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ABSTRACT 

Stand alon e system s base d o n photovoltai c module s wit h batter y storag e o r win d 
power generatio n wit h batter y storage , i n a  rang e o f syste m size s fro m a  fe w 
watts t o severa l hundre d kilowatts ; an d gri d connecte d system s base d o n th e 
same technologie s an d o n sola r therma l electri c technologies , ar e availabl e i n 
demonstration for m u p t o 1-1 0 M W o f electrica l outpu t wit h plan s fo r 10 0 M W 
schemes i n th e conceptua l desig n stage . Thes e sola r an d win d technologie s ma y 
prove mos t cos t effectiv e i n th e smal l scal e whe n combine d wit h a  hybri d plan t 
using petro l o r diese l engin e generators . Specifi c example s ar e cite d t o sho w th e 
relative economic s o f th e variou s system s usin g up-to-dat e Australia n data , 
where remot e are a application s ar e possibl y mor e simila r t o thos e i n developin g 
countries tha n thos e i n th e develope d nation s o f th e world . 

INTRODUCTION 

The technolog y associate d wit h remot e are a gri d extensio n i s wel l know n an d 
significant improvement s ar e no t likely . Connectio n t o th e mai n stat e grid s i n 
Australia i s no w onl y economicall y viabl e fo r thos e homestead s locate d withi n a 
few kilometre s o f existin g networ k system s (Figur e 1) . Th e cos t o f th e 
connection depend s heavil y o n th e typ e o f terrai n traversed , th e connectio n 
length, an d th e particula r syste m employed . I n Australia , th e cheapes t syste m 
used i s th e singl e wir e eart h retur n usin g a  singl e stee l wir e whic h i s operated a t 
10-20kV wit h a  ste p dow n transforme r providin g u p t o 20k W a t 240 V A C (Figur e 
2). Thes e line s ar e ofte n limite d i n lengt h b y safety requirement s t o abou t 20k m 
total length . I f longe r connection s ar e envisage d mor e sophisticate d an d henc e 
more expensiv e system s mus t b e used . 

Typical cost s o f electricit y t o th e custome r ar e give n i n Tabl e 1  fo r Victoria , a 
heavily industrialise d stat e i n SE Australia , an d fo r a  selectio n o f countrie s i n S E 
Asia an d th e Pacific . Th e larg e variation s i n charge s ar e du e t o man y socio -
economic an d politica l factor s a s wel l a s th e powe r generatio n technolog y an d 
cost o f fue l used . Th e proces s o f tarif f settin g fo r electricit y an d othe r fue l 
prices i s reall y beyon d th e scop e o f thi s pape r bu t th e availabilit y o f remot e are a 
energy subsidie s i n man y countrie s tend s t o mas k th e rea l cost s t o th e 
community o f providin g powe r t o remot e locations . I t shoul d b e note d tha t a 
connection cos t o f A$40,00 0 equate s t o a n electricit y suppl y cos t o f 65¢/kwh . 
Typical cost s fo r electricit y generatio n fro m diese l engine s i n Australi a li e i n th e 
range o f A$0.14-A$3/kwh . 

As th e discussio n wil l b e limite d t o th e availabl e option s fo r electrica l o r 
mechanical powe r suppl y i n area s no t service d b y mai n electrica l gri d systems , 
the followin g renewabl e energ y option s ar e availabl e fo r consideration : 

1. Win d generation s system s 
2. Sola r therma l system s 
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3. Photovoltai c system s 
4. Min i an d micr o hydr o plan t 
5. Bioga s o r biomas s engin e plan t 
6. Hybri d system s involvin g tw o o r mor e o f th e previou s option s 

(Figure 3) . 

In man y remot e area s th e powe r i s generate d a t presen t usin g smal l scal e petro l 
or diese l generator s wit h o r withou t batter y storag e dependin g o n th e expecte d 
power usag e pattern . Recen t development s i n loa d managemen t contro l 
involving th e us e o f larg e scal e batter y storag e ca n substantiall y reduc e th e 
costs associate d wit h conventiona l diese l generatio n an d ar e appropriat e fo r 
consideration wit h connectio n t o renewabl e energ y technologies . Virtuall y al l 
hybrid plant s base d o n windpower , photovoltaics , othe r renewabl e energ y option s 
and a  conventiona l engin e generato r includ e th e facilit y t o charg e a  batter y 
bank. 

ESTIMATION OF TOTAL LOAD 

Before a n electrica l suppl y syste m ca n b e designed , i t i s essentia l t o hav e a 
realistic appraisa l o f th e likel y pea k an d averag e load s associate d wit h particula r 
appliances an d th e usag e pattern s t o calculat e th e expecte d dail y energ y 
demand. A  listin g o f typica l appliance s i s give n i n Tabl e 2  an d th e energ y 
demand o n a  dail y basi s i s show n o n th e sam e table . Thi s typ e o f preliminar y 
analysis i s vita l becaus e o f th e hig h capita l cos t o f th e renewabl e energ y plan t 
particularly th e photovoltai c systems . Carefu l not e shoul d b e mad e o f th e fac t 
that th e pea k deman d o f som e o f th e appliance s i s o f th e orde r o f 2- 5 time s th e 
appliance ratin g an d tha t th e installe d syste m ha s t o cop e wit h thi s instantaneou s 
requirement. 

BASIS FOR COSTING O F RENEWABLE ENERGY SYSTEMS 

The cos t o f electricit y generatio n fro m al l renewabl e energ y source s ha s t o b e 
costed ove r th e tota l lif e o f th e installatio n i f a  fai r compariso n i s t o b e mad e 
with conventiona l electrica l generatin g plant . A s th e system s wil l b e installe d 
away fro m mai n gri d system s n o credi t ca n generall y b e given , i n a n economi c 
sense, t o powe r generate d abov e th e amoun t considere d necessar y fo r operatio n 
of th e connecte d plant . Thi s lif e cycl e costin g metho d ca n lea d t o tw o form s o f 
comparison on e base d o n leas t presen t wort h an d on e base d o n annualise d cos t o f 
electricity. Assumption s whic h nee d t o b e mad e includ e th e actua l plan t life , 
rates o f inflatio n an d discount , fue l cost s an d fue l usag e rates , batter y ban k 
conversion efficiencies , an d cost s fo r operatio n an d maintenanc e o f th e plant . 
The assume d capita l cost s o f th e variou s syste m component s hav e bee n take n 
from curren t retai l price s withi n Australi a wit h n o allowanc e bein g mad e fo r 
subsidies, taxation , o r othe r economi c factors . Th e estimatio n o f plan t lif e i s 
based o n manufacturer s dat a an d curren t commercia l guarantees . 
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OUTLINE OF RENEWABLE ENERGY TECHNOLOGIE S 
FOR POWE R GENERATIO N 

Wind generation system s 

Recent development s i n win d generator s hav e le d t o th e increase d availabilit y o f 
well designe d unit s wit h th e horizonta l axi s machin e stil l th e mos t preferre d 
design. Moder n machine s offe r considerabl e improvement s i n performanc e 
through th e us e o f lo w speed , permanen t magnet , brushles s alternator s whic h ar e 
available u p t o 15k w rate d outpu t an d hav e a  lon g servic e lif e i n exces s o f 2 0 
years. The y ar e availabl e wit h ful l wav e rectificatio n t o produc e lo w rippl e D C 
for chargin g batter y storag e an d wit h overcharg e contro l usin g simpl e voltag e 
limiter shu t down . 

The installe d cos t o f smal l machine s i n th e orde r o f 1  t o 5  k W i s approximatel y 
A$2000-3000 wherea s th e cos t o f mediu m t o larg e machine s 15-150k W capacit y 
may b e a s lo w a s A$1000 . Mos t studie s indicat e economi c viabilit y fo r win d 
systems whe n ther e i s win d availabilit y a t a  sit e correspondin g t o a n averag e 
wind spee d o f 5m/s . I n practic e specia l attentio n mus t b e pai d t o th e particula r 
design characteristic s o f th e chose n machine , an d th e characterisatio n o f win d a t 
the sit e includin g win d turbulenc e effects . 

A moder n win d turbin e rate d a t 4. 5 k W ma y b e expecte d t o produc e mor e tha n 
4500 kWh/y r a t a  sit e wit h a n annua l averag e win d spee d o f 4-5m/s , a t a  machin e 
cost includin g towe r o f abou t A$160 0 pe r rate d kilowatt . Th e ful l syste m cost , 
including al l th e powe r conditioning , woul d b e abou t A$17,50 0 givin g a n 
electricity cos t o f abou t A60¢/kWh . 

Solar therma l system s 

The centra l receive r o r powe r towe r system s s o fa r installe d hav e nearl y al l bee n 
in exces s o f 1M W rate d outpu t an d i t appear s unlikel y tha t thes e sola r system s 
would b e cos t effectiv e i n smal l modul e sizes . Studie s carrie d ou t i n Australi a 
for th e Norther n Territor y indicat e tha t suc h system s coul d produc e electricit y 
at a  cos t i n exces s o f A$1.33/kW h an d a t a n installe d cos t o f abou t A$8,50 0 pe r 
installed kilowatt . 

In th e smalle r powe r range s th e preferre d option s woul d appea r t o li e wit h fixe d 
concentrators, wit h lo w temperatur e system s usin g fla t plat e collectors , an d 
with sola r ponds . Althoug h i t i s difficul t t o extrac t muc h har d dat a o n cost s fo r 
these sola r therma l systems , a  tentativ e costin g o f th e pric e o f electricit y 
produced ca n b e obtaine d usin g a  discounte d cas h flow  analysis . Unde r th e 
assumptions give n a  compariso n i s mad e i n Figur e 4 . Lowe r cost s o f electricit y 
are achieve d usin g flat  plat e system s o r fixe d concentrato r systems . Centra l 
receiver system s ar e vastl y mor e expensive . Fro m thi s preliminar y analysis , 
vacuum tub e collector s an d sal t gradien t sola r pond s li e somewher e i n th e mi d 
range bu t hol d ou t th e promis e o f substantia l reductio n wit h furthe r 
development. 

Photovoltaic system s 

From th e operationa l an d maintenanc e poin t o f view , thes e system s appea r t o 
offer th e simples t metho d o f powe r generatio n (Figur e 5) . Th e panel s ar e usuall y 
designed t o charg e a  12 V batter y bu t ma y b e connecte d t o charg e 24 , 32 , 4 8 o r 
even 110 V batter y banks . A  typica l polycrystallin e silico n panel , encapsulate d 
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with a  clea r lo w reflectiv e cover , ma y b e purchase d of f th e shel f a t abou t A$40 0 
for 3 7 watt s pea k output . Suc h a  pane l wil l suppl y a n ope n circui t voltag e o f 20 V 
with a  shor t circui t curren t o f 2.5A . I t i s reasonabl e t o assum e tha t th e balanc e 
of a  syste m componen t cos t wil l b e o f th e sam e orde r a s th e cos t o f th e panel s i n 
most installation s requirin g storage . Som e recen t wor k fro m th e US A indicate s 
the advantage s t o b e gaine d fro m trackin g P V systems bu t th e outpu t gai n mus t 
be weighe d alway s agains t th e increase d syste m complexit y an d requiremen t fo r 
maintenance. 

Micro and min i hydr o plant 

In th e correc t locations , a s fo r win d systems , smal l scal e hydr o i s bot h 
technically an d economicall y viable . Desig n an d installatio n o f suc h system s 
tends t o b e straightforwar d bu t ther e i s a  minimu m requiremen t o f 20 m hea d an d 
about 40L/ 3 flo w t o ensur e a  continuou s rate d turbin e outpu t o f 4kW . Th e tota l 
installed cos t o f suc h plan t tend s t o li e i n th e rang e o f A$1000-2000/installe d 
kW. 

Biomass or biogas engine powe r plan t 

In som e area s i t ma y b e feasibl e t o conside r th e productio n o f woo d a s a 
renewable resource . Woo d productio n rate s var y substantiall y wit h soi l types , 
tree species , rainfal l an d soi l conditions . Cappicin g system s generall y provid e 
faster productio n afte r harvestin g an d minimis e th e nee d fo r replanting . 
Indications ar e tha t a  farme r i n th e 350-40 0 m m rainfal l area s coul d b e energ y 
self-sufficient usin g fuelwoo d fro m a  plantatio n o f 2- 4 hectares . Considerabl e 
work ha s bee n undertake n recentl y t o improv e woo d stov e efficiencie s s o tha t 
direct combustio n i n a  woo d boile r ca n b e considere d fo r stea m productio n (Tabl e 
3). 

Methane productio n fo r us e i n relativel y conventiona l interna l combustio n 
engines i s ye t anothe r optio n throug h th e bioga s route . Th e digestio n proces s 
proceeds wel l provide d th e temperatur e contro l i s maintaine d eithe r a t 32-37° C 
or a t 50-55° C dependin g o n th e typ e o f bacteri a chosen . Anima l waste s ten d t o 
require abou t 10-1 5 day s residenc e tim e an d abou t 20 % o f th e ga s produce d ma y 
have t o b e use d fo r maintainin g digeste r temperatures . Afte r remova l o f th e 
CO2 containe d th e ga s ma y b e compresse d an d use d i n interna l combustio n 
engines a t a  conversio n cos t o f abou t A$1000 . 

Hybrid system s 

Each o f th e method s s o fa r discusse d o f producin g electricit y ha s inheren t 
advantages an d disadvantages . Wit h hybri d system s th e ai m i s t o combin e tw o o r 
more o f th e technologie s t o provid e a n improve d overal l efficiency . Th e penalt y 
is tha t a  hybri d syste m wil l requir e mor e sophisticate d an d expensiv e contro l 
equipment fo r regulatio n o f th e plan t an d fo r matchin g th e plan t outpu t t o th e 
required load . Variou s hybri d option s ar e ope n includin g diesel/win d an d 
diesel/PV wit h o r withou t batter y ban k storage . Som e typica l example s ar e 
appended t o thi s pape r i n th e Australia n cas e studie s quoted . 

STORAGE AN D POWE R CONDITIONIN G 

For virtuall y al l renewabl e energ y option s i t i s critica l t o provid e adequat e 
storage fo r lul l period s i n orde r t o satisf y th e loa d requirements , an d powe r 
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conditioning o f th e outpu t t o successfull y matc h th e applianc e characteristics . 
Recent development s hav e include d th e productio n o f efficien t hig h powe r 
inverters a t relativel y lo w cost . Typica l efficiencie s ar e i n th e orde r o f 90 % 
over th e ful l loa d rang e an d th e inverter s ar e availabl e a t l0k W o r 20k W 
capacity, wit h powe r suppl y o f 240 V AC . Th e lif e o f batter y bank s i s highl y 
dependent o n th e rat e o f discharg e required , th e boos t facilit y provided , an d th e 
type o f batter y used . Boos t chargin g i s necessar y a t leas t onc e pe r mont h t o 
ensure complet e conversio n o f th e plate s whic h i s no t a  proble m wit h win d o r 
diesel system s bu t ma y b e difficul t i n minima l desig n P V arrays . Batterie s mus t 
be o f th e dee p discharg e pur e lea d typ e whic h ar e no w commerciall y availabl e 
for lightin g system s fro m severa l companie s worl d wide . A  figur e o f 3- 5 day s 
demand i s ofte n use d whe n sizin g th e batter y storag e fo r win d o r P V systems . 

TECHNICAL AN D ECONOMIC ANALYSE S OF POWER 
GENERATION OPTION S 

Table 5  summarise s severa l analyse s extracte d fro m th e referenc e literature . 
The result s depen d t o a  larg e exten t o n th e underlyin g assumption s whic h includ e 
capital cos t o f th e plant , expecte d lif e fo r variou s components , maintenanc e an d 
overhead charges , an d othe r economi c parameter s involve d wit h inflatio n an d 
discount analyses . A  typica l cas e o f wate r pumping , o f particula r referenc e t o 
developing countries , i s illustrated i n Figur e 6 . 
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Economic Analysi s 1  - Wind-drive n generator syste m 

Power Syste m 

Typical Use r 

Life Cycl e 
Cost an d 
Residual Valu e 

Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 
Fuel Use d 

Wind-driven generato r system . Powere d b y a  4.5k W pea k 
rated win d generato r i n a n averag e win d spee d o f 5m/s . I t i s 
assumed tha t th e win d generato r i s use d i n conjunctio n wit h 
a batter y ban k an d a  hig h efficienc y inverter . 
Isolated far m withi n th e gri d service s regio n o r wester n 
district grazier , wher e th e sit e i s wel l expose d t o th e wind . 
20 yea r lif e assumed . 

Capital cos t o f $17,50 0 fo r th e complet e syste m includin g 
battery bank , inverter , contro l an d auxiliar y generator . 
Residual valu e assume d i s $2,000 . 
l0kW, 240 V AC . 
24 hour s pe r day . 

Daily deman d o f 8kW h (292 0 kW h pa ) i s considere d typica l 
and equate s thi s syste m t o others . 
Depends o n win d spee d distributio n a s t o whethe r th e 
auxiliary generato r wil l b e used . I n thi s instanc e i t i s 
assumed th e auxiliar y generato r doe s no t contribut e t o th e 
load. 

Cost o f Negligibl e 
Fuel Use d 
Total Hour s ru n Diese l -  perio d maintenanc e runnin g only . 
Payments Batterie s replace d ever y 7  year s a t $3000 ; operatio n an d 
Assumed maintenanc e $10 0 p.a . 
Discount Rat e 5 % over inflation . 
Net Presen t $21,64 0 
Worth 
Annual Cos t $173 0 
Cost o f Electricit y 5 9 ¢/kWh 
Supplied 
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Economic Analysi s 2  - Smal l win d generator syste m 

Power Syste m 

Typical Use r 
Life Cycl e 
Cost an d 
Residual Valu e 
Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 
Fuel Use d 
Cost o f 
Fuel Use d 
Total Hour s ru n 
Payments 
Assumed 

Discount Rat e 
Net Presen t Wort h 
Annual Cos t 
Cost o f Electricit y 
Supplied 

A smal l win d drive n generato r powe r syste m fo r lightin g an d 
minor 240 V A C demand . Th e win d generato r considere d i s a 
lower cos t reconditione d uni t a s typicall y used . Ne w smal l 
wind generator s ar e ofte n to o expensiv e fo r thi s typ e o f 
installation. Th e syste m cos t include s a  smal l inverte r 
(1.5kW, 240 V AC ) supply . 
Holiday hom e o r smal l dwelling . 
20 yea r lif e assumed . 

Capital cos t o f $500 0 fo r th e complet e syste m wit h ni l 
residual value . 
1.5kW, 240V A C 
24 hours pe r da y DC , 1  hour pe r da y 240 V A C 

lkWh (36 5 kW h p.a. ) 

Nil 
Nil 

Nil 
Batteries replace d ever y 7  year s a t $800 ; win d generato r 
replaced ever y 7  years a t $1000 ; operatio n an d maintenanc e 
$50 p.a . 
55 over inflation . 
$7800 
$630 
173 ¿/kW h 
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Economic Analysi s 3  -  Win d drive n generato r a s a  fue l save r o n a  larg e diese l 
generator se t 

Power Syste m A  larg e (8k W pea k rate d output ) win d drive n generato r ca n 
provide fue l savin g whe n ru n i n conjunctio n wit h a  diese l 
generator wher e th e loa d i s consistentl y hig h o r a  dumm y 
load i s used . Dumm y loa d i s o f n o economi c value . I n thi s 
analysis, th e ful l outpu t o f th e win d generato r i s assumed t o 
be o f economi c value . 

Typical Use r Roadhouse , smal l tow n o r hotel . 
Life Cycl e 2 0 year lif e assumed . 
Cost an d Capita l cos t o f $11,25 4 wit h a  residua l valu e o f $200 0 plu s 
Residual Valu e $900 0 fo r diese l replacemen t ever y 6. 5 years . 
Peak Capacit y 20kW , 240 V AC . 
Power Suppl y 2 4 hours pe r day . 
Available 
Net Deman d Tota l deman d 70kWh/da y (25,55 0 kW h p.a.) . Contributio n 
Assumed fro m win d generato r woul d b e 17,52 0 kW h p.a . (i n a n 

average win d spee d o f 6m/s) . 
Fuel Use d 10,60 0 p.a . Thi s assume d diese l i s wel l loade d wit h running , 

ie n o loss i n performance compare d wit h diesel-onl y system . 
Cost o f $3922 . 
Fuel Use d 
Total Hour s ru n Diese l run-tim e 6. 6 hours/da y (2,40 9 hr s p.a. ) 
Payments Diese l replace d ever y 6. 5 yr s a t $9000 . Fue l $392 2 p.a . 
Assumed Operatio n an d maintenanc e o f diese l an d win d generato r 

$500 p.a . an d $15 0 p.a . respectively . 
Discount Rat e 5 % over inflation . 
Net Presen t Tota l syste m $87,800 . Win d generato r onl y $12,370 . 
Worth 
Annual Cos t Tota l syste m $7,040 . Win d generator onl y $990 . 

Cost o f Electricit y Tota l syste m 2 8 ¢/kWh . Win d generator onl y 6  ¢/kWh . 
Supplied 
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Economic Analysi s 4  - Photovoltai c powe r syste m 

Power Syste m 

Typical Use r 
Life Cycl e 
Cost an d 
Residual Valu e 

Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 

Fuel Use d 
Cost o f 
Fuel Use d 
Total Hour s ru n 
Payments Assume d 

Discount Rat e 
Net Presen t Wort h 
Annual Cos t 
Cost o f Electricit y 
Supplied 

It i s assume d tha t a  hig h efficienc y inverte r i s use d t o 
achieve th e require d outpu t t o suppl y equivalen t powe r t o 
that o f th e diesel-onl y o r diese l plu s batter y system . Thi s 
prime sourc e is , i n thi s case , photovoltai c panel s rathe r tha n 
diesel o r wea k generator . 
Isolated far m withi n th e gri d service d region . 
20 yea r lif e assumed . 

Capital cos t o f $34,00 0 fo r th e complet e system . 6 0 panel s 
constitute th e photovoltai c arra y wit h a n expecte d pea k 
output o f 2.2kW . Residua l valu e assume d i s $2000 . 
l0kW, 240 V AC . 
24 hours pe r day . 

Daily deman d o f 8kW h (2,92 0 kW h p.a.) . Th e arra y woul d 
just mee t thi s loa d an d expansio n o f th e syste m t o mee t 
short ter m highe r loa d woul d requir e a n auxiliar y generato r 
to b e coste d in . 
Nil assumed i f loa d strictl y 8kW h pe r da y o r less . 
Nil 

Nil 
Batteries replace d ever y 7  year s a t $3000 ; operatio n an d 
maintenance $5 0 p.a . 
5% over inflation . 
$37,250 
$3010 
103 ¢/kWh 



- 5 2 -

Economic Analysi s 5  - Smal l photovoltaic syste m 

Power Syste m 

Typical Use r 
Life Cycl e 
Cost an d 
Residual Valu e 
Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 
Fuel Use d 
Cost o f 
Fuel Use d 
Total Hour s ru n 
Payments 
Assumed 
Discount Rat e 
Net Presen t Wort h 
Annual Cos t 
Cost o f Electricit y 
Supplied 

A smal l photovoltai c powe r syste m fo r lightin g an d mino r 
240V A C demand . Si x 40 W pea k rate d panel s i n th e array . 
Includes a  1.5k W inverte r fo r 240 V A C supply . 
Holiday hom e o r smal l dwelling . 
20 year lif e assumed . 

Capital cos t o f $600 0 fo r th e complet e syste m wit h a  ni l 
residual value . 
1.5kW, 240V A C 
24 hour s pe r da y DC , 1  hour pe r da y 240 V A C 

lkWh (36 5 kW h p.a. ) 

Nil 

Nil 

Nil 

Batteries replace d ever y 7  year s a t $800 ; operatio n an d 
maintenance $5 0 p.a . 
5% over inflation . 
$7600 
$610 
167 ¢/kWh 
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Economic Analysi s 6  - Remot e gri d extensio n 

Power Syste m 

Typical Use r 

Life Cycl e 
Cost an d 
Residual Valu e 
Peak Capacit y 
Power Suppl y 
Available 
Net Deman d 
Assumed 
Fuel Use d 
Cost o f 
Fuel Use d 
Total Hour s ru n 
Payments 
Assumed 
Discount Rat e 
Net Presen t 
Worth 
Annual Cos t 
Cost o f Electricit y 
Supplied 

It i s assume d tha t th e gri d i s t o b e extende d 5-8k m fro m th e 
distribution line . A  SWE R lin e i s t o b e constructe d an d a 
step-down transforme r installed . T o equat e th e rea l cos t o f 
electricity suppl y wit h othe r systems , th e electricit y charg e 
per kW h i s take n a s th e gat e pric e pai d b y th e loca l 
authority rathe r tha n th e tarif f pai d b y th e consume r (whic h 
includes profit) . 
Isolated far m o r wester n district s grazier . (Roadhous e smal l 
town o r hote l -  not e tha t an y extensio n o f th e gri d i s likel y 
to g o throug h suc h centre s an d no t requir e 8k m 
connections). 
20 yea r lif e assumed . 
Capital cos t o f $35,00 0 wit h ni l residua l value . 

l0kW, 240 V A C (2 0 kW ) 
24 hour s pe r da y 

8kWh, o f 292 0 kW h p.a . (7 0 kW h o r 25,55 0 kW h p.a. ) 

Nil 
Nil 

Nil 
At 3  ¢/kW h suppl y charg e total s $8 8 p.a . ($770) . Operatio n 
and maintenanc e $20 0 pe r km , totallin g $160 0 p.a . 
5% over inflation . 
$56,000 ($64,530 ) 

$4,490 ($5,175 ) 
154 ¿/kW h (2 0 ¢/kW h 
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TABLE 1 : Compariso n on indicative energ y price s 
Australia an d South Eas t Asi a & Pacific Regio n 

(as of December , 1984 ) 

Country 

Aust, Vic . 

Fiji 

Malaysia 

Philippines 

Thailand 

Tonga 

Electricity 
c/kWh 

8 (2. 8 of f peak ) 

20 

11 

6 

8.5 

23 

Gas (LPG) 
c/kg 

21 

98 

70 

60 

45 

53 

Distillate 
c/litre 

44 

46 

28 

47 

33 

50 

Petrol 
c/litre 

45 

62 

55 

54 

50 

58 

* Al l figure s quote d i n Australia n currenc y (198 4 dollars ) 
A$ = US$ 0.7 5 
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TABLE 2: Typica l applianc e energ y load s 

Appliance 

Refrigerator 

Freezer 

Fan 

Lights (total ) 

Kitchen: 
* Blende r 
* Coffe e Po t 
* Exhaus t Hoo d 
* Toaste r 
* Mixe r 

Washing machin e 

Pump (small ) 

Iron 

Drill 

Stereo 

Radio/TV 

Sewing machin e 

Vacuum cleane r 

Total 

Other load s 

Air conditione r 

Dishwasher 

Hot wate r (storage ) 

Stove 

* Assume s 2 4 h r usag e 

Rating 

watts 

300 

300 

100 

500 

350) 
600) 

60) 
1000) 

300) 

300 

450 

1000 

250) 

100) 

100) 

100) 

600) 

NA 

1600 

2400 

3600 

6000 

Typical 
Peak Deman d 

watts 

1500 

1500 

100 

200 

1000 

1000 

1000 

1000 

1000 

8300 

2000 

2400 

3600 

6000 

Energy Deman d 

kWh/day 

2.0 

2.0 

2.0* 

1.0 

0.2 
0.1 

0.1 

0.5 

0.5 

0.5 

0.1 

0.3 

-

-

-
9.8 

38* 

1 

8 

4 
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TABLE 3: Typica l efficiencie s an d wood requirement s 
for running wood heater s 

Type Annual heatin g 
load 5G J 

(Typical o f warme r 
areas of Australi a 

eg Queensland ) 

tonnes* 

Annual heatin g 
load 10GJ* * 

(Typical o f man y 
areas o f Australi a 

eg SA, NSW) 

tonnes 

Annual heatin g 
load 30G J 

(Typical o f colde r 
areas of Australi a 

eg Tasmania ) 

tonnes 

Open fir e plac e 
10 pe r cen t efficien t 3. 1 

Pot-bellied stov e 
30 pe r cen t efficien t 1. 0 

Slow combustio n stov e 
60 pe r cen t efficien t 0. 5 

6.3 

2.1 

1.0 

18.8 

6.3 

3.1 

Source S  A  Departmen t o f Wood s an d Forest s an d Departmen t o f Mine s an d 
Energy 

Notes 
* Calculated o n 1 6 GJ +  20% moistur e content , ai r drie d wood . 

10 G J i s th e heatin g loa d require d t o maintai n th e livin g roo m 
temperature o f a  typica l bric k venee r hous e i n Australi a (wit h insulate d 
ceiling) a t abou t 20° C durin g wakin g hours . 
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Figure 1: Remote areas - cost effective options for electricity generation, 1983 

Figure 2: Remot e Electricity Grid Extension 
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Figure 3: A  hybrid power supply system layout 

Figure 4: Sola r collector cost comparison 
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Figure 5: A  typical photovoltaic system circuit 

Figure 6: Bor e pump sizes showing region where wind, diesel and solar 
(photovoltaic) systems are estimated to be most cost effective (198 3 costs) 
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