Appendix Document 7



Appendix Document 7.1-1

1 PVIRATALBRFENME I AT ADIR MEEE

FRAETIE, PV AT LET Yy ROPREROEREDIZXA MKZITO I L LT D,
I TOHKTIE, #HTREACEARKERZRVWTNS, £/, EBITIE, EEKR
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1) FBEBIADL (FZEEBNBAIAR)
™Y Tid. Morupule DARKNFEBFZHRE S ETENZHEL THIN, &
D 50%td SAPP (Southern African Power Pool) {IC K DB/ Z®WAL TS, £ T
MABLEEDS LT, AV TTOREFLSOBEBNBEEZT, BABNITEK
DRI NB EEZ B,
SAPP IZE DRV T F @A L TWAHE B 6~7 RSA¢ AkWh EENEEIX
FNE&&EDT11RSA¢ kWh THS (BPCHE®). 9785, 7.5 Thebe/kWh £ 5,
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7w ROERICL DM ELEEZEZDBE. REROEEL. EESERIUVER
ENOEBERELEET S,

a) XREHROER
2001 fEIZ5ERT D 2 MERBRIEE O 7 bOTFELD, BEET U v )
5OEEFR Y- D EEERBEZREHL, HHAICBIS3ARNELTIR. 20
HICNLIZAALV—2ar Ty 5 —2% (BPCT—%) 2F5ELTHEMT S,

81,600 P/km X 1.26=103,000 P/km



72 Village Electrification Cost (Budget)

b)

kS 2 ABLUELER

Items Voltage CuxPulatlvc Region Itlo. of To|al. Cost Cost/ km | Cost/ men | Coslt/u 25%, 60%.
No, Distance villages | population
P/ P/ P/
kv km kP kb/km F/men household | household | household
Villages with 11kV supply
1 |within 15km (total) 2229 29 36,319 23,789 107 655 3,275 13,100 5,458
Villages to be done as small
1) works (sub-total) 133 6 6,313 2,276 171 361 1,803 7,211 3,005
1n 9.3 |south 4 2,793 1,496 161 536 2,678 10,712 4,464
1 4.0 |north 2 3,520 780 195 222 1,108 4,434 1,847
Packaged contracts based on
2)|proximity (sub-total) 209.6 23 30,006 21,513 103 n7 3,585 14,339 5,975
11 116.6 |south 12 15,376 11,639 100 757 3,785 15,140 6,308
1 93.0 [north 11 14,630 9,873 106 675 3,374 13,497 5,624
Proposed 66kV supply lines
2 [(total) 66 349.0 |south 3 4,227 26,086 75 6,171 30,856 | 123,425 51,427
3 |Proposed 33kV lines (total) 1,132.0 17 29,609 78,695 70 2,658 13,289 53,156 22,148
33 614.0 [south 9 13,771 40,721 66 2,957 14,785 59,141 24,642
33 518.0 [north 8 15,838 37,973 73 2,398 11,988 47,952 19,980
Proposed 11kV lines longer
4 than 15km (total) 5264 21 39,422 37,509 it 951 4,757 19,029 7,929
11 173.0 [south 6 8,490 10,793 62 1,271 6,356 25,425 10,594
11 353.4 |north 15 30,932 26,716 76 864 4,318 17,274 7,197
5 _|Grand Total 2,230.3 70| 109,577 | 166,078 74 1,516 7,578 30,313 12,630
1)[11kV lines total 11 749.3 50 75,741 61,298 82 809 4,047 16,186 6,744
2)|33kV lines total 33 1,132.0 17 29,609 78,695 70 2,658 13,289 53,156 22,148
3)[66kV supply lines total 66 349.0 3 4,227 26,086 75 6,171 30,856 | 123,425 51,427
y of costs on the impl of the 72 Villages Electrification Project (Actual)
Item Amount (P) Activities d for
Construction 172,035 00| COTStruction and 94.5%  1000%
consultancy costs
Operations 8,961,000| S212ries, travel, cost of 49%  s2%
mapping, rentals, e.t.c
. Purchase of vehicles,
Capital 1,049,000 network printer/copier, e.t.c 0.6% 0.6%
TOTAL 182,045,000 100.0%| 105.8%)
Total km 2,230]
Cost on Phase 9
Unit construction cost (P/km) 77,146
Unit extension cost (P/km) 81,635
Cost on Phase 14
Unit construction cost (P/km) 97,204]26% cost up |
Unit extension cost (P/km) 102,860]26% cost up
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P1,570,000 TH o7z, BABIPENEMR ZFR< P1,400,000 TH Y. #E> THA Wp
W7 0 OB P130/Wp Th oz, ZEHEBEO IO 27 FOHEIE, AT —IbAY
v MCEOKIEZIZA N T URRIBIND, 2D 70%DMHE THRETEDEEL 5,
97205 P91/Wp &£ T 5,
Grid ZEE I A MZid. Owner ' f FOOA R Z2FVDTENERULS TS E
91X1.058=96.3 P/Wp

INY FU—DREIZDNWTIE, ERETIE 105Ah TP514 TH YD, [FIRKIT 80% DAl
THATES EKEL. P411/105Ah 3 FF LT 5,
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BMECHSBR T -2 b B—BA T FABZELS ZEIZEKD, P750
K AOIRA N ERET S,

ii) BPC &ft, HuHER OEKHICE DI B
Aeic7oy 7 bF—Uy—Z2EEL. PV Eib 1,000 HHIC1 AT P
7. Ty rF—/8—, @PEBIMBILERICEMNE, MBRZE KR ET
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770 %Y ¥- 10,000 PM X 12m = 120,000 — 3,000 HHIZ 14
I>Y=7 7000 7 X 12 = 84,000 )
Ty ZF—=/X— 4000 7 X 12 = 48,000
A 1,000 X 12 = 12,000 L 1,500 R 14
HIEFI=ovy 5,000 X 12 = 60,000
B e 1,000 X 12 = 12,000

216000

— G PV 100Wp D AT LERETHERETHE, —HELZDDIX
NMIEHEZ AMEED 50%5 EREL.
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28 (P) H# (%)
A% = 1,073,391 68.4 100
ITH#% 496,035 31.6 46.2
Gt 1,569,426 100 146.2

Tz, & D BCS R FlifmalR /= SHS @& ZRH NI 5 &,

&% (P) B (%)
SHS BIEHAM % 610,000 68.4
N SHS /NR )V E 263,846 (29.6)
BOS # 346,154 (38.8)
SHS #aEaR# 610,000 X 1,462=892,600 100
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8.1 PV L RTFALDFHM

FAET OV N AREORECRL O S A MR OMAL, BRTE. i L5
ROE AT — I THANRHE 2 F L 72

811 RYDFRH ¥ —F BOS 2-1:1999 [Code of practice for PV energy
systems design and installation— Part1: Buildings (ZB8 3 % 5T

SEOFIETOD 2y NTHEALL, —#F 88 - L) EEEHREOFERICEEL.
BEESIE N TR DHEAFIHE LT Botswana Bureau of Standards 12K D filliE ST
% TCode of practice for PV energy systems design and installation — Part1: Buildings] D N%& %
%R L. Implementation Body Td® % BPC/EAD HiN&DERZRMRL 2fEkFEL L. X
oo RY T FHRMTOFRMETRERARRET S0, A O RRIIE BN S HD
HELEBE NS DT 2BEIT Lz, AHEEL, BoTeC MM MMEWA IZK D flE 3N
TW/z [Code of practice for PV energy installation in Botswanal % /\— AIZHGET 41, 1999
FIRYTFRAY T —RELTHIESNZDBDTH S,

RiCHR, RYTFREY 2 F—Eh5DERERREZUTIIRTY,

(1) Standard Test Condition

Solar irradiation of 1kW per 11 at cell temperature of 55°C

WH. IEC TOREIIENVKERE2CLERoTED, FA—A—13EXEHTO
PVEDa— )VHAZEREAEEL TS, KL, RV U FTORREEE2E
BLEHDTH BN, RMHROKBIZED PV ED 2 — )V MR OB BT L7
%, FURMICIE. BIVERRES S5CELEGE. %k PV BV 22— )V TRER
INTWVS PV ED 2 — )L L BT 15%BEOHNETHRET 5. E-
T, 50Wp DEMANERINSGEE, 60Wp BEOERILIEZFF>/7Z PV ED 2
—IVOBENLEELLD, EETOP 27 MTE. ATEHZAMLEE O BN HE
BO—D&EUTH]D LV, ¥EFOHMMEREEEBL 2.
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(2) Minimum design life for battery

Minimum design life for battery: 3 years

1B%0D 1 EOFRKE L7578, BPC/EAD HifiE & DEAIZHITEL D, 1200 [A]
O\ TV —REtHMEFAITHEE L, £ 1 HYADOKEBEEEIL. PV A
TAREBETLD 15%E Lk, AMEE, DR0EWERTHD, BEEKEZRET
BIDIT@INYy T —IZHT 5 TR ABABLEELS, €W, AIHE 2 AFLEE
DEMFEEE O—D & LR E2EMmT2HEE L.

(3) PV panel installation tilt

Panel installation tilt: the angle of latitude of the site +5 degrees

MR TE DR, BBXT MMt 23~25 EOHEMICH D, HEMEE 25 EITHK
LTz, EREICEL TE, BEREAHOARROEIICLD, RBEENRBOER
Dia<T B, 30 F (25+5) ORMEMLEHRA LIz, FAZOREITHEL T,
25/30/35 EDBRAEICBILREENEEZ, 6 HILKIZ 12 HONKOXTOEEH
HEZLEICHEL, TOENBROBOBWAEZEA L, RBHRZ UTITRT,
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i E A
25 & 30 & 35 B

ASE R AfE S B R

(kWh/r1i/d) EBhHE (kWh/rri/d) EHE (kWh/ri/d) EHR

(kWh/d) (kWh/d) (kWh/d)

a)6 H (&%) 5.580 0.215 5.810 0.220 5.940 0.225
91% 91% 94% 93% 96% 95%

b)12 A (EH) 6.160 0.237 5.940 0.227 5.670 0.217
100% 100% 96% 96% 92% 92%
2AE6ADE | 0580 0.022 0.130 0.007 -0.270 -0.008
Cb-ad 9% 9% 2% 3% -4% -3%

TEB% : 25 ETD 12 AEDE% 100 & L7~

BOHERERT,

REMERLD, MELRAME 5E) 2RALLES LBOREBHEITHICH
L9%ET L. .35 EDBRE K13~4% 1 FMZAL EHBRORFEEROKTEZE/T,

30 EOEHS, 1 FMZEC L EENRBREMERTIENTE, TOEREH
ETOBRARERD 93~96% B WHEBREMETHIENTES,

A8-2




RV FEEARE BT 500D, HIFELFTIIRREN 2 FEER
£T 520, £AFOBIMHBROBMAPBHEE SN, XAPORBEHBEZER LA
EREVDLHEEERD,

RYTFAEY = RTHE, BELS EORE LR TWBEN, LA EOKSREZEE
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BOEZAY > F— FONEZEMHICHEEL, ETENEEN LOBERRENEE
A%,

8.1.2 IR#h Supplier DHEMIEHE ($823)

SRIOFEET T =7 MERAFLTO, Bl Supplier 5O 7 OR—F)L & &I, £
DHARIEIRAE NIZ DWW T DFH 2 £ jE L 7=,

AFLEHEZBA L /=BiHh Supplier 1. 10 tt. A, TOR—PILZRHLZDE 3 #D
HAThHo7z, FREBIZOVWTO, 3o 7OR—F)L & JICA HHE EOBAMNITH;

SR RIILL T DD,

(1) PV EYa—)b{tkk

ANRDEAD . PV EZ a—)VOHENERZSGEOLERICESHEIEZ2DITE, A—
N ROTHENEBRN—AITT 60Wp BEORBEENLEL/ED,
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Si % PV EY 2 — )V Ekk A
A fL | NAPS K44/62.7Wp at 25°C 55°CIZT 50Wp RELR
B £t | Shell Solar RMS60/58Wp at 25°C 55°CIZ T 50Wp HELR
C £t | SIEMENS SM55/55Wp at 25°C 55CIZT 50Wp LA F/Ri-ESD D

A. B i3, REFRUGZHELAREEZLTHD, PV TV 2 —)VEKREED
HARIF ML THBOEMNBEEIIEL BT 5, ZEZL. C#IiZDWTIE,
RERE SSCORMZHRELTH ST, HiHRICERNH 5.

¥, EREICT PV EY 2V EEO—H%,. REREOEWVWRAICT HIK
TFTERIWDL, BHRITL-> TREARE (7R L2807
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FTED, TEINT7 A% PV £V a—)b%E 110 ERO 0% IR %5
Supplier IZ THE - fRRU THRWEHR L. i Supplier DEFTEWMD AF /1 %2 3¥
i L 7=
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a-Si % PV £ o — )V EfAk ERR L]
Aft | ZEREL SORE,
B fl: | KANEKA PLES0/50Wp at 25C 10 R O /) RFEAT &
Ctt | REREL, HEHEL,

TEIVT 7 ATDNWTORENRE N/ Supplier & B #EDOBTH -7z, TOR—
PN ZRBHELZON, 3#0OHTHO., R 7 FH Supplier DFFICEIZENS 720
HbOLWETEDN, BRFBEROAF WX HHOFEAICEL TOBEA—E
WEEEZD,

£z, SEHHLETENT 7 APV ED a—)VIABCSIZSi R PV EZ a—J)L &
HICRBINTBY, ZTOMEEDHRERCHKREZTo 2, &1 REEHE B
FHE) IZBWT Sisk PV EZ a—)b (ERENKE:00Wp) 23K 266W. 7 EILT
7 AR PV ED a—)b GERIL IR E:S00Wp) M) 308W & ERH IR EIMENIZ S
DS T, BOHAZEREL TWSENHATEZ, (AL, 7TEIV T 7 ZDHE,
PIID 2~3 » AT 10 EDOHNE T ZRETIRENH D, #it_s1 >
TEBHRICLORNYTIFTOTENT 7 AROBMYOFEEZSH RIL TN
DEND 5,

) N7 —OFRBEFaS LT Otk
INY T ) —BERD E/EMARICBET 5 3 ORI TR D@D,
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JICA EsR{LER Afh B £t C fh
1 | FEHEHIN 1500cyc at 15% | 1200cyc at 15% B2 L
ODO 15% T 1200cyc PA k£ DOD DOD
2 | R RFFR B GE Best suited =50% [m] 2 L
50% PAE for DOD=50% | applicable
3 | HOWER/HA (250) About 3% < 4% HIEHEL
4% LAF applicable
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A. B fhid JICA HEEZEONEZR<HEML. BEOREZIERL TERN, C #i
BEL Tid, HARICEET DR N E S )Ny T ) — 2B M AR DORATR N,

(3) TURA R ZAT Lbkk

JICA ERE T, EAERFHEL T
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B OBRERMEIITRROED,
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Shell Solar Power House
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BL. HRNOBEH BROMEMGNCHENESEETHD, BWIERREHHL - &
EAEORRIL REEEFORTHEICERONDFITRD, REEESHEIC
%, GEOTOY 7 FTIE, BSHEEFOBVWCLDRBEDONIYF2R/NET
57D, FTRIRTR—)LERE AR EZEA L=,

FHRZ, PVEZ2a— VAT L—ALE, 7L —LZIO T 2L D
INTHY, EEBNTEHEANT 30° OMEIC PV D a—IVHT L— AN
WOMFTENBEIMILETH S, TDEIIT, FEHORVWIHBRNTHERT
ZHRICKOMTRBEEMIFTLENRHTH D, £z BBREEFIREAE LRI
THEELS, FAOAIENUEBMRITITENERTE 52D, HBBETHAEOR L
CHBNLHKEEZEZ S,

o, AR—IREARICEY BRETOEENE<L DD, KD FOREDMH

HTE, JAMETARRZEDHDN, b—FINRETHEZEZE ARG, &7
XZHRT 5,
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(2) r— 7 IVERERT DARRBGIEIZDWNT

GEIOTETIE, BMTO -7V EGER 2 EBT 2 2 &ick D, REEED
L BHM A EIT o 7z, BRI, =T EERE Y oy AR E L, FRiicHE
EMORWLENOEEGFRICTY Y BT ST & —T)VicEk L, B

TIHEAAERDAZEBSEDFE L,

RN EORRITIL, FRREOKENETH N, BB TH oM HNETE
DRERFZIR#ETH S, K> T. £TUNTHRTERBE O LN —E1L

CHLAHEEX S, FRITRTSGEHRHALEY 7y bOBIRERT.
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(7—7»ﬁﬁmyvyr-75ﬁm§n)
Plug )

Light
harness
splitter
oy k)

Cable

82 RAREELMRERHE
8.21 SHS DRF LDEE

CO, Bl HERIERRALES IEIC 3BT % SHS OFEENTMA T, FEFY PV AT AR
RFEETHEHEBEMATVWSIXVF—F BFATTHS > 7, EMCT )y REk
WRERMNOSARBEINDI NNy TU—%) THBEL T, BEOFIREZREL TN
5, T > 72 PVBLREME LT D SICEZMAD I EICED, TMEFRLUEAT
HZENSETHEREBELOBEZENT 5. 1 > RO Tata Energy Research Institute
MMToRAEICELSE, TMI > TZ2FESZEICEDBEOEA. MPROMEZ N4 N
FATVS, K<HSNZIFREEBEDE B2 IE—BALxRE, Nox 3L URILKFEE)
DEHITMAT, TS > TIEKKERMEDNH 2. BIIHRD OROTFHEENMEE, F
RATM &2 RAIABEIEL TS,

PVIAFLE. 7904, Ay b L—Y— 759251 bOERELTHAE
NGB EBEIHRZ TND, HEHRETIREEEREEYLAEO IO Y S LADNEND
T, MABRSEEMEA—T O CHBETHTHERNLEVRERLZDTEH LN, AFEY
B KkZ2ED) THEPKEZBRTSIEITDREN> TN,

PV T B L D BRE LENTWAIEND T, MoB HEHORRE L DE

NTW3, PV EY 2 — )T — BT 7R R GTE SRR E T A, KEH R X
WREZHHT S EELUICEBREFRLET %,
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PVEY a—)Vid, HERRICREINE I ETHOTRRAR—ZALHEL RN
DT, PVHIGEMAIE, REROCMOALKICKILREE BIZITKEKNFEE) TL0bBE
5ENBHHBEEN R T A A OB EZILTE 5,

MNPV D AT LITEECERE L ICEQZ MG T 2 DT, R S Nt LR it
BICHBITS PV OFHIRC I AT LARBIENTH S,

RECEREIRIL, RAHBOBRAEORICEHRELZFL. TIATLANOEDE
MMEER LS E, TIPATLAOHBZEISES, HICEREREREA S TF A
HENI T E BN TH 5,

%< OREEE EEICBNTIE, #1505 FaRAD N OB ENHRM, EBFERR
Z<OMEEZERL TWS, Axd#EdiN, BCBEKITOMOBRM2PES 23RO T
BEBLTWS, LALETHOTI>T7I5AMI7Fr—i@LELIE, AOBRKROR—RIZ
Ty FTERN, BRERZTVPHADSBIAOAOBBOBREZEZEDDEND
ZERDVERVWD, PV HUFEBIENE ZOEEOEZF LT 5F127/35 Z & 13HENT
»H5,

8.22 BNRIRKE

SHS ¥ RICEH5ADORELET. H-—BN\NyTU—DOABUYRKFICL>THEL S
N3, EREVH BNy TU—0U B 7NN EIET DREOHIETH D08,
BITOUHSA 7DD HREICE > THEICEEZ->TWS, SHS WESHEMAEINS X
IR BE, BEHERINENyTU—USA 7N TOar S LNEELRS,

MIIMBEITHR AR AFETRDIFIBZENTESHRIZELS DSLETH S, T
ZOBACER DL KIEBORBERO 7O ADERREICA S, £EHR—2A0®RE
DHEREDMA D H Y U > DRBE, TRk 2 72 BEEY OBIEDRRIZ NFH DIE
FCERL THREICAS,

I T DTE TAKITERABAENTZDRASIN/ZZD LTAS, THENHOBRLT
DB L EBRTHENFOMERDLEMNH 2D TROEN K TH S, THFEITE
WU7Z8®D 50%Z WIS 20, —HRADEHEIE 10~15%TH %,

IR U 7= HIC BT 50O 8T, B B/MAE, WEZEZT, FHICHT 58
DEEI, 1Q DEAD, REROET, HEAHA OHEE, BEREREESLZECT, a0
LAV OSERRE. BEOK. FBEEZ RN, FiEebEIT,
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$h—/N Y T — B 15%D 8B & S0 DRI BIY). 5D T3 AF v IB
KN 4%DTDMEDR> TS,
BM-BNyTU—DaCR—2 ML, HLONyFU =T —=T)IVAN) T, *
DDOBBEEDDIERTE S,

TIAFOIT— T TIZAVYAINTES, -8By T —BEIIBNTH
RAENDHDK 60%23) 1 7 IV SESEN TN S,

RKEFOMHFE ANy TU—ZUB1r7)xnsd, LHrLEI DNy T —NRiEY)
RSN, TORR, Ny T —OBEHIM S Skl T D 2R B BERE BN i 5
OB AR T 5FOMELE CTEEERER DTV,

8.23 ®IFAICLBUHA2VU Y

1) VBT

TEEINERBFOELIZ. —BRECEBTHRIB>TNS, Zhid£<
DEEEHE TEAINTELHLWRERBRICKBREINTNWS, —KWICZ
S0, ERYWEOKER., ME2EL TETHIENSHEELRET S EI10HD
%, MTBEFREEOPTERYEL L THEINSMEVA MO My SITHES
NTW3, FHEAR BNy T —ZHHRVWERETSH I &E. BREICURAIZ2E
ABDEND T EIZENWORIITIRN,

REEANOEGT DI LICRKTSHE, MBI T —2HEEND. HD
AEERX TR, REELOBRICO—RL— b v IR T4 TEEZTY
%, TORRIZIEIC KD EREFIROKRICHIREIND,

a) BIEEINDBEFE : WHRD ANBEREAR BNy TV —ZEEREENITEA
SRZORFELZD I, BEEANYy 7Y —/NEERIFEHERIC. £
Environmental Protection Agency IZ & V58RI S 1/z RS BISHER 1T, £/2i1dZ
DIET LK VRD SN WEE TP IVEFIT, %252 LIk 50505
DNy T U =D ZITIRIETERN,

b) T4 —TF—IXKBHE : WHRLZEAHENY U —/NTEED, BRERER

(EPA) IT&X > TR SN/ RMBSEESE., BRI K DRI NI
BEZRUYA IIVERMEAETT 2 LMERFE SR —B/Ny T —Z2UHEL
TRIESIEW, ElenNe s HBER/N Y 7 U —/NE¥EE S EPAICK DB
NTZBRNMBEERE, ERIRICK VB D SNZNE Y Y1 7))V HEE AT

A8-10



T4, Ny 7)) —SLEEEOREEIC, F23EEHICHMNT 5 M
BEHe—B/Ny T — 2L TR S57R0,

) UBA 27U TDAEDIE : 8—BN\Ny T —2/NETHRIZDIRFTEEZLLD
ET5EI
1. ZIFELOBMT, P LbBATHREFRUKE, BAINSIHAN

v T — ERIBUTHERE S BNy 7 — 2T ANRTER S 20,

2. WIE/RYA XD, HEHBEDOUTA TN PRIV ERDA Yy -V 280

BEEREZZWMI TR S RN,

i TEFEILEMON BNy T —2RETIOFEHER TH 5]

ii. [BREOEAESNYyTY—2UT17)LEX]

iii. &R FHEAHSEAEZEMOR—B/Ny T —Z2 S 7I)Vd
52817, BAZINDIHLWNY T —ER[EHAICRITRMSFELERAIC
FERL T3]

dy $h—BNwy T U—HEE  —BN\y T —2HRETELEL. ZITELOS
T, Dla EOBEDNHEATHIHEFMUBBOFAEAR BNy T —%
S ANBTFIIIR 5780,

INY TU—/NEEENSN Y TY —EZITWMOEET 5FI, NWEIND/NE
NS 90 HEARIZNYy TU —2BE S5 &,

e) Ny T U—/NEXEEORE : 4RI, N—BNyTY—2WNRRTEINDET
DEFFH T 2T 2 a () TERINDEREZZIER. TV BMLAR
T sizn, Y/EiE. COETXEINSETOH. BYELidts
BRETES, YRIKLDA—YSAXINEZHBEIL. Z0tvsa 0BRSS
HIZARTERWEIIELER2RTTE S, BRINETFHFEZWMA Laho
EHEIELEOR. $25/ HORFIVT 1 221, YRINHNT 5.

(2) M

WHE ANy T —d, HROIEEZRBBORLICKSHEZIETS
A, BIECHRSNQERSRW. Ny TFU—=237 v 72k LRI #izi
ERFEOVAV ZERBT 5OENIFRNHERIND, ENFEERIIDERED 3
HOEEZEL. ABEIIKANIINTONZBREFETHIENEEL W,

RbRIC X D@ Z2p519 5%, TAT7 7V NERIET S 7 ) — FRITHEEBG#
RARTEAT O FBICE SN, RIHEARYD SRITRNE I A DRITT S, M
IR AT OBFBIRIE, 7T AT 7))V b X BEMIARE T L — AT 20~40 S U QRS

A8-11



DR LFL >, R0l ERZEEEZ-INOS—NTEBEHDT
HE,

Ny FU—=Z/N Ly b RICEEICENN. 5 BERUT TEHRNICTREINSERET
HD, BNIZDY =L TWB Ny FU—id, Bic—banizs Ao pp A
FEREMMOME., RNOENWS — )V TELERICAN. BRI > TEL<S Z
Lo RHWIIEEITEBERD V., HHELNILONEEDHIZ. GEREEHEL T
WOED T &, A 5RTH U ARERT, tgoBEEE T TiHsZ &,

83 RIAIOP o EME=SVU Y

EHETOD 7 MIBWTPV AT LADBERRET A 7T, KD 3 #FFD
PVIATFLIZHML, T—FOlH—%2FKEL =,

* Battery Charging Station (Lorolwana)
ZHEMED 2—)L (ShelD)
TEINT 7 A€ 2—Jb (Kaneka)

* 50Wp SHS > A7 A (Lorolwana)

* 200Wp SHS > A7/ (Kudumatse)

HURE . BEE. Pv/CRIVIES (BRE. BR) . Ny FU—0ih (BRE. Eif)
BWEE, PV/SRIVERERETH 5,

/= BCSICEAL Tid. LEEOT—FIZA. PV/SRIVOM S (BE. i) ENy T
—REBEKNEH 8:30. 13:00. 17:00 D 3 [El, BCS A XL —FICKDFIEDHMICTHESZ INT
W%, FEREAXRL—FE, BCS 21— —2Makg/)Ny 71 —DFED/=H BCS I\ T U
— &R0 TREMEEL TNW5,

INSDEZYY VT ORREELTIRT,

A8-12



8.3.1 Battery Charging Station (BCS)

(1) Electrical Layout
1) Solar Array

The Solar Battery Charging Station consists of ten 60Wp Shell Solar panels
and ten SOWp Kaneka panels. The Shell and Kaneka panels are wired in two
independent arrays (all panels wired in parallel) and charge the Solar Battery
Boxes through a terminating, isolating and metering box (see schematic
diagram in Attachment 4). As the name suggests, in this box the connecting
terminals, circuit isolators and meters are located. Per array there is a
voltmeter and ammeter to be able to monitor the arrays individually. V1 and
A1 measure Shell panels voltage and current respectively, whereas V2 and A2

measure Kaneka panels voltage and current.

Circuit Isolators

2) Charging Station

The Charging Station consists of 42 individual boxes that incorporate a circuit

isolator, a SA electronic current limiting circuit, a voltage regulator and a red

A8-13



3)

?)
1y

2)

LED indicator. The current limiting circuit limits the charging current of
individual batteries to 5A in case few batteries are on charge. The LED
indicates if power is available from the solar arrays (LED on: power is
available). The boxes are alternately wired to the Shell Solar panels and
Kaneka panels. This result in approximately equal loading of the individual

arrays when the Solar Battery boxes are connected one after the other.

Autonomous AC system

To provide lighting for the Solar Battery Charging Station and power for
socket outlets, one Kaneka panel is electrically separated from the rest of the
Kaneka array. This panel charges two Deltec 102Ah batteries through a
controller. A 300W TES inverter is connected to a distribution board to power
two AC lights and two double sockets.

Performance Monitoring and Analysis
Performance monitoring

The performance of the battery charging station is monitored in two different
ways:

1. Filling in an operator logbook

2. Using a data acquisition system (Data logger)

This report shows the results of the analysis using the data from the above
both ways.

Performance analysis through the data in the operator logbook

During three different times over a day (8:00 AM, 13:00 PM and 17:00 PM)
the number of batteries that are on charge, voltages and currents are noted in
the operator logbook by the operator.

The data from the operator logbook has been entered in an Excel spreadsheet
for further analysis (see Attachment 1 and 2). Some entries are missing but
this has only minor effect on the analysis. Records of the functioning of the
Battery Charging Station (BCS) have been taken since 15 February 2002.
However, it appears that the BCS went into operation after 4 March 2002
since before this date few batteries have been charged. Analysis has been

carried out in the following two period.
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* From 5 March to 17 April 2002
* From 18 April to 2 July 2002

The following analyses have been made:
1. Number of batteries on charge,

2. The voltage output of the panels,

3. The current output of the panels.

The findings of the analyses are discussed below.

Number of batteries on charge

A histogram has been made indicating how many days during two periods a
certain number of batteries have been on charge, at three different times of the

day. The results are given in Appendix Figure 8.3-1 below.
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Frequency Distribution of Number of Batteries on Charge
5 March 2002 - 17 April 2002
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Appendix Figure 8.3-1 Frequency Distribution of Number of Batteries
on Charge
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The maximum number of batteries that can be on charge at any given time is
42. From Appendix Figure 8.3-1 it can be concluded that there have been only
2 days during the time period between 5 March and 17 April that the BCS
operated at full capacity. Most of the days the BCS operates at half or less of
its maximum capacity. This indicates that most users use their batteries at
least a number of days before they bring the batteries for recharge and also
that the batteries are recharged quickly.

Voltage output of the solar panels

The voltage at which an array of solar panels is operating depends on a
number of factors, which include:

- materials used and design of the solar panel

- load connected to the solar panel

- level of irradiation to which the solar panel is exposed

- cell temperature of the solar panel

Appendix Figure 8.3-2 below gives an indication of the operating voltages of
the Shell and Kaneka solar panel arrays at 13:00 PM.
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Appendix Figure 8.3-2 Frequency distribution of the voltage output of

Frequency Distribution of the Voltage of Panels at 13:00 PM
5 March 2002 - 17 April 2002
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the Shell and Kaneka panel arrays at 13:00 PM
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From Appendix Figure 8.3-2 it can be concluded that most of the days the
voltage output of the Shell array is about 18 V —19 V whereas the Kaneka
array operates most of the days at 20 V — 21 V, which is approximately 12%
higher. The average operating voltage of the Shell and Kaneka arrays under
these conditions is 18.0 V and 20.2 V during the period between 5 March and
17 April 2002 and 18.3 V and 19.7 V during the period between 18 April and
2 July 2002 respectively. This confirms the results of the measurements that
were carried out on individual panels, which gave an open voltage value of
the Kaneka panels, which was substantially higher than the open voltage of
the Shell panels under similar conditions.

Current output of the solar panels

Like the voltage at which an array of panels operates, the current that is
generated by an array of solar panels depends on a number of factors, which
include: |

- materials used and design of the solar panel

- load connected to the solar panel

- level of irradiation to which the solar panel is exposed

- cell temperature of the solar panel

More than anything else, the current output depends on the power rating (Wp)
of the solar panel.

Appendix Figure 8.3-3 below gives an indication of the current output of the
Shell and Kaneka solar panel arrays at 13:00 PM.
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Frequency Distribution of the Current of Panels at 13:00 PM
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Appendix Figure 8.3-3 Frequency distribution of the current output of

the Shell and Kaneka panel arrays at 13:00 PM
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The average current outputs of the Shell and Kaneka arrays under these
conditions are 9.0 A and 11.1 A during the period between 5 March and 17
April 2002 and 12.1 A and 15.5 A during the period between 18 April and 2
July 2002 respectively. This confirms the results of the measurements that
were carried out on individual panels, which gave a short circuit current value
of the Kaneka panels, which was substantially higher than that of the Shell
panels, under similar conditions.

It should be noted that the Kaneka array consists of 9 solar panels with a
nominal output of 50Wp (= 450Wp total array output), whereas the Shell
array consists of 10 solar panels with a nominal output of 60Wp (= 600Wp
total array output). In total 20 panels are installed but one of the Kaneka
panels is used for powering the AC system of the BCS (see Appendix 4).

Number of Days in between Charging the Batteries

Appendix Figure 8.3-4 gives an indication of the number of days between
charging the batteries at the BCS in Lorolwana, during the time period 14
March 2002 and 31 October 2002 (original data is shown in Attachment 3).
Most users bring their batteries for charge within less than 10 days with a
majority of users recharging there batteries within 3, 4 and 5 days. It should
be noted that 5 out of the total number of 41 users, never bring their batteries
for charging.
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Number of Occurences

Histogram of Occurence of Number of Days inbetween Charging the Battery of Users at BCS
in Lorolwana (Mar. 14, 2002 - Oct. 31, 2002)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Number of Days between Charging the Battery

Appendix Figure 8.3-4 Histogram of Occurrences of Number of Days
in Between Charging the Battery of Users at BCS in Lorolwana

3) Performance Analysis through the data acquisition system

Data sampling using the data acquisition system has been done in the
following period and manner.

Total 5,908 sampling data have been obtained in every one hour starting on
14 March and ending on 5 December, from which startical analyses for the

voltage, current and power of the panel have been made.

Appendix Table 8.3-1 BCS Sampling Data

Data/Time Duration Sampling No. of Sampling Data
From To (Days) Interval (min) every one hour

14/Mar 15:37 | 2/May  3:07 49 30 1,164
10/May 12:52 | 21/June 2:52 42 60 999
2/Jul 12:32 | 24/Jul  11:47 22 15 527
24/Jul  13:55 | 9/0Oct  11:55 77 60 1,847
9/0ct  12:49 | 22/Oct 10:04 13 15 312
22/0ct 11:18 | 5/Dec  13:18 45 60 1,059

Total 248 5,908
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Number of Measurements

Panel Voltage
Voltage Histogram BCS
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Appendix Figure 8.3-5 Voltage Histogram BCS
Period 14 March 2002 — 5 December 2002
1 hour measurement (about 2850 data)

Observations:
* The Kaneka array is generating higher average voltages than the Shell
array.

* High voltages are measured in the load disconnect situation when batteries
are fully charged or when no batteries are connected to the system.

Most of the time high voltages are measured and therefor most of the time
there is a load disconnect situation. This indicates that the system is under
utilised.

* This confirms panel-testing results carried out at Solar International

workshop measuring open circuit voltages.
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Appendix Figure 8.3-6 Current Histogram BCS
Period 14 March 2002 —- 5 December 2002
1 hour measurements (about 2530 data)

Observations: v

*  The system is under-utilized since the Kaneka and Shell arrays are capable
of generating over 30A and 40A respectively at noon when there is
sufficient load.

* During a larger time period higher currents are produced by the Kaneka
array. This might be due to the fact that more batteries are connected to

the Kaneka array at those particular times.
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Appendix Figure 8.3-7 Current Histogram BCS
Period 14 March 2002 - 5 December 2002
1 hour measurements (about 2490 data)

Power Generation in a day

Histogram BCS of Power Generation per day
Period 14 Mar. 2002 - 5 Dec. 2002
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Appendix Figure 8.3-8 Histogram BCS of Power Generation per day
Period 14 March 2002 - 5 December 2002 246 days
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5) Typical Time Series Data
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Appendix Figure 8.3-9 Lorolwana BCS Array Voltage

Observations:

* Graph at the bottom is the middle part of the graph at the top.

*

Voltage output of Shell array is consistently lower than that of the Kaneka
array.
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Array Current (A)
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Appendix Figure 8.3-10 Lorolwana BCS Array Current

Observation:
Two effect can be observed that take place simultaneously:

- connecting and disconnecting of batteries - change in level of irradiance.
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4) Conclusions

Usage of the Battery Charging Station

- Taking into consideration the number of batteries that are on charge at any
given time, it can be concluded that the power output of the solar arrays is

more than sufficient for charging the batteries within a short time period.

Performance of the BCS
One should be cautious when drawing conclusions from the data and analysis

presented here. The performance of a solar array depends - among other
factors - on materials used and design of the solar panels, the load that is
connected, the level of irradiation, dust built up on the surface of the panels
and the cell temperature of the solar panels. For a correct comparison of the
performance of the Shell and Kaneka arrays, all of these different factors
should be equal for the two arrays and clearly, under field conditions they are
not. Nevertheless, the data and analysis presented in this study suggest that
the Kaneka panels outperform the Shell panels, particularly when taking into
consideration that the nominal output of the Shell array is 25% higher than the
nominal output of the Kaneka array (600Wp of the Shell panels compared to
450Wp of the Kaneka panels).

8.3.2 System 50Wp Lorolwana

Data sampling using the data acquisition system has been done in the following
period and manner.
Typical time series data and comments on them are introduced in the following

paragraph.

Appendix Table 8.3-2 System 50Wp Lorolwana Sampling Data

Data/Time Duration Sampling .
From To (Days) | Interval (min) No. of Sampling Data

16 Feb 15:12 | 26 Feb 1:57 10 15 908
14 Mar 17:09 | 2May 4:39 49 30 2,327
10 May 12:35 | 2 Jul 14:35 53 60 1,275
2 Jul 14:59 | 24Jul  13:29 22 15 2,107
25Jul  14:57 {90ct  12:57 77 60 1,846
Total 211 8,463
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Voltage
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Appendix Figure 8.3-11 Lorolwana House 50Wp

The interpretation of the graph may be understood when taking into consideration the
different charging modes of the Power House charge regulator (see Attachment 5).

Observations:

* Level A (see Appendix Figure 8.3-11) corresponds with the start of the
absorb charge.

* Level B corresponds with the rest state of the battery when fully charged.

* Battery voltage drops to 12.5V when loads are connected during the
evening.

*  After 21 March 2002 the system was not used.
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Battery, Load and Panel Current (A)

Lorolwana 50Wp
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Appendix Figure 8.3-12 Lorolwana 50Wp

Observations:

*  During daytime, battery current is equal to panel current.

*  During night-time, battery current is equal to load current.

* It is very clear when 1 light or 2 lights are switched on.

*  Not continues charging due to pulse width modulation of the charger.

*  System is also charging due to programmed float charging of the regulator.
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Irradiance (W/m2)
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Appendix Figure 8.3-13 Lorolwana BCS
Observations:
* Irradiance levels reach a maximum at noon
* Variation between clear skies (e.g. 29 March 2002) and cloudy skies (e.g.
6 April 2002).
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Appendix Figure 8.3-14 Lorolwana House 50Wp Irradiance
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Temperature (C)

Lorolwana House 50Wp

Temperature
100.0
80.0
60.0
40.0
20.0 1 ¥
\ L U & W \ U u )
M S : L L
DQ'DQ'OQ'D?' BTN T O Y o'l,o'l«ss‘?'
N \w‘ «:{L@L\s WA A (S b p 0 90 p0 90 0 90 g0 50k pdt 1 pt pef o

AN
a® 1°9\1°9 1“9

o N A N2 T g G N
a® 1°9 a® e 109»\109\1“9 99\1“9\1@\1“9\1@\1@\1@\1"9 P AP q P P 0P P

Time and Date

Appendix Figure 8.3-15 Lorolwana House 50Wp Temperature

Observations:

* Large fluctuations between day and night temperatures
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