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AT Boold BT FAAFI 2MEA 2T AL TS
FHg Bdo] AoHA Yo AFe Fusrt wEHT @
S7} 60+0.1Hz2 #elstd By A8 9e A9 A% A9 F4
of @A WolAA ATHBILINIE, 2019).0 oldd EASE Hdsn B
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7HA WhE o A ol tH(&-%F, 2016, 2017).
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= JMgsta §xHE RIS Pt At AR wolmaR I EE
aAY g7l wet FAS FASHA MA - A& Thsest s Ok 2
Y AW~ volaZ2 T E TSR, @QCels HAa o) ©

E2HM0Z HA3AT. Celle AEJEYT)7IREY Cell EREF P 2
AEE=E 2d 2 FAHEG. oy Celle ZHu|d o]z Z218]= Celld, =
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A2 o-2e} Asbad @
AEATER & AYANLKPXZF AEE Golth vholaz s
St AFANTAANE FAT Aol AT AHS 9o BoRsA 21
AR zvigths Fol 2k thy vlelazaesE WA AR, 2ME
a3 ldelegd AEAIEANE §EI ATt AGH e
B o 23 RAA Utk F8AEAC] ESSE AEHEA Rt 3
A2 AT A A g NS AES ARA F; Al Ln @k
of FRATE YL volazaE=e] SHolE dh
guehdl vholA2 st BAHOR SYHA gob  nlelazIes’
b gE A CAEATPER o BE EAT Ak o Ao

i

{2

FEATIERA 7 A7E AAste] B FHF o] opd A8 e A
Z o] &3}y 93 Au= DI AA AL, 2018). FEAH A Lol WE
A 2017d 2 71 v e8] T EATFY 418%E AHA

s3 9ol FF AYFa o= % AAFFAY FY A TP W5t 2

ALATPERI O] S 2AE 1960 BEALBANA BAZ AR

ole) 2 E ol . ZATUAE 20169 2 @A 500kW ol A8 PEA
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(201610 AleluA] 2 Aol 7ol &RF 31 AlF=H ] 9 /MAHA
e Wgete =i SIS NEL A8E 20161 F7FstdTh

AgAg Lo =" 20179 vt & AEAVPEAARE 397
4,825kWtt. o] 7}&H Axol B3 AeAVPEAMN I} 97.1%S A
3ol ok dFE Aned dfule 2 75.8%, A3 10.3%, BHE
& 6.5%, MEE 1L4%elth 20179 F F8A7PdAES 2,304713,840MWh
2 gvet & e 5509H3,530GWhe] 4.18%E A8kl tHel x4
AT, 2019).

20173 Axde AEAVPLAZLS 2,276%H,716MWhZ 98.7%E 773}
I Atk Az REE LAY AHE AuREd "7 78.1%, A-H3E

12.2%, B3 5.0%5 7IS3stAth. & 394¥1825kWE 7] 53 2017d A

H G EATPEAAA 0] AN g Fe AR A 47.0%, B 32.3%, I
10.3% w=olth 2017d Ao A8 b e HAFS ARy &
AwEQl 2,304%13,840MWh 5 EAFFUAHE A9 LGEstoe] A= A AY

o] HAH7E 49.0%2 7HE =dor IAIZTIAALIL e AEA Y]
30.9%% F WAE 7IE3Ath oA, FsEY, A YA, LG5t
o] YAT FF Hfrule 11.2%ATH

FEA7PTAJA L] Adulo]&&LS 2016 60%°l  ATPEAEH]E102
20163 34.5%p 23oh AZHAHA22017)) wEE Hulo]gEL 20079 %
oF 53%, 20099 =4 50% FFE7HA DFAFAE BHom 2010 o] 60%
F&5 3Eatirl 20139 o]F 201597kA] ©hA 60% mRro g 7+Askdth
(AEFAW L, 2017). <FE 2-4ol] ASLHAGA Aulo]&EF ArhdzAn &
FolE Aystant

_

10) AEALE A 2An &S F g oy A we 2 Folsgn.
2016\ 7| FRHES “&9129G , AP AL 271627GWhE 34.5%5 ARk S
.
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(R 2-40 F8TAGA AH] o] &5 Z A7PEA Hl& Fo

T | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

2]
O](%) 935 | 574 | 509 | 595 | 619 61.1| 35.6| 56.6| 57.1| 60.0
(%

A7}
il
H &

(%)

46.7 | 275| 475 46.6| 374 358 339 341| 33.0| 345

=4 dgAH2 (2017

20179 FE8ATPEAAA o] An 8-S F 3947E825kWoltt. o] T} H]
o 7V HlFo] F& ouUAEE AEo R 558%E AAISATE LNG7t
245%= Tgs oldem ARRIF 134%E AASAS. F2,304%F
3,840MWhe] TS 7|53 20179 A8E F&AVPTAAA S THFS
Ay EA Aeo] M Fe] 65.8%E AAHA LW 1 v LNGZF 14.7%, 4
7 13.5%°|t}.

(G 2-59A ZIeRdAA el 0] o= AHAHNL7E =AHE SHA
7l W&olth AYAHQ01N=  “ZIetdAA ]l FE 7 ok 20153 H-E
HA717F A A At DFHol A Ttee & 5 2
SA7PEA7I 2 BEsly] @ Q3=moldA e AR Ha
Ast SHEH7] djEolgtal ol AABAT. thaolA A A B
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(E 2-5 A8 F&ArPEAdA L dnl&F TR FH2017D)

A AuEFEKW) | AH581%) | FHAZFEWh | dF81%)

Hjo] @ 7} 8,300.00 0.20 26,247.00 0.10

AR 527,485.00 13.40 3,113,117.00 13.50

73 - - - -

B.C - - - -

A - - - -

A ek 2,198,480.00 55.80 | 15,163,648.00 65.80

A 7k 35,000.00 0.90 235,941.00 1.00

| g - - - -

H7& 45,888.00 1.20 153,331.00 0.70

| =7 0.00 0.00 0.00 0.00

sletE A4 A= D) 160,578.00 4.10 962,459.00 4.20

LNG 965,094.00 24.50 3,389,096.00 14.70

d - g

#H <

71 EFLL A AY 0.00 0.00 0.00 0.00

A 3,940,825.00 100.00 | 23,043,840.00 100.00

A TAA

2. AAAZAAA O o7t AP A&

o1

21708} Al AY oA A

b FAAoE RFH

K gk}

3L
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ol

20183 ol

ol
b
o
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Bl 2017d Ay BHFE&FE 13692490kW= Hd= 90%k
9,218kWRTH £ttt ol& Hdthn] Bggo] Zo]E F(18716,810—>113F
3,562kW), o1 874 x](4916,787—3512,715kW) 9} ThE FAE BoIFth 2017
H FAERGEYE SA mEW 3T, $HEH, dsdARd 2F
LAALGEo] tFEEe|nt o] Jheu BlFgo] 51699,549%kWE 71

T ZEabd 1139H66kW, 2 A 24946,900kW 4=0] QT B ok
WA FORHHe 7808 Z47F 299H987kW, 1,449kWE 7123191 ¢

oo

2,041kWolH, F= 430kW,
AEHA 450kWoltt, APAAIE ] REE&d &HE AvEd sFadddd
79olH, FHLHLE 59, ARAATHL THE 7IFeAT. ol T
A ENA B gR R, FEERA, ARAALH] HFo] EA
< HoF3 o

HE A Ed e kgdd-e 50~100kW o5k 1719H,569kW = 744
®tar 1,000~5,000kW o]sl  113%46,959kW, 5,000~1,000kW o]&} 105%F
9,308kWath. ¥t Fe2 2vkW Z3ol] 56%H1,750kW, 15H~29FkW o] 3}oj]
98Y7,450kW7F &9 Wy FTAHCE HgEHi AT dEHAATHELS 10
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AAAANIA RFFAC] 7128 AN FH BF G| FEATPE
Arleka EF W BFY, FY 5 AYAUA} AN LA BFE
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e
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(E 2-6> AAAANA A BF5A2017')

TR PV %9 FCuH2
20174 ol A 4kektoe) | 1516,348.811.00 | 462,161.67 313,302.90
20179 27 EHMWh) 7,056,219.27 | 2,169,014.33 146,929.00
20179 2 BFLFEKW) 5,834,543.48 | 1,143,359.42 250,510.80

H 39 At Ba8HKW)
20174 1,362,490.26 |  113,561.60 32,715.00
2016 909,217.75 |  186,810.00 46,787.25
20154 1,133,900.15 | 207,791.00 6,353.50
20179 =8 FA BT EBKW)
1A & 290,986.69 1,053.00 1,448.75
FEAA 199,184.41 4,123.52 447.00
WA 89,339.79 61.80 596.00
A}8] B2 A4 31,727.72 40.00 70.00
X PARS) 12,041.43 430.00 126.00
g A4 7,274.66 66.00 450.00
A AL & 5,169,548.84 | 1,130,166.00 2,469.00
71E 34,439.93 7,419.10 473.00
& 5,834,543.48 | 1,143,359.42 250,510.80
20179 &l 4 BF&FEkW)

KW o3} 10,062.37 31.50 1,025.75
1~3kW ©]3} 241,208.69 162.60 79.00
3-10kW o]} 37,174.39 166.92 721.00
10-50kW o3} 333,622.422 593.40 975.00
50~100kW o]} 1,711,569.20 800.00 60.00
100~500kW o] 974,040.17 1,295.00 2,210.00
500~1,000kW o] 3} 1,059,307.87 4,410.00 1,000.00
1,000~5,000kW o] &} 1,136,958.75 |  124,600.00 57,440.00
5,000~10,000kW o] &} 208,406.03 62,100.00 41,600.00
10,000~20,000kW o] 5} 122,193.58 | 387,450.00 86,600.00
20,000kW 3} 0.00 |  561,750.00 58,800.00
& 5,834,543.48 | 1,143,359.42 250,510.80
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A
]

A3E A AA 9 A A

o

A =7

Sh

A mpoldzd = T AYe] HALAS} RUEH, AEdolA
A A TS Hste] A2 7HA LAZEYOVE AREE I T

dinp=9] Aaolborgthstw 7} 7R3k EnergyPLAN-S A A oL x] F4lo] %
=7 AYY =2 oFa o 292 Velasolaris7h 7§ ¥EgE Polysun
< wolaz e FACE A=A 9o exdYE, EHEZ, A4
S5 BEAo] spsslth sfuth AR7E e RETScreen® oA A% 3
A7bsovA ok SR Bl z2AES BFAER ofyst duAEs
7HA 24 7hsstth o] JNEE AAdHIE 71 5YHE mlola =1y
E BY E7v 59% melazadEe AA4 BHe #sk] AEHA
ok A8 AE71 SIMENS7F 7HEE PSSP AlE]l 2= Q) o]E AZE 0
< A%, Fd%ES £4%o. vl= NRELe] 7§'#% HOMERE AlSAZ2

& g d=d A=A, Ay

2

1. PSS®" Al =

o

PSS® Alg]=x SIMENS7} 7dtel ®e A|2® A By oy mddy
Egojffoltt. ‘RU U AEL 3 AnE T ‘=S 2gstEs o
Edole WHEVE grold WHLYGS S5t MTHUT AL AT A E
goldat &4 Hloll AHgHETE PSSP dHelel TFd FFH 2ZE ]
7k vk PSSPEe 1A% $4AIE 2ZEg|o|a PSSPCAPEE A FE7}
BHxas Bl AEHolAdd £ =TT

AN 3L
AN 3L

_

rl

)

11) PSS®*E &7)3te E3 o)A = SIMENS Alo] ETh
https://new.siemens.com/global/en/products/energy/services/transmission-distribution-smart-grid
/consulting-and-planning/pss-software.html
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2. Polysunl1?

7bestth Blgy 7] FAFOAd BdE 2E, JAWE, A A9 &

3. EnergyPLANI3)

dinf=2] Aalborg thdtoll A 2000 Zof 7l#<t EnergyPLANS ¥,
24, ¥4, 48, 7% AEE 23S I duA AR"ES AEHE A

N nqn
&,
o
2

o]
ok
rlr
K
u
I
)
o
.fl
Al
N
S
=2
Avs
N
>,
}
)
[o
i
rlr
PO
o
N
S
)
rlu
Jm

Jojt}, T YA E HFFHE o] 2ZEY o= ‘YR dUA A 2EH &
A AFE 2 S wWsta o gE Az Eo|e 2 100% A Aol
HAH o2 AJ2ES AR, o5 /N3t Aalborgt] 7HEA &St =

233 BE P4 UL 2 ARUY I8 BEE su

f

A ANAA 771 A st vt Bl wgdt z2adolgta B

AT

12) EnergyPLANS 473l= E# 0] A= POLYSUNC.Z ZUoje}l Jojz An] 23t}
URL: https://www.velasolaris.com/

13) EnergyPLANS 273} &3 o] A= EnergyPLANo]|T},
URL: https://www.energyplan.eu/
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A7HY AFATAL AANLBIE A% 5P npo|aR TS M
T2 ‘S NASHT o) et al.(2010)2 o] ZEZIHo| ALgAFe] A
A NEAR, BHAY AAx2F] St WA s nAALH
SAVts AEF AN B AANEI) J5oE TRAGT HHTh =4
Aolu} AeAo] A gt FHY vlo|AR el = Aotk T o

A vhelazag el WA Ree] dAo] Fhsstal AR} d2E4
A5

AN

o] AZESJolE OAHEA AA Z|EAR A, QuiolazazlE A
M, Q@EAFHY A& (Feasibility) A2 2 =3 /e, @QEAAY
A 2 U ELA 2A s, QuielazagE ZleAL JiE, ©rtela
2= ZleA A, @Ontelaz8E AAAEH 7L AL 7)so] EAH
o] Aot

5. HOMER14)

=2 7R Aol ] X A - A~(National Renewable Energy Laboratory)el A
|t HOMERE A3 ALga QlEjHo] 27 EAolty, WY nlo]m 27
e AFHEE vwolAz2agsE A E4Y 4 Stk Hybrid
Optimization of Multiple Electric Renewables®] &= ® %<l HOMER
+ 718®A o= AlE# o] A (Simulation), # A3} &4(Optimization anlaysis)® 7!
73 A (Sensivity analysis)= Tt HAH 3 EA M AL o
241 2= =dAH-ENPC), #53LHAG7HLCOE), Z7]H]&, &FH|
&, Az" H&, ROL RR#Z 7 AR ALH oy R o] dr&FS A

14) HOMERE 4703l &3 ©] A& HOMEREnergyo|ct.
URL: https://www.homerenergy.com/
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Atk obgE AUAAT ouAdule] 1d ASEFES Az

R 42 duAdel wet 7H §Fe Bol

FA 8= 3o}
S ¢ AUk

il

HOMER+= &3 HUHolEE @A 3125 HAoA = AASH= A

9] &=3AAYHLNPC), F53hTA I /HLCOE) Qo= EX4AERODS} UlH
9 E(RR), €47} wl==(Emission)e] Al4ko]l 7lsste] 7|1gd74 9 A
o So] Ao 92449 rlo|la=2ag=E 4

o]&1 o]&7} o] 9437} HOMERE EA =12

E2 ZEY
A R

AT

4E Y A2 EY oS A

GE 2-T> b5 299 AA 8 4 LxESojs 54
% A&7 2 Faug
PSS® Algl= 2l 2 o AT FuMHT A 4
2:9] 29
Polysun wl7hel o AR, oA F M=
Al 1 a- W= s5L= l:rL)\—]
velasolaris HFsA £4
ERERS o AAAUA FAle] w7t
EnergyPLAN Aalborg Univ. T4
o ] o 59§ rlo]ag g =] 2ol
4947 =9 | @54 97 w4 =7
o ZYd¥y AFAZEY
ol AR = B, AAY A
HOMER 7= NREL AU, dejix] = thokst
quAY 4 7
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A4 DA EA

1. npolaz 1 se] sseo] s]&d] at AT

gt 7Hd 8 slolBels B F3-3H-ESS EAANE 4
ol 2Bl gl ¢} FEAA T wiEY FREE HF =TS AAEAT

EINozahy, Abdei-Galil and Salama(2015)+ Ej g d =t Z2121slo] B
Y =XHPHEVS)ZF Bg 5w v el dx/F o] TAstAY d¥gFa7t
ZF8he 5 TAVE et A H AT SE7MER AlEE S AE
st ESSE &-&3 Y3 A5 AE#HolA stAt. A3dAx A Y
A A ZHZA(BESS)E 221 Agwdel] HAA|stA AFE 4slety Ax{FE
At 4 Aok HH o

Gaztanaga, Landaluze, Etxeberria, Padros, Berazaluce and Cuesta (2013)
+ ESS¢} F¢sld WL HAEEE X3ste BF 3T dLT B FF A
2Ho] AFoE FHHE AL FHANIE EFAYS BT

Lamberti, Calderaro, Galdi and Graditi(2016)-& ZH7IE2 3 A4S o] &35}

iz
)
ol
i)
™!

fd

ol A Bl kg ESSOl T¢ol oldddes FTHEAT. AU AA G
AEEo]  A7bAH|(self-consumption)®¥wt  ofygl  HAd A
infringement) & <Qlate] A 753t EjFd o] AdS =Y

ol A= oA MR & 2He gE A7F ok Bendir,
Ozpineci and Chrisian (2010)-2> ESSe} e efgad-zdn)ry A= 18 A

ZAAdHE ‘PHEVs7E o] &H& AZAUASH-2E AAZE HolHE o] &

<
~
<
o
=
o
0Q
D

U
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stel WSt HARE AR ofelol A ESSE wiUel LA ARg
§2 gastod Sgol gnm Brlsg A AYe Hut B

2oy @A Sk BFREde] HEs o &Y
Ul

P

Erdinc, Paterakis, Mendes, Bakirtzis and Catalao(2015)+ VZ2H(Vehicle to
Home), V2G(Vehicle to Grid) 71%< 7} A7k} ESS, AN A, 4
W3-(DR) A=, ke Arlaw3 dvEds Aaxzt s &&= W
F= AAAT. AYrrFoe] AATte R R FoAzrt b s Al g

Hange ofls AF FoAUAIIAC]l oA <&F 2-8>0llA ojgt &

< W&e Asan.

2

(E 2-8 mlolmzzaglre st 7S s dF
25 7 AT & A of
TeSta o %%?‘%} ﬂ{ook%_%a %%j_;g— _] Oﬂ }\]Q/ﬂ
et al. (2010) ESSE x| &tojof A A A, e
ElNozahy | o B33 &itol ©E =7 & 2. of = =
et al. o PHEVsl ol@ Ao 27ke | 000
g | (2015 ESS7} ¢hst ST
S A b
5 | CWAR | Esse gapaaans) Agon | T
o 0015 YT e A w2 | oy
S :
LMt o e Auwels dleegst ESS | el
7l (2016) sl 19, ESS w5
&
Bendir o 5kWhe] wielg]7} &A1= PHEVsE PHEV ¢
et al A2 YR FH-220] HIAFAHFQ e 2]
il (2010) =9
7]
2} Erdinc o V2H, V2G 71%s& 711 ZA7|Ake}h
et al. ESS, RE, DR, tteksl #A7|e 33 | J3axg
(2105b) v ey &83 I I3AT
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0. mlolAm Y ATEY S 74 GE AT

nfo]|Z 2] Soll A AU A B A AFIEMS) E&o 2HE AT
At} Elsied, Oukaour, Gualous and Hassan(2015)2 vlolZz21g]l=9} A%
(main gridzt FH& olne AUAAYAILREMS)S ATt 83l
ot wtolZ2a8Evt AlGel 42 o AFEHE YHEI ESSQI AIMMS
7} 71 GARTH =] vl &, FHEH WiES HAssta 718 Aoy
A9 AEs Husiitta A4S ATHS

Marcos, Storkél, Marroyo, Garcial and Lorenzo(2014)= o) F = ef &3
Haol ESSE AAsted Fukgo @r]# <l =8 A A (fluctuation)s 3 23t
71 9% e AA AT e gzt S EE007 B viE g e Fut
T e Hefol He Ae wAS] A Ade Ao FzdolE A
EZ(Ramp-rate controD& st F3 HAo Y Bl AZE 7]%o] 9]
+ ESS& &8& A AAMAT

De la Parra, Marcos, and Garcia, and Marroyo(2015)= | ZHo]|EHEE
(ramp rate controD= 9J8te] QAWHEI} ElFF dHdS F83lo] S HE
E(S0C controDst= W22 A bR

mlo]| AR TolA JAFAFAD &8-S At AF7F ATt Datta,
Senjyu, Yona, Funabashi, and Kim(2011)-& ejekd WAA ~6e] Fa4 =
HRES ESSE &85ty sidsts e AAEAH. o A7 HER
295 Husst= A glo] ©edt AFA 5 (Fuzzy) 71Hke] =+

5 &3 AT HEFF F87] Ax A3 ESS 716 A5A QA n)

-

>{EI
HN'

N

Wt e AFAS AEES(Fuzzy Control) Hao] &3 ge] YF
= At

15) 1714 AIMMS: Advanced Integrated Multidimensional Modeling Software®] <Fzm GA
+ generic algorithmse] <Fx}t}
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Datta and Senjyu(2013)+= #ale] 2011 Aol A Aae M7 =4(H
T 93, 439 w3l ASEEN Fos W) w 4PS JPsiH H
%3 <I¥E, ESS, H7A=

mtol A2 I Eo A daEE AAC #3 ATUF Aok HDE201002 vt
olmaraglE FAo Hed F8 AH FHY E4duAd HAZH,
GAMSE o|&& AA4d B7t WS T welazage dAAYAE 7S A
Llasig s e

B FQ01DS mlo]la® AL Aol daglE, volA2 8 =9 &3
H3E 93 A 2"S AR o] AxHe diugEs EHE A&
old By AlEHCIHE MET H AF @AE F=F3AHH

ol A2 EoA HAH dgFF AW 2HS E A7 Uk
Pérez, Beltran, Aparicio and Rodriguez(2013)&= MPC(Model Predictive
Control) HHE Ar&stAth ol HYFLHES ESSE &8t ANz

om BAFey HAe AAH e TaE WFE A75AT MPC 14

o

AR E mlZo gAS = AT

Paterakis, Erdinc, Bakirtzis and Cataldo(2015)= AlZHE 7143 9349
A ofe sk Aol ~ptE dh9-29) ThY] HHAME 2AlES NSt
+ DR 7|9t 7HA &l A @A ~RIHEMS)& Hustdoh WEE oo
I d'7], de ARRSEAl v AlETIeE AZIAIRT], AR, | A AR
Z2(ESS), HFE FE7e AXE Eibdzo] giido|th <& 2-9>9)] o9} &
< Y& Aestanh
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E 2-9 molazagse] £XES 7|&e OE AT
=T A 2 A& E S
= = HqHYo
of | etal | ° “mii]:i]j; f]l; ) g)ﬁa i
= (2015) - As A
| M
o ?rc;)s o Ramp-rate control S AL3E | BEZFolE
o (ezo1a4') HlFgax-ESSe] 2RAY AE | HEE
Al
2~
a de é? glarra o <IWE & fluctuation JAZFA | FAZFolE
i (2015') ZAEE(SOC control) A& HEE
D = 3~ = -
& o] etatatla ° HER =8 Fus Aol Fuzzy
=2 ' Fuzzy 71¥+e] 3o HEZE
Y
o A]
j = eDtatatf o 20119 A& A7|x7F ZEHZ Fuzs
(2013') MWH B3 SR 2 S Y
7
%1 34 o mojmRTIYE AXYol” 7|
< o) M F =Yg g
a
= e o unolmZZ ALY Ao T F,
= > T 29y 5= o
= (201D Z{"lﬂila— P83 REE S
P A =H dagE
Pérez aEo X -
o) et al. ° xz&qjﬂ; ne 7}}0% io 2-ESS VPC
= @13 =4 drgte s el
A Paterakis
s et al o 3FF o HdEAH HAH AR DR~] 4k
©2015) 27A1& A7 DR7IHE HEMS HEMS
3. mlela R =0 HEE Aol B #3 AT
|79 A ST 2013)= IHHEQ] 2y 2dEe dYAHE WE7)
¢} By FHEE JHAS HZHo AlAAAUA BAS AASETH



HOMER Z 2138 o]&3sle] ArjaFo] kWhe 1.298Y A =A7F~
S5% dAgle] AT Bt doe] AAAL dee dasA
Lan, Wen, Hong, Yu and Zhang(2015)& Tz} H]-&, A5 H|-&3 o]4s}
g4 WSS HLsbske ARbE 593 A 2"He AjbsiAT. Avke
o] F3at7] Wl A, AGAZE, A, =t =T uiw gel SA
B

FUAT £GRA o] T

o2

a7F a37F A4

FRFQ0INE stwel F3} HolEHE &8st B YF-ESS-SEFEZ I
AR E AAH SR &&3tr] {7 Weks BASAT. 53], HEF Jo
HAES 83 BSS & - WA, A7) 752 SEPE EHP (Blectric Heat
Pump) 9 - A 2 A &3 daglES Adsdnh <&E 2-10>9
2 U&s Ayt

o]

o

(E 2-100> vlo|ma 208 = HE Alo]Eo]| #3F A+

il A AT & e
= = o ¥~ A dYFANE YT
oy F 5. o K = - B
(2013) 719 BYY AL Pt | emadE
A o] AANIA B4
Lan o HFF-UA-ESS Mg SYF o
Abol E et al.(2015) WA A ul

o Rat) RAANAE gHow

oA =
e T(Soﬂj&o' AR wlelazagE 93| g
Az &
Pz o dtw R HolHE &&, HY
eo1n F-ESS-s|Egx LA Aue) 4| sta
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4. mlelmaz g = A= Rl BF AT

S|
ax

mlolma =88 AHAN &= Wk A7 AT
Beltran, Bilbao Belenguer, Etxeberria-Otadui and Rodriguez(2013)+= Ej %33
-ESS THduol| A ESSE HAstele ks A3ttt ESSell o] =
FFLAANTIE G 210 BARle] FE F A HAG Frlsia
ESSe] -G &= A At
Beltran, Pérez, Aparicio and Rodriguez(2013)= <A 7]A & (intraday
electricity markets)o] ot BjFFolA FHI A7E AAsH] st
B FFdddnlo Ax|stes ESSE HAao®E &9 4 vt Z43530
ol-gd {3te ZV|E =HsteE FEF LA o= FAEE §le Aol
gtal AEA Ao
Hanna, Ghonima, Kleissl, Tynan and Victor(2017)&= A3 o] wa} Al =
o] DepA 7] o SutE AA Y TS AEREAT. 7= THE el B
= A xYotF oA molmazg =g ASI A3 dAVtx Ve
o] BE AEES SIS BAsAT A Y olo A Aol g A 9
-3 BATE A AAAE FASAARE ol|H A A =7}
g A FFoMe 247t FAE sAsH] ofEs Aol

ftllo
H
rot

i

o] A2 I8 EE &83te] DRAZNA S Tt ks E43%
AT7F Qo Erdinc, Paterakis, Pappi, Bakirtzis, and Cataldo(2015)& 2=v}
E &-¢20] Frise BAA ESSO| H7)7F £8 whgo] of9A A%
< HA=A duk H3 Hlwste] ATtk ol AAHE AR 5
ESSe] =717} o= B AR AAstAT. <FE 2-11>A o9} &
W-&< Adsith
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(F 2-11D> mpolmz2ade A= A #3 A+

ne A 2} ATHE 719 =
Beltran o E|FF-ESS @ Adnjo A ESSE PV-ESS
= et al. Hastetes AR M= AAL A MGe] =8}
g | (013) 5 gelsh 29| =3t
4 Beltran o LYol TR BHUF |y
q et al. Aol HASHE ESS Ak | T
= (2013b) 5
M 1DR|  Erdinc o 2T spsel Fhse i o
A et al. A ESSel A77b Faws | T
| (20150) o 9% e
Ryan Hanna | o A A7} FofAIvE g 7} on=
BM et al. 2= e vk A 7 T
(2017) Fol 9158e AF o

5. mlola= e =] AAA Bkl B AT

HZAsE wlolmzag=o] #I AF7F Yok Clavier, Joos, and
Wong(2013)2 tjAdkdo] FUd EibUR| Ul Aex] v elUdF
-ESS IR ANE AAste LAste AAF o5& HE§He 4
(Cost-Benefit analysis)& G3te] AASIAT B3 ZEF ESSe| Hag&
ot gAadde] 7tes Y9 F A}

Kaldellis(2008)= A58l Aol AX& 5HE e FF-ESS mlolazagl=
o] AFZ gFAS AFsAT. Addn ERY G go] 42% F9]
=°] kWh% 0.18 =<9 v]&o] FAyTT FA351% T

Kaldellis, Zafirakis, Kaldelli, and Kavadias(2009)+= & %3-ESS A] 2~gl o]
A9 "-(ocal network)e] A A S Folal HollA AEddngs FFH &
4 B glol 1FAY HHE AFTES WA JHE AHZQA HY

-ESS AH|9] zate 1,300~1,600kW ] Ej k3344 A A5} PHS(pumped hydro

OE
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storage)e} NaS(sodium-sulphur batteries) ESS7} A8 A 2~Hl o]t}
AR FH A-E71(2019+= HOMERE o] &3sl] = 3578 AMtholA &
T AT HFFEATN AAT 7HEE ESSY M4 23 a5 AA,

1 %E
X2
o
o
ofo
ot
©
X
N
©
N

o
ofo

< 2-1204 ol9k 22 &S5 A3t

<F 2-12> vlo|a2adl=e] ZAAAE Bk #gF AT

ne A 2} ATHE 719 =
Clavier o UAYA 249 ZHoA HUFF A ]
et al.(2013) -ESS @A dn] AFA|o]5 A st oS
Kaldelis o A8 Hdeo] =8d PVEA-ESS (=5 A
| et al(2008) ntol AR T =] A A
A | = :
A 2 Kaldelis o 7k =#IAQl ) YF-ESSY PV+
3} et al. %3te PV 1300~1600kVel™ PHS+NaS
(2009) PHS9} NaS7F H& &£F4
%3 A= o %IH TETeo &87153 P
7} et al. i -71 - & ESSe] 714 57%% Z2=3d
(2019) 73%%] A B
il A=3% o 5HE T HIFF BEFTHA 59y
= et al. "o tsiA AAA B4 F | FHESF
= (2015) a4 Bk
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6. nlol 2z I =o Fdats A9 A Aol BH AT

Ma, Liu, Zhang, Tushar and Yuen(2018)= Aldo]2& &8&3le] nfo]lg2
JEddA WA Let G Z2pu el AYRE B4
ot U ZHAYNIE At GAEd 53 2gHEFHI AY
(Stackelberg game)10o] 7wigt HAsrA-s HASHT. o B nf
olZAZIYE LIAMGO)= gHolH B3 e Trgr = FFACIT
U2t 7+ AlYolA 2elEFW 1 & (Stackelberg equilibrium)o] EA)3to] &
A= AT

Santos, Ma, Olsen and Jorgensen(2018)2 @] mlo]|m 218 ATV}
7le 8]l Aoy HAst Aol HFHATL HBstL 7=, A, 7
A BAE wlolaz e AAo vkgstodof dota BT 2 Ao A
ohefet 2219 HAs z A gE
BA BY FAe 7€ Aok 28 A

Hol IHEHYH. <FE 2-13> A o]} Z

m
ol

AY ol A2 TS HAS
NEn 16T 4e A
FAbe] BFH &3} B5H <

&= Aystan

Ay .ﬂ i

(E 2-13) mlolmzagle o] 3xfe] ) A

) A% SRR N9 =

b1 Ma et al. °ee i s PV x 25 } Stackelberg
3 (2016) A Stackelberg game 7] game

3) b HAAs md A

B | Al .
B Santos o 7% A3, AA BAS nlolz ecsooncg?rlnc
2 | et al.(2108) 285 AA ) ¥y .
- analysis

16) o] Alde] Stackelberg EquilibriumSE)olA gt FFEAE0] BUls 714 22 7179
9E A4 e den, SBe dwel Asols g Fefololsl Gon AEe v
ojol& A+ Zdolofe fltk ol oueA SEE MGOSt ZEqH RFERE UL
= A= Z3Ha strategy set is a combination of the strategies from every player,
Le.,MGO and prosumers)ztx Aol d 4= At

_47_



7. nfolma 2P E AFE BA3 A

Hirsch, Parag, and Guerrero(2018)2 vjel|ma 2= Ui EdATE
AYstdtt o] AFo wEw nfo]ma2ad s HASE IESHa H

S
B FY 5 EAdo] sojue vk AT AR BdEe &

A9 A7t Mu o ASAEY P4 nle|aRIYE B ORE
B ATE FYolA Ao Al desn HolHE e AT
AASGTE SA0] Yt <E 2104 olgh e W& Fesgt.

it

(E 2-14> mlola B e AT BA

=57 A A} AU S 719 =
2 o MG ATE BAAfle] FEsE | BadUd
T . MBS Azwsh wAY Faol | Fol me
I " 23 A% 2]
o | F A Tygae awa wnd, | Af4n
= 4, AoAz B8 e
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Al

o|t}. HOMER

St

S

3

13

A
!

Al

[e)
A Ay = A=
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AN EYolAL 71 ZHe =AAHENPO)S 7H 9o =3y M &
AR ol 2 Yydith ol 7l&d =dANENPC)] Mg Ze A xH
TAGE HZ AR AARH|H Fu&A &, 2013) HOMER

9] AAAR A 71&H <AABLENPCO)Y HAZE HoFE= = 2 (D)
I} 2o
(K., ,+RP,.,+0O )
M NPC an 7+ 1 i+ 1 M+1 (1)
i=1 (1+’I")

ojuf, r : oJA&
K., t+idxe z7] A4
RP, ., : t+id52] wAM|

OM, ., : t+idxe] £ fA1]

HOMER®] A4 4 7hevl Axsh wxe] At =AAENPOL
2 Uit 234N T2AE /7 B S BE 08 £
S BUg A 59 vide dF BHS B/ ZoItHe| ST I

Zs|
BYS-358,2010). ojw Z=AE 7|t S BE 7H40] 22 HIE

Fo AA, 99 EE &9 AATIA A Fo] AATIAE W A1Do]
gt AostHt. HOMERE  &<lA|<~(discount factor)ol] <1&E# o]
(inflation)1®-& A 4FslA] &k stH o] A7} (the time value of money)7}

A" ERJAAGFE AHESTh. HOMERS] =& v§2 dydel FH(year

17) o] 3s3sl+= HOMER Manual®] &= “The net present cost(or life-cycle cost) of
component is the present value of all the cost of installing ans operating that
component over the project lifetime, minus the present value of all the revenues that
is earns over the project lifetime “o]t}.

18) HOMERE ¢lZdo]Hdo] W& &<l g(nominal discount rate) thal AA] &<l&(the real

discount rate)& &%k EA oA ATzt Aol AHSHATH

_50_



zoro dollar)o]”7] wj&o] ZZAE 7|7t FoF AgH| &3 SFHAFn|go]
o =dARENPOH Hund = A= Jide]l =dAZIXNPV)IVoIT
HOMERE “+@dA71A¢F @A &L FErt g2tR0” 11 Ao

2 @ #53THD7HLCOE)E Al4tste g<rolth. HOMER+= LCOEE
z2 % oA ‘COE’ 2 FATHAsIYe A4, 2006).

COE = C(mntotal (2)
Eprim + Edef + E{]ridsale

olw, E,,, : N="eol At FF 7Hed 27| H8)h
E..: AR Uz
g

E{]ridsale :

B dAFdA = AAAE E4& fste] HOMERZE AAIg & A 8] &(NPO),
Q@ S3PEAG7HLCOE), -2 n-&(Operation cost), @Z7]AE(nitial
cost), ®F A3 & ROD, OWHFFE(RR), DA &=, @F8 &7 A

2. HOMERS} 71537 ok E4]

HOMERE i &3-3}F (penalty for emission)& Al4batz] Yste] 2] (3)=
&

2 AgBT B ATNAE E BRI NEd Ao F

flo
1%
i

2=
T

19 =EAMINPVE FActe] @3 §23% @
NPV>00] & Sx1qko] Ae =3, NPV<Oo|d =
AHAA dFE

n C’

NPV = ;(H v

20) o]l &lg3t= HOMER Manual®] o3+ “The net present value and the net present
cost differ only in sign “o]t}.

2 e UL G BA A

0
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CCOZMCO2 +eooMeo tecoacMpuget epyiMpy+ CsonSOQ + CNO,MNO,
C’emissions = 1000

o, ¢ : olAtstekA wlEol TIe RS/
|=]

(©))

2 o
BRI
Cope P ARESA WEO OB B

eyt DAFBAAY WZo) T)F BT/

No, - AP ANOY) Mol e Fo=6/

o
~

Mg, = A%F olabstera vl & T kglyr)

My A3E LAakstea b &= kglyr)

Mype » Q3 vldgstaa w & FHkglyr)
Mpy » A3F QAZEA A v = FHkglyr)
Mg, AZF opFAb7b o) vl =2 kglyr)

Vo, - AZE A LAEEINOY S| B & kglyr)
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A2d WgAd A

L Ao Mea

vl wlelaz= g #AjF FAUE flaL, BRI A
SAZPER 71 AAY - vholaz g =] Al fEluEtels 57 B
7h ob gtk & AFeAM = AT A0l Aot AT
B71= AN AAT FAE el RISt o AgFols mAdE
Bk 350kWelk auFehg Bigdd 230kWel 50kWeol o
250kWel <IWE|7E F2hd 2ol 2 gl | U A A ZAA(ESS) 500kWh
T t7F Ak 350kW Bl F3 AL S BHAYAS S S SES L AT
of AdZd=ol A AZIE - #i UAn. 230kW Ej FAEAAIAL
500kWhe] ESSell dd=xo] dga g x|zt AHEEth 50kW B 33 A
A= TF Ui 2= e 5 2UFsE ARSEH. YA 500kWh
gEol 2B 2@ ESSe Aol A3 dAHo Arlago] & optel HY
<= AFsATE wol AHua Aztdiel] Bste] dHAAE Zol=d
ARG T

O.>'I

rlo

A

ZF

rlo

ojgigt AdH| 2016¥x THE AP molazad=E =T A
017358 7= b HolE ek dA BT dolE e oA
BAAESS) HolHE 2442 FH317] Aztstin. A9 tdAEd
230kW e} S50kW e @3k A4 3 500kWh ESSolth. A& o= 2017 g+

oH

2

FAHNA FUI AHF LulRsg oz AFEH 230kW, 50kW Bl %3
DA o] A A dHolHE B dAToA A2 dHolHE 44
st B4 o HolE: AFAAE HE vlolAR =S EA)

t
P Aol $E3 BT 4 AT HIAT} 9 5 Ha8e Aok
<19 3-DE AT ASAAY vho|az e =e] Aol
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Inverter 350kwW

- A
L

PV 350kw
L E %
e | = | [T
PV S0kW

Inverter 250kW

y &5
e

! i
PN | %4
PV 230kW P — —
Battery 500kwh !] e i
!
| F ™ Saa

Battery 500kWh J— i PCS 252k"'.'\-'- 3
e

<19 3-I> A2 ATAAR mhojazagle 7A4x

2. & Ao ATAEAE AP rlolazag=e] A%

ATl APS() WA Ml LFAE AHgstT ok 20179 %
1529+2,274kWhe] A&g ALgatgEd] o] 71&dl = 131%9,312kWhg A
52 Fotel AgL doz nE Fusych ATl T AT AYY
S FHdo=Z e 20179 F 194,6909H ol s Est= S 2boln), &
ARG Aol A X|gF 230kW<eF 50kW B 332 209H2,962kWhE A 4SS o
2 B 243090200 BT
sl A ERe]l AR Fe AU 20%7A B
At EBFAgel AT Hald A wFS FF 16%

o
Ll
i
2
o

=
of4
o)
Lo
1z

21) o] FHl= <F 6,012918,3209 9] 7128 Fo] 2x3tE o] A ot 2017d A9 A7)
Q9 JIEQFSe 20179 HUS4R 616kWx 8,230 X 1171 €+20161 8 HAHFQ
530kW x8,2309 x 1722 A4, Ao Hrjsae 290 ANH] 29%E
=29l 616kW7F 11/1€7F AL 192 Ads HU4a20 530kW7F A5 o] A
NEPIE

22) 1994,6909F4-1992,2517+<



2017 e 3T 69 9o 1ol =Eskinh 230kWek 50kW e
B F A o] e 69 39H2,453kW, 99 3912,034kWE 71 &5(23).

ﬂiﬂ

o F AFY F/hE 8 HpRdZel S FAE gty 53
7-8%el BgBEAFo] e A FEHUT. BEBRA] BERAAL

o5 o 7= &AA AHUAF GAH e
Q] X
=74 127° 26 ¢ 30.92° &9 37° 03 ¢ 07.81 «
paaqny | O HEFEAAN 350kW, 230kW, 50kW
= ESS LIB ESS 500kWh 2th(Z} 1€ 250kW 4 X])
}2123) o B Y=FAZF 0.543453hr/day
A AFEF 0.925304MJ/nf /day
3
5 %S =9 glole ot
mo kWh/day 23,977.64
A e kW 999.07
= o3 kW 4,442 .9
Y5l Qol 0.22
o 7+% #(Scaled Annual Average): 23,977.64 kWh/day
o AHAAY A& npolm g =r} 2016 T
Al aran FZE5o] 20179 FASFHA, BB LA, ESS wlolH
g 1 7153
[e)
o] A o AtPEA o &3t &
&
ZaleE! o AHPAAER] FAHo] ARS= FkY

23) 717873 Amol= &< AYol jlo I 4 A A== dA A



A3 HOMER 98 =
LA e deEse 24

2o Abg&d AgRskElectric Loads= Aol AFsATh 20173 1
WAZE 1AIE ©9)e) A dolHEA 42 dolEl 9} el FFeHTF oo]
AZHE Y Rsts e =Ean e &
. AFAo] 2017 AT Bl 230kWeF 50kW e
FedolE g nED 19 19-129 310744 1298
A7F HolHE RHEUTHY T Eo] 3ol ofo]AntE
(ISmart)29el| Al Aol M ist dolelE Tt AFdY sF3ad
tlolEl 9} FHabste]l Aol M Esl HolHE 2AgstAt

<3d 3-2>3 ¥ 3-3>+= AZHY A5

o
o,
Ll
an
@)
=
¢3!
o)
A
N
ko
sy
gﬂ
rlr

o

24) AZe] 2 HolHE zta Adou AR Lol wid 10€°]7] wiZo| HOMER®| ~Lth
2 A8 & gtk 9438 2ty ool wid 19FE I vpAEE 7R 9 b
o]Ejo]7] wj&o|th

25) &x9] iSmarte 7FYAFEC] E&FQ AHAEH TEYE B3t AUAEHFS W8
=5 A7 2402 AZE ok https://pees.kepco.co.kr/iSmart/
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OI® 3-= AsA] AYHsts dd
o} #= ste]  ‘Show All Months...” 232 A3 HOMERS] HES +=29
T34 FE HolHE dEd F Ue FHo] £t o] HE ofdie FAH
5 dRandom Variability)gt= 48 & o] Jot. d=€4& dxHDay-to-day)
HEAS JEsE F3 Al H(Timestep) HEA S dFstes oz 74
Hol Aok AFAe] dYHsl tlolgE MR o E I3t HEAH% A A 3t
HEA %) Axste]l 247 27.73 22.7¢ AE3s9 o

AR HFY] B Yol Adigts Fotal Auighte] Ha2S Al
Z_]_- EH = A ;S. (¢} é] = HH“ %1\ %1\ = 1 %1\ é] = A
W OALGREFOR e ghel Wiol
o AgAEEo R Ui gel Hiolth
O Name: | Electric Load #1
ELECTRICLOAD ==
January Profile Daily Profile Scasonal Profile
Hour Load (kW) | | 8000 15000
0 5195850
6000
1 5,258,590 10000
2 5340840 | 1= 4o B
3 5,430,080 5000
4 5456720 |2 2000
5 5.,546.300 . 0
& s & s &
[ 5,693.860 ~ . @ ° v & & & 5 & & & é_g’\ § I ;: £ & {_o‘ &
2 6,754680 Yearly Profile
g 7575130 15000 W
9 7486230 11,200 ki
10 6964170 s
1 6,500060 1 |y
£ ! 1Y i it | ¥ ] Wi 5,600 kw
12 5,304,120 ! | "l | N |
13 5676410 | gl 2800 kw
14 5415480 I ] |
15 5530160 ~ e
Show All Months... Metric Baseline Scaled -] Efficiency {Advanced) -
- Average (KWhiday) 70918 23,977, Efficiency multiplier:
Time Step Size: 60 minutes
o Average(kW) 29549 999.07 Capital cost (5}
Random Variability Peak (kW) 13,140. 44429 Lifeti
Day-to-day (%): | 27.7 Load factor 2 2 ifEGe G

Timestep (%): 227
| Load Type: (®1 AC (3 DC

Peak Month: January

Scaled Annual Average (kWh/day}): 23,977.64 @ ﬁ
<1 3-0> A 23 dlolel U F HOMERS| #4 23}
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43(Seasoned

E
=

7t 54 (Daily Profile), AlA

QJ
=

oy

_«li_/\

Profile), 1%t E4d(Yearly Profile)<

o] baselined} scaled® 4

|

ER A

T
rH

g
jd
pu

el

2 4 dolgel

++(Scaled Annual

2%
AYR

A

scaled¥

Alzt= o} Uit

TS 29H3,977.64kWh/dayelt}t. o] 7] A scaled

b dlelE 9

I

ABH)

)ol

(tlol ¥

i
ezl

i

3

Dz

Average, H]°]¥

3

bz

i

A7+

3l

scaled

= Hol(bias)E

J)

]

]

(o]

AT

w 2%F3,977.64kWh, 999.07kW ¢

4,442.9kW Aot

Far

jo] gofs

S|

b tlolefel] &

S|

A
o ATEE

3

2

=
T

—_
o

P02 0.22%

S|

H
T

Kol
| .

RO

o AT AFAHEG 9.07kW

ol
e

ol

8AIZ 7,575.13kWE AR&3FATE A

%

A

o=

ng

durd 14, 24, 39| AY

Ex] O A
'—_FA(‘)]‘——'_

o A4

jd
e
o

ol
py!

ol
e

R

£ AHgabsic.

4,882.57kW

< 3,578.83kW= 1€

o AY AE

Azt 54¢ vehy

K24 3-4 T

B O
ol
=9

B 1,333.74kW7F 23kt

)

EL =

duiEd Ay ARgFo] 1-3€o

= A
=

)

3L

o w ey

o7
o
oju
e

ro|c} (HOMER® ENERGY, 2019)

26) Y5} (Load Factor)&
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E 3-2> digAAel AR dole B, w3, T3
A% ) dole B#gh
kWh/day 23,977.64
B
kW 999.07
EE kW 4,442.9
e % 22.0

2. NEdolAd =

B

HOMER:E ZAA el =1L ECONOMICS &Zojx AMeid <= 9ot

ECONOMICS &&2 =& &<l&(Nominal discount rate,%), 7|tHE&7H 445
1=

=

(Expected inflation rate,%), Z=ZHE < (Project lifetime, year), A|2=Hl
I A AEH] &(=A]7}, System fixed capital cost, $), Al2=® 1% O&M H]-&
(System fixed O&M cost, $/yr), &3HCurrency)= 74 %o At

HE dRlE dAYTFAE 55%=E FUTh AHHR010)] ©W=H 5.5%=
A Tdol 2007d ol F Aui7EA A e A A ElEolth
SIS EL 2.0%2 AAFPUTE shELd o] AN A= FALY wEH
E7MIEES td TS HolARE 2002d 5¥ 42%E 7|E3F ol
20193 59 2.22%74A HAA L A= FAT 2017 FE THES AERE A
340 ATAAY P& relaEdg e ZRAE Frio] 25 A&
ZQY, < ¥ 3-5>3 o] 2027dFE 204297HA FAAE RS FA
2 20029 4.0%N A AlFFske] 20423l 0% 744 DoAR T FAAHY] HH
2.0%E 7IHE713dsEZ 248

A" DR G A7FE ou stk AZAe] 230kWeb 50kW e &F
F Avles F LSS5I E ARAskaL Atk olF BUPo= Sileb 4697 ot

o
o

71

—

x
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n wn

. AFGAIRE 201749
4.5 -

L
o= nopjaonotaon =

a3

[y

[w=]

ZIHE7HE S E(%)

<19 3-5> 2002 o]F IWEIMESEF 20423744 FA A

227} 2~(EMISSION) &-5-¢l Emission penalty2h= &&o] 1t} Emission
penalty= HiZEste 247ttt MiEdA7E We FEEolth olg ‘2
A7z wEd AA o MiEdoz sYsidn. Avg e WEd 74
o8 =9 2950009 dHstAL AFTTHAAGCMP), FEUF
714 8] 75 2018 HolHE AHgS WiEd HAe €9 2

o2 4 olfrE= MEA HAol LEAM] FHeH 2950008 FH L

il

rﬂ
~‘U'l
()
()
o
e

=
e AFE Aor AE7bEC] dSsy] wEolth <& 3-3>3 o] o
et 740l 2017de] BT 27E8794, 2018 EF 2RI2,127H S 7SSk
o 53] 20179 11€¥ 24elle W= 740l £3 278,000¢ S 71 =313
om 20193 39 26¥ol= BT 296,2009 s 7Stk wiEH 7F4 o]



A= 20154 2016 2017 2018 2019
TFARIE) | 8,640V 11,007 17,179 20,879 22,127 26,2007

A5 A 2(2019)
D 7/iE3E, 2) 3¢ 269 714, 3) 2015~201613 & A

3. Bl d ¥4 ¥ A=

B g dddnl= HOMERONA AlF3st= EHEF EE Hlo]E <l Generic
flat plate PV &2 X933t} A& (Capital), th<=AH](Replacement), -fr
A BF0&M) ¥ AF7e] A HolBE AFsAth

230kW 7l=o 2 AE 2 10912,761€ 2, 41 59H,380€ &, F-AIE S
H 2028)/ds dYgstath. gw(Lifetime) 25'd¢|®  Derating
Factor(%)+=  100%°]t}.  Electrical Buse  ZAHFDOE AT
MPPT(Maximum Power Point Tracker): 230kW7]& AH& 55.20€ 2], th=Ad
Hl 55.20€ 2, O&M 5.50€#E d¥stitt. ¥ 15Wdoltd. MPPT+
Search Spaceell 370kWE =3l MPPTe &E& HolES ARSI ¢
g FHAE|R|(nput Percentage)®} & -&A(Efficiency) &&o 27z
100%-100%, 80%-80%€ <Y=g3t¥tt. Advanced InputellA AW WHALE
(Ground Reflectance)> 20%E A&HsIATh ol& FX &= A7l s34
S A3 AE7Fe] 29& ol 43k dAltleolgoltt. <13 3-6>+

HOMER ¢] e 33(PV) 3} o]t
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Add/Remove Generic flat plate PV

Remove
" Mame: | Generic flat plate PV Abbreviation: | PV
=
e Copy To Library
Properties PV Capacity Optimizatio
Name: Generic flat plate PV Capacity Capital Replacement O&mM # HOMER Optimizer
(kW) (5) 8 ($/year) Search Space

Abbreviation: PV
230 102,761.00 51,380.00 20.00 Advanced

Panel Type: Flat plate
Rated Capacity (kW): 6970
Temperature Coefficient: -0.5

Lifetime

time (years): 25.00 f{__}

More...

Cperating Temperature (°C): 25

Efficiency (3:): 16.42

Manufacturer: Genenic

www.homerenergy.com

Motes: Site Specific Input Electrical Bus

This is a generic PV system. AC @ DC
Derating Factor (3): 100.00 @

MPPT | Advanced Input | Temperature

VI Explicitly model Maximum Power Point Tracker Search Space ¥ Use Efficiency Table?
Size (kW)

Lifetime (years): 13.00 @ 370 Efficiency (36):
Costs

Size (kW) CE_?"i-E" REFEICEI""'E"f 'C_&'r"‘-_ Input Percentage (36) Efficiency (36)
| (8) (s) (8/year) G =
1230 §55.20 §55.20 $5.50 X

Click here to add new item 20 £

Click here to add new item

<19 3-6> HOMER& ©Bjf3¢d Ay 34

4. AJA A A (ESS, Storage) #H JH A=

ESSE HOMER©IA Al &3 Generic 100kWh Li-ion HiE]E] HolE & A}
23tk Generic 100kWh Li-ion ®jElg]l= ®iglg] @9 3 4(Nominal
Voltage) 600V, £%F(Nominal Capacity) 100kWh, 167Ah, Roundtrip
efficiency 90%, # A% FMinimum Charge Current) 167A, Hoiwdz
F(Maximum Discharge Current) 500A]| T}

B FgEd Anlet miiA R AR, gieAE], AR S AA bo)
HatS dgste 571 7]1=6G00kWh) o2 Z+zt 179H6,3662 2], 8%18,183E 7,
84642 HE dg3tAtt. 2 Sdol™ throughput 54%H7,500kWhe] .



throughput2 500kWh x 447k x 365U 2 Al4Fstth. Site Specific Inputo.=
String Sizee= 12 600Velth. 7] SZ/FE(nitial State of Charge)= 100%,
H4 =24 (Minimum State of Charge)s 20%S (=3t <29 3-7>
< 2EgA HolE Y¥& #13F HOMER 3}¥ojtt

Add/Remove | Generic 100kWh Li-lon

STORAGE @II > MName: | Generic 100kWh Li-lon Abbreviation: | 100LI

Copy To Library
Properties Batteries Quantity Optimizatio

Idealized Battery Model Quantity Capital Replacement O&M &) HOMER Optimizer
Mominal Voltage (V): 600 $) $) ($/year) Search Space
MNominal Capacity (kWh): 100 5 176,366.00 85,183.00 846.40 Advanced
Mominal Capacity (Ah): 167 Lifet
Roundtrip efficiency (3): 90 RIS = More...
Maximum Charge Current (A): 167 time (years): 5.00 )
Maximum Discharge Current (&): 500 throughput (KWh): 547 500,00 | (L3
www.homerenergy.com
This is a generic lithium ion battery
package with 100 kWh of energy storage. Site Specific Input
String Size: 1 Voltage: 600.00
Generic #g;a HOMER
= : 1
[ELERIEn i = Energy Initial State of Charge (3¢): 100.00 @
Minimum State of Charge (3&): 20.00 @
] Minimum stora Maintenance Schedule...

<1% 3-7> HOMER& ~EgA ¥ 3¥

AWE = A28l B2 A28 ¥ ESystem Converter)o|th. thA|

Aol AA XA AHEE Fxste] 250kW 7Eo =2 AR 27H,623.52 ¢,

teAdr 28k 2, A RS 21160922 9 ¥€stath. HOMERS] AW E
=l AW E 2} A F7]Rectifien)o] ek &Eo] Ak AWE dHFpo=

T 109, 88 98%, ARV dEHOE HE&F 9%, 5E 97%E ¥E
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Remove

stem Converter ~ Name: System Converter
CONVERT[RO g Copy To Library
Abbreviation: Conver
Properties Costs Capacity Optimization
Capacity Capital | Replacement  O&M ® HOMER Optimizer™
Name: System Converter (kW) ($) (8} $/year) Search Space
Abbreviation: Converter 250 §2462350 $2000000 s2m60 XK Advanced
www.homerenergy.com Click here to add new item
Notes:
This is a generic system converter.
Multiplier; @
Generic @ Inverter Input Rectifier Input
homerenergy.com "'"H\’ Lifetime (yearsk 10,00 @ Relative Capacity (%):  97.00 @

Efficiency (%): 98.00 @ Efficiency (%): 97.00 @

7 Parallel with AC generator?

<19 3-8> HOMERE A|2Hl AWEH ¥ A

Al

AZGrd #4a 99 A

®

7}. Parameters # & ¥ A=

AFHL o3 AYF2E BT AANLT FAlC AT B0 22
I Aok AA Fad 85%° st AHE AlFolA TFdstd Aber] w

d

o AE QFAE S A3 ZHS dHEYT AZHo] AMREE FHHY
718 7o) AlFH™E 990kW, AFHF8(2) dA AE()HA HES A3t
HOMER 2] ADVANCED GRID 38}&-oj| A Scheduled Rates A|=E A3}

.

2

1m

&

HOMER<QI Scheduled Rates <£]el Simple Rates, Real Time Rates, Grid
Extension A& AAT + v d=9 AramgAEdE ofF =9 &

Aol A|=Eo]t}. Scheduled Rates A=+ thA] Parameter, Rate Definition,

=

Demand Rates, Reliability, Emission % 3sl¢|&&5S S Ao <1d 3-9

Parameter &&olX AEd AFgHe EAS Yeh= 42 43
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N 3
ADVANCED GRID ﬂ *

Name: | Grid Abbreviation: | Grid

[ Simple Rates Real Time Rates

* Scheduled Rates

Grid Extensien] Grid

Scheduled Rates @

Parameters | Rate Definition Demand Rates Reliability Emissions

Sale capacity (kW):

Purchase Capacity
Annual Purchase Capacity

Capacity Optimization

999999999999

* Monthly Purchase Capacity

Monthly

Distributed Generation Costs

Interconnection charge (8) | 14,133.00 @

54.401.00 @

Standby charge ($/yr):

445 500,00 @ Systems to consider

* Simulate systems with and without the grid

Inciude the grid in all simulations

¥| Net Metering

®) Net purchases calculated monthly.

Met purchases calculated annually.

Maximum net grid purchases:

[ Limit (kWhiyr)

Grid Extension Costs
Grid capital cost ($/km})

Distance (km):

Remove
Copy To Library

v

82,600.00 @

0.45

©

<19 3-9> HOMER-& Parameter dlo]g <& 3}d

HOMER7} £4& st 278 B4 o A% =88 Axd3
Aol TFHA g Axd mFe] AFHM ge T2Y & UES

System to consideroll 4] ‘Simulate systems with and without the grid’ &
A et th. Net Meteringoll’d  “Net purchases calculated monthly’ & 41
stk eyt w2 Uiue P (Net Energy Metering)d} fAREE 717
LEZAANAE" 7F EHH &9 Folr] WZolth 43 F(016)0 =
A = v vinE Y Alxet FARE 53 AAY AEE 2005 44
E]isted @AA7EA &Pk Ak Net Metering®] sh¢] A8 A= € o9
(monthly)¢} &1 ©+¢j(annually) AALC & v &= 2k3] H(2016)0] $-2)viete
A7 858 AAETE & &9 Aibolgkal &lsiith

Grid Extension Coste AZ#A<] AA dHolg =

)

)

Zra&ke] Grid capital cost

2 8%k2,600=2/km, A l(Distance) 0.45kmE <YHstAh FAHLAH] &
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(Distributed ~ Generation Costs)= AA  ©HolHE Frxste @4dH &
(Interconnection charge 119H4,153€#, of”] & =(Standby charge) 54,401g
HiyrE A"t t7l a5 AgAol e Ve go= IHFstal o
7le dFste dstE 2R ALtete Yttt el & (Purchased
Capacity)-> Monthly Purchase CapacityS A eiste] Agae] dd Fuj &
< dYstth ddsle #e <FE 3-4HO9 ok

(&% 3-4> HOMER& €9 v &3 UG

(2 :kW)

o 1€ 2¢ 34 44 54 6<

22 162,382 166,612 | 154,867 119,444 131,330 118,398

o 74 8¢ 94 10€ 11¢ 12¢

£5F 138,932 146,640 | 117,391 72,231 92,376 101,667
L}, Rate Definition 32 198 =8

Rate Definition& A o)o W& Q&(rate)E YHS= H3} o2 Igo=w
HolFE= Grid Rate Schedule 3t o2 FAFHo 9t 888 ddst= #

< 7HAGSKWh)H = 3k=gk20(sellback, $kWho.2 45 o] ot

AZAE 20189 129 4407196009 7B QTS A Badrt o] AL
8,320 o= Uy o]d sFste vmst 046 EHE LT oA
(sellback)dl 20183 A5 3A 714 (SMP+3FASAHREC) 7140l )3l

27) S-eluehs AABAAAR 1A A2018-565 oiek AAPAA L] A A7)
| TR o TAG] w AAE A D INGRR ATt QT
vhaSha A AR A E0] AT AE S FUBCL@F A
FAE019), TAA4 2 LNGER AYTAAFATANAN ) 4T BFALTA
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vty @8 AR g AAdA Bl FF-ESS 2H e A

o
[

g 9o BAT A% AFA 158 FHUASAREO FAFAL 3% F
oA 10425 4N74A A WA T EA 58 H9E + ok

i

N
—_

A2 HAes Ao goFgard ] 100kWrh Aatsts ubA k] o shed
=2 1.2, 100~3,000kWe] AAst= Ao oistey 7k 1.0, 3,000kW
ol Ejok@Adu st AAEE WA ke thate] sbEA 078 Fabelor

‘{r_
ZA 1.55 Aol dHgleo] dZHor Hele QFAERE AYste F
g3ldth <29 3-10= AFAd AZ2" A %59 Rate Definition 48 |3
HOMER #}@olty. €Mz 12585 Ratel-Rate 128 wjes o).

Remove

ADVANCED GRID ‘:E:’ MName: | Grid Abbreviation: | Grid -
= Copy To Library

[ ! Simple Rates Real Time Rates ®) Scheduled Rates ) Grid Extenslon] [ Grid v |

Scheduled Rates @

Parameters | Rate Definition | Demand Rates Reliability Emissions

Step 1: Define and select a rate: +]
Grid Rate Schedule
Price  Sellback ~ |00:00 |
$/kWh  $/kWh I
Rate 1 04500 0.2400 Edit b4
Rate 2 | 04600 02400 |Edit| 3¢
Rate 3 04600 02300 |Edit, 3¢
Rate 4 04800 0.2400 Edit b4

Step 2: Select pericd:
& All Week
Weekdays
_) Weekends

Step 3: Click on the chart to indicate when the selected
operating mode applies.

IRIREINARIRIRNRNAREY

21:00 1

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

<71¥ 3-10> HOMER-& Rate Definition 43 3}%
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1A @)

HOMER®] ¢]#&l= SMPS} REC 71A< 2018 dHlolEHlE AL&31%Th
<23 3-11>2 2012€ 29-~20199 5¥¢ 7+ §A SMP9} REC 7} gk 1
g oty SMP& REC 7142 A A LoA T3kt REC 7142 2017
4 F3te WHH SMP= JSAlE EFaL Stk REC 39 Zo] #AAl SMP
7}A 9 “d%o] REC at&tE-g JafistAl Xatal dwra o= SMP+REC 714
o] stgtstar Atk Atirt 2018 3¥€S 7Moo =2 SMPeF REC 7129 s
2 AU 2018F 9€ oA GHEHJA] wWZel HA FAE g
Za7t AT

H

).

\ 36201

36§50
36085
350.00 o
33531
300.00
~35758 18
N Egﬁﬁﬂ 2366
AT
25815,

56 \ p 25522 ) 25883 . e 25459

[\ fo4s 63 2403~ 15
/ DAy 1s s T 1 [ / \
22

Vo 2130

J m30anee \ 2289

2140
V21028 2195 203
206.40 20782 /
320000 2751 0 756 © 20047 241 W 9;;??52%‘@@3&%! 50
5165 ol 77 19
%EH 8 _ 393133 Ly ,mxlg EUT e

VEGES
1681

15000 189

10000 |

5000

MHWMEFMMEMWMMMTN%‘WIIMM(!WWIINEWMM»MMMMMIM!&MMW!WWMVWMMMM!WIIAMWIITWHWVMW MMM.MNMJMWMMMM MWINFWHMWN A 0 g0 7 0 7 mwummwwmm

NN h N G AN AN TN r DO QN AN INON NG NNT A ORBO G AN NN I NGOG AN I NN T RSO AND TN OND 0 G- N M
20128 20138 20144 2054 20168 0178 20188 20198

S KISMP(E/kWh) = K|REC( E /kWWh} S| SMP+RECE (2 /)

<a¥ 3-11> 20124 2€¥€-~2019'd 5€ xt §% SMP<} REC 714

t}. Demand Rates 948 A&

Demand Rates= $-2lueh d71@20 dda aols 44e]go 245
ANE 23Ae] 28-S WASAT ATHS A2 TYA Hd



(I A7185AE A8kl o] sidsles dYFeaS A=
HOMERol| ¢=atdch 4 8(&) 1PA M)l sdstes AEgxF 87
& F3AI et Al wel F 97bA eItk AR3E AT o] 54(6~8
4) A¥F 9Fe 55.29/kWholH, E71&H(3~5Y, 9

ALAAl~ol 58 29 63.19/kWholth, FzHR3ste] A$ 52 109.09
[kWh, E-71&2 7869, ALd 109.2/kWholth Hhiste A4$ o232
191.1/kWhl, B-7F&32 109.39/kWh, A&32 166.78/kWholt}. o] & &3}
2 Zbete] e Ade <Oy 3-12>¢F Zrh

= Remove
ADVANCED GRID <7_9| = MName: | Grid Abbreviation: | Grid
| Copy To Library
[ Simple Rates Real Time Rates (@) Scheduled Rates (Z) Grid Extension] [Grid
Scheduled Rates @
Parameters Rate Definition | Demand Rates | Reliability Emissions
Step 1: Define and select 2 rate: > O
Demand Rate Schedule
Demand s
S/KW/mo
Demand 1 0.06 Edit| 3¢
Demand 2 0.05 Edit b4
Demand 3 LB Edit b4
pemaend4 [l o007 Edit| 3¢
c |
Demand & 0.15 Edit b4 10-00

Step 2: Select period:
s All Week
Weekdays
Weekends

Step 3: Click on the chart to indicate when the selected
operating mode applics.

23:00

Jan  Feb  Mar  Apr  May Jun  Jul  Aug Sep Oct  MNov  Dec

<194 3-12> HOMER-& Demand Rate Schedule ¥4& 3=

2}. Reliability #& 4= 25

Grid Reliability= #Al&2 A= &3k Aoz A %

- =

o
4

AA 3
(Mean outages frequency, 3l/yr), %t H+ g AlXHMean repair time,
hiyn), 8 A7+ W5 A[Repair time variability, %S Y&t A= ZA
HelH = T3HelHE dYsiied REA SRE 95t 2016 A=
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Bdks dgsidth d¥d A W el AR 0.14A17HB.84E/3),
He AR Sl 0.158)(0.1443)/ %), s8] A |54 0%l

(19 3-13De= A AT AAdelHE 4=3 HOMER®S| Grid
Reliabilityol] ¥#3+ 3} o]t}

Remove

ADVANCED GRID “E: MName: | Grid Abbreviation: | Grid

Copy To Library

[ Simple Rates Real Time Rates ® Scheduled Rates (.} Grid Extensicm] Grid

w

Scheduled Rates @
Parameters Rate Definition Demand Rates | Reliability | Emissions

Grid Reliability (i ] Choose Data Source: ® Enter outage parameters () Import from a time series data file or the library
Random outages Scheduled Outages
00:00
- M ta
Mean cutage 014 @ ormaifol.'l 9= )
frequency (1/yr) MNormal Operation
06:00 % Outage
Mean repair time 015 @ ‘Weekday/weekend
h
) ® All Week
Repair time 0.00 @ Weekdays
variability () . ! Weekends

1| Turn off Electric Load #2 when grid is off

23:00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Gnd outages

jus)

EF S Astr] st 2472 wWjEAITE Y¥dth. HOMERC & ©]4k
3 eFA(CO2), LAFSEFA(CO), v AEHE=4(Unburned Hydrocarbon), A+
& A (Particulate Matter), ©}F&4F712:(S02), AAaA4HSHENONS] & Aol
o W9 2% ghkWholth F7he47tAFRARAHGRE (20189 %
JA 77t Wl E - FF A & FH o)A AASIL ATt <E 3-5>

= HEA eIt &g CO: Al+E dEstit.

ot
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R 3-50 Yo m7kAd7k2 vl &4 4720183 <1)

i &= =47 2 ) =A< 9]
COz 0.4401 | tCOz/MWh

= CHi 0.0034 | kg CH/MWh

e N:O 0.0082 | kg N2O/MWh
COz 0.4567 | tCO2/MWh

A CH4 0.0036 | kg CH4/MWh

N:O 0.0085 | kg N2O/MWh

=4 7724 HAE(2018)

A F7kE olfre HFRTAF mluwshr] Al dRdAs
HOMER®| 4] A|-g& Generic 250kW Fuel Cell t|°]E]E A&ttt &2
250kWoli HAZFA~INGE dE5E= ARSI 2717H4 2 757 Zejo]H
oA nlE 62515,0009 2, &9 @e]vlE 50009 /op.hourel ). L 5g

Azrolth. AEAA A AMEEE LNG 7H4 S nid 0.51€ 8 o]tk LNG
AL FREATE BAT 0189 HHE AATA 23 AWTF Wl )
ot S e B4 FATh LNG /M4 <& 3-6>014 Fels

At <19 3-14>2 A5dA Heoly d¥H<S $3 HOMER 3tHo|t),
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Add/Remove Generic 250kW Fuel Cell

sl
GENERATOR ‘%h Name: | Generic 250kW Fuel Cell Abbreviation: | FC

Properties Cptimization

Name: Generic 250kW Fuel Cell

& Simulate systems with and without this generator

Remove
Copy To Library

Electrical Bus

AC ) DC
Include in all systems
Capacity: 250 kW
o L Genelic HOMER Generator Cost
Fuel curve intercepti 0 m? fhr homerenergy.com S Energy Initial Capital (S): 750,000.00
Fuel curve slope: 0.210 m? /hr/kW
Replacement (S): 625,000.00
Emissions
CO (g/m? fuel): 0.2 OB&M ($/op. hour): 5.000
Unburned HC {g/m? fuel): 0
Particulates (g/m? fuel): 0
Site Specific | Fuel | Maintenance | Schedule
Minimum Load Ratio (35): 0.00 @
Heat Recovery Ratio (%) 60.00 @
Lifetime (Hours): 50,000.00 @
Minimum Runtime (Minutes): | 0.00 @
<19 3-14> HOMERE A5 A dlolH ¥ s}4A
G 3-6> EAE AA7t: o
2017 20184
T2
Aubd ALY | HEEHAAY | QubRAAg] | A A
451 467.04 453.02 546.78 1,532.60
2
= &g Al 60.06 60.06 58.22 58.22
/Nni
A 527.10 513.08 605.00 590.82
451 10,725.99 10,404.00 12,691.60 12,362.44
2l
/éJ el 1,379.29 1,379.29 1,351.27 1,351.27
A 12,105.28 11,783.29 14,042.87 13,713.71
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AL Emission penaltye} REC, Bl =& 714 W&

201813 2] SMP¢} REC 714 dHlolE & o] &3l AlEd ol 4S5 2183}
Rtk H REC 7H4o] 83k FAIIE] B A57F 7Moo s BAste A&
golAd BAAWE HZo FAE wrdstr] ¢ste 2018 SMPeF REC 4]
£33tk Emission penalty= HE7Fe] oo wiet wiEd 714
S Eg 2v5,0009 0.2 okt Wi E EAS 93 wjEd AANELe B
T 195,000 0l Harb4 2 B 395,0009 .2 A5k .

REC 749 ®WEEHES £500.2 A o]f+= 2012d 2€-~2019d 5¢ 7H
SMPe} REC 74 &S I1¥ZE I8A FAAES A HE%S w +£509
o] H3tsitta || wFo|Th. e HFFPVITRH, drAA
(FOEIHol| Fost= REC 7FsxE& 40 wrgstdtte Aotk A ie
g ol 7hsA 159 AsdALA 7tFA 28 Fog) ols ¢
g dlojElo] WrFste AlEFH ol A AYsA T

g ' /A2 20179 7ol Wi 500 o™ 2030 370-(USD
0.32) 20501 185(USD 0.16)o.= skt 2017 714 W 5009<
AT o] 500¥90] AFAol 2017 FHid ejekdrEAdu|el AA v}
Aol7] wjEeltt 20307 20509 EfFF HE 59 FY T oH
ATFA7F 2015 e H A [Current and  Future Cost  of
Photovoltaics ] & =3}t

<

1

ok

Jm

o]

St

i
)

b

flo
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A 4 A o] 3717 =Y

A

A3 7

5 1B
33 ek &

Ald Ay 74

AA HolHE Hi"R o=

(E 4-1D Ayg e 74

998 vleiste] TSt
= 2=#@A 8 LNPO)o] 7}
, 271423} ¥4 LCOE, ROL IRR %

WA AT Y THE
AdE ot BauAUe) F

ZF

BAY AEs} o

AxE AN AU E

GGE4-DA Avg e

Ay e A4 AYE L ol&
AUg L1 o T A%ol AZAF o EiuAY §lo]
(ESS &%) dlLﬂXVi%%ﬂ(Essm dX9 vz 2 agl=
Ayl 2 o 3 AFd AZAE Jom ESSe B kFPV)Et
PV 71 ZAAdnrr AxE UMELE:ME
AlUeEl L 3 o 3 AlFo AZA= o o ESSe Ax X (FC)
(FCZd F7h A An| 7 AX9 npol g2 8l
o g AlFo AZA=o o ESSe} B FFPV)E
Ave 2 4 A1), ASAR(FCOEAANH 7} A5 nfo]la =2
PVERFCEH 37 :LL‘;—E T

o AYg L 1(ESS &%)

LB ESS @ mho]A272|= Ay e
Aol AuAdn=2 gFo

o shs

L —

-

| =i 2] of
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ol A2l et HFRoly ARA 5 BAteluA Y
| EFoitt. dliAdo] AT Ase Tt TFLe Aol =i,
A7 2 Soz AAE7] wZo ojibstes TA o] £ d 3ol Wt
FHo.

r{o
g
t
=~
2
S
5
rr
P

o

o Auyzgle 2PVrd F71)

B3 ed LIB ESS mlo]Z20|= Avges duAdes b AF

BFFTH S AHE3T LB ESSE oUAMNE AHgsHe nho] 22 ae S0
o HeERHe dRugel B4 @3 L47AvF MEHA Y Aol
k. ASH HYPRES 294 4E gPF BEO|

o Augle 3FC F7h

AEHAA LA LIB ESS mlo] A28 = Alygles AuAde=z g A
T ARHAE AHEStAL ESSE oA Anl2 AEshe mlolaz e o
o AsRAATEE & A7 Add o F71E olfe vt AR
THAOE AL-KFAZ37] wiLoltt. B AHgE ARHALHL 7
7t @S Fote] FEEw LNGOlA MA(reform) WAo2 F4AF de
o} LNG /MA AN A LG43t ea(CO)9t 247122 0] 43t ek A (CO)7F &
ARtk B4 AgE dBAA e &3S 250kWelth.

o Ayl 4PVEHFCEAE F7b

kg d ASHAATA Ayl s dux|de] & AF, B3,
A AALA S 3FFoln LIB ESS7F oA Au 2 L=t EAo| A}

49 dRAAY &F2 250kWHolH HgFEsEe 244 Aot
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Avel e ¥ AAA
o] HOMERZ} A A%k
< @A ENPOo] He AU et
23 A S(NPO)L- 51808+ =2 o]},

TGRS 2PViEd 37D ] oF TAYe e 3FECEA F7D] o <@Aw

[AYg 2 4PVEHFCEHH F7h] =

|NPCO)S 2H2t 6,140%F 22, 6,090%F 2= W23k ot =dAn &
(NPO)e] 7} B2 Alueles TAYE 2 LESS ©5)] 2 7,030%F Z2o]

o TAYE L LHESS @5)] & =dARIENPOo]l 7Hd BARE 27| AR
o] 88%18,2062 1= 71 Ao TAUE L 3FCEHA F7h] & 27|AE ]
1708t 282 Aluge 2PV F7p) 2257 23 ET AHAow EdA M
|(NPO)o| 7H AL TAUZH L APVIEHFCEA F7h] o 3¢ =7]AE

o] 317¥r E¥E I ®kth 2V|AEo] grE= ou|= mle|laR g =
FZn]8o] AHsithE gulolth (F 4-2>8 B Z7|AEo] Aty &3
An]-&NPC)o] A& ZATte ofdS & 4 At
{3 4-2> HOMER ¥4 A3}
PV | FC LIB | A2 .
T AE E
AlyE A | 3™ | ESS | AW E NPC($)
& | Gw) | awh | Gwy | Km) A2
(E‘sﬁﬂé% _ 100 17.4 70.3x 10° 888,306
A k=) ) 6 6
0.45
(Fé]‘ﬂ;]%ja —;;37 b - 250 200 243 60.9 > 10° 1.7x 106
Ante] 24
( PvitA. 3,292 | 250 100 649 51.8x10°5 | 3.17x10°
FC¥&A =71
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W5 BIRRS vlol A2 E Bz BAAT FAAEL B &

A8l &RODFA WHTAEIRR)S AAS= wlolaz=aged #4ls 2t

53 G7HLCOE) 7 7Hd @ Auvgles TAYUE 2 4PVEHFC
B /b1 2 033B2Hoth TAUE L 3PVEd F7h] 3 TAUEL
AFCEHA F7D] & 753 HGI/HLCOE)ZE 242 041328, 041128 =
A g Hs=stgdth TAUEL 1ESS 95)] & 0484282 Ayl 7k
5P AG/HLCOE)7E 7HE #3tth 9 HI 8= TAUE L 4APVEAFC
A F7h] 7F g Ao 2039 2ElE J1EE AT [AvE 2 2PViER
F7h1 9 TAYEL 3ECTH F7h] & +9ulgo] 747 3569 D=
U3 TAYEL 1ESS ©5)] & g go] 4187 82 7P @k

o

F28&RODH} HFFJEIRR)O] 7HE =2 Adg s [AUYEL
JFCEH F7h] o2 747 60.9%, 73.3%°1th. AU 2(PVEd F7h) ]
oF TAYE L APVIEHAFCHEHA F7hH 1 & FA314&R0De] 22 35.9%,
37.6%°1H WRFJEIRR)E 22 40%, 41.6%°1th. [TAYE 2 1ESS ©
)] & FAIFEROD} W2 E(IRR)°] 22t -116.4%, n/ac]th.

F23l4&RODFA HFEFE(RR) #FA BH Avele 3FECED F
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A F7p] ok mp7EA R 250kW ABHAE AASAAT AR LAl

AaksteE dEe] HlFo] 233%E [AYg L 3EFECEHH F7b] 9 24.2%%
o Snh 22 dsdAEds AAsAAR Ay ek vlFo] [AYE
JFCTA F7b] 7F &71 WlEel TAUg e 3FCEH F7h] o FA34
+ROD¢t WH<+9E(IRR)°|] 71 w2 Aoz 4490

(Auge 20VEd F7h1 ¢ TAug e 3FCEH F7h] = 453
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o TAugle 3FECEH F7h] o] [TAUg L 2(PVEH F7D] Bty #5
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{3 4-3> HOMER &4 Z3HLCOE, *%¥#l-&, ROL IRR)

AluE 2 LCOE(®$) =G H&©®) ROI(%) IRR(%)

Pl e 0.484 418x10° -116.4 nfa
eSS N 0.413 3.56 % 10° 35.90 40.00
Ak 0411 3,56 10° 60.90 73.30

porey 0.335 2,93 10° 37.60 41.60

Aluele |

Ay Ak 5 &2v vlg, AU A BT dRHIEE A
(A2l 1ESS &)1 & 8 1™ 100%E AlFolA o

sto] St AUREEoR 100% &vlidh TAYge 20VEzd
E

b1 £ 15.1%°] d¥s BB EdodA S3sty ATl 84.90%] A

o

1.01%°] .

AZoNA FA3T. 2HlE 2URSFEOE 99% 4HlEH oA b Fe

AUl e 3FCEM F7h] & A AH9 24.20%E ARAA

LR A FFatal 75.80%2 AYE AFolA FAIT 2RS4 98%
o] HEs Aulety widste Ao vlFe 1.95%°]th.

Al e 2PVEd F7b] & TAYg e 3ECTA F7D] oA 2ol 3
o] A TAYUE L 2PVEA F7D] 7F Al5olA Fdsks Ao vF

o] 84.9%1H w5t

AU e 3FECEH F7h] & AlsddA €8S

Y3t BlFo] 75.8%F [AUE2PVEA F7ph] Boh Athzlog vt}

Cole BN

WAL Ade] TR oA B

AERAA L] M-S Hop Fo|] P4+
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FAGEl e 2PVEE F7h ) & Mo duvlge]l Bastx ¢k o: ¢

SAAEH AAGo] Amvle] 1 g wE g £ ASS A4

Ll
N _1)14

st o ARXHAEHS ARl LNG 7140] BoXH Alyg] e 3(FCH
= —%—7]—)9] Aol MAEAAE LNG 720 Asstd Alvgl e 3(FCHE

A F7he] BAEL ostd
LRAZI7F e F3 T ARHATH F 7HAQ] TAUE 2 4PVERFC
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{3t 4-4> HOMER &4 A3}(H= A4tz 4n), Ad5H8)

%) 401%) .
S oy | Fowa | AzTa SY | wa St
seus |- - 100 100 000 -
P =gy | 1510 - 84.90 | 99.00 101 -
roaa sl | - 2420 7580  98.00 195 232,613
FZ@E@’%; o | ue0) w210 9390 6.09| 234,549

cTYdeUA R o] 7 w2 Alugles TAYE L APVEEFCEA
F7h1 2 &FYeldA7E 5268E525kWhelth. TA Vgl 4PV -FCI
F7h] & A3 dUAaFo R 996,793l & A EStA A F887o
2 3179788 E AEIdH. (AL 2PVEd F7b] & AlveEl e 3(FC
TH F7hES &Yl x7F 88%93,366kWh ot TA v 2PV
F7b1 o Azt YA 7S 1396,638L 2 olH At Faawe 417309
goltt. TAYE L 3FCEH F7h] o At duAew-e 127H,856E 2
ol A FoeTL 409.24€2 ot} o= AEMA|LMo] BfFFLHE
o e wol Ashr] WEer EAdEH. (AUl UESS ¢=5)] &
M B Arlass AEIT ESS7 A9ES AANstA] A4bstA] @47
otk [AvEl L 1(ESS @) & Azt Jduxagoz 16%H,018E 2,
A FRAFORE 447939 HE A &I

foFstH B, ARFA 5 AAAGAEE D] glo] ESS7T dE2
2 AXAE AFTAAZR vlela=2ag =gl TAUE L UESS @)1 & AlF
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A &FdAdAE 29 F Aok =HFF T g ARHAAE HAT
(AU 2 3ECTHH F7b] o =FYddA= 662712,622kWhE [ A vg
2 1(ESS ©5)] EHT} 212%18,357kWhe] &FYdolUAE =9 + Jx
Y¥FLH vlolaEag =BT 80%H3,366kWhe] &TFUAUAE Y + U
. =7dAUAE M =Y F A ATIAR melazagEs [
g APVEAFCEA F7h] &2 [AYgEle 1ESS ©@5)] B 3499
466kWh, T[AveEle 20VEH F7h] Bk 216%H5,475kWh, [Avel e
JEFCTH F7b ] Boh 136%912,109kWhe] =T JAUAE €9 F Aok <&
4-5500 oA e = 9 FoaevS At

<& 4-5> HOMER 4 ZAH}(|UA-+82 =)

gt 8.750,979 4,443 161,018 447.93
v a2 7,425,988 4,443 136,638 417.30
el 6,622,622 4,200 121,856 409.24
gty 5,260,513 4,198 96,793 377.97
FC&rA 7P
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AN TUshE A AABTD (G APVEAFCED
M1 & Addsts Aol FeldolAw AUz 4PVEAFCEE F7)]
o olalsteia WMEEe [Aele 2PVER F7b) o} ok ol4lsig

&
A7 G AW AT &E7F SERE TS, 2000). oA o]

S7Fstal o AT th7lollA olikstekae] T
+ 19584 315ppm(parts per million)o] A9 2019d 5¢€ 11¥Y 415.26ppm=
71Est Aok Dockrill, 2019). 8 Anlo] ot o]4tsebd wiE&FL 2 (49}

CO,emissionamount = EF,, X Qyjouyriciry (4)
olw|, EF, : &nlee CO, wiEA T

Qelectiricity : ﬁaiﬂ]%
<aE 4-1Do w=2d [TAU}El L 1(ESS @) ] o] o]Atslers H|=
¢ 399916,572kgo 2 7 wrh AUy L 2PVEH F7p ] 7F ol4kst
Ego] 7 Aok [AvEe 20VEd F7h] o ol dstaa w&
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Fe AR 34707,423kgelwt. TAIUEl 2 4PVRERFCEAE F7h] o of4d
steba =S 355WH4,131kgelth. [AlUel e LESS @)1 3 [Avd
L 3FCHA F7hl & olitsaa TAFo] & Ay ed HE H&
F=olth. TAYgE e 1ESS ©=)] & AXF 39976,572kge] o|qtsteaE
st glom [Aueg e 3FECEH F7h 1 & Azt 398%49,253kge] o] 4k

ZW "FFEA vl TAYgE L 20VEA F7h] oA 15.1%, [AIYE
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A= vepdt. TAYE L 20VER F7D ] o Hg3Ed vlFo] 151%
o7 AUg L 4PVEAFCHA F7h] 2o} B3} 0.5% Bo2ol= o]4ks}
g4 wiEZo] 7P A [AUE L 3FECTHE F7h] F TAGe 2 4PV
LRAFCEA F7h] & BAtA = g ddo] ojihsiersh viEds £9]
B F8 g9o)g:s Hol E4HET. [AYgle 3(FC &d F7h] 3 A
Ul e APVIEFCHA F7h] & ASAAEHES FY3HA 250kWE A A
SERAA T TAUE 2 APVERFCTA F7h 1 9o ol4kstghs wjEgFo] [A
gl 3FCEA F7h] Boh Ao, ol TAUZE L 4PVEAFCTH =
7h1 el BFdE o]l Aol Y] Wl Ao E4dn. old A
= AARRG olitstgeA wEFS pEdTH [AyEl e 4PVEHFCH
A F7P] B TAYg e 20VEd F7h] & Adgstofor g2 o|m 3.
, 7183 @ SHoAE Al L 20ViEd F7h7E & AluE e R
o} o]xtglekA wjEFFo] ATk <1¥ 4-1>& Ay 9] olitsetAs &
< HoFs g Zolt. agZoA efFIdAIdel AXE [AYEL
2PV F7b1 ¢ TAYE L APVERAFCEA F7h] o o]itsterA )
ZFo] glokgatzo] gle MAvaEle 1ESS ©5)1 3 TAUg L 3(FCR
A F7P] Bo olitstga wiE#o] A5S <Od 4-DoA & F Ytk

N

4100000

3,996,572.00 3,989,253.00
4000000
3900000
3800000
3700000
0000000 3,554,131.00
3500000 3,477,423.00

3400000

3300000

3200000
AlLpEi=a ALtz 2 AlLtE|=2 5 ALt = 4

<Y 41> AUe F olMelEta ujEY
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CEEREICH

Ald wiEd 714 sk we AAA H3 £4

ol ZfAEE 2015 1€ 12¥ =%

070w 2016 HFE 714

o

gAY s waEH HjEd A
8,640 o]t} 2015\ H+ 714 1
< 19717990t 2017d B+ 7ML 9 29879d & 71E8klaL, 2018
d B 7HA 22,127 ol 20199 =1 A Al7F oo 2019
39 26€ F7F 7IEoE 276,650 S 71 ESTh 449 26 219,000
AL As 715 FH, 5¢ 100+ 271,000 715< 73St o] %
A7 Ao 59 209 BF 2955009 .2 wobxtirt 74 99 248,200

Ae FZsgth ABAEL olgd MEH Mo WEHL wEo
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=9 AAR7EA 0] 295,000 0] o] 7HAS FAHCE TS Zolgtal o

35000
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28200
25000
20000
15000
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1212 T o B Ho 3262 42262 52102 52208 7E0Y
20154 | 20158 | 2016 | 20173 | 20184 20194
<Id 5-1> 2015~2019¢ 2+ vi&H 7HAut ZAHd
olZgt ZAR 2¥15,0009 s 7IE wWiEH HHoE AHdASAT. A=
A& 9t Aw7t oAdS Faste 71E wiEAH 7HEel £10,0009 S

s
X
Z&3ke] 1945,0009, 395,000 & F71=2 A Ao
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E ATl M UPE EHL A% WEA s1Ae
= 24150009, BT 395000902 #3491
AZAREC) 7S 193/kWh, Bl¥d =& 7142 5009/We 4353
o CE 5-DE o] AelN FAR B 24 2ok wrh

=¥l =4 =7
15,0009 /t
il . o SMP+REC 7}7: 193%1/kWh
%J 2500041t o H%¥F BE 714 5009/W
=)
35,000 /t

HOMERE Hl&d 71H40] B9 2950008 ¢ wiel &3 395,000 ¢

TALA AAEFE ZA FHs9T BT 295,0009, EF 3%5,0009 Y

) Ejekaddbdel AdwlgEe 3202kW, AsHA A 250kW, LIB ESS

100kWh, Algl AWE 649kWTE efFgdde] dxg3o] 3,292kW

A9 Z71AHEC] AT £dARENPC)L Gt 27| AES 3179 &
2

ol F=AAH-ENPOS Wi=d 7HH0] &3

A& vo]l a2 =9 FPARIENPO)O] 53t

ol EjFFTA Au7} ojatsetA S HjEEHA| &r] wWjEd wjEd v}
Zo] wo] AX = Ao] mlolmaERIFE AFGAA FEstr] wEo]Y]
W Eolth = W|EA A0 QLESE nfolaz g s Bl BUHS X

st Aol AAde MY F e addez E4d9n. =, wEd 7H4



<(F 5-3 &4 712 Yiztx B4 A3

= PV | FC | LB | Az" | A% -
MEPR | wma | wa | ESS amd | A | wee s
- &W) | &W) | W | Gw) | Gm) =
15,0009/t | 3,025 | 250 | 100 649 51.3x10° | 3.05%10°
6 6

05,0009 | 3292|250 100 649 | 0.45| 51.8x10°| 3.17x10
35,0009/t | 3292 | 250 | 100 649 52.4%10° | 3.17x10°

HjZA e 7lAo] A48 E nlolmz gt #5323 AU7HLCOE) S

dsstdth iEd 74l 9 195,000 & 5 3P G 7HLCOE) =

HEd 7H4o] Aedass FAFERODF WHAEIRRE 2B
o wEd 7140l &9 1R5,000€4 Y o FAE4&RODF} HFRFIE
(RR)Z 212} 40.4%, 44.5%RARE W& 7FA0] &9 295,000 of F=}
3l&RODF} HHF<EIRR)O] 2+2}F 37.6%, 41.6%% EoiHTh wWi=d 7}
Aol =3 35,0009 W FAIF&RODFA HFFAEIRR)ES 37.8%,
41.9%= wWiEd 7FE0] B 295,009 Wit &% SHAR wiEd vt
Aol =9 1%5,000d Y WEG R3] w2 FEolofA #Ed 7H4°] nf
olaZad=e AAAA ()9 BALES ST Fa Aok <FE 5-4>
AN oot e WEe AT Atk
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<E 5-4> Wj&H 714 9= 24 ZAIMLCOE, RO, IRR)
3

i Zd 7+ LCOE®) | =911&(%) ROI(%) IRR(%)
15,0009/t 0.332 2.91% 10 40.40 44.50
25,0004/t 0.335 2.93% 10 37.60 41.60
35,0004/t 0.338 2.26 % 10 37.80 41.90

W& 71E o] BedaE gE3Ede] vFo] wobda avtE Al
A TR AHe nlFo] wolmnth B3 EHo] oitEEAaE wjEsHA
w7l WZol molarIaziee] AAG SFHE st HFREAY HAF
< =93 7tEES = WEd Als BAEG wEd 740 E9 1
75,0009 W B FgEd o] Aikst= AHo HF k
500090 o} 14.6% %t wi=d 7HA°] =9 3%5,00090 Y o) B FgE
o] Aiksts Y WFTL2 149%% Fssdth

HEd 7Hgo] LEF Aug o Ayt B3R vso] &
SoIAAT ARHA TR AHiksl= Ao HlF2 WHEo] e As
AM Fdste Y BT AT ARAAEY BT wWEdvt4 E
shob gagleol 23.3%= WHako] gtk AToA Fuists AHY HlT2
W& 7h4o]l &9 15,0004 Y o) 62.2%A 3 wiEd 7HAo] =9 2%
50009, =9 3uH5,000¥4 Y o 62.2% At ¥iEH 7HHo] LEFE HEA
holl A Bl Fgel mlgo] Adestal e Whete ARMATR e HlT2
Wekol fI7] wWiEel mlelazad st ATl dHe FYseE Hse
0= Zoer B4y

AN B FgEd el nviFo] wolAA A, & e vFTx
wobnh Wi el HFo] wobA W vlolArIdEs ONE AAde S



@+ Atk MEA JHHo]l LB5E ANRSHE ASSE AYe HFol
94%°l1 A 93.9%= Folxlom wjxd HlF2 6.05%°14 6.09%= EolAth
ARAALAL 9% ARHEGE WEA s1Ho]l 4% oRsh wAGle]

3RH4,5492 2 = WHEto] AT WEH 7H40 mE dRHATA

GRE5-O0 W& 714 Wt B4 A Y ALkA)

A AH%) 211(%) .
Wza 714 " e
pviard | FCud | AxTd | ol S Iyr
53t
15,000/t 14.50 23.30 62.20 94.00 6.05 234,549
25,000/t 14.60 23.30 62.10 93.90 6.09 234,549
35,000/t 14.90 23.30 62.10 93.90 6.09 234,549

2 29T A% UALTE 9NT 077N 9N6T93L B E Eo| 5
o A7 SR8 % vRIHAIE 378232 HAlA 377.97TEHE 3T ol
ul FPAH WFo| EobA AFAA TYTHE
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A REC7H4e] Hgd-&s 5oy 2018 stetAl & Aldstatt. 3855
A FEFAE 20199 = ALE 1 ok

W
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o

an am a@n nﬂlaﬂdl an ilnﬂeﬂdlcﬂfﬂm o o G oam d‘nﬂlnﬁidlaﬁdﬂqﬂilﬂ‘e‘ﬂdﬂcﬂ?maﬂnﬁld’lmlcﬂ Nnﬂ'cﬂnﬂ
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ZENEA 71E HMEEZLS +5090F AAZ oG AA R ZF
I EBIAZRPSA =)7F =UH 2012304 20193 5¥€7FA] FFO=A
REQ)®] 714 Wstel FAAS 2=z 13 Ay F3UASAREC) 714
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(& 5-7> SMP+REC 714 W= &4 =71 W&

=7 24 =4
2439 /kWh

SMP - o W= 714 2150009/t

REC 1939/AWh | o gas vs spae 5009w
1439 /kWh

SMP+REC 7}4¢] stetd& edgdde] An&dFs =t SMP+REC
7}A 0] kWh 243~193€¢ w 3zl 3,292kW7F A= AEd kWhe
1439 ) ejFgabd 2,903kW A S HOMERZ} =& A 8-&NPCO)7}F 714
Sy AASHT o] W AdsHAEA dn gy LB ESS AdH|-g o]
Halo] QI mlolmzEag=e] FdAH-ENPC)E SMP+REC 7174 9]
kWhw 243~1939¥ o) 5180%F Zejg oy kWhe 1439 of 53009 &
H2 Z7FEth 27]AES SMP+REC 71z o] kWhw 3179 2 g ot
kWhe 1439 o 2997+ @812 7H4astgnh. 27]|AH o] EojE olf+ A
A% goFgdd Aujge] 7] R R BAHET (FE 5-8>9 o]t
2 W&ol A= rh

ol #42 SMP+REC 7}40] vtotd45 AFAAT npolazags
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o 7wyl Zol S ousith AEIAIIACMP)S |71t AFd ARV}
Aol At FFASAHRECOE H=E (subsidary)O]E}. Bz FE7 Bz
FE npolmz2 s AYArE AulE A FA(incentive)o] Lol A 7]
uf

Fo] FRE Folx RO AT,

{3 5-8> SMP+REC 7}4 "1t= &4 Az}

Al 2~ €l -
SM7P}+5EC 5\% 15-% ijg?; zﬂ] HEl (711] %) NPC($) Zfz(]@
B &W) | GW) | GWh | &W) m =
2434 3,292 250 | 100| 649 51.8x10° | 3.17x 10°
/KWh ’ ' '
1931 3,292 250 | 100| 649 | 0.45 51.8x10° | 3.17x10°
/kWh : . . ,
1431 2,903 250 | 100| 620 53.0x10° | 2.99% 10°
/KWh ’ ' '
SMP+REC 7}A o] "old5 wolag2aglE9] Aol wobxnt o]
T TESPEHT7HLCOE), +9¥H&, FA3]4+&RO0D, WHEF2EIRR) A

FollA g 4 A} SMP+REC 71A0o] wolx =z} 53 @ 7HLCOE)
7} 0.335F 2ol A 0.3538 8 = Fobxlal, *FHI-&2 2937 DejolA 3017
22 wopt. FAIFERODF WHFEIRRES 242 37.6%00A
37.4%, 41.6%NA 414%= Folxtt. AAAE Ax] 53 G7HLCOE)
o EFHgo] FotA L FAIFEF] T
SAREOTZ= Exgo] oS Weoz 249
F5T HL SMP+RECZF kWhwd 243~1939
oA BAE Axe] MEsAde] A FHolth ol AAYANHA &F <
A

S
1o
]
o
P\
L
N
o
Jo
rlr
o
il
ro



ARAAR A AL E 7] W]l Ao s E4dET

A3 A=olM BFBEHNL FHFASHAREC) 7HeA 168 2 Ux
AEAAEH S REC 7t 205 ¥l o 7FA= RECO| Fatoizint
SMP+REC7} kWhw 243~193¢ FXtR Tk kWhw 193~1439 FXtoll A wlo]
A= A HEFo] 2 o= A Wees FEdn. REC 7t
Aol ZolAFE 712 AF}I} Fo]Eo] nmlo]laE gt AA|Hol =
= Aoz F4En. <& 5-P ol &3 W&ol YElY Ut

rl

5-9> SMP+REC 714 W17 &= &4 (LCOE, RO, IRR)

A~
=5

A

SMP+REC 714 LCOE®) | &9n&(®) ROI(%) IRR(%)
24394 /kWh 0.335 2.93x10° 37.6 41.6
1939 /kWh 0.335 2.93x10° 37.6 41.6
143 /kWh 0.353 3.01x10° 37.4 41.4

SMP+REC 7}Ao] "olx mlolaznej=e] AHA|Ao] &tetatat ARnl&
o] EA & HEFFLH HFo] FoAaL ARH FHo] e dARAAT
A8 nlgo] sttt AFolA FHEE AYFE Solwtth. SMP+REC
7} A 0] 243~193Q A 143902 stetalat ek e] nlE
14.8%2 Sl AE ol HZFE 62.1%°04 641%2 Bt d5d
AR ] ¥ Fe 23.3%A4 21.1%=2 otk

SMP+REC 7}Z o] kWh3 193ol A kWhE 1439Y W= ¥H33s19S o)
Ag A4k vFol WMslg olfiv FHJAFARECH FatdAE 71FA o

=

= FHFASHRECS 7140 £&
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Fol FoBT 2 ReAA AE
s A wFol Eobyth WAL AP 6.00%04 3.28%2 mFol
ol om AUYHsIE AYS LRESE HlFo] 93.9%4 96.7%= i3
ok EjeFgtd Au|&sFo] SMP+REC 7FAo] kWhe 2,903kWh=Z kWha
243~193¥ < WET 389%kWh =37 WHlEo= 4. g yaFo] o}
Ar A 2MFE golnkn BAT &tk <& 5-10¢] ook 2e
gol Helslol glrk

¢ 5-10> SMPREC 74 WIZts B4 A A 4kan)

A 2H%) A=11(%) o=
SMP+REC Hjjgi
744 AU
PVEA | FCA | ASTe | H 2 o] 2 $lyr
el
243 /kWh 14.6 23.3 62.1 93.9 6.09 234,549
193 /kWh 14.6 23.3 62.1 93.9 6.09 234,549
1434 /kWh 14.8 21.1 64.1 96.7 3.28 205,525

SMP+REC 7FA o] wrolge] wret dAsnl7l £4 ¥ HEFFEde vF
o] FolH L EBFsla mlolmzag e £FYdUAE Sl Al
SollA Fujste dgol Soiwr] wWEolth <& 5-100004 AT F A%
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o] SMP+REC 7} o] kWhw@ 1934 kWhe 143902 W wfj A F
A TFulsts AEe HFe 621%A4 64.1%% Solwtth old uwet &
Qo A= SMP+REC 7FZo] kWhe 1939Y uf 526%H513kWhels] kWhe
1439 wf 5547H9256kWhz vrolxth oo wal Azt o aF= 9t
6,793 oA 10%I2,106EHE QX A FRAFE 377.97=E ol A
378972 E =t <& 5-1D9 o]} e &S AT 4 QU

Azt A7
A ol A HIFQ oL #] PR
SMP+REC 74 (KWh) &kWh) e T
($/yr) y
243<1/KWh 5.260.513 4,198 96,793 377.97
19391/kWh 5.260.513 4,198 96,793 377.97
14391 /kWh 5,549,256 4198 | 102,106 378.35
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A3d B ZE 74 WEte] mE A s

A
J

Agora Energiewende(2015)o] w=2H ZAAZ A& gfdd ZEo] 714
£ 20149 7 W USD 0.46€2 35 2050 USD 0.16€93 = o SHc}
g Es /M4 2014358 205097HA] A+ 2.79% Bhedt Ao =
UElSTh <29 5-Dv 5¢ ZgEsy dA747 453 HEE BRE9

7HA skt

100.00
—4— Historical data
—— Historical price exp. curve: 209%
1980 1985 ~=== Historical PEC - low scenario: 19%
~=== Historical PEC - high scenario: 23%
o —— Maodified price exp. curve (coming
2 LI back to historical at 5,000 GW): 10.3% :
3 2000 Scenario 1
& 270-360 EUR/KWp
£
o
a
L Long-term PV learning rate:
B 100 19% - 23%
2 Conservative assumption on ¢
050 short-term learning rate: =y
' 10% until SO006W wactpeonets A, S
modues usedinutity 7 2014 140-210 EUR/kWp
scale applcations projected
020 = . PSS
Critical cost range where material ,\
costs clearly dominate i
010 r
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5 L didA2e] A7 5sHEF2)
1€ 24 3 49 5¢ 64

1A] 5,195.85 4,918.32 5,160.45 3,759.22 | 3,553.00 2,426.94
2] 5,258.59 6,058.52 7,320.35 5,493.55 | 4,954.92 4,347.75
3A 5,340.84 5,983.17 7,213.08 5,496.48 | 4,937.89 4,361.43
4A] 5,430.08 5,997.06 7,067.64 5,391.29 |  4,900.08 4,219.46
54| 5,456.72 5,582.16 6,843.53 5,440.63 | 4,888.76 4,172.92
64 5,546.30 5,148.36 5,513.51 4,132.64 | 3,605.03 2,662.22
A 5,693.86 5,277.80 5,423.47 3,736.02 | 3,328.78 2,220.42
8Al 6,754.68 6,163.06 5,467.10 3,839.18 | 3,754.05 3,097.22
9A 7,575.13 7,237.36 5,513.08 3,769.71 | 3,479.71 3,657.40
10A] 7,486.23 7,314.51 5,510.33 3,422.21 | 5,050.07 4,576.52
114] 6,964.17 5,174.46 3,546.60 1,732.23 | 3,401.07 3480.54
124] 6,500.06 4,841.96 3,303.20 1,848.68 | 2,807.45 3,324.89
134] 5,904.12 5,364.03 4,293.14 2,889.19 |  2,829.15 2,559.53
144 5,676.41 5,506.02 3,804.44 2,188.94 | 2,835.42 2,594.62
154] 5,415.48 5,328.93 3,467.28 2,172.87 | 3,315.36 2,859.85
164 5,530.16 5,464.58 3,384.30 2,479.41 | 3,394.87 3,112.52
174 5,986.47 5,632.92 3,841.77 2,705.49 | 3,359.04 3,327.10
184 6,003.65 4,517.79 4,460.89 3,982.26 | 4,219.67 3,236.97
194] 6,183.10 4,880.70 4,739.74 3,997.21 | 4,849.33 3,362.23
204 6,049.30 5,786.30 4,754.80 4,065.40 | 4,739.97 3,469.91
214 5,944.61 5,724.04 5,311.28 3,739.36 | 4,397.70 2,345.24
22 5,952.56 5,676.84 5,613.86 4,194.65 | 3,841.43 1,871.04
234] 6,096.50 5,709.12 5,474.48 4,036.93 | 3,485.84 1672.33
247 6,084.96 5,866.27 6,126.27 4,336.62 | 4,051.66 2493.31
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74 8 94 10¥ 114 124
1A] 2,546.51 3,012.86 1,836.48 1,309.05 1,168.64 1,555.85
2A 3,996.58 4,962.93 2,745.84 2,421.90 2,549.69 3,204.66
3A] 4,035.68 4,997.21 2,662.12 2,036.5 2,121.30 3,130.06
4] 3,967.94 4,785.44 2,049.21 1,446.18 1,327.14 2,900.98
54| 3,818.10 4,490.37 1,847.02 1,337.59 1,271.20 2,132.32
64 2,678.90 3,069.30 1,772.46 1,330.35 1,316.91 2,137.68
7A] 2,464.83 3,004.04 1,758.34 1,318.01 1,491.46 2132.11
8Al 3,756.57 3,919.04 3,047.17 2,552.53 4,654.82 5,074.49
9A4] 4,748.55 4,508.25 3,302.43 2,647.46 5,686.10 6,786.67
10A] 5,236.31 4,846.47 3,228.08 2,254.98 4,527.99 5,035.79
114] 4,666.91 4,618.61 4,739.51 2,679.99 4,982.12 4,789.94
12A] 4,661.62 4,748.37 4,754.11 2,432.42 3,840.05 3,560.02
134] 3,501.83 3,556.59 3,199.64 2,362.84 3,327.17 2,626.07
144] 4,069.02 4,051.89 2,783.88 2,143.19 2,704.31 2,784.71
154] 3,808.67 3,764.45 2,856.42 2,057.24 3,052.81 2,763.56
16A] 3,840.64 3,743.11 3,108.27 2,495.14 3,536.61 3,068.61
177 3,687.68 3,450.80 3,066.12 2,927.87 4,355.63 4,014.87
184] 4,513.47 4,854.64 3,375.04 2,473.90 3,819.82 3,284.97
194] 4,853.72 5,425.25 3,810.99 1,904.94 2,835.76 2431.93
20A] 5,024.25 5481.10 3,951.85 1,764.93 2,760.40 2,062.79
214 3,657.92 3,851.06 2,133.37 1,406.83 2,011.24 1,554.61
22A] 3,038.42 3,142.02 1,208.18 1,193.25 1,475.60 1,367.50
23A] 2,784.85 3,164.59 1,223.27 1,186.49 1,347.33 1,389.15
244 2,723.98 3,032.69 1,751.84 1,235.22 1,200.47 1,292.96
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5 2. tidAA e A7 FsHEFE)
1€ 24 3 49 5¢ 6
1A] 1,115.02 1,795.37 1,688.59 1,552.25 942.31 600.51
24 1,129.26 2,140.66 2,256.57 2,386.91 1,633.77 1,170.76
34 1,129.78 2,175.89 2,230.39 2,409.01 1,623.70 1,115.15
4A] 1,144.78 2,061.18 2,240.98 2,354.41 1,596.19 1,077.55
54 1,131.01 1,799.56 2,109.25 2,375.19 1,574.02 1,065.80
64 1,131.33 1,646.32 1,601.23 1,601.20 989.29 622.66
7A] 1,153.86 1,670.75 1,482.29 1,274.51 816.59 499.16
84 1,082.74 1,416.18 1,134.24 943.35 624.60 312.42
9A 796.81 1,169.57 913.32 673.84 481.11 217.18
10A] 672.06 1004.40 813.60 580.44 639.82 242.35
114] 564.82 659.19 532.11 491.78 542.76 167.97
12A] 453.41 631.01 511.10 562.56 365.81 157.29
134] 437.03 781.37 573.85 485.13 334.60 172.07
144] 394.50 875.97 560.40 491.67 334.80 115.98
154] 446.55 875.16 583.82 532.37 359.61 146.83
164] 457.04 881.66 606.68 588.90 437.45 166.39
174 488.35 901.10 684.58 635.02 404.57 133.20
184] 581.02 677.84 599.60 450.79 257.40 230.77
194] 633.78 602.54 514.06 419.87 267.19 295.73
207 708.98 728.40 488.99 351.97 248.27 364.22
21A] 719.36 701.76 579.75 404.20 261.13 394.55
22A] 714.53 703.62 609.70 573.88 367.68 428.40
23A] 648.97 710.96 608.73 691.50 395.74 379.57
244 617.99 734.36 692.14 737.38 470.53 416.59
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74 84 94 104 114 124
1A 855.30 963.57 731.82 411.26 531.14 499.27
24 1,243.70 1,536.71 1,034.14 689.29 902.87 891.28
3A] 1,264.54 1,542.22 1,056.24 612.07 793.57 899.01
4A] 1,253.39 1,531.24 936.82 431.03 617.41 826.89
54] 1,215.68 1,431.35 846.68 408.00 512.29 675.74
64 886.05 941.26 795.81 406.06 501.98 608.09
A 831.66 885.64 780.35 386.60 448.57 592.09
8Al 975.10 817.56 859.92 304.60 469.68 583.66
9A4] 1,214.40 958.20 871.63 262.54 412.25 602.91
10A] 1,340.25 911.25 777.88 286.84 309.39 512.04
114] 1,259.85 827.05 901.73 245.37 216.03 426.37
12A] 1,246.92 847.46 888.61 258.62 73.77 309.10
134] 1,133.02 611.88 771.99 259.40 78.10 235.83
144] 1,240.17 548.36 692.09 256.32 40.39 135.47
154] 1,134.06 559.06 696.60 266.45 61.16 131.74
16A] 944.49 574.89 818.26 350.65 120.28 195.86
174 914.59 491.45 859.76 401.55 175.39 376.25
184] 662.13 694.90 719.60 526.73 295.03 728.00
194] 664.70 681.66 636.22 431.93 310.00 892.91
20A] 694.76 790.59 655.46 411.68 320.89 835.43
214 675.95 838.29 676.93 404.10 313.66 785.51
22A] 671.24 903.14 692.36 401.11 312.64 782.52
23A] 728.42 841.81 706.44 408.88 320.53 785.31
244 772.06 837.53 738.62 383.41 303.14 714.45

- 136 -



B2 3 HOMER =39 ¢#EAE

dHA=

[e]

239 74 8 F(scaled) 23,977.64kWh/day,
78 999.07kW, 3| 349 4,442.9kW

o8 ok

)
o]

A& AH A 5.5%, ZTHE7HEsE:2%,

E 9: 25, A28 aAXEHE: 80,0002,

e 9 15,00094(12.98E2), =9 25,0004(21.28F),
=% 35,0004(30.28E21)

o offFdY: HFAH 10%, A289 10%, BHFBHE5E 20%.

Z |H o}
O
oo

o NASA d©|o]¥ : Scaled 9% 4.06kWh/nf/day

o (230kW7]s) @ A $10,271.00, tf<=4H] $51,380.00
@ AHE $73,600.00, th<=A1] $36,800.00
@ A $36,800.00, th<=An] $18,400.00
+G-FAH 20.0023, 4 253, Derating Factor 100%
Electrical Bus: & &(DC),
o MPPT (230kW7]=): A& 55.20€2, th4=AH] 55.20€ 8,
=@ #En 55028, FH 15, 370kWAX]
o A HkALE 20%

H & 2]

o (500kW~1=) A& 176,366.00€ ], ti<=A1H] 88,183.00E ]
A 241 846.40€ %, 9 54, throughput 547,500kWh
o Z7|FAME: 100%, H&2ZF=A4E 20%

AES

ZHH

o (250kW7] ) AHE 24,623.502 2], thSAH] 2,000,
A R4 2116088

o <lWE: 41 104, &g 98%,
AR ANEF 97%, &8 97%

o (parameter) simulate systems with without the grid

Net purchases calculated monthly, A &]: 0.45km

Grid capital cost: 82,600.00€ 2,

EAPEAY S AZ4H] 114,15632 8, 715 54,401.00# /yr
o THj&F  AFAe] 4 AYFujF

4 1€ 24 34 49 54
L2 | 1623828 | 166,612.1 | 154,867.6 | 119,444.3 | 131,330.2

<4 7€ 8 9¢ 10¢ 11€¢
|k | 1389324 | 146,640.2 | 117,391.6 | 72,231.29 | 92,376.73

(T o] Aol Al<)
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(S o) Aol A HE] AlS)

o

e

o (Rate Definition)
20183 SMP+REC X 7}=X]1

$/kWh | 7t | =Ho=3t | $/kWh | 714 | =opegt
Ratel 0.17 | Rate7 0.16
Rate2 0.17 | Rate8 0.16
Rate3 0.17 | Rate9 0.15
Rate4 0.46 0.17 | Ratel0 0.46 0.15
Rateb 0.16 | Ratell 0.15
Rate6 0.16 | Ratel? 0.16

201813 SMP+REC X 7}&A]1.5 (e &F3¢7)

$/kWh | 714 | =o=3t | $/kWh | 714 | =opegt
Ratel 0.22 | Rate7 0.20
Rate? 0.21 | Rate8 0.20
Rate3 0.21 | Rate9 0.19
Rate4 0.46 0.21 | Ratel0 0.46 0.19
Rateb 0.21 | Ratell 0.18
Rate6 0.21 | Ratel2 0.18

20181 SMP+REC X 7}&%]2.0 (A &4 =)&)

$/kWh | 714 | =Ho=3t | $/kWh | 714 | =opegt
Ratel 0.26 | Rate7 0.25
Rate2 0.26 | Rate8 0.24
Rate3 0.25| Rate9 0.23
Rate4 0.46 0.26 | Ratel0 0.46 0.22
Rateb 0.26 | Ratell 0.21
Rate6 0.25 | Ratel2 0.22

20181d SMP+REC X 7}&%]1.5¢} 2.08] HH#PV+FC §&4n)

$kWh | 7}4 | H3=% | $/kWh | 7F4 | H3=3
Ratel 0.24 | Rate7 0.23
Rate? 0.24 | Rate8 0.22
Rate3 0.23 | Rate9 0.21
Rate4 046 0.24 | Ratel0 046 0.20
Rateb 0.23 | Ratell 0.20
Rate6 0.23 | Ratel2 0.21

(T o] Aol Al<)
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(S o) Aol A HE] Al%)

TE A=
o (Rate Definition)
201813 SMP+HREC-50¢) X 7}=x]1
$/kWh | 744 #o=% | $/kWh | 714 | " 9=t
Ratel 0.13 | Rate7 0.12
Rate? 0.13 | Rate8 0.12
Rate3 0.13 | Rate9 0.11
Rate4 0.46 0.13 | Ratel0 0.46 0.11
Rateb 0.12 | Ratell 0.11
Rate6 0.12 | Ratel? 0.12
20183 SMPHREC-50¢) X 7}5*]1.5 (B FF&A)
$/kWh | 7}2 Ha=zk | $/kWh | 712 | 3=
Ratel 0.15 | Rate7 0.14
Rate? 0.15| Rate8 0.14
Rate3 0.15| Rate9 0.13
Rate4 0.46 0.15 | Ratel0 0.46 0.12
Rateb 0.15 | Ratell 0.12
AE Rate6 0.15 | Ratel2 0.13

20181 SMP+REC-509¥) x 7}&2]2.0 (A&4

$kWh | 7+4 | H3=% | $/kWh | 7F4 | S 3=%k
Ratel 0.18 | Rate7 0.16
Rate2 0.18 | Rate8 0.16
Rate3 0.17 | Rate9 0.15
Rated 046 0.17 | Ratel0 0.46 0.14
Rateb 0.17 | Ratell 0.13
Rate6 0.17 | Ratel2 0.14

20183 SMPHREC-509¥) X 7}%X]1.59} 2.09]

HHPV+FC &40

$kWh | 7}4 | H3=%k | $/kWh | 7F4 | H3=3

Ratel 0.17 | Rate7 0.15
Rate? 0.17 | Rate8 0.15
Rate3 0.16 | Rate9 0.14
Rate4 0.46 0.16 | Ratel0 0.46 0.13
Rateb 0.16 | Ratell 0.13
Rate6 0.16 | Ratel? 0.13
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(S o) Aol A HE] AlS)

o

e

o (Rate Definition)
20183 SMP+REC+50¢) X 7}&x]1

$/kWh [ 7PA | wmegr [ $/kWh [ bA | Emegy
Ratel 0.21 | Rate7 0.20
Rate? 0.21 | Rate8 0.20
Rate3 0.21 | Rate9 0.20
Rate4 0.46 0.21 | Ratel0 0.46 0.19
Rateb 0.21 | Ratell 0.19
Rate6 0.21 | Ratel2 0.20

20183 SMP+REC+50) X 7F&#]1.5 (B o3 &7)

$kWh | 74 | Ha=3t | $/kWh | 7}4 | H3=3
Ratel 0.28 | Rate7 0.27
Rate? 0.28 | Rate8 0.26
Rate3 0.28 | Rate9 0.26
Rate4 0.46 0.28 | Ratel0 0.46 0.25
Rateb 0.28 | Ratell 0.25
Rate6 0.27 | Ratel? 0.25

20183 SMPHREC+50€¥) X 7}5%]2.0 (A 5H X&)

$kWh | 7}4 | H3=% | $/kWh | 7F4 | H3=%

Ratel 0.35| Rate7 0.33
Rate2 0.35| Rate8 0.32
Rate3 0.34 | Rate9 0.32
Rate4 0.46 0.34 | Ratel0 046 0.30
Rateb 0.34 | Ratell 0.30
Rate6 0.34 | Ratel? 0.31

20183 SMPHREC+50¥) X 7}%x]1.59} 2.0¢] HHPV+FC &4 n))

$KkWh | 7v4 | Huk=% | $/kWh | 714 | H3 =@

Ratel 0.31 | Rate7 0.30
Rate? 0.31 | Rate8 0.29
Rate3 0.31 | Rate9 0.29
Rate4 0.46 0.31 | RatelO 0.46 0.28
Rateb 0.31 | Ratell 0.27
Rate6 0.31 | Ratel2 0.28

(T o] Aol Al<)
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(S o] Aol A H-E] Al%)

T E=PAa=1
o (Demand Rates)
$/kW/mo o) $/kW/mo
291 0.06 >Q4 0.07
>972 0.05 £Q5 0.15
AE £93 0.1 £Q6 0.17
(Reliability) H A AR =: 0.144/yr, BFAHAIZE 015417
FYANHEEA 0%
(Emission) CO:2 456.70g/kWh
A (250kW~713) AFE 750,000, A 625,0002 2,
T e 500028 /op.hour, 5 50,0004 7+
LNG WAE dAVEA 7EA: 2018E b A ARG 2] $0.51/Nnd
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BE 4 gAY AAAL 2 71587 93 24
Al A AR

- g KW 230
e PRV $ 102,761.00 | 103,916.92
g kWh 500

E =
MEE g $ 176,366.00 | 425,916.92
A 2~H) & KW 208
AW E PRV EXS $ 20,514.45 40,234.24
A% PN EXS $ 51,323.00 65,554,566.66
HAA 2" | AE[ZY $ 1,151,053.25 68,287,962.05
NPC $ 68.3 % 10°
LCOE $ 0.469
+gn& $/yr 4.04 106
Z7) AR $ 1.15x 10°
A Aol A R] H]F % 3.62
ROI / IRR % 97.30 | 106.10 x 10°
%ﬁ%f% Kalyr 3.859.803.00
B k33 324,097.00 3.69

4k % :

s Aspa | VY% 8,451,507.00 9.3
2 | ACR3 | < | WIE | kWhiyr | % 8,751,171.00 99.80
H] uj] 2 18,038.00 0.206
RS 223.00 0.0025
nZE Ha} kWh | % 668.00 0.0076
g 1= 1,215.00 0.0139
I REEY KWh 8,451,507.00
Zhj o 1] %] kWh 18,038.00
o) 7oA KWh 8,433,469.00
9] BIEESE-Y KW 4,443.00
] - $ 3,879,395.88
A9 A &= Siyr 155.175.83
N - $ 11,004.53
TE &8 $/yr 440.18
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BE 5 AYygle ¥ AAAH 4
Alyg o Ay e 1(ESS @) Ay e 2PVEA F7h
g KW - 2,959
S .
2B Fo $ - | - 1322,246.06 | 1,326,519.25
Ag +3F kW - -
A Az 5 - - -] -
wee | EE kWh 100.00 100.00
PARIERS $ 35,273.20 | 85,183.38 35.273.20 | 85,183.38
ANoe | BF KW 17.40 379.00
AME | gayzo S 1,709.54 3,352.85 37,372.48 73,297.28
A | AR/ZY $ 51,323.00 | 67,983,008.45 51,323.00 | 57,849,641.17
AN 2E | AR E $ 888,305.74 | 70,283,747.03 | 2,246,303.55 |  61,363,677.00
NPC $ 70.30M 61.4 x 10°
LCOE S 0.484 0.413
eogu g Siyr 4.18M 3.56 x 10°
EX Y $ 888,306 2.25 % 10°
AP B F % 0.000850 14.80
ROI / IRR % -116.4 n/a 35.90 40.00
g an] & (CO2) kelyr 3,996,572.00 3,477,423.00
B ok 0.00 0.00 | 1,352,402.00 15.10
FC - } } -
SR AR
AE T 8,750,979.00 100 | 7,614,240.00 84.90
98 &R : - - -
A= H§ $lyr - -
2] ACEE | oF [ H[Z | KWh | % | 8,751,053.00 100 | 8,751,298.00 99.00
H
i hr 0.00 0.00 89,286 1.01
PR 0.00 0.00 0.00 0.00
N %% 2o «wh | % 786.00 0.009 541.00 0.00620
g Bx 786.00 0.009 1,113.00 0.0127
R kWh 8,750,979.00 7,614,240.00
IS CEE KWh 0.00 188,252.00
A =7gedA kWh 8,750,979.00 7,425,988.00
T FEEEYY KW 4,443.00 4,443.00
3 S 4,025,450.26 3,415,954.34
b S PR E=
i Siyr 161,018.01 136,638.17
el S 11,198.18 10,432.39
ca ag
Siyr 447.93 417.30
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AUz L 4

& KW - 3,292

B 43 .
A8 F $ - | - 1470,651.36 | 1.475404.15
ae | &% KW 250.00 250.00
AR | Rz $ 750,000.00 |  6,753,903.49 |  750,000.00 | 6,786,049.50
el & kWh 200.00 100.00
PARIERS $ 70546.40 | 170,366.77 3527320 | 8518338
NrE | £ KW 243.00 64900
AWE | gujza $ 23,933.53 46,939.95 63,887.40 |  125,300.00
A | AR/ZY $ 51,323.00 | 51,710,271.31 51,323.00 | 41,292,818.17
AN 2E | AR[Z $ 1,695,802.93 | 60,891.097.78 | 3,171,223.76 | 51,820,895.98
NPC $ 60.9 x 10° 51.80 % 10°
LCOE $ 0.411 0.335
CX LR Slyr 3.56 x 10° 2.93%10°
2 A4R $ 1.7x10° 3.17 x 10°
AR B ZF % 0.00 14.00
ROI / IRR % 60.90 73.30 37.60 41.60
e 2 ) % 2H(CO2) keglyr 3,989,253.00 3,554,131.00
B k3 o - - 1,372,319.00 14.60
)3k FC N % | 2,171,924.00 24.20 2,190,000 23.30
AE T 6,797,033.00 75.80 | 5,828,152.00 62.10
456.104n 1,250ni /day 459,900m | 1,260ni/day

98 &R

52.1nd /hour 52.5ni /hour
dg Hg Slyr 232,613 934,549
2| acwst | ek [ w= | kWh | % | 8,751,296.00 98.00 | 8,751,661.00 93.9
[ E Iyr 174,372.00 195 | 567,638.00 6.09
HYAd g 0.00 0.00 0.00 0.00
HEE Bs) KWh | % 543.00 0.0062 178.00 0.002
g% BE 1,066.00 0.0122 774.00 0.0088
e EEE kWh 6,797,033.00 5,828,152.00
|  wedx kWh 174,372.00 567,638.00
g RS IERY kWh 6,622,622.00 5,260,513.00
Q) EEETY KW 4,200.00 4,198.00
@ $ 3,046,424.44 2,419,836.15

| I P =
A Siyr 121,856.98 96,793.44
El $ 10,231.07 9,449.14

sa 9F
Siyr 409.24 377.97
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EA0] Mi&=d 74 BT 1R

| Y

A9, 3%

T

::]_1__

5

9

vl = 17E5000

vl = 375000

MEd 713 U= 24 Ax SMP+REC 20184 193¢ SMP+REC2018d 193¢
GRID+LIB+PV+FC (LF) GRID+LIB+PV+FC

s & kW 3,025 3,292
O ARz $ 135164146 |  1,356,009.64 | 1470,651.36 |  1.475.404.15
Az | &% kW 250 250
AA | RuEy $ 750,000.00 |  6,786,049.50 |  750,000.00 | 6.786,049.50
el & kWh 100.00 100
AR Z 0 $ 35.273.20 | 85,183.38 35,273.20 | 85,183.38
R kW 649.00 649
AWE | zm/zq $ 63,879.39 125,284.28 63,887.40 125,300.00
AL | AR/EA $ 51,323.00 |  41,410,690.35 51,323.00 | 41,292,818.17
AN 28 | AR/ Z $ 3,052,205.85 | 51,330,622.31 | 3,171223.76 |  52,352,041.57
NPC $ 51.3x 106 52.4x10°
LCOE $ 0.332 0.338
Sodu g S/yr 2.91x 10° 2.26 % 10°
27|48 $ 3.05x 10° 3.17x 10°
AR B Z % 138 14.0
ROI / IRR % 40.4 445 37.80 41.90
ek 1] Z 2H(CO2) kglyr 3,559,228 3,554,131.00
B ok o 1,356,587.00 1450 | 1,372,319.00 14.90
R FC ot % | 2,190,000 23.3 | 2,190,000.00 23.30
A &) 5,839,313.00 62.2 | 5,828,152.00 62.10
. 459,900 1,260 459,900 1,260t /day
T 525 52.5nt /hour
Az W& S/yr 234,549 234,549
2| ACRS | oF | M]Z | kKWh | % | 8,751,661.00 94.00 | 8,751,661.00 93.90
R Iyr 563,382.00 6.05| 567,638.00 6.09
HYAE g 0 0 0.00 0.00
nEE B} kWh | % 178 0.002 178.00 0002
4 BE 774 0.0088 774 0.0088
Tl =] kWh 5,839,313.00 5,828,152.00
ool 1 %] kWh 563,382.00 567,638.00
N CIEEY kWh 5,275,931.00 5,260,513.00
A SERS KW 4,198.00 4,198.00
° A ez $ 2,426,928.23 2,419,836.15
- S/yr 97,077.13 96,793.44
e $ 9,455.68 9,449.14
T Siyr 378.23 377.97
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£4@] SMP+REC 7174 kWh 2439, 143¥

vl =g 2715000

vl =g 2715000

SMP+REC 714 Rizh= 24 SR BN e SR TRV G e

gorn | EF kW 3,292.00 2,903.00

A% $ 1470,651.36 | 147540415 | 122766674 |  1.301,372.77

Az | &% kW 250.00 250

AA | Rz $ 750,000.00 |  6,786,049.50 |  750,000.00 |  5.984,136.25

delel &% kWh 100.00 100

A% $ 35.273.20 | 85,183.38 35,273.20 | 85,183.38

Aowe) | B kW 649.00 620

AHE | gryzo $ 63,887.40 125,300.00 61,112.45 119,857.59

AS | AR/EY $ 51,323.00 | 41,292,818.17 51,323.00 | 43,498,469.48

ANz | ARz $ 3,171,223.76 | 51,820,895.98 | 2,994,978.03 |  53,009,051.99

NPC $ 51.8x10° 53 % 10°

LCOE $ 0.335 0.353

L LK SIyr 2.93x10° 3.01x 10°

ESE $ 3.17x10° 2.99 % 10°

Aol A 1) % 14.00 14.20

ROI / IRR % 37.60 41.60 374 414

g4 E% (CO2) kelyr 3,554,131.00 3,451,944.00

RS 1,372,319.00 14.6 | 1,348,685.00 14.80

Ak FC k/ywrh % | 2,190,000.00 23.3 | 1,919,000.00 21.10

A 570l 5,828,152.00 62.1 | 5,846,202.00 64.10

we aw 459,900 i 1,260ni/day | 402,990n 1,104 ni /day

52.5ni /hour 46 m /hour

Az Hg SIyr 234,549 205,525

2| AC¥s | o | M= | kWh | % | 8,751,661.00 93.90 | 8,751,661.00 96.70

R Iyr 567,638.00 6.09 |  296,947.00 3.28

Y A& 0.00 0.00 0.00 0.00

n) %% 33} kWh | % 178.00 0.002 178.00 0.002

4% n= 774.00 0.0088 774 0.0088

T kWh 5,828,152.00 5,846,202.00

g | woloux kWh 567,638.00 296,947.00

A1 epgdeux kWh 5,260,513.00 5,549,256.00

;EL EEREY kW 4,198.00 4,198.00

:ﬁ A8 $ 2,419,836.15 2,552,657.54

A SIyr 96,793.44 102,106.30

4 $ 9,449.14 9,458.67
S 87

SIyr 377.97 378.35
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BHE 8 (W4 E40] Y3 =5 714 Wd 370¢, 185¢
B o33 370.49/W Bl o33 185.209/W
HSFrs U4 24 239 SMP+REC 2018 1939 SMP+REC 2018 1939
GRID+LIBPV+EC (LF) GRID+LIB+PV+PV+FC (LF)
2k
I & kW 3,142 6,878
PARNE ] $ 1,005,513.00 \ 1,010,050.09 | 1,100,452.94 \ 1,110,383.90
Am | &% kW 250.00 250
AA | Arize $ 750,000.00 \ 6,786,049.50 |  750,000.00 \ 6,786,049.50
s kWh 100.00 100
Hl E €] .
PARNEX ] $ 35,273.20 | 85,183.38 35,273.20 | 85,183.38
Aoee) | kW 646.00 619
AWME | zm/zq $ 63,580.44 124,697.97 60,949.54 119,538.08
AT | AE/E $ 51,323.00 |  40,959,245.67 51,323.00 |  40,422,048.25
AN 2" | ARIEY $ 2,705,778.44 | 51,015776.06 | 2,798,087.47 |  50,566,309.33
NPC $ 51 % 10° 50.6 % 10°
LCOE $ 0.329 0.326
egn g Siyr 2.91x10° 2.88 % 10°
27| AR $ 2.71x10° 2.8x10°
RS REEA I % 14.40 15.10
ROI / IRR % 58.2 62.3 56.0 60.1
ehau] % (CO2) kglyr 3,538,307.00 3,517,243.00
B 1,416,999.00 15.10 | 1,488,508.00 15.80
o FC k;Wh o | 2:190.000 23.3 | 2,190,000.00 23.2
A & 7w Y 5,793,504.00 61.60 | 5,747,380.00 61.00
459,900 ni 1,260 /day 459,900 nt 1,260m /day
A AR } )
52.5ni /hour 52.5ni /hour
Az g Siyr 234,549 234,549
X[ ACYS | oF [ W= | KWh | % | 8,751,661.00 93.8 | 8,751,661.00 93.60
R El Iyr 576,776.00 6.18 | 600,732.00 6.42
FOEETY 0.00 0.00 0.00 0.00
HEZ B3} KWh | % 178.00 0.002 178.00 0.002
4 nE 774 0.0088 774 0.0088
Tl A kWh 5,793,504.00 5,747,380.00
o ghuf ol 14 %] kWh 576,776.00 600,732.00
S ETgeA kWh 5,216,727.00 5,146,649.00
= EEEY KW 4,198.00 4,198.00
Q] $ 2,399,694.64 2,367,458.46
b Adux 8&
a Siyr 95,987.79 94,698.34
2 $ 9,501.92 9,386.46
4 +8 87
Siyr 380.08 375.46
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B2 9 AuEleel CO, MEF

(ZF2: kglyr)

_ Agele 1| AdEe 2 | AdFe 3 Aue 4
= 7)) F7h | FCRrA b
15,000/t 3,996,572 3,475,106 3,989,253 3,559,228
all
%J 25,000/t 3,996,572 3,477,423 3,989,253 3,554,131
p=1
35,000/t 3,996,572 3,477,423 3,989,253 3,554,131
1\5;[ 2434/kWh 3,996,572 3,477,423 3,989,253 3,554,131
p
+ 193<4/kWh 3,996,572 3,477,423 3,989,253 3,554,131
R
E
C 1439 /kWh 3,996,572 3,477,423 3,980,075 3,451,944
. 5004/W 3,996,572 3,477,423 3,989,253 3,554,131
ok
3'3’ 3704/W 3,996,572 3,446,293 3,989,253 3,538,307
5
= 1854/W 3,996,572 3,427,664 3,989,253 3,517,243
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B2 10. A9 CO, viEZa E4hdd

9 A% vF

(F4: kalyr, %)

. Agee 1| AdEe 2 | e s | Adee 4
COs vl Z 2 AdEE L eye FCoa” | evEd-FCud

- +7h +7h +7h
=t} 150009 | 3,996,572.00 | 3,475,106.00 | 3,989,253.00 3,559,228.00
PV (FC) Hl= 0.00 % 152 % 24.4) % 145 (23.3) %
A% WF 100 % 84.8 % 756 % 62.2 %
B TET 5.0008 | 399657200 | 3.477.423.00 | 3.989.253.00 3,554,131.00
4 PV ( FC ) w|= 0.00 % 15.10 % (24.20) % 14.00 (23.30) %
;1' A v= 100 % 84.90 % 75.80 % 62.10 %
=t} 350009 | 3,996,572.00 | 3,477,423.00 | 3,989,253.00 3,554,131.00
PV (FC) Hl% 0.00 % 1510 % | (24.20 % 14.6 (23.3) %
A% WF 100 % 84.9 % 75.8 % 62.1 %
KWhe 24390 | 3,996,572.00 | 3,477,423.00 | 3,989,253.00 3,554,131.00
‘ PV (FC) Hl= 0.00 % 151 % 24.4) % 14.6 (23.3) %
M A% b= 100 % 84.9 % 756 % 62.1 %
P KWhe 19390 | 3,996,572.00 | 3,477,423.00 | 3,989,253.00 3,554,131.00
E PV ( FC ) H]= 0.00 % 15.10 % (24.20) % 14.00 (23.30) %
C As v = 100 % 84.90 % 75.80 % 62.10 %
7b | kWh9 1439 | 3.906572.00 | 3477.42300 | 3980,075.00 3,451,944.00
- PV (FC) = 0.00 % 1510 % | (24.000 % | 14.80 2L10) %
A% WF 100 % 84.90 % 76.00 % 64.10 %
W 5009 3,996,572.00 | 3,477,423.00 | 3,989,253.00 3,554,131.00
PV ( FC ) v]= 0.00 % 15.10 % (24.20) % 14.00 (23.30) %
zii ASs 4= 100 % 84.90 % 75.80 % 62.10 %
% W 3709 3,996,572.00 | 3,446,293.00 | 3,989,253.00 3,538,307.00
= [ PV(FC) H% 0.00 % 1590 % | (24200 % | 1510 (23.30) %
= A% WF 100 % 84.10 % 75.80 % 61.60 %
;j W 1859 3,996,572.00 | 3,427,664.00 | 3,989,253.00 3,517,243.00
PV (FC) 1= 0.00 % 165 % | (24200 % | 15.80 (23.20) %
A% ¥F 100 % 83.5 % 75.80 % 61.00 %
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Abstract

Economic Analysis and Environmental Impacts

of On-grid Microgrid

Ahn, Hee min

Cooperative Course for Climate Change
The Graduate School

Sejong University

Renewable energy is attracting attention as a distributed energy resource that is
effective in coping with climate change, but there is a disadvantage that reverse
current may occur due to intermittent and over-production. Microgrid can be
classified as standalone and grid-connetcted. Stand-alone type, which is not
connected to power system, is widely used in urban areas and remote
mountainous areas. The microgrid is an effective energy system that can
overcome the shortcomings of renewable energy network consisting of
photovoltaic, wind power, energy storage system(ESS) and energy management
system(EMS). As the demand for electric power in industrial facilities increases,
it is urgent to introduce and expand grid-connected microgrids to stabilize the
grid and minimize the investment of enterprises.

Since the on grid microgrid project is 25 years long, it is necessary to adapt

the future value as differented by situation changed to the current value and
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analyze it. HOMER computes the discount rate to present the net present
cost(NPC) by reducing the future value to the present.

The analysis of the actual load data of the target facilities in 2017 was used
to analyze the economical efficiency of on grid microgrid and its effect on the
climate and environmental impacts. The scenario was constructed to derive an
economically ideal microgrid : [ Scenario 1(ESS only)l, [ Scenario 2(PV
added)| , [ Sinirao 3(FC added)] , and [ Scenario 4(PV-FC added)] .

As a result of the economic analysis, [Scenario 4(PV-FC added)] was
lower than net present costtNPC), LCOE and operating cost. [ Scenario 4 (PV-
FC added)] is lower than [Scenario 2(PV added)] in renewable energy
usage, but the proportion of purchacing electric power from the grid is lower
than other scenarios. [ Scenario 4(PV-FC added)! has the lowest energy and
demand purchacing rate among the scenarios.

The most economical scenarios in terms of ROI and IRR are [ Scenario
3(FC added)! and [Scenario 4(PV-FC added)] . ROI and IRR of [ Scenario
4(PV-FC added)] are higher than that of [ Scenario 2(PV added)] . Because
it is the FC generation receives the REC weight of 2.0 in RPS system in
Korea as PV generation receiving the REC weight of 1.5. As a result of
climate environmental impact analysis, [ Scenario 2(PV added)] had the
lowest CO: emission.

Sensitivity analysis was performed on [ Scenario 4(PV-FC added)] which
has the highest economic efficiency. For the sensitivity analysis, the emission
credits price was divided into 15,000 won, 25,000 won and 35,000 won per
ton, and the SMP + REC price was divided into 243 won, 193 won and 143

won per kWh. Photovoltaic module prices were also divided into 500 won, 370
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won, and 185 won per W.

The higher the price of emission credits, the higher the net present cost(NPC),
LCOE, and ROI and IRR of [Scenario 4(PV-FC added)!| . [ Scenario 4(PV-
FC added)] increases the proportion of PV power generation and reduces the
amount of electricity purchased from the grid.

As the proportion of PV power generation increases, the economic efficiency
of [Scenario 4(PV ‘FC added)] is improved. As the price of PV modules
fell, the net present cost(NPC) and LCOE of [Scenario 4(PV-FC added)]
decreased and ROI and IRR increased. The lower the SMP + REC price, the
higher the net present cost(NPC), LCOE, and ROI and IRR for [ Scenario
4(PVFC added)! . As the SMP + REC price is lowered as well as the
economics of PV power generation and FC power generation decline, the

amount of purchased energy to purchase power from the grid has increased.

Keywords : Climate change countmeasure, on grid Industrial microgrid,

Renewable Energy, Homer, Optimization, Sensivity
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