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System design brief

There are a range of appliances used in the home such as a washing machine, a televison, a

computer, various kitchen appliances, power tools, and lights. The average daily energy

use was calculated to be 7000 Wh/day using the information supplied.

System Installation

This system was installed in November 1993 and is comprised of the following major

components:

Photovoltaic panels - 16 Solarex MSX 77 panels, giving a total rated output of
1232 Watts.

Photovoltaic Regulator - An AES Maximum Power Point Tracker, rated at 1.2 kW

Wind Turbine - A Westwind 1.8 kW Wind Turbine optimised for light wind
conditions and mounted on a 18 m guyed tower. In November 2001 the 1.8kW wind

turbine was replaced with a 3kW Westwind turbine.

Wind Turbine Regulator - A Westwind wind turbine controller, which uses a dump
load for handling excess energy production. This component also has meters to
display battery voltage and wind turbine current

Inverter - An AES Sinemax 2.4 kW inverter/charger, which has four meters to
display: DC Volts, DC Current (ie inverter input), AC Volts and AC Current (ie
inverter output).

Battery Bank - 8 Sonneschein Solar Block 185 batteries connected in series, which
produces a 48 V4 battery bank, with a total rated capacity of 370 Ah at the Cigp
rate.

DC Switchboard - This houses all of the DC metering and Circuit Breakers for the
System. The metering displays battery voltage, battery current, solar current and
wind turbine current into the battery.

AC Switchboard - The 240 V, wiring has been done to relevant Australian
Standards (ie AS 3000). The switchboard has a Safety switch (earth leakage
detector), Mains isolator switch, a circuit breaker for power points and a circuit
breaker for the lights.

Cabling - the system uses cabling appropriate for the current capacity of
components.

Battery cabling - uses 32 mm? cable

Inverter Cabling - uses 25 mm? cable
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TR I A 2529875 FH AR ATKHA 1.3 BEA RAMNEHR
BARtE - AAL> BAHEHTIHLEHESHGBEVHBEM BAE
717> 8 (Western Power Corporation) FZ B REAH—FRAEEH
N HAEBRE - WMEARTEALN > 2R B BB F R 0 TR
HEEHREEHRMENS RTARENTIRNS  RRALTUE GEER
FEOEERAENT R A GLEKGTLE > BHBUTARE
BRI e AR BRENDNABAREIL - FHEBARAGTENZK

RBREAHEE R ETALPBUTBLERRY BB ERAWT ¢

3 EhA%EKESEAREE

E2002 49 Ak BRGHBEERFARB 5416MW HF HRE 3
2 3,280 MW (61 %) » B2 BRI % 2,136MW (39%) » kak 3.1 AR » 4
AP TAiF40 0 BRI - Bb P RARRABEABRE TS S33MW £ %
HEEHRE BAERREEASKOIERN - KoL HiEEH S3MW -
R32HBT 3NN ENRBRARAEL  HAMEE =& B 43% - T3t
£ 2009/10 8f  MAESH AL R EAEASORARATR ERAANEE
B E] T0%0 ko ghsh 0 3 2000001 9 5B EEH 23,000 B E > &£
FPEAEHANAFREERGETESHN A 12251 BEEf 10,749 B %

B omRBl—WHH > 2@ROATHEHA 21,000 BEE - £ P8 ¥4
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¥ — 4 (34%) ~ HEEAEH o (28%) ~ AEER FAEE =A(18%) ~ W EAEF

9432 (13%)

%31 ®RENA%E E R F(30 September 2002)

Total State Western Power Private
(MW) (MW) generation Plant
(MW)
Coal 468 330 138
Coal & Heavy 1040 1040
Fuel Oil
Coal, Gas & 640 640
Fuel Oil
Gas 1708 208 1500
Gas & Fuel Oil 240 240
Gas & Distillate 643 643
Distillate >624 174 >450
Wind 3 3 3
Hydro 32 2 30
Biomass 18 18
Total >5416 3280 >2136

Source: Western Power Company

%32 BEE (b5

Type of fuel Western Power Private Power Plant
Coal 66.01% 5.71%
Natural gas 31.51% 87.90%
Distillate and fuel oil 2.45% 5.35%
Renewables 0.03% 1.04%
Total 100% 100%

Source: Western Power Company
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BREANGDBABA 5 BEERZHTHA 26 A AERMEE TR
W HEHBENAR TP - TENREENARKRET A= B
# % #u(South West Interconnected System, SWIS) ~ #&db % # (North West
Interconnected System » NWIS) #= 26 {8 & 3% & 5§ 3£ % 4 (regional

non-interconnected systems) © E 5 AL B #w B 3.1 AR E S WA TF ¢

INDIAN QGEAN

it & 4

B 21 ®BREHEASK

1) BHER&K
Fd Ao the B FHigey Perth v R2e4 £ Kalgoorlie » b R #

Kalbarri &) dg 2& 19 £ Albany 483t 4 F AR 4218 140 & & B8 T 4 38(66kV
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L E)EE# 6,377 km 0 BLEHBGIKV A TF)KEH 78,000km - b E
AHRBATHREZTRBEABRKAN A4 - RRTE 237 2002
EAELBBRAE TR ES 3IS0MW > mE A REEBRA 2,4T3MW e
NE) BATHAE S5 B EE6 KA E L F4% MujarKwinana~ Collie~ Pinjar
#o Mungarra £ 3,H ° °
(2) ®wLZ&K

b 4 4 Rl ik & Pilbara b & - 4 F &K €4 Dampier/Karratha -

Reebourne/Cape Lambert #v Port Headland - 483+ % Err 4 13 & SR &
T4 38(66kV A E)E B 4 420km » & 4% (33kV A F)&E 4 708km -

FRE A NANELBRLE BRAETER > RibEFAORATREE
BREWRAP » FHFHEEEA 12,000GWh - R ATR AT
Port Headland &) Duke Energy International’s gas fired station -~ Cap
Lambert #) Robe River Iron Associates’ gas fired station F» Hamersley Iron

power station gas fired station °

B) ERABILEL &K
BRENDANERLE LA GRS E L ARSI ZEH D
B RIS AP HH 21,000 f o M EAER 04 26 &4 X KA

Rt (BEEFERICOMW) » 5H2ERANEER (BREERE
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2 3MW) ; £ > 1% Ten Mile Lagoon A 9 #f Vestass 225kW &4 & /1

#4m > fu Denham Bl 3 2 230kW a9 & H # 4 -

79~ HUR R SR

41 BURHER

IR M B HR BUR & 56 Kyoto # € 0 £ 2008~2012 %ﬁk/‘/ﬁiiﬁ;)@é’zﬁ%
HEAE B 1990 4% 04 108 % > 3 S BHH R Ao HOBFI R B ARER 0 A
2000 4 E XA B ARRE > AT E 2010 £ > B84 9,500 BE &8
BARBRENAEL (HAENI0MW 42 ERE) » THLHWEH

AR o & 41 %2001 £ 2010 A AMEREEMBRME -

& 4.1 BARRRESBRME (2001—2010)

Year Required additional (GWh)
2001 300
2002 1100
2003 1800
2004 2600
2005 3400
2006 4500
2007 5600
2008 6800
2009 8100
2010 9500

Source: Australian Greenhouse Office
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Beoh o TR B B B A B FR O BB 0 R 2000 4 10 A 1 BER

¥ 56 4 & E 7 B (Green Power Policy) © M/ b LR T » ®REH 2

AP TUAMEEERBARERELNGT N L EBARROB L

EHLTUEELBREANNGAL  REXZAES WL T ¢

o FAEANAMAPTUAREEESMA3 G F R EFAMANR
HrWEHNRREAKABERREEMESL -

® M HMAEFRHAHEERERKS (Sustainable Energy
Development Fund) A% — B E A B B A RBIE T ELNE
}g o

o FAEHNIAWMAPE > ZEFREEAREI00MWh(F4 & & 34kW)
TUBCLEBBERARRETEHLNEHNLEEHBRE I AN

A N ES

4.2 BRI
(1) Residential Renewable Energy Buyback Scheme

BB EBRREANNHAPF EREBEFHLERRZBHALETERNMN
500WZ5 kW FERELSBROENETAE 23] > LETREAE

THRBAEE %
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(2) Renewable Remote Power Generation Program (RRPGP)
EmBEEHRERAMNBEBENELENHREAK - ENFEERZNAL -

Ry LFERENBAERREERMMBMEARR  ETRERARRERR
METHEGEESTAZ— Bk K 2000 F A —B& BIABRT
W — 3R & & #E R 1% 3 E /1 % €3 £ (Renewable Energy Remote Power
Generation Program, RRPGP) » 2 3b3t £ F » AR S #BI67EE £ @)%
BRETEHGE AGETOBE - BAETH KGR E - O R SLAE %M -
BERABBKE - FETL - BHAEERNLAL - OALTEERA - L &
S84 BCAT &9 Sustainable Energy Development Office 4 &z 45 S5 5 38
AitE > BEASESGATHMSE

(@) %HEHEE A4t E (Remote Area Power Supply Program)
AHEIEALEHRERLEERERLERALRRE KRS > K5
B &R A B A REIRE M B A 8 50%3 R 550,000 T e R4 H > AE 2003

F—RE1 o BHEF 1TABFHE  HBERA MR 5,552,000 7T -

(b) A B A RERE N 4 4 (Large Renewable Energy Power Systems )

A BBk X B 4 B B AR A AR B 500,000 LA ey T E R
BEAKOERS - KGHAE - KGHRE - A HRAXNEB LR
B RUEOBERERF 6T S TEAL - mERVBARRES A4H

BRZ @ REBMMABRABEAE 4% 2 AHME BEESE
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A 42 MW s EHd4u# NineMile Beach R Ef» ZBEEZE A 36MW
WEN A AR S3 BEL A—BRA ERAMY Rotmest Island » K &

RELHO0OMW B LEARE I BET -

(c)B 4t Rk 3+ % (Renewable Energy Water Pumping Program )

AT EH 2002 £ 2 ARMBLTH RITBE2005 6 AR BEEY
REISEBEL R4V THIKRAYBALBRARERE > Hlo KIFL
ERENBEAENBNRBRAKGRGH N - REFHEHLHAA B LRRE
HEAW 50%  FbBRBMEAY 1 BT - a3t BATERLR

BEE29ERGAERR BEEZEA 107KW e

QYA & E# Bt £ (Photovoltaic Rebate Program )

B HT A — S EBIRENA KRG AE R & T4 2000 £ 1 A E1HH
BERKG AT E > WAL CHEHBAEB LG KGR
Thé B wERNNERARRTIF 1 BET - At ET > 4#
ERZENMAORNGAE A REHHBI S A K%K 1.5kW A% 7,500 T ;
HEREMNORGAE ARG RSB A K % 2kW R % 10,000 7T -

HEBAOF 414 BEEZEH2055kW RAKE -
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ABAEREBIEEASK

AAL BARBRBINAAT AT EMHBAUAE L ERURE - T
EHBAEIEANBEENNIIYEERE > EFAREHXNNEN A
BRETHN EBRERRALKEASBROESN  TEHRELRBRDRE
EANG c RZ W BARBRMELNENRRRT » AITH A LEER
B BEMARENES WL BAH EETREATEHB A8
B4R IR A o pldo > 2000 F TR RFGaEFH > £3tF 665 EEE -
AR BHXE KW ARG ATHEARF DD E R AREIRE 8T EHH
BE - HBLERABAHAEDRIBEARTEIRELIL > 2 ER
JER e fp BB MBI SRR b RARSRILFT REREBRG
BT RA - BN GRHEARN > BATARMNAA 10,000 ~ 20,000
BB WML RIGEABRTOEBRABINERLEFTHEN -
MLER > BAHUHBRHEAENER  BRBEIRY LREFLRRE
EHTABAP EFBANBAHABERFELERAARTE LRGT
BLOBARBETAL UKEBANGRMREERBEA LRI EHTY
$E > RARMEHBEUARABIANESBARRETALNRIE

AaE > LyidhT :
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50 BARBREIET 2 Sy fadist
BARBREBIETALNEBRTHENA =4 ¢ & B X (Series Hybrid

System) ~ 73 X (Switched Hybrid System) ~ 3t 5 X, (Parallel Hybrid System)

511 8B XA &

EHMAAANERAMFEREERRLE SIAT EANBRBERER
BEEHINERBLARRELERE  BARBETHLNRAER > AR
ThHBABEABRARABBAR - MENBABEFETLNETL
BREMEBREERER > ALEREAZENETAFBRMASE - o>

LI ENER A B E TR TREES - FEARRGI 0 8 RERHK

RAK o
Diesel [__| B Batte
. [ Alternator attery Ty Inverter
Engine Charger Bank
R
enewable Load
Energy
Source

510 88X A%

512 X & &%

MK A G AR TG ER ST RARWE S2 AT b3 E AR L
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NEE - MAEARBIE  EHAANGEELETHRE - LAGRARESR

BRAERAEHLG AEHBRFPBEASEIERIRNNATHELGHRTE

FR o ATHRESHAEBIN EHGNRBPRIAERAGKE -

513 B8 X 4 %

Diesel | | }0
. | Alternator
Engine ol o)
Inverter U: o) Load
Renewable I
Energy
Source Only
one on at
atime
Battery Battery
Bank Charger

B S2iaX 44

EHX AR ERAMFERFTRELE 5.3 A7 R—HERES

IHELRG RHFIEPRABTAFRB{EABRHTEATRL RETR

EHAARRGTRSGETILE » £ 2R A% & A a4 R % (bi-directional
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e

inverter) » Ry E IR R3] FE - ETHLFBRABHEGELES

Koo BEAREHERALKE -

Diesel ||

) | Alternator ‘_‘k
Engine |
Battery
Bank Inverter ———6' Load

Synchronized
Control
Renewable
Energy
Source

BS3EHX 44

52 BARBREIET 2R XML
BARBEBEIETAANZRITEROIEEHIIE - KEAER4 - AN
#HlEEhbad EAERERAREEARER - EHHBRBENE

EFRRAE -
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521 aRFRAE

AAL REMNARIRAREZARAEY  eREFHHFCRERAATEY
AR B BIFTARENERNILERBEARRERELGHER
ERBEAEREREZSANAHRPFMRITE 2k SIHAT -BRFT

%08 A #4589V MEER A 6.625kWh -

%518 a#3tEL

, Home Energy Use Calculation Sheet
Appliance  |Model Power Time used |Daily Energy |Days/
Rating in | in Hours |use = Watts X week
Watts Hours

IKitchen: V

IRefrigerator  [33sp | 168W| 78Hrs | 1315Whrs| 7
|Freezer V {Norge l { ‘ l
IMicrowave ~ [NN5453 | 1250 W| 0.5Hrs | 625 Whrs| 7
|Light |Performer | 16W| 40Hrs | 64 Whrs| 7
|Pump brundfos | 530W| 0.3Hrs ' 133 Whrs | 7
[Toaster |Sunbeam | 900W| O0.2Hrs | 180 Whrs| 7
IMain Living areas:

Lights |Performer |  16W| 5.0Hrs | 80Whrs| 7
Lights i ’ } '

(Reading

lamp) - 40W 1.0 Hrs 29 Whrs 5
[Television ]Teac | 70W| 3.0Hrs ] 210 Whrs | 7
|Video [Teac | 27W| 3.0Hrs | 35Whrs| 3
IRadio IKambrook | 6W| 4.0Hrs | 24 Whrs| 7
]Study/Office:

Lights |Performer | 16W| 3.0Hrs | 34Whrs| 5
IDesk Light  |[Kambrook | 30W| 1.0Hrs | 21Whrs| 5
|Computer  |PC | 120W| 240Hrs | 2880 Whrs| 7
]Printer ] l i i 0 Whrs l
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Bedroom 1
Lights [Performer | 16W/| 1.0Hrs | 16 Whrs| 7
Bedroom 2
Lights [Performer |  16W| 1.0Hrs | 16 Whrs| 7
Bedroom 3
|Lights [Performer | 16W| 1.0Hrs | 16 Whrs| 7
|Laundry
Washing Fisher &
Machine Paykel 200 W 1.0 Hrs 86 Whrs 3
liron |[Sunbeam | 1800W| 1.0Hrs | 771 Whrs| 3
Bathroom
Lights IPerformer | 16W| 20Hrs | 32Whrs| 7
[Fan [Kambrook | 30W| O0.5Hrs | 15 Whrs | 7
\Workshop/ Other

Black &
Power Drill Decker 600W| 0.5Hrs 43 Whrs 1
| Total Daily Energy Use ‘ 6625 Whrs 1

522 XKghELH &

® EEHMBEKNG TN
REBBRAANAKRZELER R RAERERERY—HEREK B 545 —
Bpn FERBROKFELTER  TAFAATFREERG Tibrd
KEANEETRFFRMHELET-ERY (FPE- EEH) L 58k
Mk~ AEFEXHE D B n WHBHRE » TRFELIEERK

Gy Ale g £ TR HARMEY -
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PROtOR g oot contace  PROEOD

n-semiconductor

absorber layer of
fieldzone 5 cemiconductor material

Bl 5.4 K AT MEfo T 4F B2

ulvy

033 057040 044068 047

influence of irradiation
on the I-V characteristic

Temperature dependancy
at constant temperature

at constant irradiation

55 XEghEihaysdis

B 55 HAAETRANAGBHERGTARREETERET RSN B

FTREELHMEAEZEEEL AORBENE InmE A > oM EHEKRE
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B¥g ik o st BRATAGECRELEANBRLASEIEAEL
% (Single Crystalline ) ~ % £ (Ploy Crystalline ) #vJE &% ( Amorphous
Crystalline) =4 > AT E & % B RAKT > EEEHRBRUEHE
MBS AREANBEEL2 4 MERPBERE > EAKRMK

—BHARRAEBERETES - & 52 ASBAGELBBKEZIL

#] o
%52 KRG EsE
2y % S5 kB
R
TBRE 24% 17.7% 13.5%
CEX 12~20% 10~14% 6~8%

BH AR AP

4 — & AR (Photovoltaic module)Z 52 % /| 89 K15 Tt & 36 B M %,
kB 5.6 A RBMAERGELEHEE BERTREN I BB
RIBESMEM G - KIGHARGE Loy R8T G B B%EFBIR
BEHE > AKX TFAwR

PV size

PV Power =1, x —_—
1000W/m

X (1 -TCE(CT - 25)) XN mppr
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Ir ARGAEBREYBRBEEWN) » GHEESH - HHFBER
&

PVsize KIGAELFI AT E ERW) & LT EKE T RIFESTC)
BE%E 1000 Wm® » 8 25C » A8 b 42t e

Nveer AR AT RE G M E; HEH 0.95.

TCE % keBEAH, HMHELA 0.005C"

CT AAEmALERRYER (C)

B 5.6 KBk EHAR
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523 RA#HEH
BAREABSCHEFEREE ROFHE > BT RFCAERR
E 2002 F2RELHH 6148 S HECRAMETHERA -BRAKREES
Rt R0 B AE T AR R AR AE I A KL B B E I R B ABREL
Foodbsh BATRAERHAVBNBREEZRAENAKMBER @
NRBABBRESHEARERANB LR T A4 HLaRAEH -

® FEMSHEME

BA#H SRR EHERZEBEAREL > FEREHZRF RELL
PP m R AR NS RIS ERRIEBRKR - FRRTEEZEND S

EHAREm%4t - LB 14<T A Power Law Model %5~ » # £ X o T :

o
Vaz _ 2
Vzi 71

Vo B s K Z1 R%

£+

Vo BAZHE 22 H Rk

a % & @a#kkds # (Surface Roughness Exponent) » H A8 & & F 5 i8]
o — RN 0.08 £ 025 BATHAERMES 0.14 & 1/7
WAL RIERER A2 TR0 ERBBA T $rias

o W0 36 S
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® R F e s oM
B e AORAS JRLAE ) JELIR 9 L3R R B ST B4 Weibull probability distribution

function R Fx 7 » HMAFEH BB 57T XKL TF
£ =Ex Ly x exp[— (ﬁ)k]
42 4

f(u): Ak u B ays®
k % shape factor (#& B %k #E4i1)

A % scale factor (43 : m/s)

Welbull Probability Density Function for Various K Value

5.7 R k144 Weibull & $ by & %
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ALEZBBBETIRD

F(u)= [f(x)dx

=1- exp[—(ﬁ)*}

MEF R 2R 8 REHTH
In[~In(1- F(u))] = kIn(u) - kIn 4

BExEEAHELFZK y=a+bx 8]
= In[-In(1l - F(x))]
x = In(u)
a=-klnA
b=k
ZERREMER R BLEBRAGEALE > RbHA KT H %

(Least Square Method) <% a~b i » AKX T :

5-2Edy > =D -7)

— =1

(z xlj > -

i=1 =1

1=1

¥ B HIPI% > Weibull function 89 28 kfv A 5% 5
k=b
A= exp (—a/k) = exp (—a/b)
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o RANMETENL

HERAKOBE S EATLRAKRMEEEER2— A GEHMR
f 8 7 #e ) o 4250 48 g Weibull probability distribution function F74%
Bk g3t Bk e 484 > BP T 45 % § & (Annual Energy Output, AEO) » £

FT4TF -

AEO = 3 P(u)x f(u)x8760

p ()% B # A B U B (kW)

fu) & 42 ik u 85 69 Weibull 4% & 4544

k53 A ESBETENRELRE:

B AFEMH B F1 ¥ % & B 300kW
k=2.033 A =17.405

RISF%EE A 653713 K&

%53 #HEFTRELMS

. P(u f(u)*

P u(mis) (k(W)) ((h)o:r7s6)0 Outls):llil;i){Vh)
1 0--1 0 148 0

2 1--2 0 444 0

3 2--3 0 702 0

4 3--4 5 892 4460

5 4--5 12.5 1000 12500
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6 5--6 25 1025 25625
7 6--7 38 976 37088
8 7--8 70 873 61110
9 8--9 100 738 73800
10 9--10 146 592 86432
1 10--11 198 451 89298
12 11--12 262.5 328 86100
13 12--13 300 228 68400
14 13--14 300 151 45300
15 14-15 300 95 28500
16 15--16 300 58 17400
17 16--17 300 33 9900
18 17--18 300 18 5400
19 18--19 300 8 2400
20 19--20 300 0 0
21 20--21 300 0 0
22 21--22 300 0 0
23 22--23 300 0 0
24 23--24 300 0 0
25 24--25 300 0 0
Total 8760 653713
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Fodk D ey dEl% > FIEERE & BRI NNERE B A 8 50%~T0% > % 3E
A BT 30% 0 LR B EH

RmAo b FRTRBARNES AN LEERE  FETEHA
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BBC=BH£5;;igRZnZ (Amp — Hrs)
H
DEC = B8AEE (kWh)
NODS = & TibpifFeI RE
npc = & /1 & % &9 & (Power conditioning equipment) & 9%

ETbf a R BBRME > FABRMABRE

MDOD = # k# & J (the maximum depth of discharge) » X1 % 0.7
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Vbe = BRI ARARLER

FREERSHEE (NBS)H B4 F:
NBS = VDC / NBV
HE+ NBV Z5EETHLHER

FREEhit e B (NBP)iHE4nTF:
NBP=BBC /BC
#+ BC £18Etey % &(Amp-hrs)
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ABHEHERGE A LHEOARRE > £ ELEWNERBERE YA
PHFEEANHAE (grid extension) & B THEHE 44 (RAPS

systems ) #9455 Hr L ©

This application is used to illustrate the application for grid extension or
installation of RAPS systems to supply electricity to a new household in the
fringe of the grid system near a remote town Wialkl located on the North
Country Branch of the SWIS, about 300km from Perth. Annual average
consumption for the household is 8000 kWh/annum with an estimated daily
profile of 21.92 kWh/day and peak demand of 4.57 kW. The connection point
situated Skm to the nearest spur. RAPSIM V.2 is employed to determine the
levelised unit costs (LUC) of RAPS systems based on no subsidy and a
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subsidy of 50% of the total capital cost for renewable energy power supply
systems over a lifetime of 20 years.

The annual electricity bill under residential tariff is applicable.

® Grid Extension
For a new customer, the variables and assumptions are listed in Table 6.1.

Table 6.1 Summary of Grid Extension variables

Annual average consumption 8000 kWh/household/annum
Discount rate 7.2%
Evaluation period of time 20 years
Capital contribution 67% of capital cost
Overhead line 22kV
Unit cost A$9000/km
Distribution transformer 10kVA
Unit cost A$2900/EA
Customer service mains A$200/household
Application fee A$ 300
Residential and Business (K1) tariff
Supply charge 25.57 cents/day
Energy rate 13.94 cents/kWh (first 20 unit/day)
17.47 cents/kWh (20—1650 units/ day)
15.76 cents’lkWh (more than 1650
units /day)

Table 6.2 summarises the results of economic analysis for an individual
residential customer for extension of the grid to his house. It shows that the
customer located 5 km from the nearest utility line needs to pay a total of
A$32,527 for building new lines, transformer, additional equipments and

application fee (A$300) to obtain power from the grid. The customer will
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expect to pay the utility annual levelised electricity prices at A$1,233.38 and
levelised unit cost of energy, with a 67% of capital contribution on total

installation cost, is evaluated as 64.53 cents/kWh.

Table 6.2 Evaluation of grid extension for one customer and utility

Customer’s perspective
(A$)

Initial capital cost 32,527
Levelised capital cost 3,928.86
Levelised electricity bill 1233.38
Annual levelised cost 5162.24
Annual electrical energy 2000
consumption (kWh)
Levelised unit cost of
energy (c/kWh) 64.53

® RAPS systems

The weather data for this site consisting of monthly average daily insolation,
wind speed and ambient temperature are shown in Table 6.3.

Table 6.3 Meteorology data for 10-year period (from July 1983 to June 1993)

Latitude ~30.5° S / Longitude 118° E
Jan. [Feb.|Mar.|Apr.[May|June|July [Aug.|Sep.|Oct.|Nov.|Dec.

Insolation’
7.5816.7115.43(4.23]3.19(2.75|3.013.81|5.05(6.47(7.2317.72
(kWh/m®/day)

- )
Wm(ijp)"fed 3.30[3.27|3.09(2.97|2.94|3.06|3.04|3.14|2.972.95(3.18 3.14
S

Air

Temperature’ 26.5126.4|22.9117.8|12.7(10.019.19|9.97[12.7{15.0{17.3|21.5
O

1 - Annual average solar radiation: 5.27kWh/m?*/day

2 - Annual average wind speed: 3.08m/s

3 - Annual average temperature: 16.8°C

source: NASA SSE data
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Table 6.3 shows that Wialkl has a good solar resource with an annual average
solar radiation of 5.27 kWh/m?/day although there is significant variation in
monthly solar radiation ranging from 2.75 to 7.72 kWh/m?*/day. Wind
resource is poor with an annual average wind speed of 3.08 m/s. Therefore,
system components including a diesel generator and PV array, battery storage
and inverter/battery charger are taken into account. Additionally, due to some
months with weaker solar radiation a diesel generator is needed for each type
system. These components can be combined the following various system
types:

¢ Diesel only (DO) system

e Diesel — Battery- Inverter — Battery charger (DBIBC) system

e Diesel — PV — Battery — Inverter — Battery charger (DPVBIBC) switch

system

e Diesel — PV — Battery — Inverter (DPVBI) parallel system

Table 6.4 summarises values used in the financial analysis of RAPS systems.
Typical unit costs of diesel generators, PV modules, batteries and inverters
are obtained from local RAPS suppliers. The ratings of Diesel and inverter are
sized to meet hourly peak loads. The battery bank is sized for 1/3 (17.57
kWh), 2/3 (35.14 KWh) and 1(52.7 kWh) day’s storage.
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Table 6.4 Summary of RAPS systems variables

Annual average consumption 8000 kWh/household/annum
Discount rate 7.2% (source)

Fuel cost A$1.0/iter

Fuel inflation rate 3%

Non-fuel inflation rate 3%

Evaluation period of time 20 years

Subsidies 50% of renewable generator’s

capital cost

Diesel generator

Rating 4.5 kW

Unit cost A$1520/kW

Major overhaul cost A$5842

Major overhaul frequency 15,000 operating hours
Top overhaul cost A$1332

Top overhaul frequency 10,000 operating hours
Routine maintenance cost A$278/visit

Routine maintenance frequency 500 operating hours

PV array
Rating 1120W, 2160W, 3280W, 4400W
Unit cost A$11.8/W
Lifetime 20 years
Battery Bank
Rating 17.57kWh, 35.14kWh, 52.7kWh
Unit cost A$2.48/Ah@12volts(C100  rated|
capacity)
Inverter
Rating 4kW
Unit cost for mono-directional A$1300/kW
inverter
Unit cost for bi-directional A$2500/kW
inverter
Lifetime 10 years
Battery charger
Rating 3.2kW

Unit cost A$1200/kW
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Balance of system
Cost A$5300
Lifetime 10 years

The simulated results of several configurations of RAPS systems over the
20-year period are presented in Table 6.5. It shows that diesel only system has
the least total capital cost of A$12,140. However, levelised unit cost for diesel
only system reaches around A$2.012/kWh which is the most expensive type
of RAPS systems and is highly sensitive to fuel costs. The lower levelised
unit costs of diesel/battery/inverter/battery charger range from A$1.287/kWh
to A$1.369/kWh because the system increases fuel efficiency in comparison
with a diesel only system. For diesel/PV/battery/inverter/battery charge
switch systems levelised unit costs range from A$1.078kWh to
A$1.253/kWh because PV array becomes cost effective as a diesel fuel saver.
Similarly, slight higher levelised unit costs of diesel/PV/battery/inverter
parallel systems ranging from A$1.095/kWh to A$1.274/kWh result from
higher initial capital costs of the bi-directional inverter in comparison with
switch systems. Table 6.5 also illustrates that the cost effective RAPS system
is a diesel/PV/battery/inverter/battery charger switch system with a 4.5 kW
diesel generator, a 2.16 kW PV array and 17.57 kWh battery storage.

In addition, Table 6.6 shows that levilised unit costs for various RAPS
systems with 50% subsidy applying to the renewable energy system
components can be reduced dramatically and range from A$0.835/kWh for
DPVBIBC systems to A$1.224/kWh for DBIBC systems.
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Table 6.5 Summary of levelised unit costs for various RAPS systems

Type Diesel | PV array | Battery Total |Unsubsidised
(kW) (W) (kWh) |capital cost LUC
(A%) (A$/kWh)
DO 4.5 12140 2.012
DBIBC 4.5 17.57 26836 1.294
DBIBC 4.5 35.14 32492 1.287
DBIBC 4.5 52.70 38148 1.369
DPVBIBC 4.5 1120.0 17.57 40052 1.143
DPVBIBC 4.5 1120.0 35.14 45708 1.168
DPVBIBC 4.5 1120.0 52.70 51364 1.193
DPVBIBC 4.5 2160.0 17.57 52324 1.078
DPVBIBC 4.5 2160.0 35.14 57980 1.101
DPVBIBC 4.5 2160.0 52.70 63636 1.150
DPVBIBC 4.5 3280.0 17.57 65540 1.107
DPVBIBC 4.5 3280.0 35.14 71196 1.133
DPVBIBC 4.5 3280.0 52.70 76852 1.171
DPVBIBC 4.5 4400.0 17.57 78756 1.198
DPVBIBC 4.5 4400.0 35.14 84412 1.208
DPVBIBC 4.5 4400.0 52.70 90068 1.253
DPVBI 45 1120.0 17.57 41012 1.164
DPVBI 4.5 1120.0 35.14 46668 1.188
DPVBI 4.5 1120.0 52.70 52324 1.225
DPVBI 4.5 2160.0 17.57 53284 1.095
DPVBI 4.5 2160.0 35.14 58940 1.111
DPVBI 4.5 2160.0 52.70 64596 1.162
DPVBI 45 3280.0 17.57 66500 1.128
DPVBI 4.5 3280.0 35.14 72156 1.151
DPVBI 45 3280.0 52.70 77812 1.189
DPVBI 4.5 4400.0 17.57 79716 1.220
DPVBI 4.5 4400.0 35.14 85372 1.227
DPVBI 4.5 4400.0 52.70 91028 1.274
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Table 6.6 Levelised unit costs for RAPS systems with 50% subsidy

Type Subsidied LUC (A$/kWh)
DO Nil

DBIBC 1.169~1.224
DPVBIBC 0.835~0.989
DPVBI 0.849~1.014

® Comparison of Alternatives

As discussed in the aforementioned case study for WA, a new customer with
an annual load of 8,000kWh/annum and a distance of Skm from the electricity
grid has two power supply options including grid extension and RAPS
systems to obtain electricity. The RAPS systems with various configurations

consist of DO, DBIBC, DPVBIBC and DPVBI systems.

From customer perspective, levelised unit costs of energy for grid extension
and RAPS systems are illustrated in Table 6.7. It shows that grid extension at
unsubsidised energy cost of A$0.645/kWh is more cost effective than RAPS
systems with higher energy costs ranging from A$1.078/kWh to
A$2.012/kWh over 20 years. Even, in subsidised energy cost terms, a
DPVBIBC system at the least energy cost of A$0.835/kWh would not be the
cost competitive with grid extension. Generally these RAPS systems can be
comparable to grid extension as the distance from the existing grid system

increases.
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Table 6.7 Summary of levelised unit costs for grid extension and RAPS

systems
LUC (A$/kWh)
Type No subsidy 50% subsidy
Grid extension 0.645 Nil
DO 2.012 Nil
DBIBC 1.287 ~ 1.369 1.169~1.224
DPVBIBC 1.078 ~ 1.253 0.835~0.989
DPVBI 1.095 ~1.274 0.849~1.014

@ Sensitivity study

(1) Customer Average Energy Consumption

Annual average energy consumption of 8000 kWh was used in the base case
for both grid and RAPS systems. The average energy consumption was varied
from 4000 kWh (50% of the base case value) to 12000 kWh (150% of the
base case value).

For a grid system, there is no change in the total installation cost of the
distribution systems when average energy consumption varies, assuming the
system can cope with the additional load, while the total installation cost of
RAPS systems increases as average energy consumption increases. The
levelised unit cost for each alternative depends on energy consumption.
Figure 6.1 shows that the levelised unit costs for all energy supply options
decrease as average energy consumption increases. Similarly, the levelised
unit cost increases as average energy consumption decreases.

Figure 6.1 also illustrates that grid extension under uniform tariff is more cost
effective than RAPS systems. For a new customer using non- uniform tariff*
with energy consumption greater than around 7300kWh the grid extension
provides lower prices than RAPS systems. However, when average energy
consumption less than 7300kWh RAPS systems would be the cost
competitive with grid extension under non-uniform tariff.

*-- The definition of non-uniform tariff is that customers buying power from the grid will
pay prices which the utility recovers true cost of supply to consumers.
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Figure 6.1 Comparison of levelised unit costs for grid extension and RAPS systems based
on changes in annual energy consumption

(2) Extension Distances

An extension distance was 5.0km used in the base case for grid extension
power supply systems. Extension distances for a new customer increase from
2.5 km (50% those in the base case) to 7.5 km (150% of those in the base
case).

Figure 6.2 shows that as the value of distance levels increases the levelised
unit costs for a new customer applying grid extension under both uniform
tariff and non-uniform tariff increase. It shows that variations in different
extension distances make a great impact on the levelised unit cost for a new
customer while levelised unit costs for RAPS systems remain constant,
independent of extension distances.

In addition, Figure 6.2 illustrates that levelised unit cost for grid extension
under uniform tariff is the lowest. For a new customer using non-uniform
tariff with a distance greater than around 6.22km, RAPS systems provide
lower prices than the grid extension. However, when an extension distance is

less than 6.22km the grid extension with non-uniform tariff will become more
attractive than RAPS systems.
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Figure 6.2 Comparison of levelised unit costs for grid extension and RAPS systems based

on changes in extension distances
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