34 REFODERREIZLS TSV FHERE

WEHDT T v NhRGGEFIEE LT, [~ OB TITHOA TR W REAMEL S EHCLT,
EDC#EM) % & L-iah L OETiiEE 2 3 L 7=,

3.4.1 EDCEREIE

TENEET D%, REREEFED R 288 e OFBEHICK LT, CORERLBEEH S E.
EDOLBLVOHNTHEMESED Z LR BMEZHRBEVER &2 02 at L, B e b &I
FEMONFEM 21T 9 = & % EDC(Economic Dispatching ControD)i#EH & 5,

342 Ta4—EILRE#TO EDCER

EDC #EHIX, ATH ETICENFEL THIL, BFEEZBE L CREHROEENT LI O Ikdsy
ZEHE 5 FTAGERGHE & Y A OFHGEHFHE CRE L7 R EE O EhE IR RE Tfmﬁm L
THHEAAT O BF AR HIENIC KB S D, K1 TERECIR T R BRI BN IR L AN KX
<., TeEMFENEE L 250, 74 —BAREBEROLAITEEE LA NR EES | BELES
T, R TTEEEIETE S 2800, RFANESHIEOATHL AR EDCEMEEHT L Z &
MTED,

343 [Iv] EIZ#E L1=- EDC EROEMEE

3.43.1 [I=] BEIC#ELT- EDCEHR

AARENO/ NI EFT T, BEHIESEZ AT 2881107 EDC v AT LAEEANLTZHA. &
BIR Y AT DEANE KT 2B S EOB IR E RiAL Z LR LW &6, EDC #EH %17
STWRWONRFEETHDH, HL, HEO EDCEAZITOT &b, SREMOBRERFIEEZITREL,
PR D BRI ERD D% < 1T 2 FORBRANES EHEFERITATOIL TV D,

AK7vvzry T [ EOREFO L O 72/ NI EIICA G >72 EDC#EHE LT, VA7
LFEERITE AT, 1D PC ¥ 7 h(Excel) Z21EH L TREAME D FREZITV, FHRMEICA->7-F
B\ K 2 i iy 217 9 EDC R OB 21T - 72,

< =) [HiZi@ L= EDC #EH Tk >
O #FEEOREFIEORENEE ) 2 W Tl PC VY 7 ~(ExceDlC TR AMAL R &
It
@ RFAMESFHERBRE b & IR EREE S HORFAREL) R 2K
@ BRFAMETERE AN TETFEAMEIZHIT S EDC EH O E % Fi
(EDC #EHITH BT O TN K 5 4 S FHEIC T Ei)
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51 —CILFEH

", & DG H# [Oanmmo

BEafEiIR REBARE(I=v MEHIRIF)

QEBMEEREH—T
ZFAWT Excel T
BHARROREN M

EDC i hEes>
PREA/\FHRIEIC L BIHNES

X 3.4.3-1 [~ EIZ3# L7 EDC & FERL X

3.4.3.2 FREXNFHFEERT
B O/ N EATIC A - 72 EDC & H O 3 rlEEMEIC DWW TlRE N R EFT 2 Fato@b & L,
EDC i#H o Sk rTREME RS L OV AT O BLIK el A & 5406 L 7=,

A X HRIEEFT : Majuro 38EFT. Ebeye #EFT. Wotje B HEFT. Jaluit BEFT
3.4.3.3 HBMAEICHITHREEERE

#3431 WA Y=y b [EEFROEHNEICL D77 MhRSGE ) 1B 2 KB &
IZBT OMAEEE 2T,

#* 3.4.3-1 FHHPEIIR T HHRAEHHA

A IH fii#
R WEIEE TR L lMaJuro%é BT e Majuro % &7 1 5H&IC DU
(2014 41 H) T O E ALK DL A TIEEM AR IS SR
> J?”‘?FIHE%%/_‘E{E'JE TH 2y R E AR FE

<WEL=> K>
2 SRk, 5. 6 5. T Sk
B Ebeye 3 EFT
> FEEHTOE R
> EDC i#H o e fe iR
® Wotje Z 7T
> FEEEAT O E R A
> EDC i#EH o Al et feR
W Jaluit FEEFT
> FEEATOE R
> EDC i# H o o e iR
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%5 2 I HGHA | mMajuro FEEHT o 1,2 S BRBHIE Rl I
(2014 %6 H) > C/P ~DOHL i z% D Eli &0 BRBHE B SR E AR AT
o REHEE ROBEWR L MEHIEICONT | o 6 S8 /3T HFEIC L 0Bk
o S AL YRR, ol ARTEL Y £ OIE | BHEERAIEA AT
B, EDC #EHFEIZ DN\ T o5 FHE 1 6 SHED T T
> C/P ~OBIGHEAHEE D Fh B, 7 %D F BRI X
o PREHHE F R E HIEIZONT 0 H IR T 2T BB
) E R A]
o T 5 FE TR E BRI
D BRBHEERREAS AT
% 3 EIEHGHA | mMajuro FEEHT o 1,2 S PRBHE Rl IS
(2014 48 H) > R S E i@%ﬂ%%%@ETT
<HEL=> h> o T 5 FE AR E KR
5 %, 6 51k 0 BRAEHE S E R ]
> C/P ~OBIGHMTHEE 0 FhE
¢« EDC FEiFEHIC O\ T
9 4 A HFHA | mMajuro FEHT o 1,2 S : BRBHT Rl I
(2014 4F 11 A) » C/IP ~DOBLGHA &5 0 F i L0 BRI SR E A AT
e EDC FFEEHIZ W T o T HHk: FEEEMERMIEIC X
0 BRBHE B R EAS AT

3.4.34 HBHREMIZEITS EDCEANER
DFJEXT%%%

et a7 o 70, MEHRER L V. Majuro 3&E

FEATIZ DWW CERHIH A A 520 L |

A E®E
iR [< E3EEATICE L2 EDC &M o H a6
Arid EDC dEHEH AIRE TH D0, £ DM 3 T3

BATICB W CTEAA T, IR (EDC EHA OEBENIARE)TH D 2 L DR S 7,

MptiE R a2 % 3.4.3-2 [T” T,
# 3.4.3-2 HiAEXIRREIT

B+ 5 EDC & O A vl S MG 5

EDC 3 H i H

WEARIEE A B R

e

Majuro & FEHT |

W%ﬁé@ﬂ@é5ﬁ®%ﬁw®¢#E@@®%%ﬁ
ANFEEHZBINL, EAER & L TEEARERZ1T-> T
W5, FIREHORERIERENERER) ZE L, 5%
BRFED G RRFAME DR R R EH T 52 21Kk
EDC #EMH M FIRETH 5,

Ebeye F & T AT

CHEARE)

Ebeye FEATICIZREAIX, FA&E(1,286kW)D 3 5D
TR E S, BRI 2 B OREE TE IS
ERBIoTND, FEEO T ASTRHERT A V7 a
A E 72> TR Y, BFEHE NS 2 BRI IEE T
Zu— Ry =7 U TR S T\wb, EDC
HEHOBEHAIZOW TR, BREFHEDRFE CRER TH LT
W, B— Ry =7 U I TERLTWD,
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Wotje 7 & T

AH] Wotje JEHTIC izA@%‘%ﬂ%%ﬁx REINTWD,
A R (275kWX2 BN K U EA M AN 12/ &

VWNM(80~120kW) 7=, HiZ 1 nﬁﬂﬂki,ﬁoﬂ\éo
AK7avxy MITIRET S EDC #EHIL, BEED

BHE N SEHRE, AT ERORERED D Rl 72 H )
OAEEEZHEEL, HHRETLHOTHY, 1 FEH
DY EDC filflid st & 72 b,

Jaluit BT

ASH] Jaluit #EFTH Wotje FEET & [FIER DI FE R 1 1L
(275kWx2 H) T, FFEAM(B0~120kW) & 72> T 5,

FEEMEH H Wotje & & A TH 5729 EDC il
I gIN L 72D,

3.4.3.5 EDC::EMRFiE EiiEEFIR

A ORFHER LV . EDC #EHATEE & W 7= Majuro B EATICEW T, C/P THDH MEC E
ERIGAT, ERAFIEICOWTHL LR, BGHREIC X 2 HINBER AT 7,

FEOFNEZ K 3.4.3-2 12”7,

(C/P ~DHLEFERICTBIT 57 F A2 MIRMNEE 6 25 08)

F1DO
RIAE

$£20
RibEE

£30
RIRE

40
RIRE

\
 BRBMOMSEEROAE. EOEDILE EEE8C TR
Yy,
PR B R DR S AIETSIEIC DU\ TC/PAYL L A
 EEEEERIHE. BESBRIROIER. EDCERSEIC DN TC/PAY LiHE
PR R AT IC DU\ TO/PAT SIS )
|
PR DRI DU\ TC/PARISISY
. EDCEAS SRR A DI\ TC/PARISISE
Y
)
PR R DRI TTSAIC DU\ TC/PAT SIS
. EDCERES LRI &I D0\ CC/PAEISISS
Y,

X 3.4.3-2 EDC & A FIE

217




%] 3.4.3-3 EDC =AML iz

344 BHREBOBHHEER

EDC#EM %179 9 2 CORMAMEDFHRIL, KR EMORENEE F 4 W TEHE R L
MBI TITON D, £, ENEEFLZ EfMEICHIEL, BT 52 LIXEDCEM%Z1TH 9 2T
HERRA L N ER D,

A A 9 5 1T, MEC Bk BIZ R EMRORENHE R 2R L T OB EIRD 217728 24,
RILOBREFEIEITIRE L TV D2, IEMEZRREFFEORENEE R — 73 L T b3, ZhvET
WZHIE L2 E WL LR STz,

ZZC, 51 ABHEEE T, BREHER RO AET 5 2 LA RE LT, HEME S C/P &

LIZBREHEE R OWNE S O FE BRI F I aa O RS EEfERR 2 550 L. 26 3 [Bl, 25 4 [EIBLHEH A 2 CTRRBHHE
%4@&@@%#ﬁh%ﬁ%kLtﬁ@m%%ﬁbtﬂ%@ 1% C/P ~DOBGHAINE 2 5 O - &
E L7,

FIEBP B W T, BEEROSROANES, FHEROMREIZL Y | HE & D R EMEITHKI S
BV, 1 ST TIIERR, 2 58, 7 SICHOVWTIR, JEED %xﬁiémotﬁwﬁ%
1ITHO T ENTERNoT,

3.44.1 MEHEBERODRAEAE

%ﬂﬁ%#iGﬂ&th&Wh#®$ﬂf%éh5 EORFHEMNNO B DD, HDHHT)
B 1kWh 4720 OBEHEBR EREEEZITER 27 TH0ThDH, Lo T, %@Mm%ﬁ

5k%m\&5&ﬁ%m%wrﬁﬁ%—ﬁm%5\ﬁ%i&%k@@ﬁﬁ%kﬁﬂﬁﬁiéﬁéz%

Nd 5,

PRI =2 EF Z RT3, Bl 4D L 512, BET3HAGE &, WEREEIA V], BRE
MEIRVDEITOMERH Y . TNENHERM - K TRZ 2B TRLED Z ENNEALE D,
WERZNC A VLN DD &, T—HREENRED ., ENEE SRR — 7 ORE, O Tik EDC #EH K
DREHEEHIREDOMEEN TN S Z L0 b, 07, ENCH W TIE, ATREZRR Y ZHIEE R (2
Y ZHnx T, KW, fE& BICIEMICIET 22 BT LD,
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w7 — & HE@)
LUFIZ 2 B Majuro T No.1) % H J1—E(1.5MW) THIE L 7= DT — & il & 7~k 9,

BIERSE BIERRT
5 09:00 10:00

a b EHNS a—b
EHS5HERE 40,769.55[MWh] — 40,771.09 [MWh) 1.54 [MWh]

PRERE5HEmE c d d—c
AD 5D #E8 1,916,717 [Gall] — 1,917,113 [Gal) D_396 [Gal]

RSt IEmiE” e f f—e
(B0 : 1>~ >2) 1,498,428 [Gall] — 1,498,706 [Gal) ©_278 [Gal]

R O—©

MRRTRE 118 [Gal)

REHEE R = e T & &&=
= 118 [Gal] . 1,540 [kWh]
= 0.0766 [Gal/kWh]

<WkWh &3 285465 >

1 [gal] %7-v 3.7856 [t] THH2 5
= 0.0766 x 3.7856
= 0.2899 [¢/kKWh]

kB POBRBHECEITEE TAV ] & TRV BNHY., TAD ] ITREH o7 s B SRS ~BREL 2 257
TAHEE. TRV | I CTBREES N> T2 B Z2 . BONZ v 7 ~RT TS Th 5,
ENENOEEIZEY 1T 5T BRENG 2. = 2 Tk, TAD [loBRENTE RS, TR MoKk
TERF W9,

DG _nopo. P
L | Fuel

v N L B S

@ - Fuel supply Meter
@ . Fuel reverse Meter

3.4.41 TH4—EBNAREI=v b R ERIIKX

1) A—42—0OFHH
(a) EEF
Z 2 Clt. Majuro BEAT No. 1 IZHE SN TWDHENREFTOTRAFTIZOWNTIHHT 5,
Majuro # T No.1 (Zi%, 1F EXR=IC 1 5H#~5 S E COENEIHDPREINTVWD, &
FHIt 2=y POBBHEHERICIRH T o TRBY, £2TT7tal/RxA—4—LoTWn5b, L
TIZA—Z —DFiH & FEICTHHAT 5,
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]
oF
i
EL&

B/NENLO AT YA, 5 & 6 DD
2OHDAEY ZRLTND,

B/ NENLOBMEEROAE VX 5 D
WU LN TWAHZ &b 1 AE
VM7 OFAMEIT2 L7205, Lo
TER/ANENMNOFAT [54) 725,

BHEEOEA ., 40770.54 [MWh] & 705,

(b) JRERIE R
PREHA R IZ DWW Tk, Majuro 37T No.1 & Majuro % No.2 T, ¥ A 7 ORRL T
TRAMEFAHREINTND I NG, lZ A TOHESLFICONWTEETHHT 5,

PREHA 5T (Majuro Power Plant No.1) PREHA 5+ (Majuro Power Plant No.2)
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o REHTEFH Majuro 7 %EHT No.1)

1 DAZOfEA [0) IZEES L TL
B, ZORMOAEEO ORI
RCHED

1 DALOFEAEIL, 2 EIFEE
ORTEERD, 22T 1
L 2D EHNBIEL TS Z
EDD| BAEIE 1) 725,

U ElEREHE 0.1 DALOEZTT
DTHDH, ZIZTliE, #2135 %48
LTWBZEND, wtAEE [5)
kb,

BHEEOEA, 19174915 [Gal] L7225,
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o REHTEFH Majuro 7 %EFT No.2)

1 DAL E . 0.1 DALOEIZE:
OFeT AT VA B FHT,

1 OALOfEDS T0) ICEEINTWND
D, FEEIF A — % —JEH % Rz 5 &
DT AT VA THEL,

T #HBLE20ROAEY 1
EERLTNDZEND M11) b,

BHEHEEOA ., 998811.1 [Gal] & 725,

(2) BEBOFERER

%5 1 RITLHFHA TOMAERRE Y, FREEL bI2, RERHE RGN LE & T 5B B BB

MEFPREINTNWD Z LR SN2, Majuro HEFT 6 S, 7 SHEOE

= Wik il il

BEOBELTWD Z L THERINTL, 20X L6, CP ~FtdaDEM Ak, RIEZAT
STWDOPMERY Z1To7cL 24, WIEII T TELT, #ERICHES ST 5 L oREZG7-,
Z 2T, BREHEBRRZNET 5 9 A THEFHRRICREN D> TINEEOBEEZ RS bD LR DT
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B, 1 EBHEE A TIE, WERNCA RO RRIREZD A WIZOW TR AT o 72, MERAIEIZ. K
H SR OE S EaE LR R 2 BER FHEs & 13X BIRRR E U CHligH s 0 Rl 2 g U, mifEic 7=
BRI DHERT D kS LT,

RS LD . ML T D 6 5, 7 5HOE &L DOFERETT, FRICKE =3
LIRS T Z LD RRFREIT RN E D & LT,

* 3.4.4°1 AFEFHIAB G

T L BE it
B 3169-01 7 7V T AL RU—NAFAH FHIOKI 5k
Wk R e 5 7 VB UFP-20 SRS

3.4.42 WMFHERAEHER

(1) 1 5HORKHEE

1 S DPREHEE IO TR, FREOM Y BB AR G RIC L D EZAT O 2 ENTE T,
AKPIJNTHAZEET L Z LN TE o7,
IR = E AR AT A >
55 1 (RIS A AR &0 JE AR AT
55 2 IRl ~5 4 [F]GR ) BUHIER AT < JOBRIR # 5 i b
* 55 4 AIBLHERA TI3, RBHRER OGS ERIIIT O TWIZR, FHRIERRIZ LV JE
TEARENE & 2T BB Q2 5 2L B 2R LTz,

(a) BIEEEMISEESNDIBREDOEILIZDONT

1 BHEIZ DWW T, BRBIRFIZIEZE ) & B A H LTV 2 O BUMFRA P BE bR S v T
%o HEIHT 4 — B/ O ERDTRICKFZ(EOMICER, ik, BEEOLEY. ERSE2ETD)
ThdHIH, BRREELTZGE, RICKFEIZZEBRLRE EKE R DH, BREEIEIMEWO(REE2
BE N WA, BESCAERAOND Z 0355, BIEITRAC SN -EIRR 1, AfEIxE s
AT BRBE DO RIRBL 70K LB E DRy DETH D,

FoT, BHAZZIMEE L TWD 1 SHITIREENRNELS BB O R TERRBELEZ L TWDH ]
REMERRE VW ERBZ BN, ZTRCEVBRENELL TWD Z ERNEEIND,

3.4.4-2 Majuro FET 1 5% JHEZ2(RIEME H)
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(2) 25HOMHHER

2 SHEORERYESAE L, 5 1 [RIBHERA S IE 2 FEh U722, JEMEIC AT Y N A b7
D HEMOREER & B L Lo MR CHEEZ ET 5 TE & LT3, 1 SRk,
RN Bt OB L 0 i O BLHIFAAE CIXRE AT & 72 o7z,

2 SHEIX 1982 I 1 Sh & LTI S 4L, BEBE) D 32 4F#%iE L T Y . Majuro # EHTEESF
ORBEHFTROEWREE L 2o T D, BIERRESLICE AT v a VBT D,
HUHIBRDM T v, SenH AEIEGER H /1« 3,275kW.,  H I HIPREIFH : 1,000kW~1,500kW) T i
HEHAMTOILTW5D,

REREERITEME DO 7 0 v M EEES T — 7 TR0, B2 EMICHET 5 72O IZTRE A
[R 0 ILEPHO I CRIET 2 HENH D, T, METIE, 1h~2h FEOERMER LW )
FMEO b & CHIBREEFAS 1 CORE b Fh L7,

BIERERZK 3.4.4-3, % 3.4.4-2 1" 7,

DI REBE

3.4.4-3 Majuro JEEAT 2 SHERENYE R —7

#* 8.4.4-2 Majuro FEEFT 2 SHEIAEHE 20 E i

N N BREHE B 2R
HiEn PR TRW] 1 i) [U/kWh]
T 31 h 750 0.08857 0.33524
%10\ 1H31H 1,000 0.07500 0.28387
A [ 1] 31 H 1,500 0.07662 0.29002
1H19H 1,700 0.06474 0.24503

(a) BIEHLRICDOLT

2 FHEIZHOWTIE, MEC LY B X a7 la AFTE o O FBRORE, BE2EHE LD
D EBLND) =D, AENE LBTEEO BIEZ WM 5 B HEL FF- 200y ARIREES R BT (I
MRENEERESEEIICB T 27 7 AOFREHEORENE LSRN REME FH I H TR
0.06825~0.06440Gal/kWh(750kW~1,700kW) CTH % Z £ b, BURIZBW T, BRED R WIRRET
TN ENEZ D,

L, ARO®EY | HIEMEICATYINELND Z 0D, 4% MECHME TOHEZITV, H
EMEOREE N L2 X5 0ERH 5,
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(3) s BHDMKHER

5 S ORERE R SRAE X, 55 1 [IEHERA & 5 8 RIBLHFHAE O 2 [/ THEhE L 7=,

5 5% b Bk & [FER IS D HIBRCERS : 3,485kW., /)i FR&LFH : 1,500kW~2,700kW) 23521 & 4L
TEL ., WEETH S ERELTCITo 7,

HEMRZK 3.4.4-4,  3.4.4-3 1”7,

 BDHIREE

3.4.4-4 Majuro JEEIT 5 SHEREREE I —7

# 3.4.4-3 Majuro JEFEHT 5 S HEMOBHE e = ] E

e A WERs ) kW] Khwwﬁﬂﬁgﬁmmml
I 1H31H 1,000 0.16038 0.60703
ﬁ%%é%géi 1H31H 1,500 0.06173 0.23364
1H31H 2,000 0.05593 0.21170
8 H 27 H 1,500 0.06871 0.26008
8 H 29 H Z 0.06766 0.25608
8H29H I 0.06785 0.25681
8 H 23 H 2,000 0.06590 0.24943
% 3 [A| 8 H 23 H 2,300 0.06421 0.24304
BiMFHE [ 8 A 23 H 2,500 0.06472 0.24495
8 H 23 H I 0.06472 0.24495
8 H 28 H I 0.06409 0.24257
8 H 28 H I 0.06498 0.24594
8 H 28 H 7 0.06417 0.24289

(a) BIEHRICDONT

51 [EERHGRA R OREM A B X 0 ZEE FlEl- 7= ECE # v ZE X 0 & D BUME) & 72> T
Too Ao ZEIE, BEIARNC A — I —ICTRIE LIZETH 253, MEROIT, KL, RIE
LOEDAaYT v ay s JMEOEWNCE Y, 1 HOREMENYEE FRl-7-ZEbEZ2HND,

8 ADFHAETIX, W& v V% blalo 7B, FHAEIZIB W TH ¥ v 7l & Rk B —7)
BRLTWDHZ &, Fo, W CEERIOWUEZITV, FHRIEMICKE 27 LR RS20
T2 enn, BBV THEDRWETH S L Bbivs,
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(4) 6 BEOBMFHER AEHR

6 SR ORERE R SRE X, 55 1 [IELHERA & 5 8 RIBLHFHAE O 2 [ THEhE L 7=,

6 % b M Bk & [FER IS D HIBRCERS : 6,400kW., H 71| FREEHH : 6,000kW~4,000kW) 23521 & 4L
T35,

HEHAEIIC OV TOIHE A ER L 0 EH &V 6,200kW 2065, 7 FIR%E 1,000kW  Fla] - 7=
3,000kW O#iH & L. HIR#PHSH S Tlid 1Th~2h DINOERFTER &V ) &b b & TFEfE L7,
BIERERZK 3.4.4-5, # 3.4.4-4 1T 7,

B DHIBRETE

4
-y

3.4.4-5 Majuro JEEIT 6 SHERENEE I —7

7% 3.4.4-4 Majuro & EEFT 6 SHERRENE E S E1H

S —— PREHE =
HIE B FE HERH T [kW] [Gal/kWh] [UkWh]
1l |1 30H 2,950 0.164482 0.434562
BiHFEa (1730 H 4,400 0.137453 0.363152
1H30H 5,900 0.123610 0.326580
# 3 |8/ 26H 3000 0.065734 0.248802
A 8 H 26 H 4000 0.062103 0.235058
8 H 26 H 4500 0.064118 0.242687
8H 25 H 5000 0.060228 0.227963
8 H 28 H [ 0.059574 0.225487
8 28H ] 0.059561 0.225440
8H 25 H 5400 0.059319 0.224522
8 H 29 H 5700 0.061142 0.231421
8H 25 H 6000 0.062555 0.236769
8 H 28 H 6200 0.060478 0.228908
8 H 29 H ] 0.061792 0.233881
8H 291 1] 0.060829 0.230239

(@) BIEHRICONT

%1 IR AR OMEMEA T Z v Z7E X D @mvMEZ R L AR ISR 210 T # v Z{E)D>
LIEHEL T =T Lo,

55 3 RIS A R O ME IS IV TR, 55 1 RIBMERA CORMEM L Y 4 7 v ZEiZE i L E
L HHAFITENTH ¥ v ZE L R MR (I —7) &R Lic, AREMEIZA )4 T
[ERE L7228, [ ORIEMEIZ AT Y 208 1B 6070700 o 7 2 & BERFRIZB W TR E D=
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EThHdEBbD,

%1 RIBHFRA COREM & 0 F 3 [EHEMFEE COREMIMRMEZ R LT 5 (RE L ¢
WD), PR L LT, 1 EEMFAAE S H 3 FEBMFAE DM L /2D 6 Az, REES S DL
DEEZZITV, BEEa T v a2 H IR ENEZLNL(CP ~OBEETY L), L
2L, HIEERAEZ1T-72 1 H & T 2013 4F 11 A ~ 2 F TORENYE BodkGe BT B it iiE)
ERED LN TE LT, BIEET — X BIED =D DT —X HE AFTEX T\ Wz, ATt

IZEDREWLETH D NENITONTIL, ERECIZHEIDR SN h D L 7> T g,

(6) TEHOBHEEE AEHE

T SREIZHOWTIR, 5§ 1 EEHEHE IS TREEREIC AT Y IR onic/zn, 6 ALIEDH 2 [
~55 4 BIBHERHA I CTEORE R B4 BRICHREZIT ) TES LTWed, 4 HICHEKRS v 7 b
HEOREKNKFEALZ L, RIICEVEOREBIZHY . 1 AFRELIERE R T & 22 o7z,

B ERE R A 3.4.4°6, 3 3.4.4°5 (2777,

B0 HIPREEE
«—>

%] 3.4.4-6  Majuro FEEIT 7 SHEIRENEE R — 7

7 3.4.4°5 Majuro JEHEAT 7 SHEIVEHE L =R E E

e e BREY By R
WER | WER) W] e wn) (/kWh]
% 1 E 2.500 0.084338 0.319222
e 3.000 0.095848 0.362787
3.750 0.076618 0.290002
4,200 0.075709 0.286561
4,200 0.069841 0.264350
5,000 0.071924 0.272233

() BIEHHERICOLT
HWEMIETHZa7ELY BWEEZRTHERE o7, L, ARO@EY | JEMIZNT Y X
DRI, BED—TOMRANIE-E D EHEDRNED LIRS TS, 2078, FIRE/R[RY EHE
IRREHE B R E 2232 0 2 C. SEEFTOMIER T, FEEITV, FER LA X503
B 5D,
T SREDORERFIZ O T, C/P ~DORE D LV, 201543 ALK E 722 RIARTH 5,
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" MajuroB B BAERT RLEH Majuro7 24 WREH7 Rl
(R 5370 3 HH152) (C/P ~JIE T H5E)

Majuros =4 /)Rt Majuro2 2H¢ & /) RkEF i
(F5 5 A 2 H22) (F5 5 A 2RI D)

Majurob 4% WA}

Majurob 4% Jﬁ‘*

AR E TR AR E
(F BIALEHAIER) (FF HIAZGHAIZR)

X 3.4.4-7 REREERT — 2 HED
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Majurob 4% BHEEE BIt/7/7 ®E
(FFbHiAZEHER)

Majuro2 54§ B & 7 Majuro5 2 kR R
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* 3.4.6-1 AFEEME AIHIBR(H ) AT e i)

Units Rated output[kW] Max.output[kW] Min.output [kW]
Unit No.1 3,275 1,200 1,000
Unit No.2 3,275 1,500 1,000
Unit No.3 Loss by the fire
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Unit No.5 3,485 2,700 2,000
Unit No.6 6,400 6,000 5,000
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Llizky, I=) BB =X —AKBRITERIND,
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432 IRLF—BEREBERT—XPFTVHF

[~ Bk 2= X — B RO HT 2R A (77 e—F 5% & LTE
ORISR H DN, F 4.3.2- 1 IRTHEHEZRMNERELTRY vy 7Y Y — CT&*XVT)?
RRET LT,

FIT OEAZHT REAZEHET D T, TOMKRE L ET 58, FIT ik 0% E =0
OB L - TE, WIRE S OIRRIZ LI B A b5, £o, =) EickBW CidfhE
RF—DOXFIZ L > THHZREAEL LU R FEIIREEEIND,

KRMIFIIE CTo = R EATIEICOWTIEE 4.83.22 1R T#Y THDH, AL, WTho v
U 2BV TH DEG OMIEIC L 5 AR OWENMTHhN D Z & 2Rt L Cilmd 5,

#4891 7 —ATF U AEEA

A7 b T RSy b xR Pk
(IRTA—=4%)
® FIT »A4E ® REEZAF ® GF&E - AFCEA
® Wil A ® FME o [ilFEMIRL
® IR o KA o ZiEMEA
# 4.3.2-2 $PEMIRICIS U o 8 AFE
S TR AR o R AT
MEC 237 « — B A& 7 & Tz )& %
5 3\55727‘7 >~ ==
WETDHZ L TEHT S,
‘m: VR == e «C\\/ L/\ '1’[? : & VCH_‘
FIT A UL N AR - MG PN R7ET 5 5%
BT 5,
h[E R —DFiE %2517 T MEC 23 KE PV %
ME N —3 e
ol e mEEAT D,

1) #¥—RLFUA1 :FITEAT—R

4.3.2 1 IZFITEAEZMEE L= — AT U A %R, FITEA —RZBW T, PV O
M OA R X ORRRIZ L0 > U — 13k &b, Wiz iR % 7 — A TrEst R MR O
BAEIC kv %‘E’C“% HHTREAHE LR E LN, PREA B KT 2, 205G, FIT IWA%
KA T 572 DI FIT FELRITEEL L MREFREZON T & L7, MEC OF¥#M L LTI
HELNIZ u\ﬂ:,t MEC OBEMAKRE <, FEEITE LW, FIT ICX2RAB LW bv“~i
TR d HBREICE N TIE, MEC OFEMEL IR TE 5, U202 WIGEICB W TIL, ¥
oy 0>$J:TL75>T%7‘£\1‘71&> FIT I AIEZE 2, F7-. FIT EAIC L 5 MEC OBUIELE K
LD, FEMNGEEEFRBERIZRET 2, 2O KO REEIZBW T, ﬁi*%)\%
INEL B —0, MR ERH LKL 725, MEC OFHEMEIZHOWTE, @EREFOF T REAIZ

% 5 BN AR DAL B IR & 72 0 . K —K4BI2 LD MEC @ PV HAZ{To7z & LT%%
EMENHERTE D200 E ) DIFARHTH 5,
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2 #¥—RLFUF 2  FITEALEL

X 4.3.2-2 1Z FIT BAZEEL72Wr—A U A %7R7T, FIT ZEA LR —AIZBWT
b PV O OA MR L OSPRIMTRIC L 0 > U — 3o b S b 23, £ ORPRTRIZFERE TH
5o o, B READA BT 4 TDREFHBEOHR L2570, o8 AEITATHE & g
LT/haL 2%, WRERd 555120, BEEMOMLR ETHREHEE UAMENEZDL
A, ME R —X B LD 5545 Tl MEC OFEMITRIAD D, W EZRDRWGEIZ oW
Tk, RIEEFRETH D,

(B) #y—ARLF+1)#4 3: MEC HEEAY—X

FIT flE 7 EORMIC L 23 E & TiE/e <, MEC IZ X A= RE A, ZHIC L DB
WO LY T U AL LTHEEND, X 4.3.2-3IC MECHME COFTREAr—ALF U 4%
T, ZOWE. PVIEMEC O&EJRE L THR SN, DEG FERICFEFEZ~HBEIND 2D
WoEEmITe <. Y U —I3HFT R EMERIC X > Tt EN 5, MEC OH EENIC L D555 %
EhiT DL EICB W TR, PVEALZNIZINZTDEG OFHIC KL% DEG REOfKELE £
5Nb, PVEAFEE LTL, PCSOEBHEHIEAZITY Z L2k, % 2HIZE~7/ DEG O
BHARREE, PVIHOE#ZIMEIT 2 2 &L TEBT S, A TDEG HEDK#ELIITZ DR T
X, PVIIHIENEAT - OICH R AEOHING G TX 5, MEC @ H E5 12 Tl
E R —XENH HBRFICB W TIE, B2 2 SOXKR AN CTEEMOBEALEZ X LD,
ZEMOEANICLY  EHEMEBBXIRNTHY 2 ENTE, B DEG FEORKE{LIMT 2 HEREE
TIE, EEMEERIR O EMAETH S, OB T, B EARIIRKNET S,

246



Lve

S - | | EmROER |

IERALIR

RMI

MEC

BE+FITULA

BE+FITIRA+ R F—3Z18

BE+RF—3E

4321 Zr—AyFUA1 (FITEHAF—R)

REBAZ

FITSFEMSR

BEM

MRIE

HRFIE
(Bp)




8v¢

F1—UILE | | BROEE |

FFEREHIR RMI

MEC

REEAE FITSSE5

BEM

MRIRE

MRFE
(EP&)

BE+ b F—3%E

BE+ P F—X%iE

X 4.3.2-2 7 —A F VA2 (FITHEAZRL)




6v¢

54 —U)LmiE | | St EREATE sEFA RMI MEC
(BIFEASTIA) REGAE | BEE | WHRE

MECH'T « — ) LiER & T:BE HED
EEWETZCETERT S, PV+DEGEHT

BE+RF—3E PV +Z&E

FRICMZ. MERF—DZIEEZTIT
MECH ARAEAIS AR EEA LB E S
A. &S(CDEGEHEEHRT S,
PV +E&Eth+DEGEF
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4.4 =) BIZBITHATRIILX—EHRERBEREO—FTyTELT
r—2RYFUF

AR — R~y 7BI O —2AF IV 42 EICMECELOMRD v o & 8—

FEWEE TV, =) EICBITF 2R bERAEEOL 20— K~y 7B —2251

T L,

441 IRVLX—BREBEAEA—FIyIAa—F3v 7 (BEFE)

02— K<y 72O, K 4.4 1R TE 0 RERETIX 20N, B8 AT 5
Pz B b U7z, FIT HlEIC W TiE, BIE FIT fE A2 EA S5 7200 &R NI T
TN & B RE ALY MEC @HX)\Z’)\'?*Aé%LESt&) PIHERRECII LD Z & &
7o Tz, WHNE R A #7272 53 5 FIT $lE OB AL G5, 72, Majuro IZ3H8W\T
EEEFEZNEEE, REFEZOLTHDH I END, GCHBEZEEOHR L L, &E
WCHRTHELTHEMECICEAEADAE Uz, IRIC DWW CTIL FIEH PV TR DT,
ﬁ%ﬁﬁ&~@ﬁ9%% W% & LT, FOHIBHTIEICOWTIL, EREN I PV O &

HHEAMERD LT EREZRITDHR L, BERHNETHILERD D,

442 BIRZKEIFVFT

=AY FIZHONTEL, M 442170, ForBALGLERE LT, BT
O] BT 7o S Wi CE & 2R D RETEEIC OV TR Lo, 1 BEREE Tk, 71—
LR EHORESGERL LOEEMEOMEEZERETHZ LICLY, Boroxz e s
BHREEEROEILEX S, EDCIERICL 2 RETEHNORELE T 52 & T, BRENEE
B HIH 5, 2 BB E i, BB ORI k- TH &L i RE 1 2 S8 H 3 L OB A 2
ZOWTRFZITV, FEBEEZHHE L, B rBARLEHO TN, BICEWEZR
HMOAA IS L T D BRI C BV TiE, FIT <0 PPA 72 & O ARMERIFE DB A 21TV, Z T
P BHRMOIBIL BT L T, BRI XRFIEE LT, GF #iEodEls LU
AFC D AIZ LD HINSEMNEOUE, EEMRO KO ERE A L D EEH O
ifb, ZEEMOEAIC L 2R X OREBEICST o IMiER R T b5,
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45 FTOT Y FZTHE L -EFTRREEOERH

AT TRET LB R i K b T U A28 ThH, EOxERE Ml L OMERe iz Ly BK
HY 7R RO DRPRFIEIIRE K BARLWRMENRH D, LR b, AETIIRTED >
UAz X Bl K7 ny =7 MITHE L EdiRa oE el 24, HL, BUFICR
ETORMEIZSOBMEZZLHLDOTHY, HSETHITHD,

r—21 : % DEG OEHEFHAN EFIZ R > 1238546
r—A 2 : 4 DEG OEIAFIFHNIER C. EEAMEAE I REEM L EAT L8556
r—A 3 : 4% DEG OEERFIFHN IEH T, Majuro #MENHEED 20% % o r it & 5258

AN
[=)

r—2Z 4 :4 DEG OEEEFIP 2N IEF 2551238610 5 MEC EARIZ K 5 o 8 ABUR & A28 %f
Wi (R E RAHOMHM) Ik 2%Ea R FOR-E,

4.5.1 % DEG QEHGHENERICE -GS
(1) EJA# I 21— 3 (HOMER)
AT —% Majuro2013 4F5E4E, AL 11 H, 12 HiZ 1 A, 2 H TRE,
9.5MW i, 4MW (T D FERII KM & 770 URMESRFF L7,
A5 —% NASAF—#% %
FEME T 15, 2 5. 5 5. 6 Bk, 7T BREETRRE,
% DEG OJEMH ) 100% % H ) BIRfEE L, ) FEREIERH D 35% &
L7z,

158 | 258 | 550 | 6 51 | 751

EREH 7 (kW) 3,275 | 3,275 | 3,485 | 6,400 | 6,400

77 ERRAE (kW) 3,275 | 3,275 | 3,485 | 6,400 | 6,400

) FRRME (kW) 1,146 | 1,146 | 1,220 | 2,240 | 2,240

RS 1 5L 25O IBL1HR.65HE T5HOO B 1ERKLTELRT L E L,

R Majuro &) R AR L@ H X 5~8MW TLZE L TW\W5H 7=, PVEEBDOEH
W N ZEENC X 5 DEG ) FIRME A~ fTEM: L, R /1488 &
RN D EEZ HivDH,DEG ) FRRIEICESRT 5 PV BT 1,500kW
EHEETE D,

D FRRMEE 35% &3 236, 1 5L 2 5HIE 1,146kW, 6 5H% & 7 51T 2,240kW &
2%, %1 BT OEIE L TWDERMTIER, BEIGIOH ) FIRMEIL 3,386kW TH %,

RAFAMITFE E DS 5,000kW LLETHERE L T D &2 B b7, PV1,500kW % Tl k&
72 PV REIEINTAE T2, (BERHINE T OO B RRIE 03 HAET D)

PV2,000kW LL_FCldil s R CORFIE 0N HAT 5 alRErE @,
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PVOMW : & HE /)& 1,220kWh/4E, SR AT 58,144,684kWh/4E

10,000

== AC Primary Load
| == Excess Hectricity

8,000{ } | i |

o
o
S
=]

Power (kW)

>
=]
Q
=]

2,000

L
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

PV500kW : PV FE & 626,747TkWh/4E, RFIFE & 2,188 kWh/4E, PV fiia=R 1%

10,000 == AC Primary Load
PV Power
| I I = Excess Hectricity
8,00041 | y | | I | | 1y
6,000-
g
&
2
& 4,000
2,000
o T T - T T T = — T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

PV1000kW : PV JE & 1,253,495 kWh/4E, A FIE /& 8,440 kWh/4E, PV HE#5R 2%

10,000- == AC Primary Load
PV Power
| I I == Excess Electricity

8,0004 L1 ' | I | | 1y '

6,000-
5
3
3
a 4,000

2,000-

o 1 ! QULIpIFY i
Jan ' Feb ' Mar  Apr ' May  Jun  Jul " Aug ' Sep Oct ' Nov  Dec

PV1500kW : PV 3$&E & 1,880,241 kWh/4E, &FIE /& 23,041 kWh/4, PV #4453 3%

10,000 == AC Primary Load
PV Power
| I I == Excess Hectricity

8,0004 L1 y | I I | | 1y

6,000-
5
3
g
a 4,000

2,000-

o l | 1 o l l lI |
Jan ' Feb ' Mar ' Apr ' May ' Jun ' Ju ' Aug ' Sep ' Oct ' Nov ' Dec
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PV2000kW : PV 3¢ & 2,506,990 kWh/4-, RFIE /)& 47,734 kWh/4E, PV 453 4%

10,000

== AC Primary Load
PV Pow er
| I I I == Excess Electricity
| |

8,0004-L1 y | I

Power (kW)
o
°
(=]
o

>
=]
Q
=]

2,000

o 1 - l | N I [ l‘.l.Aug"‘ | N ]

Jan ' Feb ' Mar Apr May  Jun  Jul Sep Oct ' Nov ' Dec

@ WA I2L— 3y (ERIEEEEE

SERR PN E 21770 B2, DEG OSEME b UE S5 = & ST X 378, JESE 72T
W, Bk L ABEOREIE L 5.,

T OEA . BHETARIT (3.2 3 FEMICES SN S EAERRET L X — R E O IR I
RTHITRER & 72 D, PV OBOEANT, % 20095.4%), JARBAEEFAEEZ 1Hz &5
L. 890kW O PV M AFREL A SN 5, REMIHIK & 722 1,5006W %5 & 11t ik 2 i 7=
e, ERMIEICRET 5 PV BERFABIICHRPLE L 725,

B T3 ramE
8.4 % REFHOEHIGEIZL DT T MIRUE] CTHONEBRBEI—T72REAMT I
L—3 3> (HOMER) 2 KB4 % & PV8IOKW D A Lt Zx EDC EHNER LI-HE0
FERENE S B X, BLIREY 14,000k 2349 13,600kL (2895 = E B CT& 5,

4.5.2 % DEG OEGHHEHINEE T, AAHESHIRNKEENZEAT IES

DEG OEAFIFHILRTE 4.5.1 L FEERT, AIH 4.5.1 ORBEAHM I 2L —ra VR TH D
PV1500kW OZEEh 2 W3 5 7=, )8 A R EEMZE AT 5,

SR IR B R B E M O ST A > 3= X PV & [RI% D 1,500kW &5, EEis &
FIRERTHIIZZ T 5, HEBEMOBEAIZ0.3CARETHY ., VF UL A EEMOEEIT
20CARBETHD, RELZ/NSLTDHD, VFULALF U EBMERATL200L LIZGA,
HEMAEIIFEDHFE T50kWh L7 D,

1) EA#Cz=aL—<3> (HOMER)
A 4.5.1 OREAH > I 2 L— 3 UFEROEY | PV1L,600kW % TIEKE 72 PV REIE T
A U720,

(2 EAYYIa1L—Y 3y (EGSASEE)

UF 7 LA A &M 1,5600kW %2 AFC FiliIC CGEH L7-54A. REMTED LFC X7 A —4
% 1,500kW EEFRT D ENTE D, ZHITLY ., WEFE 20(95.4%), L&A 1Hz &
T 5 & PV OECRIFAEREIT 2,100kW & HHTX ., 5 1,200kW OBERILKN HIAD S, -, E
JEHHFI O a2 E BT 5 & 1,5600kW O PVEANAREE 2D,

B F3vrsE
(3.4 % FEHOEHALFICL DT 7 MhFELEE] THONWZREN—T 2 REAH VI 2
L— 3 (HOMER) (ZKBd % & PV1,500kW & A L) 7: EDC EMANFER L7254
DOAERRENY ZEI%, BUIRKY 14,000kL 25%) 13,450kL (2425 Z L A CTE 5,
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4.5.3 % DEG OEEFHEAMNEE T, Majuro FRENEEED 20% B IR B LT HIEE
(1) REA#HSIa2L—Y 3> (HOMER)
A7 —%# Majuro2013 H5E4&, (AL 11 A, 12 HIZ 1 A, 2 A TRER,
9.5MW #i, AMW (KT O FEREIE KM & 70 UifERFF LT,
Hi 5 —% NASA 5 —# & i
JEaHT—%  Wojte DFEHIT — ¥
FEMET 15, 2 5. 5B, 6 Bk, T B CRE,
% DEG OiERH 71 100% % ) BRREE L, 0 FIREIZER D 35% &
L7,

158 | 258 | 554 | 6 51 | 751
ERH ) (kW) 3,275 | 3,275 | 3,485 | 6,400 | 6,400
77 ERRE (kW) 3,275 | 3,275 | 3,485 | 6,400 | 6,400
) FRRME (kW) 1,146 | 1,146 | 1,220 | 2,240 | 2,240
EIRRE 65 E TBHO YL 1 AL TELRT S & L,
RE #i&+¥  Majuro 4R I E &35 60,000MWh TH Y | 20%% H= 1 fii#s &L T 284
@ RE ERFERIT 12,000MWh F£E & 72 5,
A SIFEEHICONWTIZ, AT F o 2AMA2EE LT, 275kW A& H#
(http!//www.vergnet.com/gev-mpc.php) ZHH L7,
DX 5% REFMBEEELHHFT 2550 PV & WT OMEHEILTRO®EY
Thd, EEMITRFIENZDFRANIRINTE D L HhEBEBMEZHEATLHHD
&L, BIFmA 3= 2 HINI I 2 GRHE IO 80%F2E ., A &EILH D 3
MRRENZEE LW,

PV WT &t B
kW kWh H5 | kW kWh kW kWh kW kWh
A | 1,000 | 1,253,495 10 | 2,750 | 11,522,388 3,750 | 12,775,883 | 3,000 9,000
B| 2,000 2,506,990 9| 2,475 | 10,370,226 4,475 | 12,877,216 | 3,500 | 10,500
C | 3,000 | 3,760,482 8| 2,200 | 9,217,980 5,200 | 12,978,462 | 4,000 | 12,000
D | 10,000 | 12,534,927 0 0 0| 10,000 | 12,534,927 | 8,000 | 24,000

R ACOr—ATIERFENIRE LRV, DOy —AOEAIIRRIEINRE
T 5720, EEMFEEDNAC 2 DHA1E, PV OHHIR E 72135 R 3 03 &
725,
=YX VRGN IEFIC R WD, BB ERRE KE T L VAT AWK
IMETE DN S 5,
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PV1,000kW+WT2,750 kW+% &l 3,000kW*3h

10,000

== Vergnet gev-MP275
I l I == Excess Bectricity
; | I 1

N

u T osep

== AC Primary Load
PV Pow

== Vergnet gev-M
== Excess Bectricity

== Vergnet gev-MP275
= Excess Bectricity

;JMMMNWI w mww w \ﬂllH‘ k ! |i i HNMM
) . |. 1l L |
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@ FAMYIaL—vay (EMESEEE

BRI 21— a3 VZTRHRIELTZ PV & WT O LREHTFELZ AW TEHEDO S
(PV ZBh. WT Z£8&. SWEBROA) ML, RNNOMETER Grafium L
LFC O&3) %l LTV AMME L, £ 4.5.31 102 DFERERT, WFHOr— 2 K
AR R AEBI R A & B[ TV 5 = R MIE OB & - L R TH B,

# 4.5.3-1 MBEYFIEIC L2 R IREERS R

PVEAR [WTHAR [ & | ZBEA | W TER | ERdn
kW) kW) kW) (kW) W) (G J1 39
A 1,000 2,750 3,000 2,325 3,082 O
B 2,000 2,475 3,500 2,624 3,571 O
C 3,000 2,200 4,000 2,946 4,062 O
D 10,000 0 8,000 7,900 8,031 O

B T raE
8.4 & BEFTOEHBGEIZ L D77 v MhRSGE] THRONWRE I —7 2 REHY
L—y =3 (HOMER) (Z/KMd % L. RE20%DE A LiiEy)7e EDC #EHNFH L5E @E
MIERENY 2 BT, BLIRK 14,000kL 2549 11,130kLKL (2345 Z £ BRHiIFECTE 5,

4.5.4 % DEG OEHHENERELHERICE TS MEC ERICEIZBIRBEARRLEEDR KRS
Bt ERMERAHMOER) ICLIREIRX MOERE

(1) BIREE
AT — 2 L RET—Z 2\ 2 b— g USRS . PV BEFHRIL 14%. WT @
FIEFIHRIL 48% Tho7-, ZNEHWTHRAUC IV EH LT,
PV #EEMWh/y) = PV E A EKW) X 8,760h X 14% = 1,000
WT % E&MWh/y) = WT #E A &(KkW) X 8,760h X 48% -+ 1,000

#4541 FHxRERE (MWhly)

WT deployment PV deployment (kW)

kW Number 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000| 10,000
0 0 0 1,226 2,453 3,679 4,906 6,132 7,358 8,585 9811 11,038| 12264
275 1 1,156 2,383 3,609 4,836 6,062 7,288 8,515 9,741 10968 12,194| 13420
550 2 2,313 3,539 4,765 5,992 7218 8,445 9671| 10,897| 12,124| 13350| 14577
825 3 3,469 4,695 5,922 7,148 8,375 9,601 10827 12,054| 13280 14507 15,733
1,100 4 4,625 5,852 7078 8,304 9531 10,757| 11,984 13210 14436 15663 16,889
1,375 5 5,782 7,008 8,234 9461 10687| 11914| 13,140 14366] 15593 16,819 18,046
1,650 6 6,938 8,164 93918 10617| 11,844| 13070] 14296| 15523| 16,749 17976] 19202
1,925 7 8,094 9321| 10547] 11,773 13,000] 14226| 15453| 16,679 17905| 19,132| 20,358
2,200 8 9251 10477| 11,703] 12930 14,156| 15383| 16,609 17,835 19,062| 20288| 21515
2475 9] 10407| 11,633] 12860| 14,086] 15312 16539] 17,765| 18992| 20,218 21444| 22671
2,750 10 11563| 12,790 14016| 15242) 16,469 17,695| 18922 20,148| 21374| 22,601| 23827
3,025 11 12,720| 13,946| 15172 16,399) 17,625] 18,852| 20,078 21,304 22531| 23,757| 24,984
3,300 12] 13876] 15,102] 16,329] 17,555 18,781] 20,008| 21234 22461| 23687| 24913| 26,140
3,575 13] 15032] 16,259| 17485| 18,711 19938y 21,164| 22391 23,617| 24843| 26,070| 27296
3,850 14] 16,188] 17415| 18641| 19,868| 21,094| 22320) 23547 24,773| 26,000 27226 28452
4125 15] 17.345| 18571| 19,798| 21,024 22250| 23477) 24,703 25930 27,156| 28,382| 29,609
4400 16§ 18501 19,728| 20954| 22,180| 23407| 24,633] 25860 27,086| 28312 29539 30,765
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(2) EEHBE

HEMIIREIE ) A RICRINTE D L HonEEMARHAT o b0 L L, WFmA v N—H
HAIFT 2 A5 D 80%FLE, BEIZH D 3HMBEENEE LY, Zhz ATk k
DR Lf:o faa:a‘o‘@}%,ﬂ;ﬁ L REHEBROFMET 2 LN TE D,

#EMA R (KWh) = (PV EAZEKW)+ WT EHAEKW)) X 80% X3h
# 4.5.4-2 FHEMARE (kWh)
WT deployment PV deployment (kW)

kW Number 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000| 10,000
0 0 0 2,400 4,800 7,200 9,600 12,000f 14,400| 16,800] 19,200| 21,600 24,000

275 1 700 3,100 5,500 7,900] 10,300] 12,700| 15,100f 17,500f 19,900| 22,300| 24,700
550 2 1,400 3,800 6,200 8,600 11,000f 13400 15800| 18200] 20,600 23,000 25400
825 3 2,000 4,400 6,800 9,200 11,600] 14,0001 16,400| 18_800| 21,200| 23,600| 26,000
1,100 4 2,700 5,100 7,500 9,900 12,300| 14,700 17,100( 19500 21900 24300 26,700
1,375 5 3,300 5,700 8,100f 10,500| 12900 15300 17,700( 20,100] 22500 24900 27,300
1,650 6 4,000 6,400 8,800 11,200 13,600 16,000 18400| 20,800| 23200 25,600| 28,000
1,925 7 4,700 7,100 95000 11,900 14,300f 16,700 19,100] 21500] 23900 26,300| 28,700
2,200 8 5,300 7,700 10,100§ 12,500f 14,900| 17,300f 19,700| 22,100] 24500 26,900 29,300
2475 9 6,000 8,400| 10,800 13,200§ 15,600] 18,000| 20400 22800| 25200| 27,600| 30,000
2,750 10 6,600 9,000] 11,400 13,800§ 16,200] 18,600| 21,000( 23400 25800| 28200| 30,600
3,025 11 7,300 9,7001 12,100 14,500y 16,900] 19,300] 21,700 24,100] 26,500| 28900| 31,300
3,300 12 8,000 10,400] 12,800 15,200f 17,600§ 20,000] 22400 24,800 27200| 29,600| 32000
3,575 13 8,600/ 11,000f 13,400 15800f 18200§ 20,600 23000( 25400f 27,800| 30200| 32600
3,850 14 9,300] 11,700 14,100f 16,500{ 18900] 21,3008 23,700( 26,100 28500| 30,900| 33,300
4125 15 9,900| 12300 14,700 17,100f 19500| 21900§ 24,300 26,700 29,100| 31,500| 33,900
4400 16] 10,600/ 13,000/ 15400f 17,800( 20,200] 22,6008 25000( 27400 29,800| 32200| 34,600

(3 B®IX b

PV X CMI o# A 4L (IH 57kW45.6 7 USD,# 54kW20 5 USD) X v 5,000USD/kW.
WT X HATHRGE L T % 275kW ] {8 2R oD SEEMMRK L s B FH 24 2 Nk LT, 2,500,000

USD/:, *%Hﬁ‘/XTA IZHARTOY AT L3 A MI@EEFE Y 2 sk L ¢, 1,000USD/kWh

wEAfE L, WRUITE W EH L,

ek a2 hk$) =PV %)\i(kw) X 5,000$/kW + WT %)\i( ) X 2,500,000 $/%&

ZEmEEEG&Wh) X 1,0008/kWh + 1,000
#4.54-3 A b (k$)
WT deployment PV deployment (kW)

kW [ Number 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000{ 10,000
0 0 0 7,400] 14,800| 22,200| 29,600| 37,000{ 44400{ 51,800f 59,200( 66,600 74,000
275 1 3,200] 10,600 18,000] 25,400| 32,800| 40,200] 47,600/ 55000| 62400| 69,800( 77,200
550 2 6,400] 13,800( 21,200 28,600 36,000/ 43400] 50,800/ 58200| 65600{ 73,000( 80,400
825 3 9,500 16,900] 24,300 31,700| 39,100| 46,500] 53,900| 61,300| 68,700| 76,100( 83,500
1,100 4] 12,700 20,100§f 27,500] 34,900| 42300| 49,700{ 57,100| 64,500 71,900 79,300/ 86,700
1,375 5§ 15,800/ 232004 30600/ 38000 45400 52,800 60,200/ 67,600] 75000) 82400/ 89,800
1,650 6] 19,000] 26,400| 333800§ 41,200( 48,600/ 56,000 63,400 70,800| 78,200/ 85600/ 93000
1,925 70 22,200] 29,600| 37,000§ 44400 51,800/ 59,200 66,600/ 74,000/ 81,400/ 88,800/ 96,200
2,200 8] 25300] 32,700| 40,100§ 47,500 54,900 62,300 69,700/ 77,100] 84,500| 91,900| 99,300
2,475 9] 28500] 35900| 43300| 50,700§ 58,100 65500 72900 80,300] 87,700( 95,100 102,500
2,750 10§ 31,600] 39,000] 46400 53800f] 61200| 68600 76000( 83400 90800 98200 105600
3,025 11§ 34,800] 42200] 49,600 57,000§ 64400 71800 79200( 86,600 94,000 101,400( 108,800
3,300 12§ 38,000| 45400{ 525800 60,200 67,600] 75,000| 82400/ 89,800| 97,200| 104,600| 112,000
3,575 13] 41,100| 48500 55900 632300 70,700§ 78,100 85,500/ 92,900] 100,300/ 107,700| 115,100
3,850 14] 44.300| 51,700{ 59,100{ 66,500 73,900 81,300§ 88,700 96,100] 103,500| 110,900| 118,300
4,125 150 47,400| 543800 62200{ 69,600 77,000] 84,400§ 91,800 99,200| 106,600| 114,000| 121,400
4,400 16§ 50,600| 58000 65400 72,800( 80,200] 87,600f 95000 102,400| 109,800| 117,200| 124,600
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(4) ERaX b+

B R IR IT B 2 AR R 25 2 LN TREND A, b0, 2 2 Tk
R AERIT R 15 FE L T5, AT F U RABEIZHONWTIE, PV KOEBERITEANICIZA T
FUART Y —THDLIZOEFRED 1%L L, PV X 50 USD/AW, ZEEihs 27 Al 10 USD/kWh
LT 5, WT X 275kW A[EIZCEEL O SE8Mifik% 50,000 USD/JEE 95, Ziva ATk LD
HH L7,

HEH =2 2 h(k$/15years) = PV EHAEKW) X 50$/kW + WT #E A £GE) X 50,000 $/3&
+ EEMAEKWD) * 10$/kWh X 15years <+ 1,000

#4.5.44 EH= AL (k$/15years)

WT deployment PV deployment (kW)

kW Number 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000| 10,000
0 0 0 1,110 2,220 3,330 4,440 5,550 6,660 7,770 8,880 9,990| 11,100
275 1 855 1,965 3,075 4,185 5,295 6,405 7515 8,625 9,735| 10,845| 11,955
550 2 1,710 2,820 3,930 5,040 6,150 7,260 8,370 9480] 10,590 11,700 12810
825 3 2,550 3,660 4770 5,880 6,990 8,100 9210 10320| 11430 12540 13,650
1,100 4 3,405 4515 5,625 6,735 7,845 8,955 10,065 11,175 12285 13,395 14505
1,375 5 4,245 5,355 6,465 7575 8,685 9,795 10,905 12,015| 13,125 14235 15345
1,650 6 5,100 6,210 7,320 8,430 9,540] 10,650 11,760 12870] 13,980| 15090 16,200
1,925 7 5,955 7,065 8,175 9,285| 10,395 11505 12615| 13,725| 14,835| 15945 17,055
2,200 8 6,795 7,905 9015§ 10,125| 11,235 12345| 13455| 14565| 15675 16,785| 17,895
2475 9 7,650 8,760 9,870] 10,980f 12,090 13,200f 14310| 15420| 16,530 17,640| 18,750
2,750 10 8,490 9,600] 10,710 11,820 12930| 14,040| 15,150 16,260 17,370| 18,480| 19,590
3,025 11 9,345| 10455| 11565 12675] 13,785| 14,895| 16,005 17,115 18225| 19,335| 20,445
3,300 12] 10,200] 11,3101 12,420 13530f 14,6404 15,750 16,860( 17970 19,080| 20,190| 21,300
3,575 13 11,040 12,150] 13260| 14,370 15480) 16,590/ 17,700( 18,810 19920 21,030 22,140
3,850 14) 11,895| 13,005| 14,115| 15225| 16,335 17445] 18555 19,665| 20,775 21,885 22995
4,125 150 12,735| 13,845| 14955| 16,065 17,175 18285) 19,395 20505| 21615 22,725 23,835
4,400 16] 13590] 14,700/ 15810| 16,920( 18,030] 19,1408 20,250 21,360 22470| 23,580| 24,690

(6) §EtaX b+
A A MIEKR A MEOEH A FASEMOEHAEE L, kUL HEE LT,
At 2 A F(k$/15years) = Ak = A F(k$) + HEH =2 A F(k$/15years)

# 4.5.45 Gt A~ (k$/15years)

WT deployment PV deployment (kW)

kW Number 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000| 10,000
0 0 0 8,510 17020 25530 34,040] 42550| 51060 59570| 68,080| 76590| 85,100
275 1 40550 12565| 21,075 29585| 38,095| 46,605| 55115 63,625 72,135] 80,645| 89,155
550 2 8,1100 16,620] 25,130 33,640| 42,150| 50,660| 59,170 67,680 76,190] 84,700 93210
825 3] 12,050 20,560§ 29,070] 37,580| 46,090 54600] 63,110 71,620| 80,130 88,640| 97,150
1,100 48 16,105] 24,615] 33,125 41,635] 50,145] 58,655| 67,165 75,675 84,185] 92,695| 101,205
1,375 5] 20,045 28,555) 37,065| 45575| 54,085 62595] 71,105] 79,615| 88,125 96,635| 105,145
1,650 6] 24100| 32610] 41,120§ 49,630 58,140 66,650] 75160| 83,670| 92,180| 100,690| 109,200
1,925 7] 28,155| 36,665 45175 53,685 62,195 70,705| 79215| 87,725 96,235| 104,745[ 113,255
2,200 8] 32,095| 40605| 49,115) 57.625| 66,135 74,645| 83,155 91,665| 100,175| 108,685[ 117,195
2475 9] 36,150| 44660] 53,170| 61,680 70,190 78,700] 87210| 95,720| 104,230| 112,740| 121,250
2,750 10] 40,090| 48,600| 57,110 65620] 74,130] 82640| 91,150/ 99,660| 108,170| 116,680| 125,190
3,025 11] 44,145| 52655| 61,165 69,675] 78,185] 86,695| 95205( 103,715| 112,225] 120,735| 129,245
3,300 12] 48200| 56,710 65220 73,730f 82240§ 90,750| 99,260( 107,770| 116,280] 124,790| 133,300
3,575 13] 52,140| 60,650| 69,160 77,670f 86,180f 94,690 103,200( 111,710| 120,220| 128,730| 137,240
3,850 14] 56,195| 64,705| 73215| 81,725 90,235| 98,745§ 107,255| 115,765| 124,275| 132,785| 141,295
4,125 15) 60,135| 68,645| 77,155| 85665 94,175| 102,685) 111,195[ 119,705| 128,215| 136,725( 145,235
4,400 16] 64,190] 72,700 81,210| 89,720] 98,230| 106,740§ 115,250( 123,760| 132,270| 140,780( 149,290
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(6) REaX b
PV &k O" WT OifmfFie i GRmmt HES 15 4/) 2B T 2%EENET, Aita A b %
O EITHEAR NEHE T2 TED, kAT X U%uﬂ L7,
HE A N$/KkWh) = At = X F(k$/15years) +~ (FF=x%EE (MWh/y) X 15years)

#4546 FE AL ($/kWh)

WT deployment PV deployment (kW)

kW | Number 0 1,000 2,000 3,000f 4,000 5,000 6,000 7,000 8,000 9,000/ 10,000
0 0 0463 0.463 0463 0.463 0463 0.463 0463 0463 0463 0463

275 1 0.234 0.352 0.389 0408 0419 0426 0432 0435 0438 0441 0.443
550 2 0.234 0.313 0.352 0.374] 0.389 0.400 0.408 0414 0419 0423 0.426
825 3 0.232 0.292 0.327 0.350 0.367 0.379 0.389 0.396 0402 0407 0412
1,100 4] 0.232 0.280 0312 0.334] 0.351 0.364] 0.374 0.382 0.389 0.395 0.399
1,375 5 0.231 0.272 0.300 0.321 0.337 0.350 0.361 0.369 0.377 0.383 0.388
1,650 6 0.232 0.266 0.292 0312 0.327 0.340 0.350 0.359 0.367 0.373 0.379
1,925 7 0.232 0.262 0.286 0.304] 0.319 0.331 0.342 0.351 0.358 0.365 0.371
2,200 8 0.231 0.258 0.280 0.297 0.311 0.324] 0.334 0.343 0.350 0.357 0.363
2,475 9 0.232 0.256 0.276 0.292 0.306 0.317 0.327 0.336 0.344 0.350 0.357
2,750 10 0.231 0.253 0.272 0.287 0.300 0.311 0.321 0.330 0.337 0.344 0.350
3,025 11 0.231 0.252 0.269 0.283 0.296 0.307 0.316 0.325 0.332 0.339 0.345
3,300 12 0.232 0.250 0.266 0.280] 0.292 0.302 0.312 0.320 0.327 0.334 0.340
3,575 13 0.231 0.249 0.264 0.277 0.288 0.298 0.307 0.315 0.323 0.329 0.335
3,850 14 0.231 0.248 0.262 0274] 0.285 0.295 0.304 0.312 0319 0.325 0.331
4,125 15 0.231 0.246 0.260 0.272 0.282 0.292 0.300 0.308 0.315 0.321 0.327
4,400 16 0.231 0.246 0.258 0.270) 0.280 0.289 0.297 0.305 0.311 0318 0.324

Majuro TiE., HR7EHE I EITK L TREME 0.296$/kWh, JEEH = A - 0.072$/kWh, —#%%
B 0.0328/kWh, Jii@axfH = A b 0.027$/kWh, JBAGEEIZED 0.0358/kWh & 725> T\ 5,
MEC (X2 H= R8N IREEZ S LICHGTHZ N TEX 5700, REE 0.2968/kWh
L0 HZMTHIVUIRFNIAY v M3 d D, %4 % R CRT,

B L, AMEEITZ Majuro %ﬁﬁmﬁ%ﬁéa&ﬁ%% IRIRBE L 720 | IEH 7R Y )P CiE A
TEXDHIEEFMICHAERZITo TS, Ko T, HWETZBEICK VT, BEfF DEG Oifiln#
ﬁ%E%M?ékw@f/Tf/x:xbiaimfwﬁw§@&féo

(7) BT rtiaE
AIEEDIE Y Majuro EF’% 73{%%@ /r’a 60 OOOMWh/y Thy, ZnEHWT, HBox3¥E
wHMWh/y) &%l % = &z NREER gt HH L7z,
BIRERE® = ﬁix%@a (MWh/y> +— HEME I E E(60,000MWh/y) X 100
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#4547 TR
WT deployment PV deployment (kW)

kW | Number 0 1,000 2,000 3,000 4,000f 5,000 6,000 7,000/ 8,000 9,000 10,000
0 0 0.0% 2.0% 4.1% 6.1% 8.2% 10.2% 12.3% 14.3% 16.4% 18.4% 20.4%

275 1 1.9% 4.0% 6.0% 8.1% 10.1% 12.1% 14.2% 16.2% 18.3% 20.3% 22.4%
550 2 3.9% 5.9% 7.9% 10.0% 12.0% 14.1% 16.1% 18.2%| 20.2% 22.3% 24.3%
825 3] 5.8% 7.8% 9.9% 11.9% 14.0% 16.0% 18.0% 20.1%| 22.1% 24.2% 26.2%
1,100 4 7.7% 9.8% 11.8% 13.8% 15.9% 17.9%] 20.0% 220% 24.1% 26.1% 28.1%
1,375 5 9.6% 11.7% 13.7% 15.8% 17.8% 19.9%] 21.9% 23.9% 26.0% 28.0% 30.1%
1,650 6] 11.6% 13.6% 15.7% 17.7% 19.7%| 21.8% 23.8% 25.9%| 27.9% 30.0% 32.0%
1,925 7| 13.5% 15.5% 17.6% 19.6% 21.7%  23.7% 25.8% 27.8%| 29.8% 31.9% 33.9%
2,200 8l 154% 17.5% 19.5% 21.5% 23.6%) 25.6% 27.7% 29.7%| 31.8% 33.8% 35.9%
2475 9 17.3% 19.4%|  21.4% 23.5% 25.5%| 27.6% 29.6% 31.7%| 33.7% 35.7% 37.8%
2,750 10 19.3% 21.3%) 23.4% 25.4% 27.4%| 29.5% 31.5% 33.6%| 35.6% 37.7% 39.7%
3,025 11 21.2% 23.2%)  25.3% 27.3% 294%| 31.4% 33.5% 35.5%| 37.6% 39.6%| 41.6%
3,300 12 23.1% 25.2%) 27.2% 29.3% 31.3% 33.3% 35.4% 374%| 39.5% 41.5%| 43.6%
3,575 13] 25.1% 27.1%)  29.1% 31.2% 33.2%0  35.3% 37.3% 39.4%| 41.4% 434%| 45.5%
3,850 14  27.0% 29.0% 31.1% 33.1% 352%| 37.2% 39.2%| 413% 43.3% 454%| 47.4%
4,125 15 28.9% 31.0% 33.0% 35.0% 371%| 39.1%8 41.2%| 43.2%| 45.3% 473%] 49.3%
4,400 16] _ 30.8% 32.9%)  34.9% 37.0% 39.0%) 41.1%) 431%| 451%| 47.2% 49.2% 51.3%

455 FL®

DED Xz, FWmIZB W TART rY =7 MITHE Lo HINRETFEZIER T2 2 L1
L0, =] HCPHETHZXEADH NN bDEEX DL, iz, AEIZTGERTND
WY, [~ FCBT2HDREANCBW T, BEERENO A 7 F o 2K O,
D DEG OESENRHOEND ZEMILD LEETHDL, ZDOZ LT, BB ADOZMEIED
TR ERE R O UES° EDC #EAIC L 2 EHE B b BB ATfECThH 0, [~ HD
(LB BREHMETF B DRI BN S, TORBEICBWT, BENTRHZ R EAZED TN Z & T,

(<] HOZR VX —HGEBEIR T 52 ENAREE 725,
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Project on the Formulation of a Self-Sufficient Energy Supply System in the Marshall Islands
' Field survey (January) schedule

Sun Mon Tue Wed Thur Fri Sat
112 113 1714 115 116 1117 118
Travel (Kansai -~ Guam) Travel (Guam - Majuro)
Members Kakefuku, Hagihara, Higa, Tobaru Kakefuku, Hagihara, Higa, Tobaru Kakefuku, Hagihara, Higa, Tobaru Kakefuku, Hagihara, Higa, Tobaru $ZE::UkU'G|bO E:glhara,nga
u Zu
Morning = Visit Embassy of Japan in Marshall Majuro Survey Majuro Survey Majuro Survey Wotje Survey Majuro Survey
9:30-11:30 Present project overview = Majuro power plant survey = Survey power distribution system in Majuro |®= Survey currently available material = Travel to Wotje = Measure fuel
= Visit JICA/JOCV MARSHALL * Verify the the condition of equipment and * Verify the the condition of equipment and on legal systems for power in MA = Wotje power consumption for
ISLANDS OFFICE collect collect = Load cutoff test for grid in Majuro plant survey each unit in
Present project overview data data = Measure fuel consumption for each * Verify the the Majuro power
unit in Majuro power plant condition plant
= Visit MRD and MEC of equipment and = Survey currently
collect data available material

Afternoon (1)
13:30-15:00

Present project overview, confirm work
i 1 structure, etc.

Afternoon (2)

on legal systems
for power in MA

15:30-17:00
1/19 1/20 1/21 1/22 1/23 1/24 1/25

Members Kakefuku,Gibo Hagihara,Higa Kakefuku,Gibo Hagihara,Higa Kakefuku,Gibo Hagihara,Higa Kakefuku,Gibo Hagihara,Higa Kakefuku,Gibo Hagihara,Higa Kakefuku,Gibo Hagihara,Higa Kakefuku,Gibo Hagihara,Higa

Tobaru Uezu Tobaru Uezu Tobaru Uezu Tobaru Uezu Tobaru Uezu Tobaru Uezu Tobaru Uezu

Wotje Group Moajuro  Group Wotje Group Moajuro Group Wotje Group Jalult Group Wotje Group Jaluit Group Wotje Group Jaluit Group Wotje Group Jaluit Group Evey Group Jaluit Group

= Summarize survey |® Summarize survey |® Survey grid In = Measure fuel = Survey possible = Travel to Jalult = Wotje power plant (= Survey grid in = Summarize survey |® Survey possible = Summarize = Wotje power = Travel to Ebeye = Summarize survey

results results Wotje consumption for PV Installation site  |= Jaluit power plant fuel consumption Jaluit results PV installation site survey results plant fuel = Ebeye power plant results
Morning = Survey and collect each unlt In In Wotje survey survey = Survey and collect in Jaluit consumption survey
9:30-11:30 data from weather Majuro power plant |= Load cutoff test * Verify the the data from weather = Load cutoff test survey « Verify the the
observation = Survey currently for grid In Wotje condition of observation for grid in Jaluit condition of
equipment avallable materlal equipment and equipment equipment and
on legal systems collect data collect data
for power In MA
Afternoon (1)
13:30-15:00
Afternoon (2)
15:30-17:00
1/26 127 1/28 1/29 1/30 131 21
Travel (Majuro -» Guam)

Kakefuku,Gibo Hagihara,Higa Kakefuku,Gibo Hagihara,Higa Kakefuku,Gibo Hagihara,Higa Kakefuku,Gibo, Tobaru,Hagihara,Higa Kakefuku,Gibo, Tobaru,Hagihara,Higa Kakefuku,Gibo, Tobaru,Hagihara,Higa
Members

Tobaru Uezu Tobaru Uezu Tobaru Uezu Uezu Uezu Uezu

Evey Group Jaluit Group Evey Group Jaluit Group Evey Group Jaluit Group Majuro Survey Majuro Survey = Report survey results to CP

= Survey and collect |® Summarize survey |® Survey possible = Summarize survey |® Travel to Majuro = Travel to Majuro = Summarize survey results = Report survey results to CP (MRD, MEC)
Morning data on grid in results PV installation site results = Summarize survey (@ Summarize survey | Prepare reports (MRD, MEC) = Discuss with CP how to
9:30-11:30 Ebeye in Jaluit results results = Discuss with CP how to proceed with work impl

Afternoon (1)
13:30-15:00

Afternoon (2)
15:30-17:00

= Load cutoff test
for grid in Jaluit

= Wotje power plant
fuel consumption
survey

proceed with work i

= Report survey results to
JICA/JOCV MARSHALL
ISLANDS OFFICE

= Report survey results to
the Marshall Japan Embassy




Project on the Formulation of a Self-Sufficient Energy Supply System in the Marshall Islands (2 ™ Year)

! Field survey schedule

Sun Mon | Tue Wed Thur Fri Sat
6/1 6/ﬂ 6/3 6/4 6/5 6/6 6/7
“[9:30~10:00 Diesel power generation Diesel power generation Diesel power generation
Explanation of the survey (JICA) |operation efficiency (1) On-site  |operation efficiency (2) On-site  |operation efficiency (3) On-site
Morning 9: 30-] i . 10:30 ~ 12:00 training: fuel consumption rate training: fuel consumption rate training: fuel consumption rate
9 Travel (Narita -~ Guam) Move (Guam - Majuro) ) 9 X P ) 9 . P ) 9 . P ’
11: 30 Explanation of draft process, text |measurement (provide guidance |measurement (provide guidance |measurement (provide guidance
review (MEC and MRD) to the CP through actual to the CP through actual to the CP through actual
measurement) measurement) measurement)
13:30 ~ Comnmittee (1) explanation of draft|Maximum allowable amount (1)  [Maximum allowable amount (2)
Afternoon (1) Explanation of the survey process, text review Briefing on the Progress Report  |Explanation of results for the
13:30-15:00 (Japanese embassy) WG (1) (Maximum allowable amount maximum allowable amount
15:00 ~ GC: review, hold discussions, section) calculated using the algebraic
Explanation of the survey identify issues, select person to b dhad
. PV-DG hybrid (1) Basic data and |PV-DG hybrid (2)
(US embassy) in charge of study o )
Afternoon (2) FIT: review, hold discussions, how to understand them Determination method. of basic
15:30-17:00 identify issues, select person to be system and PV capacity
in charge of study
6/8 6/9 6/10 6/11 6/12] 6/13 6/14
PV-DG hybrid (3) PV-DG hybrid (4) Maximum allowable amount (3) |Maximum allowable amount (4) " [Maximum allowable amount (5)
Discussion about installation site |Introduction and case study of Practice (1): Calculation of system|Practice (2): Calculation of Practice (3): Calculation of the
Morning 9: 30- and consideration simulation tool (HOMER) constant and demand fluctuation |[fluctuation rate for solar radiation |maximum allowable amount using
11: 30 rate intensity and wind conditions the algebraic method
WG (2) GC: Presentation and Diesel power generation Diesel power generation WG (3) GC: prepare drafts for Committee (2) Discussion of WG
Afternoon (1) discussion on measures for operation efficiency (4) Seminar: |operation efficiency (5) EDC submission to the Committee draft discussion and guidance for
1:30-15:00 issues economic load dispatch calculation using Excel (provide improvements
guidance to the CP through actual
measurement)
WG (2) FIT: Presentation and WG (3) FIT: prepare draft for PV-DG hybrid (5) Introduction of
Afternoon (2) discussion on measures for submission to the Committee general layout design tool
15:30-17:00 issues (SketchUP) and practice
6/15 6/16 6/17 6/18 6/19 6/20 6/21
Diesel power generation Diesel power generation 9:00~
operation efficiency (6) Seminar: |operation efficiency (7) Seminar: Report achievements (JICA)
Morning 9:30- Verification method for EDC Verification method for EDC 10:00 ~ .
. ) . Travel (Majuro - Guam)
11: 30 operation operation Report achievements (Japanese

embassy)

Afternoon (1)
13:30 PM-
15:00

WG (4) GC: discussion on area
for improvement

Propose Ver. 1 draft of guidelines
for grid connection, provide
appropriate individual guidance

Maximum allowable amount (6)
Supplementary lesson
(Calculation of maximum
allowable amount)

WG (5) GC: Prepare Ver. 1 draft
of guidelines for grid connection
for submission to the Committee

Committee (3) Establish Ver. 1,
identify issues that need further
study

Afternoon (2)
15:30-17:00

WG (4) FIT: discussion on areas
for improvement

Propose Ver. 1 draft of FIT,
provide appropriate individual
guidance

Diesel power generation
operation efficiency (8) Seminar:
Verification method for EDC
operation

WG (5) FIT: prepare draft for
submission to the Committee

Final meeting to report the results
of the field survey

- Report achievements

- Confirm future schedule




Project on the Formulation of a Self-Sufficient Energy Supply System in the Marshall Islands
3! Field survey (August) schedule

| Sun

| Mon

Tue

Wed

Thur

Sat

8/10

81

[

812

813

814

815

8/16

[Group ®,@
Travel (Kansai -+ Guam)

[Group ®,@
Travel (Guam - Majuro)

Members Kakefuku, Hagihara, Higa, Tobaru Kakefuku, Hagihara, Higa, Tobaru |Kakefuku, Hagihara, Higa, Tobaru Kakefuku, Hagihara, Higa, Tobaru |Kakefuku, Hagihara, Higa, Tobaru
Morning 9:30-10:00 Maximum allowable amount (6) Maximum allowable amount (7) [Documentation
9:30-11:30 Explain work to JICA/JJOCV MARSHALL Ebey,Jaluit, Wotje result confirmation RE allowable amount maximization
ISLANDS OFFICE method(1)
10:30-12:00
Explain work to the Embassy of Japan in
Marshall
Explain survey content to MRD and MEC  |Committee mesting on legal system (1) +  |PV-DG hybrid (6) PV-DG hybrid (7)
Afternoon (1) FIT&GC WG (1) joint Simulation training using HOMER Explanation on the system's configuration
13:30-15:00 design
Afternoon (2)
15:30-17:00
8117 8/18 8/19 8/20 8/21 822 8/23
Group ®,.@ Group ®,.@ JRoose (Honolulu  Majuro) [Section Manager Matsunaga and [Roose (Majuro - Honolulu) Group @,®
Travel Airport - Guam) Travel (Guam - Majuro) Majuro In 10:35 Kobayashi of JICA arrive in Majuro At 20:05 Travel (Majuro -~ Guam)
Section Manager Matsunaga and
i Af_IICA raturn tn lanan
Members Kakefuku, Hagihara, Higa, Tobaru |Kakefuku, Hagihara, Higa, Kakefuku, Hagihara, Higa, Tobaru, |Kakefuku, Hagihara, Higa, Tobaru, |Kakefuku, Hagihara, Higa, Tobaru, Gibo, Uezu, Kakefuku, Hagihara, Higa, Tobaru, |Kakefuku, Hagihara, Gibo
Tobaru , Roose Gibo, Uezu, Asato, Roose Gibo, Uezu, Asato, Roose Asato, Roose Gibo, Uezu, Asato, Roose
Documentation Maximum allowable amount (8) GC WG (2) |Diesel power Diesel power 1 Diesel power |Roose. Asato Diesel power |Roose. Asato Diesel power generation operation
RE allowable amount maximization Igeneration generation 1 il Manager and i Manager efficioncy
method(2) I i i i | Ii i of JICA will i I and EDC calculation using Excel
Morning Ifue\ consumption rate |fuel consumption ra(el efficiency Ius ) fuel consumption raleIKobayashi of JICA
9:30-11:30 Imeasuremem measurement : fuel consumption : Technical exchange with measurement will accompany us )
] ] rate measurement | generation side |* Embassy of Japan
1 1 | transmission side | in Marshall
1 1 1 pvsite 1
PV-DG hybrid (8) Team meeting Participate in a Committee (Section Manager Committee meeting
Afternoon (1) Design of the layout on the 3 islands using |development partner meeting on legal Matsunaga and Jon legal system (3)
13:30-15:00 SketchUP Imeeting Isystem (2) + Kobayashi of JICA) |+ FIT&GC WG (4)
I(The field of energy) IFIT&GC WG (3) ljoint
! IRoose 14:00 ~ Roose
FITWG (2) :Roose‘ Asato : Ilnlroduce advanced | Meeting with I-Par\icwpalion in
|' Jicaocy ] Jcases of RE MRD |discussion
Afternoon (2) | Ma.rshall Islands | Ideployment, grid 1
15:30-17:00 | Office I Iconnection, and FIT |16:00 ~ 1
Rt |- Technical 1 lin Hawaii Meeting with 1
: exchange with : : ADB :
1 generation side 1 | |
8/24 8/25 8/26 8/27 8/28 8/29 8/30
[Group @,® Group ©,®
Travel (Guam - Kansai) Travel (Majuro » Guam)
Members Kakefuku, Hagihara, Gibo Kakefuku, Hagihara, Gibo Kakefuku, Hagihara, Gibo Kakefuku, Hagihara, Gibo Kakefuku, Hagihara, Gibo Kakefuku, Hagihara, Gibo
Diesel power generation operation Diesel power generation operation iDieseI power Diesel power C meeting on legal system (4) 9:30 ~
efficiency efficiency |generation efficiency Present survey results to JICA
Morning EDC calculation using Excel Practical training on EDC operation loperation efficiency  |Practical training on EDC operation 10:00 ~
9:30-11:30 |Pract\cal training on Present survey results to Embassy of Japan

Afternoon (1)
13:30-15:00

Afternoon (2)
15:30-17:00

IEDC operation

GCWG (5)

Diesel power generation operation
efficiency
Seminar of the power station maintenance

Final meeting to report the results of the field survey to

MEC & MRD
+ Report achievements
- Confirm future schedule




Project on the Formulation of a Self-Sufficient Energy Supply System in the Marshall Islands
“¢t Field survey (November) schedule

Afternoon (1)
13:30-15:00

Afternoon (2)
15:30-17:00

Sun Mon Tue Wed Thur Fri Sat
11/9 11/10 1111 1112 1113 1114 1115
Travel : Kakefuku,Giho,Hagihara, Travel : Kakefuku,Giho,Hagihara, ’ . " | . . | . .
Members ) ) Kakefuku, Hagihara, Higa, Giho,Tobaru |Kakefuku, Hagihara, Higa, Giho,Tobaru |Kakefuku, Hagihara, Higa, Giho, Tobaru
Higa,Tobaru Higa,Tobaru
Morning - Explain work to JICA/JOCV MRD and MEC Diesel power generation operation
9:30-11:30 MARSHALL ISLANDS OFFICE Committee and WG efficiency
- Explain work to the Embassy of - Draft Final Report presentati iscussion |- fuel rate
Japan in Marshall
MRD and MEC
Afternoon (1) - Explanation of the Field survey
13:30-15:00
Afternoon (2)
15:30-17:00
11116 1117 1118 1119 11/20 11/21 11/22
Travel:Hagihara, Higa, Tob: Travel:Hagihara, Higa, Tob:
Members Kakefuku, Hagihara, Higa, Giho,Tobaru |Kakefuku, Hagihara, Higa, Giho,Tobaru |Kakefuku, Hagihara, Higa, Giho,Tobaru |Kakefuku, Hagihara, Higa, Giho,Tobaru ravetriagiara, figa, 1o .aru ravetriagiara, figa, 1o .aru Travel:Kakefuku,Gibo
measurement:Kakefuku,Gibo measurement:Kakefuku,Gibo
Diesel power generation operation MRD and MEC RE Seminar (for local residents) * Explain work to JICA/JJOCV Diesel power generation operation Diesel power generation operation
efficiency Committee and WG MARSHALL ISLANDS OFFICE efficiency efficiency
Morning + fuel consumption rate measurement - Draft Final Report presentation/discussion + Explain work to the Embassy of * Practical training on EDC operation * Practical training on EDC operation
9:30-11:30 Japan in Marshall
Afternoon (1)
13:30-15:00
Afternoon (2)
15:30-17:00
11/23 11124 11/25 11/26 11127 11/28 11/29
Members Travel:Kakefuku,Gibo
Morning
9:30-11:30
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[MEC (Marshall Energy Company)]
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MEC : David Paul (General Manager), Damien Milne
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[MEC]

1. B B
201441 H22H 10:00~11: 30
2. % A
Marshalls Energy Company (MEC)
3. &
MEC : Mr. Steve Wakefield, Mr. Mike Nation
MR R T v 7 VR (i58)

4. N R

HFE“A Guidebook on Grid Interconnection and Islanded Operation of Mini-Grid
Power Systems Up to 200kW”® Executive Summary % &t A 72 E CTCOERIGE ZITR -

776

RMI 056, E S L HERIZERIILLTO@EY TH 5,

Option 1 (SPP): renewable energy generator interconnects
with main grid, becoming another power plant on the grid.
Utility takes over electricity distribution to retail customers

Customers

[

Small Power Producer

naal

Large Plants

|
% :Extension ‘F;'Ej
: of
@ ‘;:B |Natic:tnal @ @
& : Grid 9 Mini-Grid
}
National |
Grid |
— — |
|
|

Option 4-1 (Grid with backup): local distribution system
continues to operate, but with backup electricity provide by
grid

Customers

-~
Qem

_____ -

(emeraencv backun for local load) '
) ¢

Small Power Producer

Customers :
@ |
&4 @ :
|

National
Grid

al

Large Plants

Option 3 (SPP + SPD): renewable energy generator

interconnects with the main grid, becoming another power

plant on the grid. Continues to sell electricity to retail
customers, some of which may be purchased from utility.

Customers Customers
& 2
=0

& B

<

Small Power Producer

National
Grid I

—_—

aaal aaal

Large Plants

I Key:— = power from SPP => = power from utility

@ = meter I
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201441 430 H 15:00~17: 30

2. % Pr
MRD F%HT 2=

3. ZIN#E
MRD : Walter Myazoe
MEC : Steve Wakefield, Mike Nation, Damien Milne, Bermen Laukon, David Paul
JICA ~— 3 v VT « fGH T aa TR
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F* 10 BB E 2 B 2 Mk A

m The overall committee
m Responsible for overall, especially policy
m Chaired by Angeline (EPD)

m Walter (EPD), David, Steve, and Damien (MEC),
Luis, Jun (Okinawa Enetech)

= FIT Working Group: b) & c) m Grid Code Working Group: a)
m Responsible for approval and m Technical aspects
license too

m Steve (Chair)

= Angeline (Chair) m Mike, lan, Damien, Jun

m Walter, David, Jun

® C/Po#HRICHOWT
K7y s NOEWNLBEOHEANZ IO 5720, HiilidEdSR TdhH 5 MEC @ C/P %4
jé\‘é—éo
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[MEC (Marshall Energy Company)]
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MEC : David Paul, Steve Wakefield
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[MRD (Ministry of Resource and Development)]

1. B B
201446 4 3H 15:00~15: 30

2. % Pr
MRD F%iT 2=
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MRD : Walter Myazoe
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To accelerate RE deployment

4R

L

We need:

1.Standard to keep power quality and safety, on connecting
RE with grid

a) Grid Code (GC): technical guideline

2.Regulation on RE connection with grid

b) Approval and license on installing grid connected RE

And as an incentive for private sector,
3. Regulation and financial support for RE investments

c) Feed-in tariff system (FIT) , Quota or nothing




c) FIT: An instrument for RE deployment
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Price base

{(Demand pull)

Fixed type (FIT) }

-

Feed-in Tariff .
(FIT) Premium type (FIP) }

-

Long-term purchase agreements on price and
period for electricity from RE

iy
Production tax credit

L—

Spread base
(Tech. push,

Quota type)

Tradable Green
Certificate
(TGO)

Renewable Portfolio
Standard (RPS)
A target on the proportion
of electricity that must

(PTC)
Tax Credit p .
Subsidy Investment tax credit
L (ITC) / Subsidy to investj

come from RE

—[ Tender }
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c) FIT (Germany) vs Quota (UK): Wind Gen.

Striking effect of FIT in
cost and dissemination,
even though better wind
condition in UK.

1990 1991 1992 1893 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

FUK @EGemany
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c) FIT: Mechanism

L

Tariff level at the specified time

Once contracted, power tariff is
Tariff for Mr. A constant during a specific period
» time

2 = (10 — 20 years)

Installed
by Mr. A

Tariff for Mr. B Lower tariff for later comer

>

Tariff

Installed
by Mr. B

Year

m  On installation, tariff during a specific period time is determined.

m  Good for economical justification at initial stage of RE investment
m Lowered tariff in later stage is not applied to installed facilities.
m  RE penetration speed can be controlled by tariff.




4R

c) FIT: Items to be defined

m Targeted technology (Solar, wind, biomass,...)

m  Size (category in output kW)

m FIT, quota or nothing? If FIT,
m Legislated FIT or private rule

m Period

m Tariff setting (higher or lower than electricity tariff)

m Purchase obligation

= Revision of tariffs e FIT is the most widely used policy

m Degression in the world.

e |Initial step is to study FIT.

m Bonus
e Then RMI will decide a policy, FIT,

m Options Quota or nothing.
e If FIT, its real design will be started.

m Funding resource for FIT




a) Grid Code: Feeder voltage w/ RES-E

4R

Generation

Distribution
Substation Reverse power flow
High
voltage
Low
voltage
Voltage
A [ s it oad A
Proper Heavy load
Yy .
voltage Deviation from
proper voltage

\ 4

Distance from substation




a) Grid Code: Feeder voltage w/ disconnected RES-E

4R

L

On disconnection of RES-E, again deviation

Distribu’.cion Disconnected!
Substation .
High voltage
Low
voltage
‘Distributed
Generation
Voltage
A [ Deviation from [
Proper proper voltage
voltage| | Mt SR e
v

Distance from substation



a) Grid Code: Islanding operation

AR

CB break

(@ Crane touches feeder. @ Fault detection, then CB break.

><¢PV system is running (islanding operation)
@ Threat of electrical shock for worker near crane and public.




a) Grid Code: items to be specified

4R

m Targeted technoloqy (Solar, wind, biomass,...)
m Size (cateqgory in output kW)

m Allow reverse flow or not. If yes, partial or full?
m Referred code and standard, if any
m Frequency regulation

m Voltage fluctuation (Normal, Instantaneous)
m Power factor and harmonics

m Protection coordination

m Islanding operation detection

m Safe intentional islanding operation

= Disconnection and reconnection protocols in the event of grid
disturbances

m Short circuit capacity
m Testing and commissioning procedure
m Others

10
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b) Approval & license for RE

m Legislated grid code or private rule

m Application process and procedure
m Application form sheet and required documents

m Who is responsible on analysis and validity in compliance
with grid code

m Who is responsible on approval
m Who purchases/installs which equipment/device

m Communication and information exchange

11



Examples of small island countries

Grid

Electricity tariff

kWh / _ FIT
Load (MW) connected capita” (/kWh) for Grid code Remark
PV (kW) business? /kWh year
Marshalls Energy Ave. 7.0
257 1,032 0.40USD no no
Company Max. 8.5
Tlon.ga Power 6.4 (12:00)2) 1300 487 0.945TOP yes? yes, butg) )
Limited 7.0 (20:00) (0.50QUSD) free now
Fiji Electric Authorit 111 10" 850 059477 /D ? 023RJD ?
JrElectnic Authortty (0.209USD) yes (0.121USD) '
Solompn Islanc.is 14 (15:00) 0 142 6.418SBD under_ o
Electric Authority (0.879USD) preparation
Maldives Energy 106° > 90.4° 5283 3.65MVR q o
Authority ' : (0.240USD)” yes underrevision
Cook Islands
Te Aponga Uira: Approx. 5.0? 367.122 1,235 0.78UsSD? yes 0.45USD? ? | Net metering?
Rarotonga
FSM: Kosrae Utility 2) 2) 9) under
. 2.0 51.26 560 0.528USD . .5 no
Authority consideration
Nauru .Utlllty 3 32 702 2057 0.25-0.50AUD2) being ., o
Authority (0.22-0.44USD) prepared
Palau Public Utilities 2) 2) 2) 5)
. Approx. 10.0 600 3,372 0.405USD yes no
Corporation
" o
Maunpgs, Central 43010 300™ 1,941 10.01MUR12) yesm 15MUR w 151 15 % is fr01§n
Electricity Board (0.333USD) (0.499USD) biomass.
0.16EUR 0.2EUR
Malta, Enemalta 360" 18" 4,423 yes'” 20"

(0.217USD) ™

(0.271USD) ™

12




The committee (tentative)

4R

m The overall committee

m Responsible for overall, especially policy

m Chaired by Angeline (EPD)

m Walter (EPD), David, Steve, and Damien (MEC),
Luis, Jun (Okinawa Enetech)

m FIT Working Group: b) & ¢)

m Responsible for approval and
license too

m Angeline (Chair)

m Walter, David, Jun

m Grid Code Working Group: a)
m Technical aspects
m Steve (Chair)

m Mike, lan, Damien, Jun

13



Issues In the committee

4R

Target technology (Solar, wind, biomass,...)
Connected voltage (13.8kV, 4.16/2.4kV, 200/100V)
Size (category in output kW)

Allow reverse flow or not. If yes, partial or full?
FIT, quota or nothing?
Legislation or private rule (Grid code, FIT)

Others (will come from each WG)

14
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Textbook for FIT WG members

L

m Must read:
A Policymaker’s Guide to Feed-in Tariff Policy Design
http://www.nrel.gov/docs/fy100sti/44849.pdf

m Reference

Evaluation of different feed-in tariff design options — Best
practice paper for the International Feed-In Cooperation

http://www.renewwisconsin.org/policy/ARTS/MISC
Docs/best_practice _paper 2nd_edition_final.pdf

15



Textbook for GC WG members

4R
\J

m Must read:
A Guidebook for_ Minigrids-SERC _LBNL March 2013.pdf

http://www.schatzlab.org/docs/A_Guidebook for Minigrids-
SERC LBNL_ March 2013.pdf

m Reference

1547 IEEE Standard for Interconnecting Distributed
Resources with Electric Power Systems

Just as an example

TONGA POWER LIMITED POLICY FOR THE CONNECTION
OF EMBEDDED GENERATION

http://www.tongapower.to/Portals/2/Docs/TPL Net
Billing/TPL Net-Billing Policy.pdf 16



4R

Meeting schedule (just a proposal)

L

m The committee

m Meeting on beginning and end of each JICA mission

m On 30 Jan, in the survey report meeting of JICA mission

m FIT WG
m Basically 1 or 2 hour meeting in PM, every day during each mission
m Next 13:00 on 29 Jan.

m Bring your questions after reading Executive Summary (p.v-
xi) of the textbook

m GC WG
m Basically 1 or 2 hour meeting in AM, every day during each mission
m Next: 10:00 on 22 Jan. (and then 29 Jan.)
m Bring your questions after reading Executive Summary (p.10-

16) of the textbook -
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Purpose

4R

B To invite RE installation by private sector
B Financial: Feed-in Tariff (FIT) or Quota
B Technical: Grid Code (GC)

.. but

B \What kind of RE?
B To whom? (fairness)
B How much? (upper limit)
H20% in NEP2009
B Constraints on grid: recommended by this project
B How fast?
B Resource for financial support




4R

Target of this phase

B Solar PV in Majuro
M |n later stage
B Outer islands
B \Vind, biomass, waste

Then, how much?
B Peak demand in Majuro: Approx. 6MW

B EXxisting PV: Hospital 209kW, CMI 57kW
B Planned PV: CMI 54kW, UAE grant 500kW

B Assuming 20%,
M 6,000*0,2 — (209+57+54+500) = 380kW




Where 380kW PV will be installed?

4R

L

H LV and/or HV?

B MEC doesn't welcome reverse flow on LV.
B Hard to estimate candidates and volume

B Customers on HV (21)

 Formosa Store in Uliga

 Formosa Store in Dalap

 Formosa Store in Long Island

« PIl Apartments at Lojkar

« PIl Construction yard area by the
bridge

« PIl main office facility

» |sland Pride shopping center

» Tobolar Copra processing facility

« Marshall Island Fishing Ventures

« Koos Fishing Company

e Marshalls Stevedore and
terminal Co.

Airport Hanger Building
Robert Reimers facilities
Marshall Islands Resort

Long Island Hotel

Various schools - Private and
public - gty may be 6

MEC warehouse

Some Government Ministry
buildings

Pan Pacific Foods

New Airport terminal (planned)
New Majuro Hospital (planned)




Target of 380kW PV

4R

L

B No IPP
B PV installers should be MEC customer.

B Assuming HYV,
B How much is max capacity at one location? or
B How much potential installers?
W Harder requirement for over 30kW
M e.g. in HECQO, all protection device shall be utility grade.
B |f max 30kW,
- 13 (60% of 21) PV installers are expected.
- May be nol/little reverse flow (definitely no-export?)
M |f less potential installer, larger max capacity

B But fairness is important




4R

FIT

L

B Assuming target is 13 HV customers,

B How can we invite them?
B An incentives is FIT.
B FIT for reverse flow (maybe little) or generated kW?
B How much per kWh and how many years?
B Must be economical as an investment - FIT simulator

B NPV: Future amount of money that has been discounted to
reflect its current value, as if it existed today.

B |RR: Rate of return that makes the NPV of all cash flows
from a particular investment equal to zero.

B ROI: Profitability ratio

B But where and how much can we have this resource?




FIT In

some island countries

AR

Gnd 4 & FIT »
Load (MW) » | connocted | BAR! [ Electnchy todll (Aithfor Grd code + = Remark -
PV (W) - capita™ zinoss®' 2 Wh 2 e T

Marshalls Energy Company » o 267 | 10022 0.60USD o~ o0
Tonga Power Limited » 7%“,:0? 6‘:3).:} 1.300 + 487 - (g‘:;gs;gg;, s + ¥03. but froe now™ » . ~
Fiji Eloctric Authority + 1110, 102 - 850 - (%%;g{: o 0.23FJD (0.121USD} - 2.4 :
Solomon Islands Elociric Authority « 14 (15:00) - 0. 142 [g.;;QUSD):a wogips proparation - oo +
Maidves Enengy Authority » 108% » >804¥ 5| 2283 - (0.240USD) * - ¥, voges revision + 4
o "";“" Tafpongeline 2 Apprex. 602 + | 387.420.| 1235 0.78USD ¥ - o5 + 0.45USD™ - 2+ | Notmetoring » +
FSM. Kosrao Utiity Authonty - 20 . 51260 | 560 - 0.528US0D* - Soger consEoraton® o0, -
Nouru Uslity Authority - 130, 70 2057 » {OC-!;SO‘O“USD?; . boing propared™® - oa - 4
Palau Public Utltes Corporation » Approx. 10.02 » [ 3,372 + 0.405USDY Yoz’ » 0o+ +
Mauriius, Central Electsicily Board 430% 2000, | 1841 ro‘:ig:.u"s“é?: ) — 16MUR (0.400USD) | 159+ | 16% i from biomass. = -
Malta, Enomalta # 3694 + 0. | aa23. e i yos* + 0.2EUR (0271USD)* +| 209 R

(0.247USD) *= »




Question on MEC HV feeder

4R

B \Which connection is for HV customers?

B |s MEC transformer dedicated (one for each customer)?

m LV is 480/240V, 240/120V or 208/120V?
B Automatic re-closing for overhead HV?

13.8kV

MEC

Transformer
480/240V
240/120V
208/120V

Inverter
I
PV Load

Hospital

13.8kV

MEC

Transformer
480/240V
240/120V
208/120V

Inverter
|
PV Load
CMI




4R

Standard for RMI Grid Code

L

B MEC complies with U.S. code & std. (NEC, IEEE and etc.).
OK?

B The bible is IEEE 1547
B Standard for Interconnecting Distributed Resources
with Electric Power Systems

B IEEE 1547.2
B |[EEE Application Guide for IEEE 1547

HmUL 1741
B The Standard for Static Inverters and Charge
Controllers For use in Photovoltaic Power Systems

B Reference
B Hawailan Electric Companies (HECO), Rules 14

10




Grid Code: divisional cooperation

4R

B Design parameters: voltage, frequency, ...
B Protection requirement

W \oltage regulation
Frequency disturbance
Unintentional islanding
Re-connection and synchronization
Grounding
B Short circuit

B Power quality
B DC injection
B Flicker
B Harmonics
B Surge withstand capability
B Power factor

B Safety and isolation
M |solation device
B Disconnection
B Operation during utility system outage

.... and more

11
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June 13, 2014 @ MRD

Walter, Steve
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Tentative target and policy

4R

L

H PV in Majuro only
B No IPP
B No or a little reverse flow at initial stage

mEIT
B To accelerate PV installation, or in the case of negative
response after announcement of on-grid PV allowed;
B Commercial (and Government)
W 480/277/240/208V, 1¢/3d
B No or small incentive for surplus
B Potential resource is reduced fuel consumption.
M 0.21-0.25%/kWh

HGC
B Residential, Commercial (and Government)
W 480/277/240/208/120V, 1¢/3¢

13




Residential (LV)

4R

B Taiwan fund (3 mil. $) for Micro finance for residential sector

B Non grid connected DC system w/battery (Schutz san)

and/or
B Grid connected AC system?
B Assuming 4,000$/kW, - 20,000$/5kW system
- 150 sets (total 750kW > 620kW)

B Detail information is necessary - David Paul san

14



ldea 1: FIT for surplus only

D

“m Allow reverse flow
B FIT price shall be much lower than tariff. (e.g. 0.1$/kWh)
B FIT resource comes mainly from decreased fuel cost.

|| MEC | Customer_

w/o PV

w/ PV

Income 49.0%
Expense -25.0%
Balance 24.0%
Income 0.8%
Saving 30.0%
Expense  -2.0%
Balance 37.8%

0.0%
-49.0%
-49.0$

2.0%

49.0%

0.0%

51.0%

MEC grid, 0.49%/kWh
fuel cost is 0.25%/kWh

Both MEC and Customer have to cover other expenses by Balance.
Steve san will provide the information about MEC'’s other expense.

4 20kWh=2.0$
MEC pays
0.1%$/kWh.
o
120kwWh
generation
Inverter Commercial
| y customer
PV Load | 100kwn
15




ldea 2: FIT for all the generated power (1)

D

B Basically refuse reverse flow

B FIT price shall be nominal (e.g. 0.01$/kWh), much much
lower than tariff.

B FIT resource comes mainly from decreased fuel cost.

Maybe suitable for residential. MEC grid, 0.43%/kWh
fuel cost is 0.25%/kWh
MEC | Custome 20kWh=8.6%
I Customer pays
0.43%/kWh.
> Income  43.0% 0.0$ SOKWh=0 85 Y
o Expense -25.0% -43.0% MEC pays
= Balance 18.0% 4303 O-0L%/kwh.
Income 8.6% 0.8% Inverter EESidgnGtigl é?u_sgoén;r
> Saving  20.0$ 34.4% | A e B
S Expense -5-0.8% -8.6% PV Load | 100kwh
Balance 22.8% 26.6% Used to be 100*0.43=43%

Both MEC and Customer have 1o cover other expenses by Balance.
Same as MEC purchases all the generated power at 0.50$/kWh and sells it again at 0.49$/kWh to consumers. 16



4R

Grid Code

Initial review is completed.

B Design parameters: voltage, frequency, ...
B Protection requirement

W \oltage regulation
Frequency disturbance
Unintentional islanding
Re-connection and synchronization
Grounding
B Short circuit

Sec. 3.1, 3.2,3.3
lan san, Damien san

B Power quality
B DC injection
B Flicker
B Harmonics
B Surge withstand capability
B Power factor

Sec. 3.1, 3.2, 3.3
Mike san, Damien san

B Safety and isolation
M |solation device
B Disconnection
B Operation during utility system outage

Sec.-3:1:-3.2,-3.3
Steve san, Damien san

.... and more

17
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Issues

"W Political issues:
B Landowner: May need permission to install PV and ...
B Regional government ...
B |nvite low load operation of transformer, but it's inevitable.
B |s investing PV economical?
B Without FIT, with FIT idea 1 and 2 (and hopefully 3)
B Fuel costis 0.21-0.25%/kWh

B PV cost: Hospital 33.5%/W, CMI new 3.7$/W, old 8%/W, UAE 10$/W
B Allowable total PV amount
B Max capacity at 1 site
B Connection point of commercial customer, HV or LV
B Load survey at typical consumers
B Commercial and residential
B CMI generates reverse flow
B Check it from a view point of grid code compliance as a case study
B |an san and David san are very busy.
B And any other?
B A new American renewable energy engineer, Sebastian, may join us in
next mission. 18
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June 20, 2014 @ MRD

Walter, Steve, Mike
Kakefuku, Hagihara
Higa, Gibo, Tobaru, Uezu

19



Target and policy

4R

L

H PV in Majuro only

B No IPP

B LV, maybe no HV direct connection

B No or a little reverse flow at initial stage

mEIT
B To accelerate PV installation, or in the case of negative
response after announcement of on-grid PV allowed;
B Commercial (and Government)
W 480/277/240/208V, 1¢/3d
B No or small incentive for surplus (lower than MEC tariff)
B Potential resource is reduced fuel consumption.

HGC
B Residential, Commercial (and Government)
W 480/277/240/208/120V, 1¢/3¢

20




4R

FIT

L

B Progress
B Understanding FIT through a simulator
B By changing various parameter, NPV/IRR/ROI at
customer side and MEC'’s P/L are evaluated.

B NPV: Future amount of money that has been discounted to
reflect its current value, as if it existed today.

B |RR: Rate of return that makes the NPV of all cash flows
from a particular investment equal to zero.

B ROI: Profitability ratio

B Assignment
B Does MEC have a loss or not?
B Think about difference between two calculation ways
B Get more suitable parameter values
B Discount rate, MEC other cost in Majuro, bank/micro-

finance interest ... o



Grid Code (1): Progress

4R

B New WG members: Francis San, Johnson San

B Base on IEEE1547 and reference to HECO Rules 14

M |nitial review
B Power Quality and Safety are completed, but Protection
IS still in progress.
M arge customers survey (in progress)

B Collecting DWG/DOC for MEC’s protection (in progress)

22




4R

Grid Code (2): Assignment

L

B Review 0on protection part in GC. (three wekks later)

B Reading IEEE1547, IEEE1547.2 and HECO Rules 14
B Require full understanding

B Complete to collect necessary drawings/documents
B For each unitin PS, (3 feeders, 2 S/S, all VCBS)
B Single line diagram wi/relay, CT, VT, CB, LS
B |nstalled relays and their setting tables
B OCR, UVR, OVR, UFR, OFR, over load relay ...
B Control scheme of tap changer of transformers
B 87 (differential relay) for transformer, if any
B Short circuit calculation

B Complete large customers survey

B Get drawings of CMI & hospital PV system for trial GC
evaluation

23




Remaining issues

4R

L

B Potential political issues:
B Landowner: May need permission to install PV and ...
B Regional government ...

M Invite low load operation of transformer, but it's inevitable.

B Target of Taiwan fund (3 mil. $): on or off grid?

B Allowable total PV amount

B Max capacity at 1 site

M |oad survey at typical consumers: Dalily load curve
B Grid connection application & check procedure

B Metering with CASHPOWER

B |an san and David san are very busy.

B A new American renewable energy engineer ”




N

FIT WG

June, 2014

(\ , Okinawa Enetech




(1)
June 11, 2014 @ MRD

Walter, Angeline, Steve

Kakefuku, Hagihara




Target of this phase

N

J

Purpose
B To support RE installation by private sector financially

B Solar PV in Majuro - inverter only
B No IPP
B But Korean project goes against.
B Commercial? And also residential?
B Assuming 20% RE, upper limit may be 620kW.

B How Is appropriate FIT?
B \What is most preferable 620kW PV? LV and/or HV?
B Do we allow reverse flows?
B \Where Is the resource for FIT?




Residential (LV)

N

B MEC doesn't welcome reverse flow on LV.
B Micro finance Taiwan fund (4 mil. $) for residential sector

B Non grid connected DC system w/battery (Schutz san)
or
B Grid connected AC system?
B Assuming 4,000$/kW, - 20,000$/5kW system
-> 200 sets (total 1,000kW > 620kW)
B Do we have reverse flow?
B How much is preferable max output?




Non-residential: Large consumers

Table 5. Top Ten Electricity Consumers on Majuro in 2006

Energy Use Average Fraction of

(kWhlyear) Load (kW) 2010 Total
Marshall Islands Fisheries 2,371,920 270.8 3.5%
Triple J Payless 1,938,600 221.3 2.9%
Capitol Building 1,771,200 202.2 2.6%
Marshall Islands Resort 1,118,880 127.7 1.7%
National Telecommunications Authority 908,160 103.7 1.4%
Majuro Hospital 758,400 86.6 1.1%
Amata International Airport 721,920 82.4 1.1%
Formosa Supermarket 555,840 63.5 0.8%
Robert Reimer's Enterprises 366,720 41.9 0.5%
Ministry of Education 198,720 3 0.3%
Totals for Top 10 Electricity Consumers 10,710,360 1,223 16%
Totals for All of Majuro 67,215,000 7,673

NREL report, 2013




N
\

Non-residential: HV with MEC transformer

B Customers on HV (21)

e Formosa Store in Uliga  Airport Hanger Building 2

« Formosa Store in Delap e Robert Reimers facilities 1) 2

 Formosa Store in Long Island e Marshall Islands Resort 2

e PIl Apartments at Lojkar 1) 4) » | onglsland-Hotel?

« PIlI Construction yard area by the e Various schools - Private and
bridge public - gty may be 6 4

« PII main office facility « MEC warehouse

* |sland Pride shopping center e Some Government Ministry

» Tobolar Copra processing facility buildings

« Marshall Island Fishing Ventures « Pan Pacific Foods

» Koos Fishing Company * New Airport terminal (planned)

« Marshalls Stevedore and  New Majuro Hospital (planned)
terminal Co.

1) MEC transformer is not dedicated one. It has some consumers on

its LV line. _
2) With emergency DG Asurvey Is
3) Large consumers required.
4) 1¢




Non-residential with emergency DG

N

Ejit
. V7AB

Uliga

e Robert Reimers facilities
 Robert Reimers facilities (Hotel?)
e G&L

« PPW

e DAR

* Mobil

Momotaro

e Janes

e Momotaro Stores
« MEC Head Office
e« MJCC

A survey Is
Delap required.
« NTA
e Hospital

 Payless, Bank of Guam, Continental
e China Embassy
Marshall Islands Resort

Rairok

e Fish Loining Plant

o US State Dept Housing
 US Ambassadar's Residence
 US Embassy

e Long Island Hotel

Long Island

« Airport Hanger Building
e RRE Long Is.

e Aust. Navy Housing
 NTA Telecoms Switch
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Residential (LV)

N

J

B MEC doesn't welcome reverse flow on LV.
B Micro finance Taiwan fund (3 mil. $) for residential sector

B Non grid connected DC system w/battery (Schutz san)
or
B Grid connected AC system?
B Assuming 4,000$/kW, - 20,000$/5kW system
—> 150 sets (total 750kW > 620kW)
B Do we have reverse flow?
B How much is preferable max output?

Target of FIT is commercial and government only. Focus will
be made on commercial. Residential is excluded.




FIT

4
‘M How can we invite PV installation in private sector?
B Without FIT, consumers w/PV can enjoy decreased electricity charge.

M But to accelerate PV installation, or in the case of negative

response after announcement of on-grid PV allowed,;
B FIT is an incentive and its setting can be a control valve against PV
penetration.

B Possible resource
B Decreased fuel cost 21-25c/kWh
B Surcharge on electricity tariff
M External grant (e.g. Taiwan project, 3 mil. $)
B Mix of above

B Some initial ideas (Let’'s have a discussion.)
B Basically generated PV power shall be consumed in-house.
B FIT price shall be much lower than electricity tariff, as in Fiji, Cook
Islands and NZ.
1) FIT for surplus only
2) FIT for all the generated power, both surplus and consumed




ldea 1: FIT for surplus only

D

B Allow reverse flow
B FIT price shall be much lower than tariff.
B FIT resource comes mainly from decreased fuel cost.

B Merit
B MEC can have low cost surplus power.
B [nstallers may be positive or negative to produce surplus,
depending on FIT price.
B Promoting energy saving
B MEC/government pays only for surplus.

B Demerit
B Large consumers needs larger PV size to get money.
B MEC has reverse flows.
B \Without surplus, installers can not get money.
- Commercial needs larger size for surplus.
B To earn money, someone may install larger PV at smaller
consumers. (Depends on FIT price.)




ldea 2: FIT for all the generated power (1)

D

7

ower than tariff.

B Basically refuse reverse flow
B FIT price shall be nominal (e.g. 0.01$/kWh), much much

B FIT resource comes mainly from decreased fuel cost.

MEC pays 0.01$/kWh.

Same as:
MEC purchases all the

MEC grid
20kwWh=9.8%
y Customer pays 0.49%/kWh.
80kwh=0.8%
Inverter Commercial customer
v 9.8-0.8 =9%
PV Load | 100kwh

generated power at 0.50$/kWh
and sells it again at 0.49%/kWh
to consumers.

100*0.49=49%



ldea 2: FIT for all the generated power (2)

N

J

B Merit
B |nstallation size will not be larger than consumption.
B MEC has no reverse flows.
B All the installers can get some moneys.

B Demerit
B MEC can not have low cost surplus power.
B Without surplus, MEC/government has to pay.
M |f surplus exists, it can not be utilized.




Issues

N

J

W Political issues:
B | andowner: Need permission to install PV and ...
B Regional government ...
B [nvite low load operation of transformer
M But it Is Inevitable.
B Does MEC welcome reverse flow or not?
M [nitially NO. Maybe up to allowable limit.

B s FIT excessive
Incentive in RMI?
B \Without FIT, investing
PV is economical?
- Simulation
Needs load profile
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FIT Simulator (1)

N

Solar Worksheet New CMI 54k System
COSTS
System Size (kW) 54 -
| Installed Cost/Watt $£3.70
System Installed Cost | $199,800.00|
ADJUSTMENTS (Optional)
State Rebate/ W
Maximum State Rebate ~ $100.000.00
State Rebate Total $0.00|
Aloll Development Authority Rebata/VV $0.00]
| Maximum Atoll Development Authority 1.000,000.00
| Atoll Development Authority Rebate Total [ $0.00
Total Install less rebates $199,800.00
| Governmental ITC Rate 1 0.00%]
Maxmum Governmental $250.,000.00
Governmental ITC Total $0.00|
Tax Rate | 35.00%
Maximum Depreciation $2,500,000.00
Depreciation -$69,930.00 |
Years of Depreciation | 5
Procuction Tax Credit $0.000 first 5 years
RATES
Discount Rate . 6.00%
Base Energy Rate S'&kW (FIT) 0.55)
Annual Energy Rate escalation 0.00%
Gnic Parity Base % 0.5
Gric Panty Escalator 0.02
Capacity Factor (CF)
Base Capacity Factor o 17.00% (PV Watts reference 1£
Annual Degradation 0.80% (from Califomia PUC &
Financing
Percent Equity Before ITC 100.00%
Loan Amount $0.00| Levelized Er
APR (Annual Percentage Rate) 7.00%
Term (years) 20
O&M
Annual Cost (per kW) $25.00
$1.00

|internal Rate of Return (10)
internal Rate of Return (20)

$199,800.00
$154.916.12

Refer to

20140619FIT _model.xls.

Cost

FIT

IRR & ROI
NPV

Check!
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FIT Simulator (2) | Referto

N

5 20140619FIT _model.xls.

Payback schedule

PAYBACK SCHEDULE FINANCING
REP NGrd  Sute Redato + Capital + Q&M I
Enorgy Panty  ENERGY KW Tota Vot Anvaiual Princpa Dep J Remanirg Taxable Taxes Annual Annual [INPY
YEAR Rate  Rate  VALUE PAYOUT Cont Cost Sayment Baus noome Net 201 Y
] -$169 80000 -§193,800.00 §196.800.00 $0.00 -$169 80000
1 0550 0500 $eaz2324 8041680 $26229.24 $1350.00  $201,150.00 $0.00 $0.00 $0.00 -$39.06000  $150.820,00 $291924 $1.021.73 $21,85751 209%| $155.23158
2 0S50 0510  Se3@rsan T3 14T $80,104 65  .$1.350.00  -$202,50000 $0.00 $0.00 $0.00 $63 93600 $95,204 00 -$21,41059 $7453 71 $50,019.11 | 25.0% | 310924052
3 055 0520 $2352440 7913528 S131,620.08 $1,350.00  -$203 85000 $0.60 $0.00 $0.00 438 361,60 $57,542 40 $3,812.60 $1,332.48 Se083982 20a%| sresstas
4 0550 O05m  Searen 78,502.20 $174 80526 -$1,350.00  -$20520000 §0.00 §0.00 $0.00 $23,0169% 534,525 ¢4 SI0B0925  -$8.583.2¢ $3524297 176%|| Sscsuses
5 055 0581  $a283000 77,874.18 $217636.06  §135000  -$206,550.00 $0.00 $0,00 $0.00 $23,016.98 $11,500.48 $18,463.04 -$6,862.34 $3501845 175%|| -$25 88825
6 0550 0552  $a284578 77.251.18 $260.281 83 $1350.00 8207 60000 $0.00 $0.00 $0.00 -$11,508 48 $0.00 $29,787.30 |  $1042555 $3087022 | 155% -$5,508 75
7 0550 0563  $4315070 7663318 $300432.53  $1,350.00 520925000 $0.00 $0.00 $0.00 $0.00 $0.00 S41.80070  -§14,6302% $2717048 136%||  Snroe
8 0550 057  S<861.6 76.020.11 $347.084,14 $1.350.00 521060000 $0.00 $0.00 $0.00 $0.00 $0.00 $42311.61 |  -$14.805.08 $2750254 138%|l  s2reerco
9 0550 0586 $43.17858 7541165 $39127289  $1.35000  $211.950,00 §0.00 §0.00 §0.00 $0.00 $0.00 $4282856  -$14.990.00 S2783856 139%) Seas31;
10 0550 0568 $44,701.63 74808 65 543597433 ¥ 354 000.00 $265550.00 §a.00 §0.00 §0.00 $0.00 $0.00 -§9,298.37 §3254.22 $6043 84 -3.0% $40,348 04
11 0550, 0609  $£523090 74,210.18 $481,20523  $1350.00  -$267,300.00 50,00 $0.00 $0.00 $0.00 $0.00 $£3880.60 -$15.358.32 s2852258 1e3%||  $seszzes
12 0550 0422  $e5,186.43 73,616.50 $526971.66  -$135000  .§268,650.00 $0.00 $0.00 $0.00 $0.00 $0.00 $24,416.43  $1553575 s208r068 164%|l  ssa0s8se
13 D550 0634 $46308 31 T3,027.57 $573.2r9.97 $1,350.00  .$270,00000 $0.00 $0.00 §0.00 $0.00 $0.00 $2465531)  $15 73541 $2022290 166%| Se0.58381
14 0550 0847  S48,856.60 72,64335 $420,138.57 $1,350.00  $271,35000 $0.00 $0.00 $.00 $0.00 $0.00 $4550560  -$15927.31 2051926 128%|  seaaasan
15 0550 0660  S47411.35 71,863 80 SEE7S47.95  $135000 327270000 $0.00 $0.00 $0.00 $0.00 $0.00 $e6,061.38 | .516,721.48 $29539.90 150%) S10511208
16 03% 0673  sa7er2Ta 71,288 89 SNSS2068  -$1,350.00 827408000 $0.00 $0.00 $0.00 $0.00 $0.00 4062273 $16317.98 S030¢ 78| 152%|| $116386.18
17, 0550 0686  $£854073 T0,718.58 $764,061.41 $1,350.00 827540000 $0.00 $0.00 $0.00 $0.00 $0.00 $47,190 73 $18.516.78 83067387 158%|| S12rnzse
14 0550 0700 $20,115.45 70,152 83 Sardre.es +$1.350.00 $276,750.00 $0.00 $0.00 $0.00 $0.00 $0.00 82776545 $Ww. TS $047 54 155%) S1ar e
19 0550 0714 S4060698 6959181 $B62873.84 $1.350.00 827510000 $0.00 $0.00 $0.00 $0.00 $0.00 S48 M688 81692144 $3142554 50%|| Sterarzes
20 0550 0728 $50.78530 6003488 $913150.23  $1.350.00  -$279.85000 $0.00 $0.00 $2.00 $0.00 $0.00 $2063539 31712739 $31808 00 15.9% 158.529.94
TOTAL 91315023 140177518 1826 31846  §TOB5000 . 100,001 | 1 | 1 1 1 1 s-m,w.ﬁ]
NPV Fsa1580249 668582 38 $230 B33 55 -§44 983 B8

319.5 depending on acdc eficiency)
1EWA) Total OBM  -§79,650.00

NPY 84258385
qay Payout Including Rebates 50,5508 | per kAN

Q&A session about FIT simulator.
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FIT simulator

N

B Trial use of FIT simulator
B \Walter: It seems Idea 2 is good.
B Angeline: Idea 2 is preferable.
B Steve: Other cost should be revised.

B Assignment

B Does MEC have a loss or not?
B With MEC'’s reduced fuel cost.
B Can show win-win relation between MEC and customers.
B With ZERO fuel cost, since MEC does not have no fuel
consumption as a real cost.
B Show only MEC's loss, even if FIT is ZERO.

B Get more suitable parameter values
B Discount rate, MEC other cost in Majuro, bank/micro-
filnance interest ...
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Grid Code: divisional cooperation

4R

B Design parameters: voltage, frequency, ...
B Protection requirement
W \oltage regulation

B Frequency disturbance Sec. 3.1, 3.2,3.3

B Unintentional islanding lan san, Damien san
B Re-connection and synchronization

B Grounding

B Short circuit

B Power quality

B DC injection
B Fllcker SeC. 3.1, 3.2, 3.3

B Harmonics Mike san, Damien san

B Surge withstand capability
B Power factor

B Safety and isolation
M |solation device See:8:1i-5:2:3:3
B Disconnection Steve san, Damien san
B Operation during utility system outage

... and more Damien-san may be a key person. 3




Target of this phase

4R

L

B Solar PV in Majuro = inverter only
M |n |ater stage
B Outer islands
® \Wind, biomass, waste
B And no IPP

Then, how much?

B Peak demand in Majuro: Approx. 7.2MW (daily average)
B Existing PV: Hospital 209kW, CMI 54+57=111kW
H Planned PV: UAE grant 500kW

B Assuming 20%,

W 7,200*0,2 — (209+111+500) = 620kW
B \What is most preferable 620kW PV?

M LV and/or HV?




Residential (LV)

4R

L

B MEC doesn't welcome reverse flow on LV.

B Micro finance Taiwan fund (4 mil. $) for residential sector
May be used for both applications
B Non grid connected DC system w/battery (Schutz san)
and
B Grid connected AC system
B Assuming 4,000$/kW, = 20,000$/5kW system
- 200 sets (total 1,000kW > 620kW)
B UL1741 or equal
B Do we have reverse flow?
- If yes, RPR (reverse flow protection relay)
B How much is preferable max output?




Non-residential: Large consumers

Table 5. Top Ten Electricity Consumers on Majuro in 2006

Energy Use Average Fraction of

(kWh/year) Load (kW) 2010 Total
Marshall Islands Fisheries 2,371,920 270.8 3.5%
Triple J Payless 1,938,600 221.3 2.9%
Capitol Building 1,771,200 202.2 2.6%
Marshall Islands Resort 1,118,880 127.7 1.7%
National Telecommunications Authority 908,160 103.7 1.4%
Majuro Hospital 758,400 86.6 1.1%
Amata International Airport 721,920 82.4 1.1% [
Formosa Supermarket 555,840 63.5 0.8%
Robert Reimer's Enterprises 366,720 41.9 0.5%
Ministry of Education (1¢ ?) 198,720 227 0.3%
Totals for Top 10 Electricity Consumers 10,710,360 1,223 16%
Totals for All of Majuro 67,215,000 7,673

NREL report, 2013

6




Non-residential: HV with MEC transformer

4R
\J

B Customers on HV (21)

 Formosa Store in Uliga

« Formosa Store in Delap

 Formosa Store in Long Island

e PIl Apartments at Lojkar 4

» PIl Construction yard area by the
bridge

« PIl main office facility

» |sland Pride shopping center

» Tobolar Copra processing facility

« Marshall Island Fishing Ventures

» Koos Fishing Company

e Marshalls Stevedore and
terminal Co.

 Airport Hanger Building 2

« Robert Reimers facilities 1) 2

e Marshall Islands Resort 2

-—lzeng—lsland—Hetel—Q%
Various schools - Private and
public - gty may be 6 4

« MEC warehouse

 Some Government Ministry
buildings

« Pan Pacific Foods

* New Airport terminal (planned)

» New Majuro Hospital (planned)

1) MEC transformer is not dedicated one. It has some consumers on

its LV line.
2) With emergency DG
3) Large consumers

4) 1¢

A survey is
required.




4R
\J

Non-residential: MEC HV feeder

B \Which connection is better?
B MEC transformer is not always dedicated.

B LV is 480V 3¢, 277V 3¢, 240V 1¢, 208V 3¢ or 120V 1¢

B No automatic re-closing
B Some customers have emergency DG.

13.8kV 13.8kV
MEC MEC
Transformer Transformer
480V 3¢ 480V 3¢
277V 3¢ 277V 3¢
240V 1¢ 240V 1¢
208V 3¢ 208V 3¢
Inverter 120V 1¢ Inverter 120V 1¢
l |
PV Load PV Load
Hospital CMI




Non-residential with emergency DG

4R

A survey is
Ejit Delap required.
« V7AB « NTA
* Hospital
Uliga « Payless, Bank of Guam, Continental
« Robert Reimers facilities * China Embassy

 Robert Reimers facilities (Hotel?) ¢ Marshall Islands Resort
e G&L

e PPW Rairok

e DAR * Fish Loining Plant

e Mobil o US State Dept Housing
 US Ambassadar's Residence

Momotaro * US Embassy

e Janes e Long Island Hotel

« Momotaro Stores

« MEC Head Office Long Island

e MJICC « Airport Hanger Building
* RRE Long Is.

» Aust. Navy Housing (1¢)
 NTA Telecoms Switch




Non-residential

4R

L

B How much is max capacity at one location? [TBD]

B Harder requirement for over 30-50kW
M e.g. in HECO, all protection device shall be utility grade
over 30kW.

H If 30kW max,
- All of 21customers are expected to install PV.
- May be nol/little reverse flow (definitely no-export?)
« CMI (115kW) may generate reverse flow. Need
Investigation.

CMI’s new installation is a very good reference.
How did you approve grid connection?

10




Tentative target

4R

WPV only
B No IPP

B Residential (120V 1¢, 240V 1¢)
B Max 5kW [TBD]
B No reverse flow (need RPR) --- Maybe yes
W UL1741 or equal

B Non-residential (Industry and commerce)
W 480/277/240/208, 1¢/3¢
B No direct connection w/HV or not - Maybe LV
B Max 30kW [TBD]
B Maybe no reverse flow (need RPR)
B UL1741 or equal

B Reduction of electricity consumption is beneficial, so it may

not need any financial support. "




Standard for RMI Grid Code

4R

L

B MEC complies with U.S. code & std. (NEC, IEEE and etc.).

B The bible is IEEE 1547
B Standard for Interconnecting Distributed Resources with
Electric Power Systems

B IEEE 1547.2
B |[EEE Application Guide for IEEE 1547

HUL 1741
B The Standard for Static Inverters and Charge Controllers
For use in Photovoltaic Power Systems

B Reference
B Hawailan Electric Companies (HECO), Rules 14

12
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Tech. review process flow chart (HECO)

L

B HECO Rules 14

Appendix Il

Initial
Technical
Review

\

Screen | SOCR witten
iesbe limim?

Screen @ fme

Supplemental
Review

11w earfigunton?
yos Supplemental review
delermine fequrenents?
yes yos T
Geenrsting £ acity
@il Comparny provdes
Gansraning Facity fet interooneecton coet est

ablies fr subjact 10 requirements and schedule for IRG

Simpinad ¢ any 1 determine
Interconnecton Setarmined regarements

HAWAII ELECTRIC LIGHT COMPANY, INC.

Study

Interconnection

/ Requirement

13
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4R

Standard for RMI Grid Code

L

B Refer to 20140612GridCode_v0-04.docx

Version 0.04
Grid Code for RMI

1. Purpose of the Grid Code

The following interconnection standards are intended to
provide general technical guidelines and procedures to
facilitate the interconnection and parallel operation of
distributed generating facilities of capacity less than 30kW
with Marshall Energy Company’s (MEC, Company or utility)
electrical distribution system. These technical interconnection
requirements have been established to maintain safety,
reliability, and power quality standards for all utility customers
and personnel under the objectives described below:

15
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4R

Necessary info to study protection

B Each unit in the power station
B Three feeders

B Two substations

H All VCB

B Single line diagram wi/relay, CT, VT, CB, LS
B [nstalled relays and their setting tables

B OCR, UVR, OVR, UFR, OFR, over load relay ...

B Control scheme of tap changer of transformers
W 87 (differential relay) for transformer, if any

B Short circuit calculation

B Others

B Any other relays?

17
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Necessary info to study protection

4R

L

B Each unit in the power station
B-Threefeeders
B-we-sybstatiens

BAILCE

B Single line diagram wi/relay, CT, VT, CB, LS
B [nstalled relays and their setting tables

B OCR, UVR, OVR, UFR, OFR, over load relay ...

B Control scheme of tap changer of transformers
W 87 (differential relay) for transformer, if any

B Short circuit calculation

B Others

B Any other relays?

19




4R

Assignment

B Review on protection part in GC. (three weeks later)

B Reading IEEE1547, IEEE1547.2 and HECO Rules 14
B Require full understanding

B Complete to collect necessary drawings/documents
B For each unitin PS, (3 feeders, 2 S/S, all VCBS)
B Single line diagram wi/relay, CT, VT, CB, LS
B |nstalled relays and their setting tables
B OCR, UVR, OVR, UFR, OFR, over load relay ...
B Control scheme of tap changer of transformers
B 87 (differential relay) for transformer, if any
B Short circuit calculation

B Complete large customers survey

B Get drawings of CMI & hospital PV system for trial GC
evaluation

20
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Target of this phase

4R

B Solar PV in Majuro
B Residential, Commercial (and Government)
M LV, basically no HV direct connection
W 480/277/240/208/120V, 1¢/3¢
B No IPP
B No or a little reverse flow at initial stage
M |n later stage: Outer islands, Wind, biomass, waste




4R

Standard for RMI Grid Code

B The bible is IEEE 1547
B Standard for Interconnecting Distributed Resources
with Electric Power Systems

B IEEE 1547.2
B |[EEE Application Guide for IEEE 1547

mUL 1741
B The Standard for Static Inverters and Charge
Controllers For use in Photovoltaic Power Systems

B Reference
B Hawalian Electric Companies (HECO), Rules 14




Grid Code

4R

Completed initial review

B Design parameters: voltage, frequency, ...
B Protection requirement

B \oltage regulation
Frequency disturbance
Unintentional islanding
Re-connection and synchronization
Grounding
B Short circuit

B Power quality
B DC injection
B Flicker
B Harmonics
B Surge withstand capability
B Power factor

B Safety and isolation
M |solation device
B Disconnection
B Operation during utility system outage

.... and more




Two FIT ildeas

4R
\J

Idea 1: FIT for surplus only

B Allow reverse flow

B FIT price shall be much lower than tariff. (e.g. 0.1$/kWh)
B FIT resource comes mainly from decreased fuel cost.

ldea 2: FIT for all the generated power
W Basically refuse reverse flow
B FIT price shall be nominal (e.g. 0.01$/kWh), much much

lower than tariff.
B FIT resource comes mainly from decreased fuel cost.

... Maybe suitable for residential.




Assignment for FIT WG

4R

L

B Does MEC have a loss or not?
B Think about difference between two calculation ways

B Get more suitable parameter values
B Discount rate, MEC other cost in Majuro, bank/micro-
finance interest ...




4R

Assignment for Grid Code WG

L

B Review 0on protection part in GC. (three wekks later)

B Reading IEEE1547, IEEE1547.2 and HECO Rules 14
B Require full understanding

B Complete to collect necessary drawings/documents
B For each unitin PS, (3 feeders, 2 S/S, all VCBS)
B Single line diagram wi/relay, CT, VT, CB, LS
B |nstalled relays and their setting tables
B OCR, UVR, OVR, UFR, OFR, over load relay ...
B Control scheme of tap changer of transformers
B 87 (differential relay) for transformer, if any
B Short circuit calculation

B Complete large customers survey

B Get drawings of CMI & hospital PV system for trial GC
evaluation




4R

Remaining issues

L

B Refuse reverse flow, or
accept it in small quantity without payment

B Taiwan fund (3 mil. $) for residential sector
m Off-grid DC or on-grid AC system?

B Allowable total PV amount
B Max capacity at 1 site

B Grid connection application & review procedure
B Form sheet ... HECO Rules 14 Appendix II, 1I-A Exhibit A
m Work flow ... HECO Rules Appendix Il
H In-house manual for review & approval
B Agreement ... HECO Rules 14 Appendix I, II-A

B Metering with CASHPOWER
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4R

Target of this phase

Purpose
B To support RE installation by private sector financially

B Solar PV in Majuro = inverter only
B No IPP

B But Korean project goes against.
B Commercial? And also residential?
B Assuming 20% RE, upper limit may be 620kW.

B How Is appropriate FIT?
B \What is most preferable 620kW PV? LV and/or HV?
B Do we allow reverse flows?
B \Where is the resource for FIT?




ldea 1: FIT for surplus only

D

B Allow reverse flow
B T price shall be much lower than tariff.
B FIT resource comes mainly from decreased fuel cost.

B Merit
B MEC can have low cost surplus power.
B [nstallers may be positive or negative to produce surplus,
depending on FIT price.
B Promoting energy saving
B MEC/government pays only for surplus.

B Demerit
M | arge consumers needs larger PV size to get money.
B MEC has reverse flows.
B Without surplus, installers can not get money.
- Commercial needs larger size for surplus.
B To earn money, someone may install larger PV at smaller
consumers. (Depends on FIT price.)




ldea 2: FIT for all the generated power (1)

D

7

B Basically refuse reverse flow

B FIT price shall be nominal (e.g. 0.01$/kWh), much much
lower than tariff.

B FIT resource comes mainly from decreased fuel cost.

MEC grid
20kWh=9.8%
4 Customer pays 0.49%$/kWh.
80kWh=0.8%
MEC pays 0.01$/kWh.
: Inverter Commercial customer
Same as: 4 9.8-0.8=98
MEC purchases all the |
generated power at 0.50$/kWh PV Load | 100kwn
and sells it again at 0.49%/kWh 100*0.49=49%

to consumers.



ldea 2: FIT for all the generated power (2)

4R

L

B Merit
M |nstallation size will not be larger than consumption.
B MEC has no reverse flows.
B All the installers can get some moneys.

B Demerit
B MEC can not have low cost surplus power.
B Without surplus, MEC/government has to pay.
M |f surplus exists, it can not be utilized.




Input parameter

N

Solar Worksheet
COSTS

ldea 1 for Commercial

System Size (kW) | 30|
Installed CostWatt $4.00
System Installed Cost $120.000.00
ADJUSTMENTS (Optional)
State Rebate/W $0.00
Maximum State Rebate $10.000.00 :
State Rebate Tolal $0.00
Total Install less rebates $120.,000.00
Governmental ITC Rate 0.CO0%
Maximum Governmental ITC $250.000.00
Governmental ITC Total $0.00
Tax Rate 3.00%
Tax Credit $5.000.00
Years of Depreciation 6 :
Depreciation -S$20,000.C0
RATES
Discount Rate 65.00%
Base Energy Rate SVkKWh (FIT) $0.20|] for surplus
Annual Energy Rate escalation 0.00%
FIT Term (year) __12
MEC tanff Base S/kWh $0.49
MEC tanff Escalator 0.C0%
MEC fuel Cost S'kWh S0.296
MEC other cost SikWh S0.167
Capacity Factor (CF) e
Base Capacty Factor 16.00%
Annual Degradation 0.80%
Ratio of soid energy to MEC (Surplus) 20.00%
Financing
Percenl Equity Before ITC 100.00%
Loan Amount S0.00 |
APR (Annual Percentage Rate) 18.00% |
Term (years) S
O&M
Annual Cost (per KW) $25.00
Inverter replacement at 10 years (per watt) $0.50




Payback schedule of PV installer

A
N
[CUSTOMER PAYBACK SCHEDULE FINANCING
AT NMEC  Conersied  SodEnergyy  hbouse Corsumed | Siale Rebato + Capital « O&M
I Enengy Enorgy  Enomy W MEC Corsurpton  FiTmcome  [Energy(PV)  ENERGY  Tetol Total Doproicaton Remanrg  Taxabie Toos  Anual Al NPY
JYEAR Raw Rt b i K Vole VALUE PAYOUT  Cost Coal Bass heome Net RO Y
0 20.00% §0.00% $I2000000  $120,00000 $120,000.60 §.00 $120,00000
1 $0200 $0.400 | 4204800 840060 60 $1681020  S164E282  $006404  S1006474 75000  $12076000 $2000000) $10000000 $1000808  $000 SN f4S% 48770040
2 H2a0 %0450 MG LKLYy 036926 §1.068.48 1635085  S1001942  $3618.15 ST50000  $12150000 §2000000 $8000000 1508154  $000 S1020042  nadl 32000
3 S020 $04%0 0 GIMe 821558 N2 188802 $I622008  §1787526  $5408042 ATH000  $12225000 20000000 $A000000 41908488 $0.00 $IT12628  143%  EG6uiss
¢ 30200 $0400 44690 82065 WAL 1641800 51600098  §17022  SnI96R 75000 312000000 2000000 $4000000 $9800812  $0.00 §1008226  142%  SAEASAM
5 §0200 $04%0 4071852 816300 WSMA2 S10287  S1566166  §1790040  $0938208 475000 $12078000 $2000000 $2000000 1902126 $000 S1084040 140% 4400
680200 $0480 4009270 07854 WINZ | SLOEN SISENIAT  SIRM068  SIOGEIIIE 47000 812450000 -$20000.00 S0000 31803420 S000  SIG0G068  109% 4aNaraNs
s 7180200 $0480 | 40,009.6) 80138 08N §1.00279 $IS707.800  §$12.01008 §12404004 475000 $125.250.00 $0.00 $0.00 $05279  §000  S1686008  130%  aaseATS
| 8 %020 $04%0 %1800 194982 M0 $150096  SISSA1G4  SILATIE0 $1413104¢ 79000 $126,00000 $0.00 $0.00 $096%0  S000 S042180 107% SR
| 9 %20 $040 308 160622 NSMET | SISTI2E  S154%698  §170M23  S1SBMIET  $75000  -$12875000 §0.00 $0.00 $8202¢  $000  S1628420  108% 4 7masd
| 10 %0200 $0480 MW 18013 30202850 SLSMAY  SISANM  BIAUSS  SITEMSET $1500000 14175000 $0.00 $0.001 31343657 S000 100785  1eN  Sa7ms
1 1020 S0 wpen 1,760.5¢ M7 1AM SIS21066  $I6TE27TT S102008400 47000 §14250000 §0.00 $0.00 $0211  $000 ST 1A% SarMEr
1280200 $0.440 049026 1666.48 NI0H  $15W69  SIS0R68  SIO6AET  S2006707  ST0.00  §143250.00 $0.00 $0.00 $T0669 3000 SIAETEGT  1A2%  §1162841
13 50000 $0.460 3818435 163687 3054740 $0.00 SHASGA2T  §1406821 20NN 475000 -§144,000.00 $0.00 $0.00 S75000  $000 S1421827 118N S17@M8.00
14 $0000 $0480 | 3747880 15151 30,303.10 000 SleBBS2  §S1AM852  $20845085 $T50000 14475000 9.0 $000  AM%000  $000 S1408852 N 52080086
15 $0.000 $0.460 3 Sma s 151847 30,060.60 $000  $MIATI STATY S2ABNSE  ST000  §16550000 $0.00 $000 75000 000 STAEMTY  ngN 52030408
16 80000 $0480 W25 T 456,08 20020,19 $.00 SIA61E8  S1A01E9 8207 nasar $750.00  $146,26000 $0.00 $0.00 S75000  S000  S18A186 ek $445180
17 80000 $04%0 387704 130581 29581 6 $0001  $1445500  $1440500 20229047  41H000  -$147,00000 $0.00 $000 475000  S0.00  SIATGN00 1SN $39200M
16 $0.000 $04%0 | 3608122 1362 29,344 80 $0.00 SUIT0 A9 S206669.50 $T9000  -$147.150.00 $0.00 $0.00 415000 %00 $06AM  ndh MIme
19050000 $040 WM 12115 22 $0.00  S1E26401  S1426401 S31080052  $75000  $148,50000 .00 $000 75000 000 SMASIEM 119N S4nEeses
L2 $0000 $04%0  w0e87 12103 2007739 00 1634008 §18.14000 836 0041 $1000 _$149.2000 00 $0.00 75000 $000  $1538 2% 8
TOTAL TOOINT | 1SBO028S 82401084 $1631825  $30576516 (83,41 508341 P §14925000 _ $143.20.00 $IT5E3IA1
I 191,602.80 Y7 $51.821.90
| Total O8M  828.250.00
OSMNPY  $10 85657




MEC’s balance (1)

N

MEC BALANCE
FIT  YMEC PV Generated MEC Purchased MEC YMEC Income  MEC MEC MEC
Energy Energy kWh Energy Reduced Fuel  byreseling FIT Other MEC Total
YEAR Rale Rate KWh Cost lo Others Cost Cost Balance Balance

0 20.00%

1 $0.200 $0490  42,048.00 8,409.60 §12,446.21 $4,120.70 -$168192  -§7,022.02 §7,862.98 $7,862.98
2 $0.200 $049%0 4171162 8,342.32 $§12,346.64 §4,087.74 -$166846  -56,965.84 §7,80007  $15,663.05
3 §0.200 S0490  41,377.92 8,275.58 $12,247.87 §4,055.04 -$1655.12  .$6,910.11 §7.73167  $§23.400.72
4 $0.200 $0490  41,046.90 8,209.38 $12,149.88 $4,022.60 -$164188  -§6,854.83 ST675.771  $31,076.49
5 80200 $0490  40,718.52 8,143.70 §12,052.68 $3,990.42 -$1628.74  -86,799.99 §7,61436  $38,690.85
6 $0.200 $0.490  40,392.78 8,078.56 §11,956.26 $3,958.49 -$1,615.71 -$6,745.59 §7.55345  $46,244.30
7 $0.200 $0490  40,069.63 8,013.93 $11,860.61 $3,926.82 -$1602.79  -86,691.63 $748302  $53,737.32
8 $0.200 $0.490  39,749.08 7,949.82 $11,765.73 $3,895.41 -$158096  -$6,638.10 $743308  $61,17040
9 $0.200 $0.490  39.431.08 7.886.22 $11,671.60 $3,864.25 $157724  -$6,584.99 $7.37361  $68.544.02
10 $0.200 $04%0 36,1564 782313 $11,57623  $§3.833.33 -$156463  -8§6,532.31 §7,31462  §75,858.64
11 $0.200 $0.490  38,802.7 7,760.54 $11,485.60 $3,802.67 -$1,552.11 -§6,480.05 $7,256.11  $83,114.75
12 $0.200 $0490 3849229 7,698.46 $11,303.72 $3,772.24 -$153069  -$6.428.21 $7,19606  $90,312.80
13 $0.000 $0490  38,184.35 7,636.87 §11,302.57 §3,742.07 $000  -86,376.79 $8,66785  $98,980.65
14 $0.000 $0.490  37,878.88 7,575.78 $11,212.15 $3,7112.13 $0.00  -$6.325.77 $8,508.50  $107,579.16
15 $0.000 $0.490  37,575.84 7151517 §11,122.45 $3,682.43 $0.00  -86.275.17 $8,529.72  $116,108.87
16 $0.000 $0480 3727524 7,455.05 $11,033.47 $3,652.97 $0.00  -8$6,224.96 $8,46148  $124,570.35
17 $0.000 $0480  36977.04 7,395.41 $10,945.20 $3,623.75 $000  .$6,175.17 $8,303.79  $132,964.14
18 $0.000 $0490  36,681.22 7,336.24 $10,857.64 $3,594.76 $0.00  -86,125.76 $8,32664  $141,290.78
19 $0.000 $0.490  36,387.77 7.277.55 $10,770.78 $3,566.00 $0.00  -86,076.76 $8,260.02  $149,550.80
20 $0.000 $0.490  36,096.67 7,218.33 $10,684.61 $3,537.47 $0.00  -$6.028.14 $8,193.94  §157,744.74

780,013.17 156,002.63 76,441.29 -$1931825 -$130,26220  $157,744.74




MEC'’s balance (2) : before PV

N

¥
||Mec BALANCE (before PV) ncluding +20% for others MEC BALANCE (before PV)
FIT  MEC MECSold  MEC Purchased MEC MEC MEC MEC MEC MEC
Energy Energy Energy Energy Income Fuel FIT Other MEC Total Profit Ratio

YEAR Rale Rale ¥Wh kWh Cost Cost Cost ProfitLoss Balance YEAR
0 0
1 $0490  42,048.00 $§2060352 §12446.21 $7022027  $113530  $1135.30 551% 1
2 $0490 41,7162 $2043869  -$12,346.64 $6065847  §112621  $2.26151 551% 2
3 $0490 4137792 $§20215.18  §12,247.87 $6910117  $1.11720 833N 551% 3
4 $04%0  41,046.90 §20,11298  -§12,140.88 56854837  §1.10827  $4.486.98 5.51% 4
5 $0450  40,718.52 $19.95208  -$12,052.68 $6,79999"  §100040  $5586.08 551% 5
6 $0490 4030278 §19,79246  -$11,956.26 $6.745567  $109060  $6.676.98 5.51% 6
7 $0.4%0  40,069.63 §19634.12  -§11,860.61 $6691637  §108188  $7.758.87 551% 1
8 $0490  39,749.08 $1947705 .§11,765.73 $6638.107  $107323  $6.832.09 551% 8
9 §04%0 3943108 §1922123  -§11,671.60 $658499"  §108464  $9,806.73 551% 9
10 $0490 39,1564 §19,16666  -$11576.23 $6532317  §10%6.12  $10,95285 551% 10
11 $0490 3880271 $§19,01333  -§11485.60 $6480.057  §104787  $12,00052 551% 11
12 $04%0 3849220 $18,861.22 -§11393.72 86428217  §1,03029  §13039.82 551% 12
13 $0490 3818435 $18,710.33  -$11,302.57 $6376.797  $1,0%088  $14070.79 551% 13
14 $0490 3787888 $18.56065 -§11,212.15 86325777 $102273  $§1500352 551% 14
15 $0490 3757584 §1841216  §11,12245 86275177  $1,01455  $16,108.07 551% 15
16 $0490 3727524 §18,264.87  -§11,03047 $6224967  §100643  $17,114.50 551% 16
17 $0450  36,977.04 $16,118.75  -$10,945.20 $6475.177  $00838  $18.11288 551% 17
18 $0490 3668122 $17.97380  -$10,857.64 $6.125767  $00039  §$19.103.28 551% 18
18 $0490 3638777 §17.83001  -§10,770.78 $6,076.767  $96247 52008575 551% 18
20 $0490  36,096.67 §17.687.37  -$10,684 61 $6,028.147 897461  $21,060.36 551% 20

TOTAL 78001347 7 0.00 362,206.46 -5230,883.007 $0.00 -§130.26220  $21,080.36  $21,060.36




N

MEC'’s balance (2) : before PV

L
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MEC’s balance (2) : after PV

N

MEC BALANCE (after PV) MEC BALANCE (after PV)
FIT MEC  Generaled  MEC Purchased MECIncome  MEC MEC MEC MEC
Energy Energy KWh Energy by re-selling Fuel FIT Other MEC Total

YEAR Rale  Rale KWh 1o Others Cost Cost Cost ProfitLoss  Balance
0 20.00%
1 $0.200 $0480  42,048.00 8,409.60 $4,120.70 §0.00 5168192  §702202 5458323 -S4.583.23|
2 $0200 $0490  41,711.62 8,342.32 $4,087.74 $0.00 $166846 5696584  -S454657  -§9.120.80
3 $0.200 $0490 4137792 8,275.58 $4,055.04 $0.00 $1655.12  -§6910.11 8451018 -$13639.99
4 $0.200 $0490  41,046.90 8,209.38 $4,022.60 §0.00 -$164188 8685483  S447411 $18114.10
5 $0.200 $0490  40,718.52 8,143.70 §3,990.42 $0.00 -$1628.74 8679999  -$443832 82255242
6 $0.200 $0.4%0 40,392.78 8,078.56 $3,958.49 $0.00 -$1,615.71 -$6,745.59 $440281  -826,955.24
7 $0.200 $0490  40,069.63 8,013.93 $3,926.62 $0.00 160279  -$669163  -$436759  -§3132283
8 $0.200 $0.490  39,749.08 7,949,682 $3,885.41 $0.00 -$158996  -86636.10  -$433265  -835655.48
9 $0200 $0490 3943108 7.886.22 $3,864.25 $0.00 $157724  $658499  -$420799  -§39953.46
10 §0.200 $048%0 39,1564 7,823.13 $§3,833.33 $0.00 -$156463 8650231  S426060  -844.217.07
11 $0.200 $0.490 38,802.71 7,760.54 $3,802.67 $0.00 -$1,552.11 -$6,480.05 5422050  -$48,446.56
12 §0.200 $04%0 3849229 7,698.46 $3,772.24 $0.00 -$153969  -§642821  -$419566 -§52642.22
13 $0.000 $0.4%0 38,184.35 7,636.87 $3,742.07 $0.00 $0.00 -$6,376.79 $263472  -§55,276.94
14 §0.000 $0.490 37,878.88 7575.78 $3,12.13 $0.00 $0.00 -$6,325.77 $261364  -8§57,890.59
15 $0.000 $0.490 37,575.84 781517 $3,682.43 $0.00 $0.00 -$6,275.17 $2,592.73  -§60,483.32
16 $0.000 $049%0 37,2154 7,455.05 $3,652.97 $0.00 $0.00 8622496  -S257199  -$63,055.31
17 $0.000 $0.4%0 36,977.04 7,385.41 $3,623.75 $0.00 $0.00 -$6,175.17 $255142  -$65,606.73
18 $0.000 $0.4%0  36681.22 7,336.24 $3,504.76 $0.00 $000  -$612576 5253100 -868,137.73
19 $0.000 $049%0  36,387.77 7.217.55 $3,566.00 $0.00 $000  -$607676  -$2510.76  -§70,648.49
20 $0.000 $0490  36,096.67 7.219.33 $3,537 .47 $0.00 $0.00  -§6028.14 5249067 -§73,139.16

TOTAL 780,013.17 156,002.63 76,441.29 0.00 -$1931825 -$130,262.20  -§73,139.16  -§73,139.16

YEAR

8—.—.—5—.—-—;—;—._.-&
W00 N & WA - O Wwo ~NO oD & O
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MEC’s balance (2) : after PV

L
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Accounting

4R

Trial Balance Liability
S Capital
Revenue
Cost

Balance Sheet (B/S) e \ Profit & Loss Statement

(P/L)
Liability
Cost
Asset Capital Revenue
Profit - Profit

13



4R

Issues

L

B Political issues:
B Landowner: Need permission to install PV and ...
B Regional government ...
M Invite low load operation of transformer
B But it is inevitable.
B Does MEC welcome reverse flow or not?
M |nitially NO. Maybe up to allowable limit.

B s FIT excessive
Incentive in RMI?
B Without FIT, investing
PV is economical?
- Simulation
Needs load profile




4R

FIT design: Options (1)

m Stepped tariff

m Cost depends on plant size, fuel type or site location

m Tariff degression

m |nstallation costs of RES-E tend to decrease

m Premium option

m Not fixed tariff, paid on top of the electricity market price

m Net Metering

m Measured with a bi-directional meter or a pair of unidirectional
meters spinning in opposite directions.

m Additional premium

m Incentives for other aspects, repowering or incorporating demand
orientation in the feed-in tariff level

15



FIT design: Options (2)

4R

m Local acceptance

m [ncentive for local authorities to promote decentralized RES-E,
iIn many different regions

m Burden sharing

m In order to maintain the burden for electricity-intensive
iIndustries on a moderate level (in some European countries)

m Depending on the consumer type

m Cost distribution
m Costs for grid connection
m Forecast obligation

16



4R

Alternative

L

B If FIT is not appropriate for RMI, alternative support
mechanism to encourage private PV installation may be

necessary.

B Subsidy for initial investment

B | ow Interest loan

B Tax credit

/ ; ) ™\
Production tax credit

Spread base
(Tech. push,

Quota type)

Tax Credit
Subsidy

(PTC)

4 )\
Investment tax credit

B However you need financial resources for them too.

Tradable Green
Certificate
(TGO)

g (ITC) / Subsidy to invest/

Renewable Portfolio

Standard (RPS)

( )

Tender

k J

17
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Target of this phase

4R

B Solar PV in Majuro
B Residential, Commercial (and Government)
M LV, basically no HV direct connection
W 480/277/240/208/120V, 1¢/3¢
B No IPP
B No or a little reverse flow at initial stage
M |n later stage: Outer islands, Wind, biomass, waste




4R

Standard for RMI Grid Code

B The bible is IEEE 1547
B Standard for Interconnecting Distributed Resources
with Electric Power Systems

B IEEE 1547.2
B |[EEE Application Guide for IEEE 1547

mUL 1741
B The Standard for Static Inverters and Charge
Controllers For use in Photovoltaic Power Systems

B Reference
B Hawaiian Electric Companies (HECO), Rules 14




Grid Code

4R

Completed initial review

B Design parameters: voltage, frequency, ...
B Protection requirement

B \oltage regulation
Frequency disturbance
Unintentional islanding
Re-connection and synchronization
Grounding
B Short circuit

B Power quality
B DC injection
B Flicker
B Harmonics
B Surge withstand capability
B Power factor

B Safety and isolation
M |solation device
B Disconnection
B Operation during utility system outage

.... and more




4R

Assignment for Grid Code WG

L

B Review 0on protection part in GC. (three wekks later)

B Reading IEEE1547, IEEE1547.2 and HECO Rules 14
B Require full understanding

B Complete to collect necessary drawings/documents
B For each unitin PS, (3 feeders, 2 S/S, all VCBS)
B Single line diagram wi/relay, CT, VT, CB, LS
B |nstalled relays and their setting tables
B OCR, UVR, OVR, UFR, OFR, over load relay ...
B Control scheme of tap changer of transformers
B 87 (differential relay) for transformer, if any
B Short circuit calculation

B Complete large customers survey

B Get drawings of CMI & hospital PV system for trial GC
evaluation




4R

Remaining issues

L

B Refuse reverse flow, or
accept it in small quantity without payment

B Taiwan fund (3 mil. $) for residential sector
B Off-grid DC or on-grid AC system?

B Allowable total PV amount
B Max capacity at 1 site

B Grid connection application & review procedure
B Form sheet ... HECO Rules 14 Appendix II, 1I-A Exhibit A
® Work flow ... HECO Rules Appendix Il
® In-house manual for review & approval
B Agreement ... HECO Rules 14 Appendix I, II-A

m Metering with CASHPOWER




4R

Check points in review & approval (1)

L

No reverse power flow case

B Reverse power relay (32R) is required.
B Required protection devices and their setting
B UL1741 certified, or
B Refer to HECO Rules 14, Exhibit A, Figure 3
B Protection coordination w/ relays at VCB or SS

@ VCB or SS

OCR-H (51) OCR (50/51)
OVGR (59G) DGR (67G)
UVR (27) OCR (50/51)

B Short-circuit capacity
B \/oltage deviation of distribution line, in the case of
disconnection




Check points in review & approval (2)

4R

L

Reverse power flow case

B Required protection devices and their setting
B UL1741 certified, or
B Refer to HECO Rules 14, Exhibit A, Figure 3
B \Without Reverse power relay (32R)
B [slanding detection device (Passive + Active)
B Protection coordination w/ relays at VCB or SS

@ VCB or SS

OCR-H (51) OCR (50/51)
OVGR (59G) DGR (67G)
UVR (27) OCR (50/51)

B Short-circuit capacity

B Overload on upstream side of MEC grid
B V/oltage deviation of distribution line

B Communication with MEC




SMA Sunny Boy, used at CMI

_63

SUNNY BOY 5000-US / 6000-US / 7000-US /
8000-US

Versatile performer with UL certification

The Sunny Boy 5000-US, 6000-US, 7000-US and 8000-US inverters are UL certified and feature
excellent efficiency. Graduated power classes provide flexibility in system design. Automatic grid
voltage detection* and an integrated DC disconnect switch simplify installation, ensuring safety as
well as saving time. These models feature galvanic isolation and can be used with all types of
modules-crystalline as well as thin-film.

Extended operating temperature range to -40 °C available. Please specify when ordering.

* US Patent US7352549B1

INTEGRATE D S——

‘ |
__OAFCI o ‘ WHERE TO BUY |

| J

Overview Technical data Downloads

Certifications

« For countries that require UL certification (UL 1741/IEEE 1547)

+ Optional integrated AFCI functionality meets the requirements of NEC 2011 690.11

Efficient




AR

SMA Sunny Boy, Anti-islanding

A stand-alone grid is a status. It occurs when the
power distribution grid is switched off and the
Sunny Boy is in operation. For this to happen,
the remaining load must be resonant at 60 Hz
and exactly match the power of the Sunny Boy.
Although the appearance of these conditions is
extremely unlikely, the Sunny Boy has an active
safety algorithm to protect against islanding. The

effect of this is that, in the event of the power
distribution grid being switched off, the PV plant
does not supply any power to a symmetrical load
that is resonant at 60 Hz. In addition, the Sunny
Boy regularly feeds leading and lagging reactive
currents into the power distribution grid. This
procedure is checked by the certification body in
order to destabilize and switch off a stand-alone
grid status.

10




SMA Sunny Boy, Trip setting

AR

11.6 Trip Limits/Trip Times

Frequency
Nominal Trip imit Trnp Frequendes Trip Times
Frequency
60 Hz >605Hz 60.45Hz ---6055H max 0.1602 s
<570Hz---508H | 5695Hz---5985Hz |adusabie 0.165---300s
(standard 59.3 Hz) (stardard 59.25 Hz ++- | (slandard mex 0.1602 g
59.35Hz)
<570Hz 56.95 Hz ---57.05 H max. 0.1602 s
Voltage
Nominal Trip imit Trip Voitages Trip Voltages Trip Times
Voltage Conductor- Condudor-
Neutral Conductor*
Conductor*

208V 50% 576V---624V | R8V---1082V| max 0.1602s
88% 1032V--1080V| 17891872V | max 2002s
110% 1296V---1344V|2246V---2330V, mex 1.001s
120% 141.6V--1464 V| 2454V 2538V, max 0.1602s

240V 50% 576V--624V |1152V-1248 max 0.1602 s
88% 1032V--1080V|264V---2160V, max 2002s
110% 1206 V:1344V 259.2V---26&8\) max 1.001 s
120% 141.6V---1464V|2832V---2328V, max 0.1602s

2mv 50% 1330V---1440V| Notapplicabie max Q.1602s
88% 2382V---2493V| mex 2002s
110% 202V--3102V mex 1.001 s
120% 3269V--3379V| max 0.1602 s

* The rienals readt formhe messunng aoouraces lsted balow

Accuracy

Trip limits 2 %6of nomiral grid voltage
Trip e 20.1 %60f nominal tip e
Trip frequency: 0.1 % of nominal frequency




Overload on upstream side of MEC grid

4R

B Assume most severe case
B Max output from PV - reverse flow
B No other load on the line
B Current of reverse flow
< Allowable current of distribution line

B E.g. 205kW at Majuro Hospital
B Max output = 164kW
W 164kW / 13.8kV / V3 = 6.9A
B Specification of UG cable:
B 2/0AWG copper (67mm?2)
- Allowable current = 225A
H6.9A < 225A ... OK!

12




Voltage deviation at LV line (1)

4R

_____________ < 3.0 km >
| @ +«—— 1.0km —— High voltage (6.6kV) feeder
Dlstrlbuuon é Pole transformer

substation I é}

m Tap changer at pole transformer: 6,600/105

m Load distribution along feeder: uniform

m Lagging power factor: 0.9

m At light load: Load 1,000kW, Voltage at distribution substation: 6,600V

m At heavy load: Load 2,000kW, Voltage at distribution substation: 6,750V

m Voltage drop up to pole transformer: dV = sqrt(3) * (I, *r + 1, *x) ..... (1)
m |, active current (A)

m |, :reactive current (A)
m r+jx=0.228 + j0.395: line impedance (ohm)

m Find voltage V,, at secondary side of pole transformer in light load case
m Find voltage V,, at secondary side of pole transformer in heavy load case

m Find max V,,
13



Voltage deviation at LV line (2)
Light load case

4R

Feeder current at S/S = 1000/sqrt(3)/6.6/0.9 = 97 (A)

Feeder current at pole transformer = 1000*(2/3)/sqrt(3)/6.6/0.9 = 65 (A)

Average feeder current = (97+65)/2 =81 (A)
Because of uniform load, voltage drop can be given by average current.

l,= 81*0.9=73(A)

l,= 81*sqrt(1-0.9%0.9) = 35 (A)

dVv = sqrt(3) * (73*0.228 + 35*0.395) = 53 (A)
Primary side voltage of pole transformer V,; = 6600 — 53 = 6547 (V)

Secondary side voltage of pole transformer V,, = 6547*105/6600 = 104.2 (V)




4R

Voltage deviation at LV line (3)

Heavy load case

Feeder current at S/S = 2000/sqrt(3)/6.6/0.9 = 194 (A)

Feeder current at pole transformer = 2000*(2/3)/sqrt(3)/6.6/0.9 = 130 (A)

Average feeder current = (194+130)/2 = 162 (A)
Because of uniform load, voltage drop can be given by average current.

l, =162 *0.9 = 146 (A)
= 162 * sqrt(1 - 0.9*0.9) = 71 (A)
dV = sqrt(3) * (146*0.228 + 71*0.395) = 106 (A)

Primary side voltage of pole transformer V,, = 6750 — 106 = 6644 (V)

Secondary side voltage of pole transformer V,, = 6644*105/6600 = 105.7 (V)

Max V,, = 105.7 (V) .




4R

Voltage deviation at PCC (1)

Transformer
20kVA

| Assume no voltage drop by load  pccC %Service wire

Rated output 10kW

S Power factor 1.0
Circuit impedance (ohm)

| o (0:011+0:019) i (0039 )t ESN. 210V
(0.016+j0.021) (0.017+j0.013) o (0.011)
(0.016+j0.021) (0.011+j0.012) o (0.011) Generator
Transformer |

9
m Voltage rise at PCC by connecting generator:
dV = Iy {(R; + R, + Ry) cosb + (X; + X, + X,) sin6 }

m |, : generation current (A)
m cosO : leading power factor in view of generator
m R, + ] X :internal impedance of transformer (ohm)
m R, +]X :low voltage line impedance (ohm)
m R+ ] X, :service wire impedance (ohm)

m Find voltage rise dV; at PCC

m Assume that allowable max voltage is 107V, judge necessity of counter
measure of voltage rise

m To maintain acceptable voltage, how can generator be operated?
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Voltage deviation at PCC (2)

cosO = 1.0

l,= 10000(W)/210(V) * 1/1.0 = 47.6 (A) ..... Active power I,

Ignoring neutral line,

R, + ] X, = 0.016+j0.021 (ohm)

R, +] X, =0.011+j0.012(ohm)

R, +] X, = 0.011(ohm)

dv,= 47.6* (0.016 + 0.011 + 0.011) = 1.8 (V)

Max V,, = 105.7 (V)
> Max voltage at PCC Max V,, = 105.7 + 1.8 = 107.5 (V)
- This goes over the limit 107V, need counter measure

(excess voltage dV,, = +0.5V)

To avoid this voltage rise,

Keep V, at 107V by leading power factor operation

Apparent power |, = 1,/ cos6

dV;—dV,, = (I, / cosb) * {(R; + R + R,) cosb + (X; + X, + X) sinb }

- Igp 8 {(Rt + R| + RS) + (Xt + XI + Xs) tano }
1.8 -0.5 = 47.6 {(0.016+0.011+0.011) + (0.021+0.012) tano6 }

1.3 =47.6 (0.038 + 0.033 tanb )
tan6 =-0.32

cosO = 0.95 - PF 95% operation 17
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R4 TE B (9%KW/Hz)
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= i
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=X 2 |2 Excel ®>— Mz x93, EFIO &K HH5E 2 H 51~ 1000W/m20
D ERZEE L TWDHE S 0Ol 2170, K FlIZTN—t o FFRIRIZ
BT 5, RKNEERMEEZ S—8 0 NEBGEOZELE JINHET D,
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» © R & fe| SIFER 0001 000,E3)

B C D E F G H [ J K. L
Pyranometer Py

Jate & Time Stamp « |CHI Of » CHIOSC « | CH1 OMs » |(CH1OMil = - | g - | hdin * |  Change range rate | hiax * min "
201 2/8/21 5:00 250 1286 2641 2168 =IF(ES>1 Qoo 000,E3) 4.73% 26.41% 21 .68%
2012/8/21 910 2857 742 4677 207 4677 207 26.07% 46.77% 2070%
2012/8/21 920 497 548 6368 3975 6368 3975 23.93% 63.68% 39.75%
201279421 830 A389 805 7481 524 7451 524 2251% T451% 52 40%
2012/8/21 940 8353 bl 8103 73 59103 73 19.30% 81.03% 71.73%
201 2/8/21 950 7634 624 8741 5683 8741 5683 30E8% 8741 % 56.83%
20127821 10:00 6841 1245 8981 3325 8981 3325 56.56% 8981 % 3325%
20127821 1010 854 131 10035 871 4 1000 8714 2.86% 100.00% 87.14%
2012/9/21 1020 981 .3 43 950 9741 S50 89741 1.59% 899.00% 97 %
2012/8/21 1030 G988 624 11123 5761 1000 5761 42.39% 1 00.00% E761%
2012/8/21 10:40 G988 502 10508 6507 1000 §50.7 34.53% 1 00.00% 65.07%
20127821 1050 291 4 845 10736 5368 1000 5368 4631 % 1 00.00% 53.68%
20127821 11:00 10227 845 11458 5004 1000 5004 49 86% 100.00% 50.04%
201279421 1110 10465 572 1161 5 9455 1000 89455 5.45% 100.00% 94 55%

2 Excel it A A —VK
AT v 7@ : offi. 20fE. 3o fHDEH
SHH L= E#ROERY]T — 4 % Excel ® Percentile BI%1C TR (o
B, 2018, 3o fE)ZHET 5, Percentile(L/L#iH, BER)E2 NI ATT
%

4. {HH

Jaluit O HHRE T — & 2 I CEBREEHE 217 0,

GEEEED

PV change range rate
Max(100%) %
30(99.7%) %
2 0(95.4%) %
0 (68.3%) %
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BE 5_AROLEHREH
1. HHY
B OEEREZFH L, BAREOBHRTFRERTOREKE LTHWD

2. FAFTRET 1L —H 2 g
KELIEE L FERT, PRI O KNEETH 5 FA FTRE = R /L X — (TRl (10 5912
T % KB & s/ MEDOEB B THAEST 2 LERH L, K 1ICEDA A=V ERT,

SFER B
Y

H 2L

: : : e ]
— =y Ze _>'

1 REEERFRAR, HAIZEENE, H A EE O

o
- -

3. EEpERE M TE
Wotje & O Jaluit ([CTHEEZ BN L TRV, ZRoDT —ZnbEEBFELZDY 123, H
T — X B REHINCERT HVEN D 572, Homer ZF|H L CHEH I EFHHT 5,
PUFICEH T EOFIEZ =T,
27 7O BT — Z EEP
SEBLT —F OWMERZAT O, ATRE & R TRIEREH X 10 2MIickiT 2 F
B, R BN TH D0, EEREHITITRTHOERITIE> TR L
RMEDZEE & HZ L THHT 5,
AT v 7@ : Homer |Z X 5% H 1A HE
SEHT — & D KAE & F/IME%E Homer (ZAT] L, BAREH T — &~
H9 5, LLFIZ Homer O Hik%E 7T,
@-1: JBIH T — & DI NE & e/ Mz 45 % CSV IERUZ T Text 7 7 A MITEh &
H9
@-2:Homer CTHHEE /IR A ER L BB EET VERET H(X 2 B /),
©@-3 : {ERk L7z Text 7 7 A V& R ETE T WIZit A~ (WindResource R
X TR IZ ImportFile iR % b Text 7 7 A V&8RRG 5),
= L—y 3 > &3 T7(Calculate R U FN)T 5 Z & CRANEEN %
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AT 7@

AT v 7@ :

RET S (M3ZH),

@-4: FEATHERZEIR L, Export RZ NZLY Text 7—HX T7 7 A /VH T
% (K4, a7 —4% % Excel CHE, BJ15EOHIE
DIHZIRE T,

AL RSN

= KELIEE & RIERIC 10 23O R KB L B MEDZEN L EB R ZH T 5,

ofE, 20 fE, 3o fEDHH

SHH L-E#ROERY]T — 4 % Excel ® Percentile BI%1C TR (o

. 20fl. 3o fE)&ZHTET 5, Percentile(Z/V#iH, BFER) %2 /I ATT

%P

X 2 Homer 1 A —THX (1)
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Wind Resource Inputs

File Edit Help

-

narn

mohthly walu

&z in the table.

- HOMER uzes wind resource inputs to calculate the wind turbine power each hour of the year. Enter the average wind
speed for each month. For caleulations, HOMER uses scaled data; baseline data scaled up or down ta the scaled annual
average value. The advanced parameters allow you to contral how HOMER generates the 8760 hourly values from the 12

Hold the pointer over an element or click Help for mare information.

Data source: © Enter manthly averages ™ Import time series data file Import File...

Bazeline data [from Jaluit_windspeed_Max.txt]

Month YWind Speed 12 Wind Resource

[mg] _
Jaruary 5.485 E 9
February 7169 ;&,’
March 7.479 T &

L]

April 9526 T
May s 5 °
Jure 9,756 0
July 2305 Jan  Feb Mar  Apr  May Jun Jul  Aug Sep Oct Mov Dec
August 0.000 Other paraneters Advanced parameters
SaplETloeT LR Time step [minutes) 10 wdeibull k. 0.724
October 0.000 ] .
Movernber 0.000 Altitude [m above sea level] 0 1-hr autocomelation factor | 0,981
December 0.000 Anemometer height [m] 20 Diumnal pattern strength 0.00979
Auntallayeane St Variation With Heigh... | Hour of peak windspesd 20

Scaled annual

average [m/s] 483 {1}

Flat... | Expaort... |

Help | Cancel | (] |

X 3 Homer f A—TX (2)

Add/FRemove...

Caloulat Simulations: 0of 1
ﬂ Sensitivities: 1of 1

Sensitivity Results  Optimization Results l

Double click on a system below for simulation

Progress:
Statuz  Completed in 7 seconds.

&+ Categarizec { Owerall Export.. Details..

Gost Summary | Gash Flow | Electrical | eevHP | DEG1 | DEG# | DEGS | DEGE | DEG7 | DEGE | Battery | Gorverter | Emissions  Tims Seriss

. i | f i fo PV |eevHP|gevHP| DEGT | DEGY | DEGE | DEGE | DEGT | DEGE |LL1500-2| Cony. Initial
- AP A S s o @ R { Gapite
< ' AintetihaE 300 %00 500 790 7501000 3000 7000
LL1500-2 A
Simulation Results
Spstem Architecture: 1 Yergnel gev-MP275 500 kv DEGE 1,000 k' DEGE 7.000 k' Rectifier Total NPC: $ 2,743,473.424
300 kw DEGT 730 k' DEGE 3,000 LL1500-2 Load Following Levelized COE: $ 23.535/Kh
300 kw DEG4 750 k'w DEGY 7000 kMW Inverter Operating Cost: § 215,082,752/

Scatterplot...
Deltaplat..
Migw
Export.. @

Xl 4 Homer f A —TX (3)

17



4. WH
Jaluit ORBLT — ¥ % I CEBFETHE 217 .

[GHAAER]
PV change range rate
Max(100%) %
30(99.7%) %
2 0(95.4%) %
0 (68.3%) %

[2%] Homer 1 > A —/L URL

https://users.homerenergy.com/account/sign in

Customer Login

Jin to Existing Account — Create a New Account
) At least 8 characters
Didn'l receive onfirmation email?

18



EE 6_RENFECLIBEFMRRI XNV —EHRATRERETE
1. HHY

INETICRDZFE T EZ O TREFEIC L 2EA TR XLV —ER TR ERTE L
Ehid 5,

2. REWFIE

AR FER E LFCRENIC I Vb T 2 EdhELZHE L, LB 5y & 75 LIV T
TR XX —DH I EERLE LTHIV Y TS Z &TﬁéT%iZw% DERFFA &
FEMT S, HLIZOWTIHINETOHE TCHE LT, 2O OHEEMAEHLET
AT 2,

(BEZFHT]
w OLFCFHE 1
khﬁ%@ S>HEEROERA X - ARYY

QR EE%
=T E (kw)
= 2 7E 3 (%kW/HZ)
=R ESHEIE (Hz)

QFEZLH=E
>FET (D ERE: 5F))

@KIGHERTREE (RHE)
= BSRET —% (DR %)

x%ﬁ%%
HH L BIE
N\

R ERAEREIAR, HOOEEIE, L 0

3. ELRFFAER ML
PUTICHAEMRE LY —ERTAFEA N E COFIRE KT,
27 v 7O : LFC #{#& ) 0% &
FEREOHIE S CRETE D, ~ETITEEEEREH O ERIT T
O, 0L LTHET D,
AT 7Q : BfEER (o, 20, 30) ORE
SR EREZBE L CRBEHERORELIT ), ZOMEREERITL T
HITOKEMEEFET 5,
AT 7@ MR DR E
=PV IXEFHH(9 BF~17 BF), WT (I 24 BEFEE CRETE1T 5.
ATy 7@ : FFERERORE
S RMOAERTFEGEE 3), R ELEHE 1) X ORI B Z A0 2 BT
b5 Z L CHRRRERA R T 2, DLTFRFER(DE R,
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R IR (kW) =1EE A

27970 FE

AT v 7O :

27w 7@ :

78 (W) X A E 0 (kW HZ) X J 8 B B¢ ik (Hz) + 100

- (D
DR
ﬁ#‘.ﬁffﬁ’@é‘% (CEBEEREZHNT D Z L TRET 2, UTICEHXQ@ %277,

ZE)(RW)=1E T (kW) X FFEEE (%) -
RE )28 &5 E
= Lk THRIE U7 FFA L,
CRHEARB) 2T,

- (2)

AT S RE B LB REZRET 5, U

REH NZE B & = (FATIEIE) — (BELH)’

RE T#H % E(PV or WT)
:)(3)JCT%HZ'| L7- RE HHZ#h&EIZ RE OELERTE|S Z & T RE EHKER

ERMT 5, DTICHHERX@ A2 7T,
RE Et&i# R &=RE H )ZB) &+ RE Z#jZE - - - (4)
27 v 7 ® : RE(PV+WT) Z A AH D THEAT 556 O R &R H
=RE HAOZE &% PV, WT 124 L TReR(ERIBEZ RS, Tk & L COERIE
FHENETH D GRG IEMAGHE/NGHEEIC LV HET 5, GRG i Excel
DY NWAN—REREIZTIITTE D, LFICHMBEIE, RS2,
HPES% : PV E#+WT E#—Max
GHESES IS mhﬂ@qwﬁ%4+WTm%xWTW@4REﬁﬁﬁ@

E

[Z&HPVEBAFREERH

A=A ——
et MR, Bl e |
T AETEE ] )
e, [ |
E
Rt 2 AT
TTIHHT &l
BRAREENTMT =
an » | Lt i)
arv AT ARG —
(e b d iwE
EL
o NG
SRTIEEHE
o | P
¥ At AT
SLrGiEamEH Lenie R0 2R =l A
Aﬁ!&é
w-J """ T R M T PR
e i
m [ [ 4 - AL
- LTI -

2 Excel 4 A —Y X (GRG 1£)
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LFCIRZH
RUFETER
HEESE
HREE
FELHE
FELD
REH N ETE

WTZEE %

WTERERS

4. N
Ebeye. Jaluit.
4.1 Ebeye

PV_ (9:00~17:00)

LFCI%: A

RTEM

Wotje ® RE &%

0.3Hz

30
0.5Hz

al 0.3Hz

20

0.5Hz

BT

0.3Hz

g

0.5Hz

1Hz

HERER

FELTHE

BELH
REH N ZEEHE

PVZ g3

PVEISBERE

03Hz |

30
05Hz

1Hz

20
0.3Hz |

0.5Hz

1Hz

0.3Hz

g

0.5Hz

1Hz
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PV+WT (9:00~17:00)

30

03Hz |

20

0.5Hz

1Hz

0.3Hz

0.5Hz

1Hz

ag

LFCEREH

0.3Hz

0.5Hz

1Hz

GRGi&

XExcel

4.2 Jaluit

PV (9:00~17:00)

LFCERE N

30

03Hz |

20

05Hz |

1Hz

03Hz |

0

5Hz |

1Hz

03Hz |

g

05Hz |

1Hz

RiEHR

St

BEFE

HRBEER

FELHE
FELH

REHNZEBE

PVEBE

PVERERE
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WT (0:00~24:00)

30

0.3Hz |

0.5Hz

20

g

LFCER%E H

1Hz

0.3Hz

0.5Hz

1Hz

03Hz |

05Hz |

1Hz

FELH

REH N BB
WTZE B

WTEEERE

PV+WT (9:00~17:00)

30

20

0.3Hz |

0.5Hz

1Hz

ag

LFCERE A

0.3Hz |

05Hz |

1Hz

03Hz | 05Hz

RfEH

1Hz

St

)=
HBEFE

HERLH
RELDE

FELEY

REHNZEENE

T
il

E

wEE
GRG%:
XExcel

T
<
H
i
B
3
Cl

=
_|
o4
i
i
3
i
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4.3 Wotje

PV (9:00~17:00)

30

20

g

0.3Hz

0.5Hz

1Hz

0.3Hz

0.5Hz

1Hz

0.3Hz

0.5Hz

1Hz

LFCE®E A

i

BEFE

HRRER

FELH

REEHEEE

PV

PVERERE

WT (0:00~24:00)

30

20

g

0.3Hz

0.5Hz

1Hz

0.3Hz

0.5Hz

1Hz

0.3Hz

0.5Hz

1Hz

LFCE®E A

St

BEFE

HRRER

FELH

REEHEEE

WTE B

WTEEERE
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PV4+WT (9:00~17:00)

30
03Hz | 05Hz | 1Hz

20
03Hz | 05Hz

g
[ 1he 03Hz | 05Hz | 1Hz

LFCERE A

RO |ovremsan s
X Excel
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A national laboratory of the U.S. Department of Energy
Office of Energy Efficiency & Renewable Energy

2,
G=® =
“!’ié’ MNR=L national Renewable Energy Laboratory

HOMER

The Micropower
Optimization Model

HOMER Legacy (/X— 3 2.68)
BE A NTA4

2011 41 A

HOMER Energy
2334 Broadway, Suite B, Boulder, Colorado 80304
720-565-4046 www.homerenergy.com

National Renewable Energy Laboratory
1617 Cole Boulevard, Golden, Colorado 80401-3393
303-275-3000 www.nrel.gov

Midwest Research Institute, Battelle
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BREETA K7 A4 12D T

AKHA KZ A4 Tix, HOMER Legacy (Z22OW T 11 A7 v FIZb= VB L £d, XROEE
VAT AREHCET A1, AMEZ HOMER (252 % Z L T, #H&EAB%G L £, HOMER
XV AT AR E Y I a b—a L, FITHRER VAT At 2 A b7 4 —<  ZADJEIC
W, Z2O—EE2ERLET, BREOAT v IZB L, BESITEITH> 2 L2720 £9, K
HARTALVDAT v T HBEATHNS ZET, Y7 b7 OFRHICENRCHEE, €T /VEHEH
TEDHEIITHRABTLL D,

COMEMEIL, 1HMIEE TR LI ENTEXET,

FUTGAVBRITA RTA v
HOMER O~ LT« A=a—F3 0 Fr I VDO HA R4 %L ZENRTExET,

2T 9T L DHER

HA RTALTIE AT v 7T EICHOMER N2 B a—4 ETED KL ) Wiz~ d & »n
DATARL—2arNbh, 2—F—3KAT v 7 EZEMIAITH TWDH, i LIRS 5 2
ENTEET,

7 R REERR
HOMER %z J 0 B<BUFCTE DL 9. A FTA U BRZT RS AL EERMFEH ST
WET, EERIT. WENEEZ L BB T L -OICHERIFRE R>TBY, 7 FA
ARF, BIHOLEONDBIMERE 2> THETA, ZHUIMEZ M ETOLEFBHRE W
DD TIEIH Y A,

HOMER ~&k 95 Z %

HOMER & 32

HOMER (%, /MBI EZ (b 2T/ T3, M « RFE AT O > AT K220
T, A RT 7V r—ya v ORGFHEZ, VT NVCERTHIENTEET, BEVAT A
EEFT 2L, VAT AERICOWTEZ S OWEL TR AL — FlxiE, v A
T LRGN E ORI BTN E D BMARESROBBIIED L > 2 b DIZT 2)0F T, %
M bEoA7 v a N, FHERERCT XX —JHOR AEOIE S KW 2D, 2 b OWRE
ETRTZENELL 2o TET, HOMER O b L OVEE AT 7 v T Y AL, AT L
a2 & 0 fEICIT 2D Lol LET,

HOMER %1 5 121X

HOMER ZAfEM 7 2121%, HEfnogeit, mEptéante . SR AT 2E2 A LRl
X7 EHAHOMERIZZ N DIEHE S LA 72V AT MERIZONW T I a2 L— L,
WRAFRLET, MERIL, EHTRER S AT AEROY 2 FE LT, EREHDIEICE 5N
F9, £7- HOMER I3, &Haatlpk 2 bl U, #R3E0 « B R s &2 33l Lo Wi/ b ¢, kx
BT T 7 CFRRLET, BRI T 7E, IEESCT LB T—va NCTHEATE D
o, 2/ AR—-FTEET,



B T YRR SR DS H) T ié/XTA%% IR AR B WA, RESHT A
Tt U FE 3, BT 2 T A i, B ATAME, MERR RS DR SE DR 5% % . HOMER
m@iifJﬂme I D4 ﬁl WZhm 0 BV AT AERRIZONT Y I 2l —y g U EE
MELET, 2—F =i, BE AT LOFG L OERLE W%ﬁ%@%%%%ié%ﬁﬁmf%é
WEFFET DT, mﬁ%ﬁ@#%%ﬁﬁ#é ENTEET, FHEESHF I ERRRICH T
L — MBI L9 5 72, HOMER DR OFERE W5 = &ﬁf%i#

HOMER D&hE

HOMER %, 1 4[], 8,760 Bl OKIFMHE DT RN F—NTFT U A ZFHEH L, VYIa2b—3
Y EATVWET, HOMER (X, SRFHOENTE - BAFE L A7 A TE oo r¥—&
R L, VAT LAOBEHEIE~D (PHD) =X ¥ —Tn—%3HE LET, EEMEIT
PRELERENVFEEME N B D T AT LTI, FRFHFICB W TREREZ &0 X 5 ITEIET X&), FHE
Mz FEETNED, METNENEZRELET,

HOMER 1%, 22— =2 L TWEE VAT AERO = RN X —RT U A% FHH L, A
EHARENE I DHBLET, 2=V —DRE LR UET CENEELREINEI MEHWIL,
TuYx=y hOEPMICOED VAT AORESCERII)O N IERAERBELY T, VAT LD
BHFEAZIT OB, B, 22H, MERFEEL BRBHI DD DB, FIFBR 720 £,

%ﬁﬁf@ﬁ®vx?A%ﬁ¢&f®y¢iv~yayﬁ%@&lﬂmei%yx%A%%%
g Ccx D L olc, ERBIEER (A4 70 A7 vax b EbEEND) OIEIC—E%
FRLET,

BT - RREER A AEE L TER LS A. HOMER 61?‘5%%%7‘:%F’2V@“i& (X LT,
L7 m e 220k UE3, Fl2E, BURz EEAH L L TER LS. HOMER
T —Y —DIRE LI BEOFHMI T 5 AT LR E Y I a2 b—va Liﬁ‘o

A & —xv h E® HOMER

HOMER ® 7 =7 %A bk http!//www.nrel.gov/homer : I ZiZiX., HOMER {22\ T DI
W, T T A BRT— 4 %?5&%%%@3/57 THERAFLH SN TVET,
BAE, V7 by =7 Ol REE%ETH D www.homerenergy.com (2L ViThbnTEY ., YA
MIBGERT D RO TN T — 2 2/ R TEET, IREHLZIHL TAFAHETT,




27 v 7 1: HOMER CTxHLr[RE/2 HEE R ET 5

HOMER (3/NFRE S A7 AOFFFHIET DRV EFHOMBEICEZ 2 Z N TEET, E
B AT 51, HOMER (28D XD &2 25250 HLMNMILTEBL EWVWWTL X I,
HOMER 75>ﬁ£ﬁf%éﬁ‘ﬁﬂﬁ@mi LFOi#@y Lo TWET,

VAT DT A —BNZ VRN B BIRET S T, BASRIEIS L0
KEEDERMNRAEEZE LS. T4 — BB EZ DL VBT LB NG 5 H 2
BTFEENEM U GARETE D02

BB RY AT DMIBHEREAEET DA /0 F—E U ZRETLHZ LT, BHAMDRTLH
B

ZOMEMETIE, ZRHIZBW NS WARICENZME L TNWD T ¢ —BAREH T, v
AT MR Z — L B ET D Z EITERR S D 0 E T 5 0l HOMER % vz
LE L £9, HOMER ~D'E[) \_@io_@@if. 24 R B ORI RS D 258l i
TA—BNREMDIHLD Y AT AFHFHIA) X — B 2 BN 52 L2, ENETEERDD
e

AT v 7 2 FH HOMER 7 7 A VEIERRT 5

HOMER 7 7 A /VIZIX, FEET AT LEKEF O HTIC LB 7o F N AIERIN - HERHE R ) - B AT
BT 5, HOWLERBEENTWET, 72 HOMER 7 7 A M2, Fifl, K OURE
it 7ot AOFHEBELEENTWET . HOMER 7 7 A VOLEF X hmr & 72> TWET,
5] : WindVsDiesel.hmr

HOMER Z 8 L7 & R BITRAF L2 T 7 A b ETIIRBRICAN T 7 7 A DB E T,
ENODT 7 ANVIREDINERVGEIZIE, EOTU 4 RUEZRRLET,
EMEE LT, Bl 7 A V&2 &E £9,

1. 77 A AEBICE, NewFiled %2 U v 2457, #=2—0 Choose File # % L
9, HOMERIZAA > U 4 v RUIZZEORFELZERLET,

Equiprnent to congider ———— Add/Femaove...

Click the Add/Femove
button to add loads and
components.

Resources ——— Other

@l E conomics

T RARA A BFEOT7 7 A NEBLEE, OpenFile #27 VU v 7 LET,




AT w7 8 BIRKOELE

HOMER (%, FEI AT LARFO 1D OBHOEINAIBRL 2 bt U9, RIEKIE, FrED
AT LR OB TIEAR <, mmme@ﬂﬁmé ETOHEMPEREEZFR R LET, B
%, HOMER 72 6% 2 #5216 WA 5 2 £9, BIREKICIE, A /eskst &
L2 DR VEE RN E EN TV DEHAERH D £,

COMEMETIE, T4 —EAREBEEOLD Y ZT ARFHIAS Z — L ABINT HERIC, F
PRGN OVREMITRS 28 ENK B WA B2 2B L TE 2255720, A1¥—Ev K0T
4 —BNREMOMAEDEEGL VAT AZY I a2l —v g LET,

1. BT 2RISR 2RI 5 72, Add/Removel2Bmel 2 y o, /47 Add/Remove ™7
4 RUIZ, WRERMRZ R TERRLET,

2. Primary Load 1 DF = v 7R v 7 A%&EIRT 5,

3. Wind Turbine 1, Generator 1, Battery DF = v 7 R 7 AZEIRT 5,

Loads Compotents

Q v Prirary Load 1 *’ [ Py |f"_53- [v Generator 1 & ¥ EBattery 1
EJ [ Primary Load 2 _,!-\ v “wind Turbine 1 [j} [ Generator 2 & [ Battery 2
1 [ Defenable Load ,!-\ ™ wind Tubine 2 % [ Generator 3 & I Battery 3
-@j [ Themal Load 1 '1';3 [~ Hydro |f"_53- [ Generator 4 B Batery 4
é, ™ Themal Load 2 ™ Converter % [ Generator & & I Battery 5
a" ™ Hydrogen load [E] [ Electrolyzer |f"_53- [ Generator & B Battery 6
< [T Hydrogen Tank CB- [ Generator 7 B [ Battery 7

& [ Reformer CQ- [ Generator & B Batery &

'(f:} [” Generator 9 & I Battery 3
&3- [ Generator 10 & [ Battery 10

Grid

£ Do not model grid
:f: £ Swstem is connected o arid
" Compare stand-alone spstem to grid extenzion

4. OK#7 Vw7 L, AL T4 RUIZRED,

T R A VAT AEHE - RAS (BAREOZL) b BIEALT, £ITRBEA~OH
O, WIhmaag A TWRIThiER Y £H5 A,

HOMER (%, & - fikiss (R ¥—v o, 7 —BLREH, FEL) 2R EEXOR
S TR LET,

Resources £ 7 v a & (BIRXOE TEHD) 12, SESHSSEHT2EFETR~TRY 23 H
D F3, ZOLEEIE, FIEEEX O Resources 7 v a N2, @ ET 4 —EBANERINTHET,



E quiprient ko congider

@ Wird Turbine 1

Generatar 1 P”E?ﬁi.fﬁzd 1 @

0 kW peak S4K525F

Resources L Other DE—

J Wind resource &l Economics

ﬁ Diezel £ System contral

ij E mizziohs

()| Constraints

2T w7 4 ARICOVWTORERE AT S

BRICONTOFE#REIZ. HOMER a2 lb—3y 3 0 ~DANMED Z & T, ARAIEIZY
AT ABB L RT IR R 2 WEBENFEEOZ LTV ET, 207y a TR, ART7 74
NV TN A v R— T A HEERHLET,

1. [FI¥X O Primary Load 1 Rlz21 9271, Load Inputs B <,
2. A7~ Lt LT, Remote Load & %A 795,

Label IFiethe Load Load type: @& AC ¢ DC

3. AmZA 7L LT, AC Zi&IRT 5,
4. VT NVER T 7 A /L Remote_Load.dmd % B < 72, Import hourly data file % %4 L
Import File ™"¥ %27 V) v 735,

Data source: ¢ Enter daily profilefs] % Impart time senies data file Import File... |

EES: o7y A0, HOMER 712 7 A (homerexe) CRICT 4 L7 RV

AR

DOY7F L7 bV, Sample Files 12&H Y £,




HOMER (%, HfEOAM T 0 7 7 A N2k 7T 7 THRRLET,
Baseline data [frorfRemate_Load.dmd] |

I anth IJanuary j ¢ Daily Profile ¥ KW
gy 2.0
[ay tupe IWeekday 'I (-] EL
= =
How | Load(kw) [« . § 72
00:00 - 01:00 2056 ] 5 :i
071:00 - 02:00 1.956 —2 ol-:J
02:00 - 0300 1.833 . :
0:3:00 - 0400 1.823 0 Jan Feb Mar Apr May Jun Jul Aug Se
04:00 - 05:00 1.850
05:00 - 0600 2270 12 Seasonal Profile
06:00 - 07:00 2843 e
07:00 - 02:00 avez g @ f T I I [ [ ] ! [ I I T daily high
08:00 - 09:00 4058 T s mean
09:00 - 10:00 4,04 g daily low
10:00 - 11:00 3,904 : min
VI 120 &6 LI a Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec Ann
R andom warniability
Diay-to-day | 197 x Baseline | Scaled Effiziency Inputs... |
Time-step-to-time-stepl 168 _Awerage [Kih/d) | B5.0 8.0
Average (k) 154 354 = | Export |
Peak. [kiw] 11.5 115
SEels) i S i) I & —I{"} Load Factor 0.308 0.308 ,Tlpl Cancel | Ok |

7 RS R
Ll TEET,

Load Profile D& FFiT

24 HDEAE NTJTHZ & T, A7 a7 7 A )V EAERKT

5. OK#7 U w7 L. AL T4 FOICRY £,

R TlL, AfTE AC RNARE L, =32 F—7a—0 &R RIS
72, a—HP—24EE L7 7L "Remote Load"2®.

KRSINET,

Equipment to congider

Femate Load
85 kwhd

11 kM peak

Generator 1

AC

AT w5 FERES R

A

"ind Turbine 1

|
S4KS25F

0C

ZOWVWTDFERZEATTS

TR UL —

RENET,

7 REDOEE & bIZEEKIC

MRS DO AN L 1E, 22 =2 b= g RSO 2 BRI, HERBE AR 2 . A5 M Rihg

ORELHEI

M7 =2 OANNTGiEEHALES, T OmEREX

1. Generator 1 g %7 1 w7 L. Generator Inputs ZBi % £,

IR0 EY, ZokvsvarTE, T —BAREK R EK FEHLOE
 BLEOTIWA R L TWEREA,




2. Costs DHRIZ, kDfEE ASJLFE9 :  Size 1, Capital 1500, Replacement 1200, O&M 0.05.
O&M &%, #1E - #EFF (operation and maintenance) % EWE L TV E 3, BREHE XML
THEA SN DT, HEMKO&M LI HIZE ENEREA,

Costs

Size [Kw/] | Capital [$] | Replacement (§] | D&M (/)
1.000 1500 1200 0.050

F 4 —BAREBEORBICVINEHE LTEKW H7-0 1500 FANET, EmrEH+ 5
DIZKW H7-20 1200 R0 HEFEEHE LT KW H7-0 —HEf 0.05 RKnhbd 2 &%,
HOMER 2R L TWET, Costs i CTHRE LT-EAZ TCICE B EZFR L TWD Z &0
D i‘g—o

TR A ZoplcEWT, BAMBRIEIEE TY 0 HOMER Tk, #H & JEEMA RIT
ERRAHBIBRICH 2 L BELET, 2FD 7T 1 — B REBEORITHEL A 1kW H72
1500 F/b 72& 94, 2kW T 3000 /b, 3kW T 4500 /L, L9 EIZTH, Costs il
fTziEmL., BETRWNMEZ A THE, EREOMREERT L2 L bTEET, ZAMIC
iz AN L7zt HOMER (X, HEIWICT — 7 L0 FTICZE A T2 B L £,

3.  Sizes to consider Ol TiE, 0.000 & 1.000 ZHIFRL. 15 2B L £7, Sizes to consider
MBI DR EEH E W ET, ZOMliX, UTOX IR RENDHTL L I,
Sizes to consider —
Size (K]
15.000

.....................................

HEES . HOMER (%, 0 & Costs 7—7 /W TCAS) LIAALE DA R % Sizes to consider Al
CHBRIEMLET, ZROOMEERARE TV AT L2V Iab—va LW A,
Sizes to consider #MlOEZ ZDFEFIZ L THBL, FLIFERLIAETY Iab—ya Lz
e, HIbR - BINT 52 &b TEET,
HOMER % 15 kW #&EHE I 21— a > LET, Cost Curve HITHIEILELN,
HATEY RTRENET,

a5 Cost Curve
& 201
2 154
=3
104
[+]
LEC
a . 1
1] i 10 15
Size (kW)

== Cgpital === Replacement

RV AT LAOERIZT 4 —BAREMOREE . HEFFEEEHZ BT &
Mo Ialb—rarr0—EeE LT, BHEAE2ITH 72DIZ Costs SO AEFIH L £9°,



BECERIZ, 32— a3 AT AERICEENLT 4 —ELREBHROREN Y
DRETHILI VA%, HOMER 2R L ET,

4. OK%#2Z7VUv7 L, AAr U4 FUIZRD £,
5. [EI#¥[X @ Wind Turbine 1 il %7 1 w7 L. Wind Turbine Inputs 5 & ¥ 7,

6. Turbine Type Ol T, Generic 10kW Z&#IR L E 7, FLHZ —E O jii#r 2R R L ET,
ZOX—E U OEKEL10kWDC TH D Z ENnhn £,

Turbine type | Genenic 10kW j

['urbine proper Bl Excelh o

BWwWC Excels
A bbreviatiol BwC L1

Ernercon E33

Rated pow Entegrnty e/ 15

b anutactun £\ eiznder 100

Website:  |Fubrlander 250

Fuhrlander 30

GE 1.5zl

enenc 10k

Generic 1kw

Generic 20kMW

Genenc ki

Marthern Power Myw 10013

=it FPGE 11435 i

B PGE 20/25

Cuantity || 5% AR =

154 Skystream 3.7 B

S wfhizper 100 o

S whizper 200

S Wihizper 500

Westaz WEZ

I'wES 18 L
WES 20

. WES 5 Tulipo

| B Y Ry TH 4

7. Costs #IZ. LA TFOfEZE AJJLE9: Quantity 1, Capital 30000, Replacement 25000, O&M
500,

Costz

Quantity | Capital (3] | Replacement ($] | D&M [$4)
1 30000 25000 500

TEEA: BN Z—vrgEEo O&M GEA KX O #11E. &y v ($,/hr) T
3722 < FEHTY BV ($/ yr) TERESNET,

8. OK#%ZVUyZL, AU 4 Y FTIZRED £,

9. Battery = %7 VU w7 L. Battery Inputs B £79°,



10. Battery Type # T, Trojan L16P %~ U v 7 L, Trojan ® L16P Z %R L £73, HOMER
Ny T ) —DRpE 2R LET,
Battery type | Surette 4K525F j

B attery prope Hoppecke 10 0P=25 1000
Ma Hoppecke 12 025 1500

Hoppecke 16 OPz5 2000

‘& Hoppecke 20 0Pz5 2500

Hoppecke 24 OPz5 23000

Hoppecke 4 OP2S 200

Hoppecke B OFzS 300

. |Hoppecke & OPzS BOO

_ Buantity | yoppecke 8 0P25 500

Sumette 4k526F

Surrette BCSZ5P

Surette S460

Costs

Trojan T-105
5B US-250
JSB US-250HC
Advanced — LSE L5305

B attg izion BFk 2000
Yizion BFMBED
[ Minin izion CP122400
Yizion CPE100D
YHRB-ESS Flow Battery

11. Costs HIZEBWTLLTFTOfEZ AJLE T :  Quantity 1, Capital 300, Replacement 300,
0O&M 20.

12. Sizes to consider D TIL, 0 & 1 ZHIFRL. 8 #BIML £,

Costs Sizes bo conzider

[Iuantity | Capital [$] | Replacement [$] | Q&b [$0r] B atteries
1 300 300 2000 a

13. OKZ27 Vw7 L. ALV T4 RUIZRERY 9, 22T WEROERDO AT THKHD T,
EEEIILL TO L H IR L TWAIZT T

Equipment to consider ———— | add/Remave..

|

@ @ Generic 10kw

[Generatar 1 Femate Load e
35 kwhid
11 ki peak L1EP
A DC
Resources —— Other

EI Wind rezource @I Economics

il Diegel EI System control
irj Emizzions
EI Constraintz



AT 76 : TRAF—JRIZOVTDEREASTTS

TLF IS 2 ATMEIL, 1 FEOFREZ O K. B, KI1, BEtOw &L 720 %
T, KB, B, KDL T, 74—~y hSNZT7 7 ANANDLT —H &2 A VR — T 5
Dy, AEOVEEN HRFZIRT — 2 25 LT,

OB ar TR, Y3 alb—ya T2 00N RN - UREK, T —F
JVHEMN VIR L T DR (R &R 12k 2 ATMEOWRE FiEE i L £,

1. Wind Resource ﬁ %7V w7 L., Wind Resource Input 7 + > U Z B X £7°,

2. Import hourly data file #3%®$R L. Inport File #7 V v 7 3% &, Sample_Wind_Data.wnd
P& £,

Data saurce: € Enter monthly averages % |mport time seres data file Impagt, File... |

7 RXA A 1 Weibull K EM OZ DD /RT A —4 ZFET 5 &, HOMER 131 2 72 H O
MREGEZ AR LET, 7EL<IE Help & TSI 720,

R—=AF A T =X, 1FEHORNT —% %753 8760 HO FHMNES TT, FrT

AT A AEMESE (BT — T VO FE) . KOA — /UERPEEICEBR LEL X 9,

B azeline data [from S ample_wind_D ata.wnd]

kanth Wind Speed - Wind Resource

[mz] —_
January 4.794 Eﬁ-
February 5. 702 T
barch zzas B¢
April 4121 T o]
GET 4 062 =
Jure 2664 ‘ Jan ' Feb  Mar  Apr  May Jun @ Jul  Aug Sep Oct  Mov  Dec
July 3572
ALgust 3 B0 (ther parameters Advanced pararmeters —————————
Septemnber 3.594 Altitude [m above sea level] I 1] wheibul k. I 1.95
October L Anemometer height [m) I 1a Autocarmelation factor I 0.833
Movember E.587 _
December 7.195 Variation with Height... | Divimal pattem strength [ 0.283
Annual average: 4.500 Hour of peak windspeed I
Scaled annual average [m Flat. . | Expart... I

Help | Cancel I k. |

HOMER %, BIRATHMEDOREE ST 21T 720, 2 al—va VA — T —2ZH5
ZENHY T, HOMER (X, AT —/VAERPEREZR—R T A AERPESTEID 25— 7
Ty A —FEEL, ELIDOEEEN—ATA AEIZNTHZ E T, A— T —HE{ERL
T3, T 74/ FDIRRETIL, x#~w$ﬁi~—X74/Iﬁk —HTHrLO, Ar—nT7
78 —% 1L LTWET, VAT LARFOFEBAIREMEIZHIT 2 I X 2B RS L5720
A7 — VAR B ETHZ LB TEET,

10



R A — VRPN 0 ThIuE, BT L7 =280 Ll S E T,

ZOMEMETIE, A7 —/VERPEEIIERTF LR LC2ROT, YIalb—ya X TEN—X
TA T =2 2TV ES, A7 v 710 (REEEOIEMN) 12T, &KERY AT LRFHIEE
b 2 D RO 2 RET DT, A7 —VAERPER 2RI T 5 FiEx R TnE £,

3. JEGEHF A HImE NS 26m OE S ICEE L TWA Z & &7 728, anemometer height % 25m
wRELET,
(ther parameters
Altitude [m above zea level] I—EI
Anemometer height [m] |—25

Wariation Wwith Height... |

4. OKz#7 U7 L, A4 T4 RUIZRED £7,
5. ResourcesZz” v =5 C# % Diesel & %2 U v~ L Diesel Input™ 1> R &R x £,

6. TA4—BLDfitsE, VX —HT-D 0.4 KILVERTELET,

Price [$/L] | 0.4 il

7. OK%#Z7Vwr7 L, A4 T4 FTIZREY £9,

AT 7T Ajj{ Eﬁnm\i)i(ﬁi?“‘ﬂ%ﬁ

HOMER /3, JUJ L7 BRI ER A2 LT E 0, HERZITVWET, BREZR I 20 A
THER B S TG EITITEEEZR L, A T4V RUICET— Ay —V2FRLET,

Z OBITIE, /XTAper TUN—H—=NEENTNERXTHD, LOAYE—IUNRHT
WET, IuR—F =%, Kl (AC) LiEE (DC) ICE#HT S H DT, AC 15 DCICEHT S
Bo 3 igs. DC 73»% AC IZEBT DB BT A v =2 — LI 1,

1. Warning Az v 7 L, il ZzfER L E T,

omer x|

The system indudes both AC and DC buses but there is no
I i converter to allow power to flow from one bus to the other. You
" tan solve this problem by didking the button on the schematic
labeled Add/Remove and adding a converter,

11



ST, ANEICREERS A Z LR LT ET, HOMER 1% TEFETN, VAT LK
FtEICRIEDRH 0 E D MERT I ENTEERH A,

[ 2 DCANZDOMICARKEIN G D £ A, DC BN S AC ARFICE NN T X
NI EEERLTWET, BEXAyE—UIE, VAT AR AA—F—FBNTHZ L
T, BEMEESND Z LA EATHET,

7 RRA A w—271F, HOMER N¥ I ab—3 a3 U EFTTERNVWIEEZRLTWET,

2. FHIENXICa X=X —%ZBINT 5121%, Add, Remove #7 U > 7 L. Converter IR, OK
#7277 LELEI,

Loads Components

% ™ Remate Load 5 [ Py

@ ™ Primary Load 2 ,{-\ V¥ Generic 10k

% [ Deferrable Load AT wind Turbine 2

4 [ Themal Load 1 o N BT

{% [~ Themal Load 2

i" [ Hydrogen load ectralyzer
¢® [ Hudrogen T ark
5 I Reformer

3. Converter Inputs Z B < |Zi%, [EIFX D Converter B8 o7 U7 LET,
4.  CostsfiliZ LA TDfEZ AJJLET: Size 1, Capital 1000, Replacement 1000, O&M 100,

5.  Sizes to consider #? 1.000 ZHIFEL. 6 XN 12 Z# BN L E T,

Sizes bo consider

Costs
Size [Kw/) | Capital ($) | Peplacement (3] | O&M ($4ur] Size k)
1.000 1000 1000 100 A 0.000;
E.000
12.000

| | |

ORI, VAT LR E VI 2 L— FMTLERIC, arn—Z—7L (0kW) /6kW =
VN—=H— 12kW TN H— LW FUETTIEITT L2 L 2R LET, BIKK EICRR
ENTWEE—ZAMIT 115 kW 22D T, 12kW a2 3—2—Thid, ¥ —v o intihd
L EDORHOAMTH-TH, MISTED EHERINET, 6kW a2 NN—F—ZIFET L &
T, AN H—F/ NS BN DICT D EBRAMERDH L0089 DR TH N TEET,

12



6. OK%Z7UvI L., AL T4 FUIZRY £,

Equipment ta consider ———— | Add/Remave. .

Remate Load Generic 10kWwW
35 kKwhd
@—' 11 ki peak
Generator 1
2

Corverter L1GP

AC oC

HOMER (%, DC B )6 ACEAfT~E BT D AT AEBEICANDL Z L1270 E L,
T RANA A ar == A= F— (ERNPOLRM) & LTHE g (RN bE
) ELTHHETAZEICHERLELEY, 2T, A= F—L LTOHERET LR
T EDIHTRE RN EEEZ 525 2 L1237 8 A, LrL, Converter Inputs 7 1 > KU %
BAWTA =% —IZF3 % Capacity & 0 IZEXET H Z & T, a2\ —F —DOEEHKEE & HI bR
THZLHTEET,

7. AA 2T 42 RUDY—/)L3—T, Search Space B zpx Bl EsERTHELLD,

' File VWiew Inputs OQuiputs Window Help
"W IEIGEER:

. . kM
| Equipment to consider |search Space | Edd.ﬂ'ﬂemwe...l

Search Space summary O EFTIZITEAESMERRDOATI Y 4 > RUTAT) LT 2 TOREE
4 (sizes to consider) NWHRRINFE T, XIS DMESEEEDOANTI T 1 > R 7 Z BT Sizes to
consider Z{EIET 52y, ZOMICB T AEAEET D Z & THRAMEGROREZEBN - HIFRT 5
ZENTEET,

G10 Label L1EP Cornwerter
[l uamtity] [k [Quantity] [khad]
1 1 15.00 a n.oo
2 1 E.00
3 12.00

ZOBITIE, PO G10 1FPLH 10 kW JE)Z 7~ L, Gen X Generator 1 Z/r L CWVE T,
EE A HOMER (3, Search Summary ®7 — 7 /VIZH 52 TOMBAEDED T AT LEKFH O
VIial—varEFERLET, ZOFTIE, HOMER (X6 2O#FEREZ TV Ial—varL
F9: 2fEORN X —E B (G10), 1FEDOT 4 —EBAREMOEE (Genl), 1FEOE
B, 3SFDOa VAR—FEFBOMAGEDOERDOT, 2x1x1x3=6 20T A L7 9,

8 OK#%ZZ7VUyI7L, AU 4 Y FUIZRD £,

9. Save W %7V o7 L. Wind Diesel. hmr|2f#7F L £,

13



AT v 7 8 mcfbAE RANAE DIRGEE

HOMER 3§ it O AT THAE L 72 iSO A G DERTO U AT MM AT I 2 L
—v a3 LET, HOMER 135 2 b7 AMICHE S 70y, BIRSORE L2 R IFIC OV TEBLAR
AIREIR U AT MERRE LRI L T E E T,

1. Calculate S| %y oy L v 3 av—varzBtaL £+, HOMER 0%/,
YIal—va L BET T ETOBE LT OBBARRSNET (CORTTNIH, =2
VC‘&170E1 7\\]/7\/\‘—‘733@]< @ﬁiﬁj‘%"cﬁiiﬁb WL Lﬁi’@f/u)o

2. VIal—va P& T L5 Optimization Results # 7% 27 U » 7 L, EHA[RER T AT
LERRE R T DO Overall 7 U w27 LEL L 9,
Sensrti\r'rtyF{esurts

Double click on a system below for simulation results. " Categorized
n’L CB = G10 | Label | L16P | Conv. In'rti_al Operating Total COE | Ren. Diesel Label
W) W) Capital Cost (SAT) NPC (8/kWh)| Frac. L) {hrs)
&3 15 ] B 530,500 22704 £321,138 0810 000 17.812  7.062
'd} 15 ] 12 $36,900 23459 $33678 0849 000 17.808 7.060
ll'\ G} &= 1 15 g 6 60,9500 21614 £337154 0850 020 15772 6,358
le CB‘ 1 15 8 12 566,300 22342 §382502 0825 031 15738 6,383

Overall Optimization Results 7— 7 /L1C, FEBLATRE/R T AT MR 4 D3 U A M SLE T,
(EB T bBEHDIER DD ONLIRICT A TWET, VAT AEROE A RIT.
results 7 —7 /L@ "Total NPC"IZRE SN TV D ERBEMICESHNTWES, ZofITIE, 1A
OF 4 —CLRER 1 BOEEL L VMR (BB 5 o2 toRN Y-y E

stk RBBE) rvan, tvs oo,

3. VAT LAEGFOT—T7 WA R D T-9IZ Optimization Results # 7% 27 U v 7 L,
Categorized 7 V v 7 L £,
Sensitivity Results

Double click on a system below for simulation results.

o G10 | Label | L1G6P | Conv. Initial QOperating Tatal COE | Ren. Diesel
Al W) W) | Capital | Cost (sAn) NPC  |(sA&Wh)| Frec. | (U

C& =1 15 g & $ 30,500 22704 £321138 0810 000 17812 7.062
Y] 1 15 3 & $ 60,900 21614 £337.194 0850 020 15772 6398

4. WOBHIRD O DA/ T4 —BNVHKEE, 7 o= F —ORGHEEME DT,
Optimization Results 77— 7 /v D 21THZ X727 U w7 LE T,

Double click on a system below for simulation results. % Categ
N e ﬂL?‘-t'ﬁ L16P %{n&; i Operating Total COE | Ren.| Diessl | Lzbel
pital | Cost ($47) NPC  |@awh)| Free.| © | )
facyis) 15 g 6 30900 22704  §321138 0810 000 17.812 7.062
I e[ ][] ] 8 6  $60900 21614  $337194 0850 020 15772

Simulation Results 7 4 > R 72, I 2 b —3 3 L&Y AT MMERR O « B3R
FENETREINET, ZOHITIE, Electrical ¥ 7% 27 U v 7 45& . VAT ANERLEE
BTN —TEBNEEL 1T% LB L TEBY, VAT ATHESINTEEKI SN TS Z

14



EPHERTE LT, VAT ARGHIEBMZ BT L, OBy OENS T AT LTI
T&DHTLXLOIN?

Simulation Results

Takal MPC: § 337.194

System Architecture: 1 Genernic 10kW B kM Inverter
15 kKW Generator 1 B k3w Rectifier Lewelized COE: % 0.850/kWh
8 Trojan L16P Cycle Charging Operating Cost: $ 21,614/
"Cost Summary | Cash Flow G1D | Label | Battery | Converter | Emissions | Hourly Data |
Production | ke | % Consumption | kxhdpr | % Quantity I

Owind turbine 8337 20 AC primary load 31.025 100 I Ewcess elechicity 7462 183

Generator 1 323768 B8O Total 31.025 100 Unmet electic load 00000178 0o

Tatal 40,712 100 Capacity shortage 0.00 oo

Cluantity | Walue
Renewable fraction 0.205

5. Close %7 w7 L, AA U4 RUIZERED £9,

6. File A == —"T Save as %R L, Excess_Energyhmr.& L CTHRFL ET,

AF oS 9 VAT AREFHOKE

TR, VAT ARG EWETADICRELEREIEHT O Z S OoOWTEBHLET, =
DOFEITIZ, VAT MIEEMEBINTSHZ LT, VAT LA TERSNZARTE T 2L X—%HE T
x50, WERLET.

1. A& _E o Battery %271 > 7 L. Battery Inputs 2B & £,

2. Sizestoconsider T. 16 XX 24 ZBMMLFET, 8, 16, 24 DT IV —DRNHBHI AT L%
Vial—vardAhlEilEL

Sizes to consider

B atteries
a
16
24

3. OKEZ7Uvw 7L, AL T4 RUIZREY £79, results 7 —7 /LD % M L7220 CTPHH
CkoE3%5L, HOMER (3 EA v -T2 RRLET,
;_\I 'ou have changed the inputs since HOMER caloulated these resultz

4. FE{bE1T 5 2%, Calculate %l U LET, YIalb—TarhgKTrd5
Loresults T NMIZHT LW RZR R L, AAM U4 RUDTENICEE A v — U5 RN
LET,

;_\l Trojan L16F search space may be inzufficient.

5. Battery Search Space May be Insufficient Warning él 7 Vw7 LET,

15



Sizes to consider 7 — 7 /LT, BEMOEBEEZHELT LI E DA v —UNERINET,
MEEBMZBINTRENSNLLRNOT, FrLWESHOWA BN L 7,

homer x|

The optimal number of batteries might be greater than the
I %, maximum number you allowed, 24. You might want to spedfy one
or more larger numbers and run HOMER. again.

The allowable numbers of batteries are found on the Trojan L16P
window in the table called 'Sizes to consider’, and in the Search
Space window,

If you expand the Search Space window by dicking the button

labeled Show Winning Sizes, you can see which component sizes
appeared in the least-cost systems.

6. OKZZ7 U7 L. AA T4 FUIZRY £,

7. AA U 42 RUDY—/L,3—T Search Space %7 Y v 7, Search Summary 7—7 /L %
A& £

8. 32, 40, 48, 56 & Ny T —DHITEML £7,

G10 Label L1EP Corwerter
[Cluantity] [k [C uantity] (k]
1 n 15.00 a 0.oo
2 1 16 B.00
3 24 12.00
4 32
5 40
B 43
7 56
g I

7 R34 A : Battery Inputs 7 1 > K7 ® Sizes to consider 7—7 /L2 H ., ZiLH DfE %A
MTxET,

9. OK%#Z7 Vw7 AL 4 Y RUIZEREY £9,

10. Calculate M Vv, YIal—yvarEtLET,
Vialb—varptTT5E, Kb — 7 VCERA BN LI RE ST, B LV
RBERINET, SEFEEA v E—VIIR RSN TOEE A,
Categorized Optimization Results 7—7 /L (L16P) OZEBHMOFTHOND L H1T, kb#
FINRNR D D o AT LERIL, 32 BOHEMOMR TT,
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11. Simulation Results 7 t > K7 %[ < 72, Categorized Optimization Results 7—>7 /L C
BT 4 —B S EEM (29TH) 22707 0y 7 LET,

Double click on a system below for simulation resulis. ¥ Categt
,!\ [,.:3 & G10 | Label | L16FP | Conv. Initial Operating Tatal COE | Ren. Diesel Label
a W) W) Capital Cost (S4r) NPC (84Wh)| Frac. L) {hrs)
[23 = 15 32 & £ 38,100 18,405 £273372 0685 0.00 14464 4318

16,630 £287890 0726 021 11,2738

RN —1F, BT =B EEMOR S E AR OEOERIZ L > T, 18%
B 1.6% BRI S D,

"Cost Sumrnaryl Cash Flow G10 I Label | Batteryl Converterl Emissionsl Houry Data |

Praduction | Kiwihpr | k4 Conzurmption | khahfor | ES Luantity | kb | E
Wlndturblne 8337 21 AL primary load 31,025 100 | Excess electricity £33 1.64
Generator 1 30630 79 Tatal 31,025 100 Urmet electic load 0.0000&34 0.00
Tatal 38,967 100 Capacity shortage 0.00 0.00
Quantity | Walue
Renewable fraction 0214

12. File A ==2—7T Save As %#7#N L. Reduced_Excess.hmr & L TIHREL £,

RE= XNV X — 2 EETHFBMEZEMT D LT, VAT AEHANEKEINDZ &N
HOMER IC Lo THMmD Lz, LLlians, BOEZHWEILICEHNERH L AT A
WA H DN LILERFA, b LUVAT ARFHIAN Y —E U 2 EATHBRICE®RR S 5 &
L, EDXEIREMILERDZTL L 20?2 ZOMBEAIRL 12 DRESTT 23 L £,

AT w710 : REEHDEMN

ATy T BIIBWVWT, Yal—valrORATF—LVERT—XOFHEFRE Lz, Zok”
va TR, BERO R — VAR RO ¢ — B IS I3 L 2 & BB O R AT 2 AT
HTeDD, FEREMNTRESE AND Hikzdl LET,

1. Wind resources %7 1Y w7 L. Wind Resource Inputs 7 1 > KU B & £7°,

2. Sensitivity Inputs 7 1 > R Z B < 72, Scaled annual average @ Sensitivities 7~ % >
Vw7 LET,

Scaled annual average [m/z] I 45 {[t |

|Click to edit sensitivity values|

17



3. Average Wind Speed sensitivities 7— 7 /L{Z 4, 5, 5.5, 6, 6.5, 7T ZBI L £7°,
Yariable: Wind Data Scaled Average
itz s

Link. with: | <nones |

4.500 \il Clear |
4.000
5.000
5500
G000

£.500
7.000

T BERIT AR OEE L, (T—7 AN K EHEREREICEhETWD) 7o0
AT — X 5o CTE VAT IMERRE I 2 L—YarLET,

Walues:

b8 e Ry R R PR S

4. OK %7 1Y v 7 L, Wind Resource Inputs 7 4 > KVIZK Y 9, Sensitivities ;8 ¥ > DOFf
MO, BB THERINTND I LR LET,

Scaled annual average [m.-"s]l 45
5. OKZ7VUw 7 L, A4 T4 RRUIZRED 9,

6. Diesel @ (Resources D& 27 v a2) %27 U v 27 L, Diesel Inputs 7 4 > KU ZBl& £,

7. Price Sensitivities il %7 U v 7 L. Sensitivity Inputs % B & £,

Price [$/L] | 0.<] {H

8. Diesel Price Sensitivities @7 —7 /12 0.5, 0.6, 0.7 Z B L £,

Wariable: Diesel Price

k= $4L
Lirk: waith: |<n|:|ne> j
Values: | 4 MDDE’ Clear |
2 0.500
3 0.600
i 0.700
5 |

9. OK%Z7 VU w27 L, Diesel Inputs 7V 1 > FUIZEV 3, SBIZOKEZZ7 Uy 7L, ALV
74 RUIZREY £7,

AT v 7 11 RES NG R ORAE

HOMER 1%, BESTOMREZ 77 7K OEKTRRLET, 207 a Tk, BF—F
VST — B ARBD VAT LADIEIN, TA—BALOBOT AT ALY LEAHEND S,
EWV) R RIET DI OIREMATROR 2R L, Si D Fika i L&,
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1. ¥ Ial—3ar BT 57%, Caleulate Caleulate | 4,y LET, 32—
S VRO B AN T T ETORB L 20N, 7o/ L AA—TRENET,

Simulations: 7 of 42 Progress: |Il
m Senzitivities: 4 of 28 Status: 31 seconds remaining

T RANA A UIalb—valETH, Stop a7 U v 7T E, WoOTHLHIETEET,

2. Optimization Results # 7% 27 U v 7 L., Categorized %7 U v 7, ORI LNV AT
LRFTOREFRLET,

Sensttivity Results - Optimization Results |

Senstivity varables
“wind Speed [més] | 7 ¥ | Diesel Price [$/L]]0.7 =
Double clickion a system below for simulation results. g CEI'EEQOI'IZEd
A\ 'tﬁl & G10 I‘j{a%e]l L16F %?;5 giti_al Operating Total COE | Ren. Diesel Label
pital Cost (S47) MNPC (84Wh)| Frac. L) {hrs)
,4\ [fB =1 1 15 56 & £ 75,300 13,661 $245935 0630 058 6850 2011
A 15 32 & £38.100 22,744 £328842 0829 000 14464 4318

Categorized Optimization Results 7—7 /LD ED R v~ 7 212 Wind Speed & X Diesel Price
DREEE BB R R S TWET, FHEMEER Tm,/ T, 7 — BB 3
0.70 FVv/V v Z—n L&, BAZ—vr /7 1+ —BILREREEMOD S AT LD RIE T A
TLERY BN —ERRNGE LD BIIIRPNENZ LR TEET,

LA G & OV ¢ — B VBRBHMIRS (2 31T 5 283 B 7 2 G K OVREHITiS 2 3R & |
IR AT DA A TITENL BWEETINEHRTEET, iz, b LT r—EBRE
flifs7% 0.70 KV » & —CEEFEMBEGER 45 m/ BUTFTHHETHE, BAOhX—E
DBV AT LEHT, RETIEH Y £ A,

Sensitivity varables
WWind Speed [mz] | 4.5 ¥ | Diesel Price [$/]]0.7 A

Double click on a s 5 0r simulation results. + Categorized
4 G(5 L16F | Conv. Imitial Operating Total COE | Ren. Diesel Label

e [ EE W) | Captal | Cost (s4n) NG |eawh)| Fee | W | B
CB = g 5 32 & £38.100 22744 £328.842 02825 000 14464 4318

,L Y] 7 6 & £ 75,300 20,014 £331141 0835 021 11278 307

HOMER (Z &7z, EESITHREREZ L LLT VWL OIZ, V777 TRRTHIELTEET,

3. WOBZ LNV AT ARG EFRRT H7-9IT Sensitivity Results, # 7% 27 U v 7 L,
GraphicZ7 U v 7 LET, iR EXLL TOMEY TT,

a. Wind Speed U A kT x #ii 2%, Diesel Price U A k Ty #ili % 841,
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b. Variables to plot @ F T, Primary U A k Tl Optimal System Type % &R, Superimposed
J A FTlX <none> % &R,

Sensivity Resuts| | Optimization Resuts |
Graph type IOmimaI system type 'l " Tabular |+

Sensitivity varables

Wind Speed [mds) | x-axis ¥ | Diesel Price [$/L)|y-axiz ¥

Supermposed Imone> j New Window.... |

System Types

i B LabevBattery
- Wind/LabelBattery

Variables to plot

Diesel Price ($/1)

4.0 4.5 1 55 1 L 7.0
Right dlick to copy, save, or modify Wind Speed (m/s)

Optimal System Type (OST) 277 7T, AJ) U7z B & OBREMTiRE DG 5 A A REIRELZ
HIENTEET, 77 7T, RiliZe v AT LR FHIBEHMTI A K OV ] 7 BUE I AE L C
WHZEERLTVET,

HOMER (%, v a2l — a U EOREICDOFE R 2L T N ONT T 7 CERTEET, =
NH0OFE, 77 71BN T-OC, BElZNT T2 R 7775288 LEL X D,

4. File A == —7T Save As Z#4K L. Wind_Diesel Sens.hmr & U TIRFEL £,
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BN - KL E OB

HOMER IZ K[ (PV) . BREFEM., A A~ R, FOMOZR A X —JFIZONTI I 2 L—
TarTEET CRRERMTH-THRTH), BIMFHDOEY g o TIRS)—FT 4 —E L
DYATAHIZPVEBILTAET, HOMER 1% PV /1%, 554 HUR ORI CTHERI 5 = &2
TEET, FTRFCLODOAT v 7L LT, HOMER THEMAT 720D KT — 22X 7 v a—

RLET,

1. www.homerenergy.com O% A MIT 7 AL, Fvra—RRKZ %270 v 7 LET,
Energy Modeling Software for Hybrid Renewable
Energy Systems

Download FREE software
L Download J

The HOMER energy modeling
software is a powerful tool for

designing and analyzing Or upgrade to HOMER 2.81
hybrid power systems, which

2. EFEBENFEATHRWES emaill 7 RLALERZATU—RTEEELELEY, B4 LT
O, KO TMY2 7T —4 YT e ra—RLET, TOMDOY T T —206E 4
7o — RCT&EE9,

Resources

sample data files for HOMER All Sample Files =l Download

Resource Files Download

Philippines wind data
Visayas solar data
Legacy Software Mindanao solar data
Luzon solar data

3. ZZT, D7p< &t TMY2 Solar_Data.zip @H @ AK Cold Bay.sol Z #3954 E A H D
7
Z ZC. Wind-Diesel-PV @i T Cold Bay Solar data #ffiH 325 Z 2L E 7,
1. A7 v 7 8 ®» Wind_Diesel.hmr % i & . Wind_Diesel PVhmr ® F® SaveAs &7V v 7

LET

2. Add/Remove K% T, FHO PV ERZZEEMIZEMLET,
Loads Compaonents
@ v Remote Load v P
@ ™ Primary Load 2 ¥ Generic 10kw

3. [FKXIZH LWIEH. PV & Solar Resource NFERENF T,
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4. Solar Resource El ZIXUHizz Y vz L, LTFOE#RE AN THE £ @ Alaska Time
Zone, 55°11'North, 162°11’'West, ’AK Cold Bay.sol'% 1 > A — ks L E7T,

Lacation
Latitude I 55 I 11 % poth € South Time zane
Longtude [162° [ 43" € East & west | (GMT-03:00) Alaska =]
Data source: © Enter monthly averages ™ Import time series data file Impat File... |
Ly

5. EMEHBSEIX 2.15kWh,nf /B &7 0 £ Lz, BEOBNEIZEICRKEIZR Y £,
BIDA T v 7 ANDTMNIEADIEFIN ETT, 12 X—=VDREINRT 77, ZOTF—X %
B LEL X 9, BMAODOBHEFEITILADIZIN ETHAZ LR TEET,

Bazeline data [from Ak Cald Bay. zol]

Manth Clearmezs | Daily B adiation o Global Hori_zontal Radiation 10
Index [kiwihim2/d) -

January 0. 366 0.621 = — oe
February 0.401 1.251 Eal m _ :
March 0.414 2260 % 3
April 0.379 e T — TE =
T 0330 3446 .E b g
June 0343 3928 F T . 0.4 ;.;
July 0.333 3646 o o
August 0.329 2973 T T
September 035 2009 H H D
October 0360 1366 e "Feb Mar Apr May Jun " Jul Aug Sep Oct Nov Dec’ "
Nowember 0,363 0.728 Daily Radiation == Cleamess Index
December 0.341 0446
Average; 0.349 2153 Plat I Expart.. I

Scaled annual average [Ka'hdméAd) ‘@. Help I Cancel I ]S

6. OK%ZZ U/ L. A4v 4y Ro~E0$+, wicPV Bl 22000 LEd,

7. PVoOax bF—H 2k, 1kW, &AR 7000 K/, Bz 6000 F/L, O&M 20 RLé A
J1LU¥ 9, Sizes to Consider (21X 0, 1. 2. 3Z AN LFET,

Coztz Sizez bo consider -
Size (kW] | Capital ($] | Replacement [§] | D&M (3] Size k]
1.000 7000 £000 0 0.000
1.000

£ L |
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8. HOMER N KGR T —# & % £ 12 PV array slope DINE % 9 D=2 E 2R LT ZE0,
PV 7 =% OFENZKIRT — 2 2 AJJT 5Dk, 20D TT,

Froperties

Cutput current & AC & DC

Lifetirme [years) I 200 £} |
Dierating Factor (%) I 20 L.} |

Slope [degress) BRIS33) L.} |

9. OK%E7 Vw7 L, AT 4 RUIWREY 7, BFIEXIZPV &EREFERERLTEBD,
re-calculate the results UIAAOZEEHITHTWER A,

Equipment to consider —————————
—> 2|

W
Rermote Load
85 kyw'hid
11 kw peak  [f— A
[aeneratar 1 Generic T0kW

b >

Caorveerter HE'
L1EP

AC DC
Rezources Other

Solar rezource {E?l E conomics

| Wind resource »Q' Syztemn control

il Diesel ij Erigsions

10. Caleulate iz Caeuste| ~ LEF.040 R/ U v % —Th 55412 PV AR

HEVbRETHDLZ L1T000 £3, PV A XDR/NEE 1kW TRIH 10kW (272 57005
"C\“é‘o

Double click on a system below for simulation results. G CEItEgOHZEd (o
* JL- GB &7 PV | G10 | Label | L16P | Conv. In'rti_al Cperating Total COE | Ren. Diesel Label
W) W) W) Capital Cost {5/yr) NFC $4Wh)| Frac. L) {hrs)
if[} B 15 2 B £ 30,500 22704 £321138 0810 000 17812 7082
" CB 7 1 15 8 B £ 37.500 22,688 £327534 0827 002 17664 7084
il\ CB 7 1 15 8 B £ 60,500 21614 £337154 0850 020 15772 6358
"ik CB =7 1 1 15 g B £ 67.500 21532 §343147 0865 022 15602 6366

11. —oFavcs Na25FE = L 4., Wind_Diesel PV _Sens.hmr.& L TIRELE L X 5,

12. @ﬁﬁ.ﬁﬂmomfm\x?y7w0fﬁok;5m7o®@§%m@(445\555\
6. 6.5, Tm /) ZANET,

13. Diesel _| X, AT v 710 TfEST- 40D
X—) BANET,

&S HTE (0.4, 0.5, 0.6, 0.7 KoV, U v

S
Al
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4 ke 8l o mEARE 1. 215, 3. dkwh/m/ H A ASLET

Yariable: Salar Data Scaled Average
hitz: kbt d

Lirk, waith: |<r'u:|ne> j
Values: | 4 2.150%’ Clear |
2 1.000
3 3,000
4 4.000
5

15. Search Space R % Bl 2200270, NoFU—H A2 ANLET: 16, 24, 32,
40, 48, 56,

P Array G10 Label L1EF Conwerter
[kha] [Cuartity] [k [Cuartity] [hed]
1 0.000 N 15.00 a 0.00
2 1.000 1 16 E.00
3 2.000 24 12.00
4 3.000 32
] 40
E 43
7 LT

16. OKZZUw /L. ALV Y4y ROICRVES, Fav=s Nafis B LEt,
17, Caleulate % o _Laeuste | 2y LEd, RIS »DIBENH Y T,
18. T4 —FPALOMBERENELE., KXo XORSIN PV BKWIZIEHILTWA) LV,

BRPBRNWZ & 2R L ET,

Sensttivity Results Optimization Results |

Sensttivity varables
Global Solar [KwhimeAd) | 4 ¥ | wind Speed [mds) I 7 "I Diesel Price [$4L]]0.7 i
Double click on a system below for simulation results.
" PV G10 | Label | L16F | Conv. Initial COperating Total COE | Ren. Diesel Label
L s 5,2 ) W) kW) | Captal | Costishr) | NPC_|@sAWh)| Frac.| O | )
A\ CE' 1 15 b6 B & 75,300 13,661 £245935 0630 058 6830 2.0M
*J\ CB- &) 1 1 15 h& 6 £ 82300 13.140 $250278 0631 062 6482 1527
(:E- = 15 32 & £38.100 22744 2328842 0329 000 14,464 4318
’ (c} 3 15 h& 1 % 66,300 2079 £332111 0837 012 12529 3344

19. L2»LZ Z°C, PV & Battery search Z¥EiET 5 L H 12 D¥EE X v —U R ET,
;_\l P zearch space may be inzufficient.

;_\l Trojan L16F zearch zpace may be insufficient.

20. FEINH DX HTLIZD, PV & battery 2= h&BIIL, FHEEZIT- TS0,
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BRAAT A KT A B
TIT, HATBNEHHE VL OpBIILEL ).,

-HOMER FHIZiE, = — VP — 1T ATl (AT, R, EIRICBIT 5 1F#H) 2 A ) L £ 7, HOMER
FHEMREERL, 2—F—REREOT T 7 THREZHEIOET,

- HOMER OFIFIEKE 7 vt 2 TT, AJMEICEAT 2HEED DIED TRERZ MR L, g oHE
ELXFHL TS EWIEEZBVIRL, ZEBRANMELERT D, LWH TrexTH,

«HOMER 1ZREI AT L%V I a2l —a L, BHBREMEICOWTCEHEHOREILLET, F
7o, BIRORTAMLR O AT 2B RICEAT 2 ERIZOWTHREMT 2 FITT LN TEE
T

HOMER I, FFRHALDO Y R 2 L—a Y ET VLR TOWET, ET VU AT A K
A2 R X G N CAMIE VERICD T 2WT — 4% T, =31 ¥—7nu—, KO
M, 5 1ERICHT 2 EKE R £9, T—7/VICAS LIZ A REEMED b R AL O &
BT —2 %A THILEHTEET, ETA—~ Y bOT 7 AN, BHUT—2 %A VK
—hFLTHIWVTL LD,

- HOMER 13F 7, RFET NV ERSTWET, MR OREL OB ED R HAG DY %
452 b TE, BRATHAEROERICOWTY AT AfkeE KOBIO L O EFRET 5
BOBEA~DOEBELHGERTE ET, NADOELAKAER S EERINSIR, ARSI O RERH 2L
NOEMEMERE, EHETH DT ¢+ —EAFEEE OBREHRIK I, mmmeioﬁﬁﬁ%TwT
T%é%lfi%@iﬁh NREL O/ A 7V » REEI AT LD HO DG —
mﬁmﬂjTi\%®m®&m%%ﬁ®%tf/\1V~95/%%MT%\mﬂmRTE
RZWRN DD &R LT 2 S HICRMO D Z ENTEHTL L D,

ZOMDY Y —2R
Get trained in HOMER:
http://www.homerenergy.com/training.html

Interact with other HOMER users, and ask your questions, at the HOMER International
Users Group:
http://homerusersgroup.ning.com

Searchable knowledgebase of HOMER information:
http://support.homerenergy.com
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BAESE & VERRE
The HOMER Legacy software is provided at no cost by HOMER Energy, through an exclusive
license with the National Renewable Energy Laboratory.

Authors and creators of HOMER Legacy:

Peter Lilienthal, PhD HOMER Energy peter.lilienthal@homerenergy.com
Paul Gilman HOMER Energy paul.gilman@homerenergy.com

Tom Lambert, P.Eng. Mistaya Engineering Inc. tomlambert@mistaya.ca

http!//www.mistaya.ca

HOMER Energy

2334 Broadway, Suite B
Boulder, CO, 80304 USA
+1-720-565-4046
http://www.homerenergy.com

National Renewable Energy Laboratory
1617 Cole Boulevard
Golden, CO 80401 USA

http://www.nrel.gov
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