 
240 V a.c (1 - 2 kV A) m some mstallations 

4 3 3 Current trends 
Where grid connection costs remam high, the demand for 240 V con- 

tinuous power supply has led to the development of new power systems 
The use of advanced stand-alone power systems is expected to increase m the 
future, eg diesel-plus-battery systems that can provide 24 h power at a 
competitive cost. 

In summary, whether by grid connection or alternative systems, the 
current trend is towards provision of power at a standard equivalent to that 
provided by the city grid network. With the popularity of small-hectare 
farmmg, there will be mcreasmg pressure for grid extensions 
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4 4 Weekend or part-tame residences (holrday homes) 
4 4 1 Electruxty requarements 
Consumers m thrs group are scattered throughout the eastern part of 

the State Many are located near the coast but the groupmg also mcludes 
those consumers located m bushland settmgs along the Great Dlvldmg 
Range With the popularity of hobby farms mcreasmg, the number of sites 
where power is required m the next few years is also likely to increase. 
Currently, several hundred such sites exist. In general, the homes are situated 
m areas with mild chmate and access to alternative sources of energy, such 
as wood for space heatmg, water heatmg, and cookmg. The coastal locations 
are often well placed to take advantage of renewable energy systems. The 
access to wood and hmlted, or part-tune, occupations results m very low 
electmcal demand with power required for only short periods each week. 
Many homes operate without any electrlclty at all by usmg LPG for hghtmg 
and refrigeration Where electrlclty 1s requued, it 1s for low-power domestic 
appliances only 

The load profile of such mstallatlons varies widely. In many instances, 
however, a peak of only a few kW would be expected. Power may be re- 
qulred contmuously if refrigeration 1s mcluded The average power may be 
hmlted to a few tens of watts. As a result of this low demand, the load factor 
would also be expected to be low If occasional use 1s made of high peak a.c. 
demands such as an electric kettle or refrigerator-motor-startmg load. How- 
ever, the low demand also means that almost any type of power supply can 
be tolerated Dvect current lighting and low-voltage d c. refrlgeratlon allow a 
wide range of supply system altematmes. Voltage and frequency stability 
are not critical. 

4 4 2 Present electruxty generating pmctlce 
The generation of electricity for these mstallatlons varies widely Some 

homes use a small diesel generator but many rely on portable petrol-driven 
generators. Increasing use 1s bemg made of photovoltalc panels, charging a 
small battery bank. Some low-cost recondltloned wmd generators are also 
used to charge batteries for hghtmg In some cases, lights are hooked up 
directly to an automotive battery Runnmg costs of a small petrol generator 
are quite high and are compounded by the short engine life. However, since 
they are available m smaller sizes than diesels, they are better sulted to low 
load demands and provide an adequate low-cost system. 

4 4 3 Current trends 
At present, consumers are interested m photovoltalc systems and this 

interest is expected to mcrease. Unless the capital cost of small wind gener- 
ators decreases slgmflcantly, they are not expected to be able to meet the 
low budget set for most mstallatlons Second-hand wmd generators ~111 
continue to be used 

In summary this group of consumers 1s expected to continue to oper- 
ate small engine-dnven generators augmented by small solar or wmd energy/ 



228 

battery systems. Cost of electricity, per kW h, may be high, but is not the 
mam concern for consumers m this group. Their prmcipal interest is to 
achieve some form of power supply at the lowest capital cost. 

4 5 Alternatwe-bfestyle communaty groups 
4 5 1 Electrwty reqwements 
A typical community m this group consists of several homes and some 

small workshops. It is difficult to gam a true estimate of the number of such 
small commumties m New South Wales, however, there are probably many 
hundreds of remote community sites where some form of power is required 
Many of the groups are situated along the eastern seaboard region where 
they have the advantage of mild chmate and ample alternative sources of 
energy such as wood. They are usually well placed to utllise renewable 
sources of energy because low electrical demand and generally low cash flow 
means that approprrate low-cost systems can be devised that utihse wind, 
solar or water power. Electrical demand is essentmlly limited to lighting and 
some small d.c appliances Most heatmg is based on wood, and refrigeration 
is not usually a necessity Power tools are mmlmal and very few electric 
motors are in use. 

It is difficult to formulate a typical load profile for mdividual dwellings 
m such communities because the load is so small and is very user specific. 
However, peak demand for an mdwldual home may be as low as 1 kW. 
Average demand is usually low for long periods (perhaps only for 2 - 3 lights) 
but power is required contmuously. It is most common for power needs to 
be met by mdwidual household systems. If the community has a central 
power supply system then a consistent load profile may be determmed 
because user-specific variations tend to be evened out The profile would be 
generally flat with a low peak of some few kW. The average power reqmre- 
ments of the commumty are chiefly determmed by the number of dwelhngs. 
240 V a.c. 1s sometimes desired, although low-voltage d.c. power is most 
commonly used. Voltage and frequency fluctuations are not critical. 

4 5 2 Present elec truxty genera tang prac tu2e 
Although a great deal of variety is apparent, present systems am to 

achieve consistent darly power supply. The advent of photovoltaic panels 
durmg the mid-1970s led to a general swmg toward mstallation of low- 
voltage systems based on this technology. At present, many homes are 
powered by small (1 - 4 panel array) solar systems Supply is mostly d.c. but 
some small (0.5 - 1.5 kW) mverters are used to achieve 240 V a c. Rebuilt 
wind generators and home-made hydroelectric generators are also used 
These systems are able to deliver daily power at a far lower cost than, say, 
a petrol-driven generator. 

4 5 3 Current trends 
It is not expected that the financial status of the community-based 

consumers will change m the near future. The need for a low-power con- 
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tinuous supply is also expected to contmue. This demand pattern suits 
systems such as those based on photovoltaic panels. The mstallation of such 
systems is expected to continue and replace any petrol-driven generators 
currently used 

5. New South Wales Government projects 

Economic analyses of alternative power supply systems for remote 
areas show that in many situations capital-mtensme technologies can provide 
power at a competitive life-cycle cost. In reahty, however, cash-flow restric- 
tions often mean that the most economical solution m the long term cannot 
be financed. This situation is the chief reason for the current widespread use 
of diesel generators as they have the least impact on short-term cash flow. 
Renewable energy systems, on the other hand, have a high initial capital 
cost and often cannot be seriously considered by lower income farmers. 

Although it is difficult to estimate what reductions m capital costs 
might occur with technical advances and increased sales, the Government 
of New South Wales is undertakmg a demonstration programme aimed at 
evaluatmg a combmation of technologies that may be cost effective for 
remote area residents m the State m the short term. At the same time 
mvestigations are bemg made mto ways of fmancmg such systems. Three 
stand-alone power systems usmg renewable energy technologies are current- 
ly bemg mstalled at remote homesteads that would otherwise use diesel 
generators. They will be field-tested for two years and momtored m detail 
The three systems are photovoltaic/diesel, wmd/photovoltaic, and wmd/ 
diesel. 

PhotouoZttzic/dieseZ This system is designed to provide 5000 kW h per 
year (13.5 kW h per day) from 2.5 kW of photovoltaic cells and a 5 kV A 
diesel generator. It mcorporates a 5 kW mverter and 35 kW h of battery 
storage at 110 V. 

Wmd/photouoZtazc This system is designed to provide 3000 kW h per 
year (8 kW h per day) from a 1 kW (swept area 7 m2) wmd generator and 
1.2 kW of photovoltaic cells It mcorporates a 5 kW mverter and 29 kW h 
of battery storage at 48 V. 

Wmd/dteseZ This system is designed to provide 5000 kW h per year 
(13.5 kW h per day) from a 4.5 kW (15 m2) wmd generator and a 4 kV A 
diesel generator It mcorporates a 10 kW mverter and 26 kW h of battery 
storage at 240 V. 

All three systems are automatically controlled to make best use of 
available renewable energy sources and supply 240 V a.c. power contm- 
uously. They are of modular construction and are self-contamed. Battery 
banks and diesel generators are housed m insulated contamers. Photo- 
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Fig 2 Cost us load for various remote area power supply systems Constant real fuel 
price, 1985 component prices Costs m $ Austrahan (1985) Systems costed over 26 
years at 5% discount rate Diesel generators rating (kW) = 1 5 x av annual load m kW h 
/lOOO, run time = 16 h per day, mamtenance = $15 per kW per 1000 h and 50% mltlal 
cost/l0 000 h, hfe = 20 000 h, price = $1000 per kW + $1000, fuel price = 52 4 per htre 
Photovoltalcs output = 1800 kW h/kW(p) per year, provide 50% of annual load m hybrid 
photovoltalc/dlesel and photovoltalc/wmd systems, price m Fig 2 = $9000 per kW(p), 
m Fig 3 = $4500 per kW(p), life = 25 years Wmd generators output = 0 25 pp A, 
where p = 1 225 kg m-j, v = 4 5 m s-l , provide 50% of annual load m hybrid wmd/dlesel 
and PV/wmd systems, price = $900 per m2, maintenance = 2% of capital cost per annum, 
life = 20 years Batteries discharge level = 50%, life = 6 years, pnce = $130 per kW h, 
storage provided = 1 day effective, efficiency output/mput = 85% Inverters rating (kW 
contmuous) = annual load m kW h/1000, price = $1500 per kW, life = 20 years, efficiency 
output/input = 95% 

voltalc arrays are mounted on the container and their mclmation can be 
readily adlusted. Wmd generators are adJacent to the contamers, with one 
having a lattice tower and the other a spun concrete tower. 

This project provides the opportumty to gain detailed performance 
data on components and systems that will assist m the further development 
of commercial systems. It will also mcrease public awareness of these 
technologies and hasten their acceptance and use. To illustrate the relative 
costs of electricity supply from these and other system options currently 
available, life-cycle costs, based on current component prices, have been 
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Fig 3 Cost us load for various remote area power supply systems Fuel price increasmg 
2% per annum (real), photovoltalc prices 60% of 1985 prices (See legend to Fig 2 for 
data.) 

calculated. These are shown m Fig. 2 for a range of possible household loads 
The expected costs of power supply over 25 years for the three systems 
being constructed for the Authority are mdlcated. They fall m the range 
70-75#perkWh. 

An ideal diesel-only system may be the most cost-effective option 
at current subsrdlsed fuel prices, although it does not allow the convenience 
of 24 h power. However, diesel generators are typically not run at optimum 
load levels and this results m considerably higher electricity costs, as shown 

The requirement for 24 h power supply in Australia IS demonstrated 
by consumer wlllmgness to pay premium prices (some over $50 000) for 
grrd connectron. However, the provision of a contmuous supply from stand- 
alone power systems mvolves a cost penalty. The cost of power from diesel/ 
battery and renewable energy based systems reflects this. Nevertheless, these 
systems are still more cost effective than either typical diesel-only systems 
or md extension m many isolated areas of Australia. 



232 

As an example of possible future costs for power from the systems 
shown m Fig. 2, a photovoltalc price reductron of 50% (from $9000 per 
kW(p) to $4500 per kW(p)), which might be anticipated by 1990 and a 
fuel price escalation of 2% per annum, leads to an electrlclty price reduction 
of 15% - 20% m the photovoltarc/wmd/battery system to 60 - 65 4 per kW 
h On the other hand, there 1s httle change m electrrclty price for the photo- 
voltalc/dlesel/battery system, thus mdlcatmg that an mcrease in photo- 
voltalc contrlbutlon would be cost effective. In fact, a photovoltalc/battery 
system may be the lowest cost option. The effect of these possible future 
price trends on electrlclty costs from stand-alone power systems IS shown 
m Fig. 3. 

The Energy Authorrty of New South Wales IS also mvestrgatmg the use 
of renewable energy technologies and battery/mverter systems for isolated 
commumty power supply as an alternatlve to diesel power stations. 

6. Conclusion 

Recent technical developments are increasing the options for stand- 
alone power supply Price trends indicate that systems based on these new 
technologres can already provide viable alternatrves to grid extension or 
tradltlonal diesel-only power systems m many areas 

However, little data currently exist on system performance, component 
life, or consumer load profiles. The Energy Authority of New South Wales 
has undertaken a number of studies on remote area power supply and 1s 
currently evaluatmg renewable energy based systems that mcorporate these 
promlsmg new technologies. 

Renewable energy technologies, m particular, have a high mitral capital 
cost, even though therr hfetnne runnmg costs may be low. The Energy 
Authority of New South Wales is exammmg ways of allevlatmg the capital 
cost problem where the consumer, and the commumty at large, would 
benefit from use of renewable energy based, stand-alone, power systems. 
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