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Fossil fuels

78.4%

Modern renewables

10.2%

Bion’Lass/ | Hydropower
geothermal/
solar heat 3_6%

42%

o . Wind/solar/biomass/ Biofuels
Traditional biomass geothermal power| | for transport
o,
9.1% 1.6%| 10.8%
Nuclear power
2.3%
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(F3: REN21, 2017)
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Wind power

l 4.0%
Bio-power

- 2.0%

- Solar PV
1.5%
Ocean, CSP and geothermal power
0.4%
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(F7: REN21, 2017)
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AT A 2016). 1980 o] F-¢] EjYFEE 7HA 9 St & (learning
rate)+= 20.9%°|t}. Bl gd EE7HA-E 19761 $68.6/Weldltt 2012W XE&
7FA 2 $0.75/Welth, 2017 5¢ AA 9 PV Insights ¢ E& 7}
$0.334/Wolth, &5 1(2017)+= 20403 71A] e =3 A 77 66% 52

Ao ogsta gt

Y
O

Future module prices in different scenarios based on the historical “learning rate” Figure E2

100.00

== Historical data

——— Historical price exp. curve: 20.9%
1985 ~——— Historical PEC - low scenario: 19%
~==~ Historical PEC - high scenario: 23%
Modified price exp. curve (coming

g oo : back to historical at 5.000 GW): 10.3%

3 2000 Scenarfo 1:
o 270-360 EUR/kWp
=
g i
2 ‘Long-term PV learning rate:

B 100 19% - 23%
= i .
Conservative assumption on 5 e i
050 short-term leaming rate: ‘]; B 5&\_ —
~10% until SC00GW et ?Gl_ﬂ'n J e
a0 appications. projects T =
020 \ g
Critical cost range where material \\
o costs dearly dominate iy
0.001 oo 010 100 10.00 100.00 1,000 10,000 100,000

Cumulated produced capacity in GW

Fraunhofer ISE, own illustration
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(£7: AGORA, 2015)
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A 300MW 4 wi(2017.10.7) &2 EdF(Z® 2 3 3]AL ¢
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ARG S 2t ol HANT ARG A2 HFdT AL oY

©w

A A7 71 wiEE ef Ajate] oA #oFe] “Game Changer” 7} 2
2= H<E2 CEO 92 v 2=(Elon Musk)e] F4o] 7 7] & At}
HHe <9 2-5>0A HEo] FEE] X o] i gl
GWEC(Global Wind Energy Council, 2017)°l w2w 201613 % 715 A7)
486,749MW 7} A2 =l o o] F 14384MW7} &A% 2 (Off-shore) ] T,
20161 THAH FHAAAGFE ST 162GW, "l 82GW, HU 50GW,
A& 29GWelth, AW T2 FHM F5 W o]&E wie 241Twh
of AHANS YERNTh wbE o m=e duprh Fare] "Awbg oA wk
224Twhe] A8 AaEs Bk 201619 F834d AR FS 54,600MW
olt}. F= 23,328MW(42.7%), ®l =t 8203MW(15%), %< 5443MW(10%),
1% 3612MW(6.6%), E2Hd 2014MW(3.7%), &2 1561MW(2.9%), H
7] 1,38TMW(2.5%), U@ &= 887TMW, 9= 736MW, vttt 702MW, 7)€}
6,727MW o] t}.
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221TMW 7} AR = et sdE8 w4 A3
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L1ISMW, 7)ol 712MW, =4¢d 202MW, dE 60MW, 3= 35MW, 3
g= 32MW, "= 30MW 59 =olth

& oito] 5156MW=E 7F4

6) AT AABANTAAE 2016 AN AA NS g 7eMd 2=9e 2030

9 AR EZRESE 23%, A2 stolBglE EE 88 30%E HXE st vk
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GLOBAL AMNNITAL INSTALLED WIND CAPACITY
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Kingdom
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Coumry MW % Share cauntry W % Share
PR Mina* 23,326 27 PRChima® 163,59 M7
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Germany 5443 0o Gemany 50,018 103
India 3812 66 India 8 Fi 50
BRal® * 2,014 37 span 5,074 47
France 1,561 29 Unked Kingdom 14543 30
Tarkey 1,387 25 France 12,086 25
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MEDIAN LCOE SCENARIO
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Linewimarkers indicate ihe median expert reyporse for the median LOOE soenario
Shaded arens ihow the 17-17 quas tiles of expert reiponied,
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9) Stephan Franz, GIZ, Regulatory Trends in Renewable Energy Self-Supply, 2016. X LA
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3. A8 A% &3 (Grid Expansion)

AN A e A= AU AR 2 Ad A4S S St
AAtoll Al AN IA QDS A== o 73}t

20179 =] wAdu = B gF 41.55GW, S4F cl
2 443GW, 7F2= 20.80GW, A4t 419GW, TR 3832GW, #E
20.90GW, ¥ 10.80GW, nvlo] e uf~ 7.07GW, 72 560GWolt}. A Aoy
Al Wb S 30% ol th

K
%2,
L)

98] % 3600kmel thete AW ) AES FHEsdch 20139 69
1009 2] 722l oike] +<91%e] HVDC Corridor ACD &4 %S 8%
kol Atk o] o= FHT ) A=

R TR

The ‘Electricity Autobahn’ Offshore wind farms
Germany is building a trio of high-voltage \ 1|~ in the North Sea connected
direct current (HVDC) transmission lines that A - with undersea HYDC lines
will carry power from offshore wind

farms to southern cities amid 3

a nuclear phaseout.

%
, 5y - ’ 2
@ i g =

Stuttgart /5’/2
“ / .

* f Munlch

P"'\ # Open nuclear reactor
@ Closed nuclear reactor

3 Schonau

-

<Y 2-10> 549 $HAA2 &4 A
(2] www.entsoe.eu)
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1,150TWh, <5 31TWh, $32 241TWh, B3 66TWh), 7IEF 302TWho]
t}.

<9 2-12>% T AEAE 5/id A€ (2016~2020)01th. = A
2 A% 3] AH(State Grid Corp. of China)+= 201613538 20200 7FA] A H A%
A 23% £19H($350 billion)& FAFEH7] = sATth o] A =& A4
A ofyEr Avhdd, AAHEH T AT AAS 9% FAo|th
2 57 AFel wls| 28%7F sl gfEeltt. UHVAC(Ultra High
Voltage Alternative Current), UHVDC(Ultra High Voltage Direct

Current) 5 Th¥et 44 ¥d sl%o] Henw, Bdstn Yok T A
S FAE BTSN £4Y Adel hrw HFPeA, FHUA

National Grid Plan in About 2020

ll.“":_ = —_— I

¢ UHVAC corridors
.connecting North
and Central grids

e UHVAC synchronous

gri&lﬂ}erqpqnec}mg_
North, Central and i

East grids

e UHVDC transfer long =
distance power Tibet

¢ Expected capacity of
UHV: above 200GW —

<a¥ 2-12> T AEAE g 570d A E(2016~2020)
(Z3]: SGCC & ]A)
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Sebs AGFFV LAY Y Aor SRy
g A7 AEA DA FHAANANL NE AEA AL AT Aol

AN Agoz AAAIAE 93 SRALN AL +e)
7% sk Sedes AUl deAE A g $a9 74
of §lth. <E 26> Shete] WA Au @olr),

Ol

T 1980 1990 2000 2010 2014 2015,6
27 | 165kV - - 595 835 835 1,014
(km) 345kV | 2,044 4,935 7,281 8,580 9,228 9,369
154kV | 10,641 14,497 18,706 21,261 22,357 22,440
A 12,685 19,432 26,582 30,676 32,420 32,823
W8 FMVA) 19,108 51,685 | 125,700 | 256,318 | 285,542 | 295,417

A Oh) 378 319 483 731 805 812
# FHAAR F AT 3666 kmA(FFd= 3 (FA: =8 Foe]A)
* WALFE U Sewddn] 23, FAWALsE 68171 (9l 3E 83.9%)

W ko] HAe] 2%l = M A Kot

A8 Age HE A EAR EHA Y 877 Brbsd Al

o] stk Aseh dlEE 25GW A=A AlEe A 2009 gt o

U A FA5 7ot dlok sheAl AskAl Rshal obA #E Folth
dmAH e 201697 F34 2P EO T ESS 360MWhE watg o

H, 20173d7kA 500MWhE A A& oot} 20161 114 ®id AW W7

< 93 ESS 10MWhE 2Fstgloy, &5 25ds 522 Aot

7

g ESSE Ao A =es st
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— Critical peak pricing programmes

— Peak time rebate programmes
|- Real-time pricing programmes

(Dispatchable programmes)

|
|
-
(Reactive programmes) L Time-of-use prices programmes
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Frequency

of calling

Participants

<Y 2-14> Foe A Ao i

o
)
z
)

(&4 IEC, 2012)

dsh e Fane Aol B AAAE A AEA A GIHA
olu, rlE wE7)g el AE AL AL 77l mUEP Ao} 7]
Zol wAsol @t ANAEA} Faus A Felar] JANE B
A Arel ANz AZH 97 Ao] 7% AME Dasth ® o5 A

18) Zafe dge AikAtolzr AuatE wdtth, RMI(Rocky Mountain Institution,
2015)¢ w2 Xﬂ*gq]ﬂX]J Aol FolAWH ANzt 222 AARste] AnNdlE = A
o] FoiEu, volrt W dEe dAuEriE diA v ZEA4HE 1Y A4HES

EFola, WA Adn| EX}E ZolH, 71& THTH TAANGA] WMES F2AH
ZRevs 7]E AE5e) WaE one Fa $Y F shtelth



5. YR A& Al 2¥(Energy Storage System)

AAATANA ALAGFA e G@e WS dFe Roz deld
gtk Zvbdel WAT W AFAL APyFol dyd u AT 5
itk bt MANS W A5 AL fA57] A vAndas)e qun

3}

A, AYAES §4 Beleied B F95 D AG BeldE B8

=

‘

a9l

<29 2-15>% IECAA AElgh Az d8AFgA9 9&& Al
b BACNA Aeta vk Tk, AgS #ElsE 7% (Power Quality),
12} 24 (Primary Regulation), *-(Reserve) A2 93 A& A7 o]%

(Time Shifting)o.2 /& 4 Aul. FHTole HAHAE o] AAHE

Duration
01s 1s 158 1 min 15 min 1h 8h
1/ month
@
1/ day
S
S 12/day
E Primary ]
-E 30/h Flegulation = /ﬂ_’,./
E E
Z  30/min
5/sec

<9 2-15> AL SN AgA g u
(&4 IEC, 2012)

_37_



<Y 2-16>2 IECe AEAA & EFolth. 7|AA, A73sry, 3}st
A, A17)/E8 dUA] A Fo= EFRECH
kA (pumped hydro storage)e Al Eo A thekst 7)5S S8 &

govl, A ARAZFA] WEES FAstn Uk wol} ©hE F A

= AA = L M | — [e]
A9 (Control Power)19 &S 8st=d ZHHo|t} 7] WHAAFS
A ZEo| A ol Fgakbr & 70~85%o0|tt. dAe AF 1T 5

o] upgro] wojof Fry= Ao
it =371 (Compressed air) #1742 A8t ot &3tel] =375 A
Fete A giZge] ouAE FrF mie] shsstth 18y A Al
g &8 50% mRkoltt,

Fetold e I tE A AYA TN &= TlEolth IFE

AL B ont~bute] 94T SER HAFoRA oUAE

kg

N,
2
2
o

22 AR FAA FEHAA (Lead acid battery, LA)E= 71 A5 2Fo] A&
= 7HE A58 A AAA]olth BE 1500cycle, 80% DoD20) - 6~154
Abgsth Al ="l §82 80~90% AHLolt. Auldoz AHsk Aol FH
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ow WAY A AT E §Fe] 50~70%% Eolethe A oA

Mot gohe A, golebs B4 242 A RTE Holth

Electrical energy storage systems

Mechanical Electrochemical Electrical
. Secondary batteries Double-layer
==& Pumped hydro - PHS 0 Laad acid / NiGd / Nibh / Li / NaS o Capacitor - DLC
; Flow batterie Superconducting
==& Compressed air - CAES =g Hsm%; Hynifgsm “*%  magnstic coil - SMES
g Fhmfh - i
sal-EES Chemical Thermal
rogen Sensible heat storage
— Elactrolyser / Fuel cell /¥ SNG — Mcﬂtgn.saﬁf}\.—CAESHg

<9 2-16> AEAA7 & F=5H
(%A IEC, 2012)

g Fol &A= (Li-ion battery)™ 2000 o] % 7} F&ERE= A 7F7gA o]
o FoE 71719 A7IRbsAbel] A= AuA] Vsolw, vl
o FA Lkl o gk 7HAste SRk wMET, HTols dEAEdE A& AL
A A dEe

A ole. ER FA

rlo

#d7F 53 vk Li-ion A9 Huo 37 EEC] &
NiCd, NIMH 71<¢ Hd 1.2 EE9} HusE u 2

25y g ooy dert Foh g oyA &M E&% 95~98%°] =

O

e
E2&S YEhdrh W H(discharge) AIFE Z @94 F @97bA] H
AR A= AG O AFES7ldl Zest BRE O ZAS 7PA ok vl
5000cycle, 80% DoD 7]& 10~15W A&ttt @32 o2 7hZ o] uHHt)
= A% 4 B og kA o]t FRbE T Mol

w4371 2] (Metal air battery, Me-air)«= T4 3% 22 o] Fo%

oo

Ao M FHol bsd FU)% AW FFom o FolAh

f 84

Y
)

i)
al
B

o2

7N AA FAME HEe7IAATE olEH AuyA d=7F 7HE

o
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< 11.14kWh/kg olt}. o] &= 7F&Ed 9] 10.15kWh/kg Ho} =31 & wjg g

Eb1 <] 1008) SEolTh ok 1A ol 2H U AE 135kWhike

otk obx AFYE FuahA Rau QE FEHT/AMEIE F2 R A
=z

A 71l g Ak AY A s

UHEFZ A (NaS battery)= &% wWElglz <A vk 22 A=
M= AEAEA AL WA dFez H8d 7leolth A 300~350 =
Atololl Al #FEat ™, 4500cycle WA AIZE 6~72 AlZE, AC7IWE S &8
75%0°ltt. o] 7l&w 1990d 4 A& 3|ALel el FEstE AT shbe] FH
A EE 397 50kW, 300~360kWhelth, 207 EES 7 o] 1IMWh,
6~72MWhs 7] @92 Arjsta itk &F Alo]Es Hol= dHAS

ol vl A AHE Soltth

ST EAA (flow battery)= HAE2Q 221 HAX|7F A=9] & EdoA F
WAE st AR Gy AA Al Ao AFEa, b7 &4l Ax &

gol W Arlsetgon FuAdch 197080 NASAd o8 /s ol
7] FA HeH el A2 A AYAYI &R FERm Qo
W, @ A7 @ Qe A MWh ©9le] oige Al A

sEAAE A5~ 58AA% solngds 5EAA F EH7F ATk 49

o
)
>
o
)

Fao AHed = = Fdlet b NE, Aaadold Al A oA 9
Fae 5 ole ZHATE o sas dRAAE S 7] T A whe
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AT7F H71% v 4 AR AGeAY FE4AA7 AR HEAAA F
7] A Ao AFgHET. a8y olux AF TeS 30% o] sko| ),

AHAA ANAGAXNZ FHANAEHE E2lE= DLC(electrochemical
Double Layer Capacitor)?} ZHd=AA A A= (SMES, Superconducting
Magnetic Energy Storage)”} It FHANHAE = A FAIgte] 7] <F
AR SEE 2 A9 &% 7HAAL dv wE S, F a9, 2

9, e 87 Age 54 etk 1009 7719 Algel e, A

>,

A AE oA agtRnte] Mo R AME JhEsn, AEE WAl A
al

=g deah 2 %

= E=R=
100 MW
10 MW
ar T WY
=
i
)

TOO kMY

OKW | ot

TEMW =
01 R T KAk TR 100K T MWh 10 MR 100 MWHR T GWh 10GWh 100 GWh

<9 217> AEAG %] AAART oYX B
(&4 IEC, 2012)
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A3d ABAIA ¢ mpo|a2 = Gl

1. vlojla2ad = A

~ T 3

Distribution : LLJ - BulkSupply Connection
Substation—» — [j;lfjf‘l, - —_ (sub-transmission)
Full T R T ey
Sul:!station _," i ] I T __T._ e e Single ~
Microgrid > I —-EIO " Customer .
/Microgrid '
Full Feeder _- Other Feeders e B 4

Microgrid. =

1 P 5 i b
: . 1 —“TD,
Partial ' : \ = Y g
Feeder L 2 4
Microgrid < 4 -

<I¥ 2-18> wlola=z g = I
(Z*: DOE &3¥|o]x])
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QA vrolaz g st b w2 ARl A8E Agsa

Zoll AbEFOoRA ou|A BeAd Aol 7ojd = s ¥ ofyz}

olg & vk aga wjAR = dAEe] dg AS vlelara=
AA7E shve]l ZEE] Jbedk Het(load)ol A A U(source) & 24 E&
dell 711 4 Sl

&

A, o} 2|7}l

oA, A7) AE =
dAch. A7 AE AR ke Ao ks Fukeld
MM = Ao AdHs AR&EoF s, Aol oAy tirt SHs &
B T T A9 AdYAlE FAE f& rlelaRag =T &8
N AHE 2] FHE on s G2V(Grid to Vehicle)9t #HsxF wiElg] A
S 7FAd F53E V2H(Vehicle to Home)9] AlA~®l% wlo] A& 18] = 0]
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oAXA, Ay volar =, &l |A
=, 899 volaradge F oyA b4 ¥
A E8A Andgs B 5249 nelamag =t du o] BFE violA
2= ke AR T b AL AHAGGA, A B Al ~E
(EMS, energy Management System)S 2zt it} wjlazagl=9} A4
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ppolam Y r e AFE T A 71A, A 2 AbdAlA, ek
A4, A vk, 58 A9, oA seE FEE

<1¥ 2-20>2 Navigant(2016) 7} dAwele Hopug]7te] Fopd wlo]
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= 9% vlojawm
3,000MW7H#] Solgd Aoz Awsw

agE For Aol Pl gk 20249717
Atk

Microgrid Capacity by Segment, North America: 2015-2024
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{ Source: Navigant Research)

<9 2-20> HFopg7te] W mlolaz gl HAW

(#3): Navigant, 2016)

<Y 2-21>8 Navigant? 2016 wlo|mZ 2= Fopd,
A ghol o},

=7 A%
AA vlelzaz = A 202047k4 USD 20091 & 2=
348 Aoz oidsta 9k 20161 Hopd wlolAamE| = EA X 93}
QA 63%, 71¥ 15%, AFYE 11%, A 2&ATF2 10%, A& 6%,
TARZIA] 5% oltk. 20168 =B wmlolAR = A Ww 41%, T
30%, B Aok 6%, Ul 6%, &5 5%, AZulAlol 4%, A= 2%,
2%, Z7F2~ 29, o}olE] 2%°]|tt.

S

R
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Total Microgrid Power Capacity Market Share by Total Microgrid Capacity Market Share by Countn
Segment, World Markets: 2Q 2016 World Markets: 2Q 2016

. - Commesis! 300 imtuwist Cwnmars Frange M28
o t . A%

"o
WEAEED _ gu
P

Ausiraiiy
”

Coa
©

— Wrerad Saes
"

Chns
.

<Y 2-21> vlola = Ropd b A%
(£*]: Navigant, 2016)

4. F8 2719 nolazrads 53

ne FARZ]A] mlolaEagE Al o ® SPIDER(Smart  Power
Infrastructure Demonstration for Energy Reliability and Security)E %13}
shal Atk F-EHE dHo]l X1 T2AZF 5k 100% A= AHs
SR v A dUAR ¥E A e® F31HH, Fort bliss, Fort
Carson, % Camp Smith 5o AXH AW, X|& AR ofH o]t}

u=re] A~ mlo]laRaEl= A2 University of California San
Diego7} thz4elt}. Q15 56,0009 (BHA 28,000, n2]d 28,0007 ), 100717}
Hi dde] glal, 2MW d]a FatE Hols A e mAen A
Al deg o] 92%0], W Fste] 95%E Aw A vlo] AR g = o]
o} 2013 71 AH]= 135MW HIYE, SMW 7k~ HHl 27, 380%F A

A7F2

>

Wel Wa AR, e A" WA, sle] d7] W), 28MW

-

2
o A
o

)

AZHA, 27TMW B3, SMW/6MWh ESS, 7571 9] s 7] 7k
Ark. B FldA oS Z2aglo] A8 Jon, v 7+

s mlolaRaYE Vel HAE HER 9t gtk New York
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University©= 134MW<e] W An7F #5500 32 Al Sandy 7F 93
S ul bl AEs Taeta Sl FHIe AL 2 AATh

v o] EAA]Y wlolA =+ Alaska®] Kodiak Island MicroGrid
Project”} thsE#olth. 2007 AlzFstl o™, 13,0009 17F A8k, A
Hyae 27.8MWelth Aol gAddoe] 40% olde AAE o
2014\ ESS, E¢told To] A2 Ho 9 828%, $9 169% & 99.7%9
AN A v TS YERH AL 9l

Az =e] AU AZAH} v FoAE T YA

AH EES Fol7] AT FHeE et Utk =A A He] AFY o}
Yel 717U E mle]lamae]= Abgjo] &gk ol

GriddEU 22 A E= EC(European Commission) $HYo =2 20115H
20161 37+A] 5170 &<t & E EU Fa= w27 35 #Fodd ~
MEIGNE #-d 9 Vs i ARdelv 54, 249, 2921, ol Hid,
zepa Ao wAAAAE Folsta o 1278yt 27709 stEYAL
7F #olstar vk BiY, F9, CHP, A% 59 A4y 19 #F4d #FA,
A71752e] T 2 Fevks 55 TPAHOE HEES A . o7 A

HeERD A%H 7148 wisel 448 S vz Aol

o fFEgly vlolazr g =(Utility Microgrid)e] txA A+
NiceGrid T2 A E o]t} o] GriddEUZF A Q3= 6719 AmfE 8= X

zZAE Feo| dhifolr. B} ESS/H AFHE 15007H79] AvtEd AT

= Ao ® F-A<¢(medium and low voltage) wlolA R 18| =5 =3}

ol

e e Haesdd. 43 Fote] HaE A74E A H Aopglt A3
o gk vhelazaw o] JEH FW, AAH S, AL8F
SREL E R

il

.l_z



Issy-les—Moulineaux vlola &2 18] =0o]t}. <l 10,000 o] AF3d= =4
Adl Al Hl=2Y 2= AlE 9] g dtd Ao} Ao Al ZE AT o] % W
FollgA] ga&ste} By B ey A Aoz ooj i, Ay A%
=
[e)

A S =zt dAasdY BFduA deE Solst s
2

R
2
)
2
off
N

ek 2uate] HEH Folg B3I Fauol

%
SEREBES

X
o

FH9 Adex 2 Jpaubd A (VPP, Virtual Power Plant) wlo] =271

O
Iy
iy

dl =9~ (Réflexe) PlOlARTIZEE H& 5 Atk dE92 akgld
Az AZAYA, AU A Ass}, A A%, A7AEA Sz 2
gt wobrh 2HlARe] FaNtES T MU dLe HEA HaEG L

AT}

Fare] mlolaz e ee Babde] A7m sk BAolA ¥l EE
Fae AgeldAEel del hite 38 A R AG ke FFol
BxHPA vrelaraes #d J)Erge] o]FolA gtk AT T
B3 Fo AYGsAe] e s FFow AP}

g%t T wpolar = A= 1) vlolar = AE, 2) wlol

Arads dd 54 3) violazadE 3 we 4) vlolare =
Mazaejeste] A2 5) HH 4 6) molazag=e] B3 gk 3
4 7ls JiEe] o] o]t

%= SGCC(State Grid Corporation of China):= ElZ o5 AlE] wmlo]=
2ad= A2"dS 75T of7|A = vlolarag=st Aed WHAL
olo] Aol HolEE miasta AFAolstE AlAElS FE8GITE o] A

21) 71712 A= 2 19 (National bsic Re-search Program (973 Program)), =7}il% 7)<
ks 2 773 (National High Technol-ogy Development Program (863 Program)), &=
A} 7} 8o -2 @ (National Natural Science Foundation of China (NSFC))¥ %= 2 A
%3] AH(State Grid Corporation of China (SGCC)), & =rd4% 723 AHChina Southern
Power Grid (CSPG))7} AT47/ME& FEsta 9l
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2~ ®le 380V/30kW B3k, 5kW F &b, 25kW/50kWh ESSeF ZE
E7F ZFolA vt welAaRaYEE AsoR fAHM, 59 ¢4
AA o] 7hs sttt

SGCCe =#3 nlo]m& 18] =+ Nanlu Island wlo]lZ 2 18] =7} itk
F2 AdlE 100kW x 10 $82-4, 545kW B k3324, 1600kW ] A ek,
20kW =RE7, A7 AEar e AZE ESS, ~vtE "E7] Solth
SGCCY AZAAE nlo]aZ 18] =+ Luxi Island vlola 218 =olt}, F

plh

F3 A oi7lel AeE Fud

TR vlolaR g = ol dasgh HH v)Eo] HLHUTH

CCHP(combined cooling, heating and power)S 93t Ut MW =7]
o] 7} HAHIS F3) vlolazagzel A4y 37) dge W 2 oA

AzEe ARst o8 Fa vlelamads MA A5

5. $2uete vlelazag= 5

Selutebe] vlolmE el wl Abgdoli olgugR oA AL
Ml EASY S vhEs g ol A R AR ‘ol U A 4] ek,
0109 = AP 2vtEIE 94 7% ARd AT AT

F Ugow st 2ntEdg=2 FrtRefS wxReTh o 7] u)

o
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[

W 2ntEOEEE AuE wlo]AR O EE FHE, olE Fste A

dolrh, 201297bA] AvtEOE = AIMEAIS 5k, 202069704 3

el AvtEadgs, 203097HA =7F @9l AvtEadE 94dSs AFe)

Atk A V& A 5o Eokvw ATd dEAE, A5d 2R A5
&

A5 A, A5 A Aoz 7]

-

ElitHEE;
AHIA AR

<a¥ 2-22> AvtEadE=(HeddEAE) il

APtEIYE FEE % Ada AA7Ivke FEEve v o 164
3

& VR A=A, AT/ BRI/ AHEA ]

NEMNE-EAS-ArgEke] ded Zeid, AvteEads AGAEA =4

22) Aol Aol avtEgEd M7 9 AESA VeSS E8dte] dEATS A
awstto e nFAL AYMHIAE AlFstal dyA o] &F &S Sdistets A

Soltt
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olgb= Wl 7HA 7IwE HAE AL Aok A THAHA T dxAd
Al o2 HVDC(High Voltage Direct Current), AMI(Advanced Metering
Infrastructure), A7 A& =2 A4, ESS &%, 8498 Al 5o 9

SR 20159 duA ANYS A3 FAse] dxe] FEG 5

7F EMSE &3 #ej¥ = vlolamael= AMgiol7] = &ttt

FeEluete] oAU A AR A2 AR A FrRE o] FojAT 2714
2t Al Bk, 9] RaEdey ol ded A dA Ha
Atdel Atk wrelam e ¥ ARG oY AlgHe s Fom, wHs
a vk mpelaz g =s AR AHAA B A aga o5 HE
ot EMS7F lolof jhth= FH2 o] A ool B 7Rtz e] oA Aty
A Aol HlmA Al E | vlolaz = Abgloletar & 4 Ut

FAL 159 E LFES MRS 67 A AUAARY AP A25

F @9e Adsel HAn YA 63) 4 BF vlelanaels A
L

78 Aol o] felw A, Aol AAA} BEa
g

AZA Al A EA 42349 Rkgdo]  FSiEo] BTy

250kW, & 40kW, ESS 12] 1,125kWh7} A= vt 20149 53 AL

23) Eutel AAA B =AE 227001, iR ARl

_53_



Atdeor gAE ol|yAAHA Al 23109 o] F]iEo]l Bl
144kW, &2 33kW, A4 10RT, ESS 500kWh7} A 2] ¥ At
g2 4 A 27570 F SASHEIN), AAABAdA 71 AA(2671), LA
AFAA), olF AA-E@/M 6378 A= AL 21278 A oA ATdA
13870, g+d &4 46705 ALS Al 9 280 S ide R wH] A9
At oz oy A A YA A S AFskal
AMEd mlolazaels Abgo] ‘15~"19d7bA] FAFEH] 1839 (5711120

o, WA63)o] FApE o] LA HE G Al 4AF HHE o] JhEshal,

N

fig

Al HlE 20% HiS HxE Y otk w3, MVIAFAL
ESS7F 9] ™, A& olux && #eet AFEAlA 2vu&s T 53t
of A7 g5 FAE F=F Aotk

HTAE 16~18d A= Hx S/ dA o] FARGH] 4909 A (=]
2659 €, AWl 309 €1, WA 1959 S FAH melaERadEAd S

F2 ZFolth, =7 Atk FUA 1347049 BEAY FE AEH AFHAE o
oz slolBE = o U XA HAX](ESS) 27MWh, 3 AR 6MW,

2
FRAUAE, VoXM) BAEW=E THT Aol

o] A= 7 A A Aotk 27 gae o
Ll

Ak ASA S F8 wd Vles st

24) V2X(Vehicle-to-Everything) 7]1%2 V2V(Vehicle-to-Vehicle) ¥ V2I (Vehicle-to-
Infrastructure) F41& ARS8l AFy =2 Qxg 7o FH& T3 =2 99 aA,
ol FA, 181 uF 'ﬂﬁ S WA sti= C-ITS(Cooperative Intelligent Transport System)
TaE s A4 Vs F shtoldh
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X. Wu et al.(2013)o] 93} ALY A F3FS HAspetar 24
Ade] FAFES Sdstetr] 918 54 o2 wolaragi= i

AbE2 b, Lassster(2001)¢]t}. ©]% wj=re] CERTS(The Consortium for
Electric Reliability Technology Solutions)7} WA & H7tabH A wlo|a &
e Adel S4Ea WAt gtk <1 223> CERTSS wlo]
A7ad = FFREo|t

Energy Manage r

Feeder A Zone-3 Zone-4

Zone-2 t l 4 V/ hd

Feede 1+ B

Zone-1 sSD
PCC E

Sensitive Loads
Zone-5 /_
Zone-6
Traditional Load s

L v
) X" l
B

- Power & - Pointof . Breaker Sepa ration
. Voltage Comimon Device
AR R Con troller Coup ling

<19 2-23> CERTS| vlolmazadgls 2%
(3 X. wu, 2013)
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nlo] =2 18]=% CERTS ¢ IEA, IEC, IEEE % o2 oyx#& =i
1ol A B R BREEA 2] Ao ARV o, SAkE A 9
ot wlolag gl =9 JMdE g FAlo] uwhel zpo]7t EASIAIRE AREA
o ouA HEA AL, AUA ZE&AE AL, AdAUA FHE HT F
Ao ol Art.

IEC(International Electrotechnical Commission):= WA W7+S =& 2
71742 Eoke] Tkl gk A Aol Wstel] s HiAE e
shal lth IEC(2010) oy A ko] tigh o]sl& =oli=d F2 A 5o
ok oA &8, 247t~ dY, T oy ok IECH TS A ost= ¥
Aol Ba o)A gt thekal o yx Hop= thEa gt IEC(2011)e A7) A
FgAel s F3kek BaAelth A7 BE oge Ve 1o 54
oﬂ q]OH )\JD:]O].I/_ ()]

IEC(2012)= Wiqt: A A o] deAls &3 & A A%
of s Awsta vk dif R e FEEAS F3etr] s T

5

o fAA aule] FAA, 23 A7
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EES

RE output fluctuation Demand response
Grid faults Grid -friendly RE generation
Conventional generation outages Conventional generation
Load variation flexibility
Variability and System
uncertainty flexibility

< 224> AU WEAT Axw FAH B

L. Hirth et al.(2013) 2008%F-H 20127+ =de] A 8717} HEF]
aL, AR A Aol Tt Feke] of el ] sk o
Al7Tell HLdL dgsks AAANTAZE 20 S7keke ¢ 239 owdH
& 20% FAastFon, Y H&2 50%7F AT Y o fHE S

A =d DFa o3 2)A8ANUA A o5,
AR 5SS S AN G0l W2 AFH sMdR Gt 17
b= 5%, 33k 1568 Wl ZlEstelok 3t 1, 2, 3%
Aol 274 e g5l Zestuz o4 T ofdEe] oy, T
2 kA Aozt An. A A8 T stye oAFAdH2 AAAIA ¥

F ulea 4gH9l BAE glon, A fA47 d3go Faey

[\
>~
>
R
rN
=2
b
-~ =

=)
)
rlo
(98]
(@)
J
N\

olgtolt}. HEo] WASE /Mg HAA olf $HMAR BEY 24 &

2 A B /)7 Bore] Hxd Fi wEo|t)

25) 9543 (Control power, or balancing reserve) =% L & oo dg9 o
o FF w#HE o]F] AEATE A sEt= AHo|th
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3 pAe Ager FulaAdscte dEAgoR wHsty Ak Fol
whel, 2 Abfeol whek olel vjg mabzn WA et

st Al Aol A #]26)(Variable
Renewable Energy)® A 9slal, @& v &9 VRE EgS & A7 HXA
AAATA Bae fsirs AAUAE

el 71E AlaEel Frbels AdS dolA AU 547 ¢
i

EAS HoslE A28 A Ao WHEH(System-wide Transformation)”} Z &
S Fxeith A" dAe FaA IS s Fdd 2Ad AEA%

B
= Aottt BlUdBud, ~vulE wE7], V2G(Vehicle to Grid), €

AAlel = Ak dE i zpol A RE S Aztdele Y ARES FolAY
(negawatt production), A =S & (kilowatt production)dro =X 7] &3}
FEEAQ BAR HA g

RMI(Rocky Mountain Institute)= EjY32¢d 2 sjg g 7]&2dd w
 dgEope] Wstel s ekl RMI(2014)= &7k d71ew3%
Wel7bes B3 e 1A S d-AES A28 BdduiE g Al =F

26) BFAUA FLWALS B olgs FELh v, 5, AAWAL B

4 s s

Ho=

r-{m
zll
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o] 10~15¢ Wl w2 yetell A AAES ZHA st MEA sold Zlo
th o] Af AgdgearIHe] S S HH, AR dYAEd
st Fxod e S oFstAI T (Grid defection). webA &€ 35
ARAA, AGA 2" dAAE Arlew TE, dHTaT|He AAYEd
Ag A Al Al 2glE o] o] Wstol] BrEo] Au|stoof & Fo|tt
RMI(2015a)= "l=¢] 57 F& dido® d¥AE, g+l e, A9
A+l Egruig el o] Al 7] dgan] s EAs A 1 A3 dY
A+l Fd+ug ] Al=glo] 7 AAl Aol A vt g5 B gy ] Al
el ARl wmEA NN, gakd Ao w Awsial
A5 92 AA7F 2F3H(Load Defection)® AHolgkal
RMI(2015b)= HiE| 2] 7} A A Sl A ofr]ell A ofm Au]
Asd = A=A, 2L olE 7tage Fofso] FoRIAE Wil
o} RMI(20150)% 8
Response)ol Al &t @A #dst sjde= Adystal, olg Fd3s7] st W
HES AAlskaL
IEA(2016)°l w=w 1990~2015 &<t slimtrt A A AA o= v gd
B2 462%, 82 d HaS 243%% AT 20156858 AA Al4F
A Adu o] 50%0] o]l A A | A - olth 2015 OECD = 7ke] A Ao

A A9 B F2 Ht 235%0°lv. AR HlT A o] AL, s
i

iy

94 (Demand Flexibility)S £ %2 (Demand

FFTA, FHLH THLE FopxaL o, AAe F8

GIZ(2016)= A A Z}7F&(self-supply) F-Zol A9 A= 53F AT
oA A7kg BAel HFREAL AuAAA ou] AALE HFuT

=7V Ba, 3243 =iy vk AHA A @ (Net-metering )20+ FAHd Y

27) A &ElAt AHEe Yakske] A7b wls
W oAEAFoRYE we G2 Ause] A4te



ftlo
f
)
ol
rir
Ho
ofo
psd

Gerol Ak el e] t MY JF 3%F
AHW 7E ALAYAEZTE BFPTA] WEHS ALAB oY

= A= EAAZZE AFE T ofdl i RbS A AAT G

3]
MRS T Aege Al VA sE o ® dEal itk
M. P. Bhave(2016)= B 3 dd 3 FEdde] g4k 71E9 d9AE
of tigk Jide v Atk AEATES B4 dxzget 22 8 HES
2 Mdewel Wsted Aolgtal ddsiion, A4 TR oA =Y
2~¥(Energy Cluster)& AWatal vt T4 Josd el Aol
IRHHE V2R HAEY 39
AAZ ddsted mlelamag =7t 44 gTs grbar FAg
Navigant Consulting(2016)2 Z &%= # F Y (Cloud Computing)°l A =}
&3 olyx] A2t =(Energy Cloud)#t= Mds Sal 5 A=AEe] W
st ks Adsta vk dAe iR FEHTA dgAEe] HEd

A%, Fodtes 7lxR st 2t TR WIE JdAsta 9l

==

53] AYAEe 4 dEYaHNAG oo dAgFddaet Faxrt 3
o] &3tz 8o ZTHEAY &d8&E ZoE B
HOMER®| W9l P. Lilienthal(2013)2 AAAUAE 100% =HFET u
sk FAlo] thel sl 2 "= tfske] AAelyA 100%
g 2siet A F& & Avkar AAsta 9tk o] F
wol 7t

Festebs ApelA Hol

28) 20161 9¢¥ u| 3s}efo] ¥ ofdAM=o] AZF AH QA FA(TOU(Time-of-use) Pricing)l
w2 e ol %"%3& SAIAIFEH FBEA 7R ¢ A= $0.10/kWh, 8
b AE o)F e L35AREH 2F 10A7HA = $0.47/kWh, 1E]al 8 7F A ARk glg
Pl HA g okkel 2% 10A1F-H 23 9AI7EA = $0.32/kWhe] .

l—o
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Uodta A4giy, s gAatder g = 3 A tisf HOMERS
s ARATA B &S 0%~100%7HA REEstdon, 1 A=
<2-25>9 AAANUA BEEe W& LCOE #A = ot v Hlso A
AUA el M= B FHEA e A dmvlE d3ed
o2 HEALE TP A UA HanEe] 40%s dolH A
AT F&& AT FAHIEol AT A Bl whe B4 /HAdE A

sk

ol

o

e

it}
kv
2
ox
=2
ivs
Y
N
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il
P
i
ol
ol
=)
)
ofo
o
|l
apy

8] Asst=d o
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< 2-25> AAANIA HEEF A2" COE #7
(%7 P. Lilienthal, 2013)
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<3 2-7> w9

AAAT aof

A A SRS
nfolaR g =e] Jge ARk oR oA A H
X. Wu et w, dUA &4 A, AR FE g H42
al.(2013) 2 FHY, S35 molarRad=s ¢ Al HA 54
Al = 74
AEAGTE T4 dzehet & YESA /MPge=ze |
Si7b o dE, B TFeRE T HFTA dEd
M. P.Bhave | 182 Zake] Ao wisiy wolagags,
(2016) nlolAR g = S AH, vlolARadE FY XA F
H2AgHEgE oyXA ] 2~ (Energy Cluster) /@Yo &
T s AW,
iz Agts-tdteE MEdE S8 4 MEYAAE o
Navigant | 59 AHFFAG} el £aAv} @ o gale B8
Consulting o] FYFoR AHAF W3 WES Ay, UtRE F
(2016) FHTA AdEATE QS d, A, FoEE V2
2 3 BANY FxEe HtE 43
2w o] T 7O i) AT, st ael=
C. Hertzog | iHE7F &<lelH, —?57}7} soyUsE ZEaHE Fo
(2014) g Aol ofs A olAl & F AriH ol A
FolA a3 2Ad (Vlrtual Power Plant)°] %.
Yol 2008%-H 2012W7tAe] HE dHolHE &85t
A 8717F HEH A, ABAYA dHo] g5ste &<
L Hirth et| ol dfa=me] ohal Q% wiehe Adod<st o)
al.(2013) 71k ot AR Ee 20% FAsG e, Y H&
< 50%7F A ARHAEE AR F5 v & A
HAQ AAZE glom, dege Ay 459 T8
29) o543 (Control power, or balancing reserve)S =32 E: & oo Ao F0
o FF #AL olFol AAAES dATaE Aol
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wﬁ-,xx-aho LXK 8 &
| Lo ol | L, N, LB A, L S

View

SCHEMATIC

roke Tour
Start Wizard |

REQUIRED CHANGES

TD = load

FREE VIDEO TRAINING!
ECONOMIC OPTIMIZATION OF
HYBRID RENEWABLE MICROGRIDS

WITH HOMER PRO®

Discount rate (%) 8.00

Inflation rate (%) 2.00

©
(©)
HeMER Annual capacity shortage (%): 0.00 g
[ _Pro J
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SHAAAN &2 92,500kWolm, Fat-8 2 1469.76kWeltt. 2013 2
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A Al F AnlE 2 67200kW, Bt Hd =2 3676.7kWoltt. v
] 5378 A F Au| & 2539%5kW, Bt HojdH-& 193.79kWelth &
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Au7F FEE o] e AdLS 137he]th
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TA P 63 22 42 127
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7] o 214 62 82 358
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FEve =A4E gAdder dAHS FaEst ded, AEET AR

o

(2015)l1 4 gl¥ AsdrteE ok 1299¢/L, $8%

1L27291/L, FA%= 1,2914/Lolth. ddB8HlE T Fe= yx ARH 7=
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£ qRe sz 21 WA F shg)
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(17EW)
<Y 3-3> 7R AEAEE
(4 AhA79)

3. 7MAE AR vlolAZ s TE F £ FHFH40)

7h 4wk @

M EE AR welaR ael= Adu] & F AHANE Aol
AR Qg7E Fa, AE anrh S7MbE T 20161 B 115kW
ol tt.

2014\ violazadE 5 5o yALH G Az A2 <FE 3-5>0|
A B= ukel o] A AR 2
&2 T47%01H. vlolAR R E A8 Ao v ARl 50%
23 @A A UA 100% F8olehs &

Fo] AAAIYATF zRHAEoR AT
HAE A HA <27 34> A=

s
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¥
o,
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fols
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CE 35> JMAbES] vlelazuwe 13 A% o din P
ﬂ A7 Amav| R B
A=
- (L) (L, 2013 WH) | (%, 2013 thH])
2013 260,847
2014 214,921 50,797 4.2
2015 60,194 205,524 77.3
2016 72,416 193,302 2.7
Al 449,623(A) 74.7(33 %)
(A4 d€d+4)
a5
= — . W
° .1% '2% IS% I4-?é IS% ‘6% ‘7—?3 ‘8% ‘9—% ‘10%‘11—%‘12—%'

<39 34> AplEe] dud 9d A ALge
(4 AHATH)

w4 A 3A BF HE

=

<Y 3-5>F 7A=Y dhAdd 9 ubd ol A A of U ] (e kgt
& 77%°|th 2016 7]E yA whbd 7]
98%, B4t o] 8 FES 136%, =HUHd o] 8ES

FeA TR o] §Be] A Wx

=2 UL
deta Qo
slolam s Aul P& Fo el Y AH b ARALS =
g gAS Jomw A7 Ay vgo] 4% Aow o

_85_



R

- =2

[Mwh]

[Mwh] 120

100

90

80 80%

70 70% 80 -
60
50
40
30 -
20

10

Il

18 28 38 48 58 e6E 78 s¥ 9% 108 118 128

< A w1 (20159) > < A HE(20169) >
T8 | Oa | Fg | ae T8 | 94| 2y | ge
ot H & 22 40 38 FetdE | 245 40 35.5
<Y 3-5> Zpabe] wbd g ud g
(A AATY)

L= = L ey

<H 36> vlolamaws TE Ao Aivw WskE nojE A
% A9l 014de Z7bgo] 19%u), 75 & AL&Alge] e Az
vl 59 72 201549 5.3%, 20161 7.0%< =2 S7HES HA A
AT 9e 17184 ol Folt F7h&o] h4E B Ao oaam sl
<E 36> MEe] mlelanaes dn TE AFe] A
o CEICES))
)
‘13 ‘14 ‘15 ‘16 ‘17 ‘18
8 21 FH(MWh) 657 669 705 755 770 786
AE 28 S 71 (%) - 19 5.3 7.0 1.9
(24 AFAT79)
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A4d AUAAYY AR d JLAR

1. 49 42 dolH
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Rl
al
1o
2,
%
\
ko
=
°
Ay
rir
ot
r>~l
r>~l
e
re
-
(o
Lo
o
Ho BN
il
nZ
32
&
Do
S
—
o}
["V
—

24X 7k, 19 RE 1297bA 9] dlolg ot} A =
olebg Witste] A2k @] dlolElE wWEIYh HOMER:E F+33 F2=
T E 24431270 HolHE Algsty olE YxE 8760 Alb
T8 AHEZE vhEo] AlEHIAE 5

Yearly Load Data

Weekdays | Weekends

Hour | January | February March April May June July August | September| October | November December

0 [ 117.300 151.500 108.000 106.500 107.800 111.000 117.000 138.000 121.800 105.000 122.300 139.800

113.500 124.300 103.000 104.000 102.800 100.800 108.500 130.500 109.800 106.800 114.300 126.000

2 111.000 115.300 107.500 109.300 99.000 102.000 107.500 129.500 109.000 105.300 112.300 125.800
3 117.300 125.300 107.000 120.500 97.500 109.500 110.300 130.300 115.800 107.300 108.800 131.800
4 131.300 127.000 104.500 113.300 109.000 105.800 103.000 123.300 114.000 110.300 122.800 133.800
5 107.500 113.800 104.800 108.800 117.000 97.500 96.500 113.000 111.500 106.800 125.300 135.800
6 110.000 137.300 114.500 102.300 106.800 104.800 105.500 122.800 105.500 111.500 120.300 143.300
7 103.000 154.000 106.000 131.300 98.000 109.500 118.300 131.800 118.300 102.000 120.500 127.500
8 115.300 138.300 107.500 136.300 90.300 98.800 123.500 144,500 107.000 87.800 134.800 144.500
9 105.500 144.000 112.000 105.000 85.500 97.800 115.500 139.000 104.300 81.000 120.800 136.500
10 93.500 136.300 108.300 103.800 89.500 106.300 113.300 132.500 75.800 83.800 114.300 136.800
11 78.000 141.700 91.300 99.800 82.000 96.800 96.800 111.800 106.500 85.800 137.000 108.000
12 109.300 142.500 90.500 111.500 82.800 92.300 105.000 112.800 107.300 92.000 116.800 129.300
13 89.500 129.800 92.500 107.000 96.500 95.800 96.500 132.800 116.800 71.300 119.500 106.500
14 98.500 159.300 78.500 115.000 92.000 106.000 100.300 127.000 105.500 88.300 115.500 109.500
15 101.000 132.500 92.000 98.300 100.000 95.000 95.800 119.800 106.000 68.000 115.800 107.300
16 104.000 116.000 95.500 117.800 94.000 98.500 107.800 120.000 110.000 97.500 125.800 112.800
17 114.800 141.500 97.300 113.500 99.500 109.000 106.000 124.300 112.000 103.500 123.300 138.000
18 125.300 152.000 116.300 123.000 102.800 108.000 118.800 150.000 125.000 120.000 163.000 153.000
19 141.800 160.300 130.500 125.300 123.500 120.300 124.800 144.800 135.000 124.300 150.000 138.000
20 128.500 158.800 134.800 119.300 124.000 127.300 137.000 171.000 147.500 126.500 138.000 158.800
21 124.800 145.800 119.300 125.300 121.500 133.800 132.500 159.500 129.300 119.000 136.300 156.500
<9 3-6> JHAFE 2016 A =1 o] Ei% o]- &3k H-3} do]E
(F: APATL] 152 w99 A= RalgoleE FRAQ o] glo] AR ALEA B
3lal, o] 2 o] g3le] FFI FAE PRI 2444, 12499 AEe wso] Qestach)

_87_



<Y 3-T>e

247

25 2 gl Fa

12714

Hlol B &

dolg 4 das = -

QU HFUe welFrh F9
PN

9lt}. Hourly Profile,

Daily Profile, Seasonal Profile, Yearly Profile ©] et} lt}.

ELECTRIC LOAD Q

Name: | seongho lee

Remove

January Profile Daily Profile Seasonal Profile
Hour Load (kW) | = 150 300
0 117.300 N 100 = 200
i e EEES HgEEE
1 113500 |= £ 100 = é =
2 111,000 0 o — - —
3 117300 L S T T I LTV FgS
4 131.300
24 v .Ye«;:dyrpr?ﬁle Ty 200.0
5 107.500 k=
6 110,000 z 15 ﬁ 1204
7 103.000 ' 1" L | 80.0(
1 ' | . l 40.00
8 115.300
‘ 0.00
9 105.500 ~ 20 365

Show All Months__. Metric Baseline Scaled
Average (KWh/d) 27796 27796
Time Step Size: 60 minutes
Average (kW) 11582 115.82
~Random Variability Peak (kW) 19546 19546
Day-to-day (%) |5 Load Factor 5 59
Timestep (%): 5

Load Type: @ AC © DC
Peak Month: February

Scaled Annual Average (kWh/d):

2,779.60 @

<9 3-7> A 23} doly

| Efficiency (Advanced)
Efficiency multiplier:

Capital cost ($):

Lifetime (yr):

s =

°ls % HOMER 34

Random Variability42) %o A Day-to-Day(5%), Timestep(5%)< <2 &}

Gl <a¥ 3-7>olA BHE

& A5,
t} =t} Seasonal Profile 7%
AL&-=Fol Al s Hat

oln, ¥ =de-E 195.46kWo]t}.

o] Daily Profile ¢ 7% &
SFo] WtHh v} dEAFde 2w
7tRS AHEoE Qs wY

79.6kWh/day, H+ 4

Ak e Ab
FhmEol 4 A ALgEe 25%
SN R R EN L

Abg "ol 7Hd Betal, 54, 104
=
h

115.82kW

42) HOMER: 92i@ Satdlolge] wEas 22 v} Qo2 s aggs A
o WEYS Frbskel ABUOIANT & Atk oA WA WMEAHEe ST 247,
AR ABH S IARFS BE
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Annual Capacity Shortage)S A4 4 d=d, S2lvtete] B2 oA
v §REFo] HAEA Polokstn 2 (o= Mt T A A
yA mlex: AT ¢ oy o= AATA It

A du] 2 (Operating Reserve) 2wl Hat57F e A=EF
el dinlg AHAIAE dES o]F7] S dudgs Eeth
HOMER® A 4den =2 Fahet #adgh 24 27k 9 A AevA &

T OUEAI BA 2k 2HAE T golth gFan Ra3ste B

3t SAduAE e A Load in current timestep)® 10%, <37k ¥ =
-3F(Annual Peakload)®] 10%= A4 st w43 A =] &5
#dste] gggdAe] AtE EEHA TN 20%, FEHTAY AtE =

ojitgteta HiEA A2 et wiEdAA N A (KAUC] 2vkd &=

F91e 7eralel $20/t(ton of CO,eq)® Ll ateir).

43) A2 AEEE7F 70kWolal, Az v A ¥&7F 100kWold o F-A8 S & A 539
10%¢1 7kW$F Azbs] =538 10%¢9 10kWE &ate] 17kWS A sloF 322 17kW
= @A d5ES 70kWiH] 24.3%¢] s g et olth

44) BlgFatdel Ay EYAFA 0] 20%e dhE AItY EgEEAde] EFEo] 3HAY)
AEA R} 20%3 e thn) g SddndE S FH 3] oF g},

45) FHANA A s Aol 50% L & At EHE A o] @Ay q=
A Bl 50%skete] sk - eu S FA ok shrt. WG 3(2014)9 bk Azt
g TPy AFAL 4265 -2540]T)

46) AuAFere wHEAAHNAZFQ201N wEH  KAU2015(17.7.1~'16.6.30) Hit7H4
13,6489, ey 21,0004 (2016.5.19.), AA N F 1,586 EolH,
KAU2016('16.7.1~'17.4.13) B+7}3 19,3009, H 7t 265000 (‘17.2.7), AAUNF 437234
Eolth
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oA FF A} ARS AbESst-ve] me wjErhse] T Fel
iy st dsdgel st AdAde RAFNE ALEET,
AAAZE £k s ARE ARSI At EE AAATE 29 A

A AL 1$/Le 2 JEsknh

oY,
:{o
i
>,
oo
o
=
X
>,
k1
o,
O

AAge g8 dHA T (fuel curve intercept)
2.80L/hol, A8 =47]%7](fuel curve slope)= 0.253L/h/kWolt}. v A
T YAsE A (CO)7F 17.794g/L, EAwkst A (unburned HC) 0.72g/L,
n] Al A] (particulate) 0.0712g/L, A A4bstE 1.4235g/Lolth. tAAdR 9 A
¢ W Zh(lower heating value)= 43.2MJ/kgel™, ™ % (density)=
820kg/m’, B4 a2 88%, 3 dEF2 0.4%°|t.

7 ASANEE 9 A5gs Wst =

ot} HAwe A71He APe ANSd dEdge Panasel 4

<Y 3-8>2 gAYy &=

18
kil

N

AAH F715 1,800rpm-=  4,00041%F, 1200rpm-=  5,000A1 %t 720rpm,
900rpm-2 6,000A] 7ketet A A8t AL Q A= D7) A7]o] wet o
2], 50kW olaH= 5 0]H, 3000kW o] 4 25910]t). o] AL rA

H71E 500~1,0004] Fhepe A gheg, Rl ol A= B 7] A3 A zke]l A

.

],

2 i’—i AolES daz AFssiAEs Aists oA 2y

47) FAAAR el
ML Z HAYUIAE A9) == =(furnace)d AB8E AL

O_L;
o
HE FAEZA,

W m
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WA 5k 2 w7t 287t 2z & -8 stetste= Aol gl o]l 2
of HAstng 2wl Syt HHFEo] stgstE A Eo] o =]
Q1 74, 899 dxwro] BAN AF WAL 549, 9ol mg "ozt
J7 ,8% =g O| WAL Z_]_'E;w(j_OL5 ,9%01 H = ;f_]
Generic flat plate PV Power Output Daily Profile
1 2 3 2
40000 - 400.00 400.00 - 400.00 -
300.00 300.00 -| 300.00 - 300.00 -
200.00 - 200.00 - 200.00 200.00 -
100.00 /\ 100.00 | /\ T00.00 - 100.00 -
000 : ; a.00 ago 000
= o 6 12 18 o 5 1z 18 0 5 12 18 o 5 12 18
o 5 6 7 8
£ 400,00 400.00 400.00 400.00
o
5 30000 300.00 200.00 300.00
3
2 zonoo 200.00 200,00 20000
b4
£ 1o000 J\ 100.00 J\ 100.00 A 100.00 J\
&
E o0 g T Y - ooo 4 ? 000 e 000 ¥
2 [ & 12 18 o 5 12 18 0 8 12 18 0 6 12 8
3 9 10 11 12
400.00 400.00 400.00 400,00
300.00 30000 - 300.00 - 300.00
200.00 200.00 200.00 - 200.00
100.00 100.00 - /\ 100.00 - /_\ 100.00 /\
000 000 ooo f T T 0.00
o & 12 18 o 5 12 18 0 & 12 18 0 & 12 18

Hour

<zd 3-10> 7MAbEe] dAbE 99 Az

M
L

48) <718 3-9>, <71¥ 3-10>, <18 3-11>, <18 3-12>%= NASAY 7MAe A=
(AArLE, F45) #AARE 7|22 HORMERZF Al & elo] g Axfolt,
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THLAFE 5 AAlgel v, F52 FHEAY B xols
EAFE Fopx=d Y 9 oAiuy "HAAY BHEI iy ALY

EAAH F3Fe] Adx ol wEh Folo W FHEAFE thETh
HOMER®I 4 NASA¢ NRELoIA AlFsts 5 AdHolHE &8
T odon, o] A= NASA A9 dolelE &48-313tt. HOMER®]
A FE5L S wolo whet o] thEA YElYR R EolE A A s}olok
gy, AlEEeAsE 100KW  FE@AvIE B9 AAxA

e

]

o

245m~36me] 22 245m= J#H39tt NASAAY dolg e 7Alxe] g
9] =] 245melA AHE T FEL 6.07m/seco| .
Fo&ol 7 agEe dF@ $dl gt <19 3-11>2 HOMERS]

FHAbEel 69e) AT & aefLolrh o gdo} 3% F 5 AT
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<9 3-12>= S50 g B¥ adolv 7HES 9AVE A M=

orubthell ixste] W WA o7k A thehb: AL ohrh 114,
129, 19, 299 Bdv]e wael W, 59 6¢, 9%, 109 WA Pl 2

th 89 o] W o] B2 Ao yrue=d I o= FAA &k

AC Primary Load
Hourly | Monthly | Profile DMap | Histogram | CDF | DC

AC Primary Load Daily Profile

184.72 4 18472 4 184.72 184.72
164.72 164.72 4 164.72 164.72 -

144721 A7 14472

12472 12472 12472 12472 W
10472 10472 10472 104721

8472 8472 8472

64.72 6472 6472 64.72 4
4472 T T 472 T 472 T T 4472

AC Primary Load (kW)
ERER
I I N
FRER
ERER
ISESESES}
EEEE

Hour

6. dxd AL & 714

JMAtE 5

r)
7bee FAolth AFE 93 9¥E gaAdase AL Wd ddolE

49) Droop& A& FalReredola ahd, Hate WEel e Fo5 WES ¥Aew
VAT FoA5E FA% A PeFgel weh 2L 2Astel feedde A v
ORI AB AR AT ASelE AT Tl wre] WAl HE
B 2R WA A% Aol 94X @ Aol Lask WAy FYu a
W] FY FReEN £5)7 gasta, e wds] FEun gow W)
e FRR(HH £5)7 3748 HBE AR 2 (solated) FAFE HAMNE 35
boagRw RauEel gl A% Fagot MAHLR Faed QA AN ¢
ste] WAZHES WAse] £ H5 @ Droopedl W77k W5 elvh
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%= HOMER®| dHle|E o], 1AE 7 Z7]FAH] 40,0008, L AH] 40,0008,
A B2 H] 2.0%/A1 ko]t # A4-3F& (Minimum road ratio)< 25%, -2
15,000~ zFol o}, Asm Aol W& CO, Penalty™ $20/to] T

Bl eFgbd 2752 = 2017 AEbY] Ve ® AT RE R AL
A2 A AA 2,0006/kW, wAH] = 1,5005/kW, =dH] = 20$/kW =
Aot B4 A, AAgS 30=E AAsAT. BE FHS 25
W@oholm | 2% AleE -04%/Colth. dAME A& HOMER®] A4 = o
A A7(4.13kWh/m?/day)©] t}.

TEEA o8 AE7HE7A T FEEd Awrh) AHEel ot
ZhAbe] AAHo] glE 100kWE 2 &8st o™, 100kW S=dd719 =
71 5Z8] 300,0005/kW, A 8] 250,0005/kW, 8] 6,000%/yrear= 53

T 2090, B Eol= 245molth. FE AU HOMERe| 2
o] ALE-715 3 NASAAE (B Hizo] 245me] H 1 E <4 6.07m/sec)] t}.

ESS= LGHAS] Li-iondA o, AIZ7HAzAL A7h) A< AA
BMS(battery Management System)¥3%F Z7]5#FH] $700/kWh, 108
LAY $400/kWh, 4] $10/kWh/yrZ A3Ath. &4 (Roundtrip
efficience) 95%, # A # & (Minimum state of charge)< 10.2%, sk

& T Throughput SMWho|t}.

AWM Y H82 AE7HARA AE7H A& AA 271524 $300/kW,
WA E $200/kW, 8] $3/d 0w Attt S 7dolH, E&2 95%
ojtf. <3 3-7>e BEge dH AnE FHSATH

50) ditd o s HE AT HEFLS FA F 264 H 27 299 83%°|th. FH2 204, 25
. - _
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<% 3-7> HOMER =3¢ gxa

T de 25
EEYY St il E g 2779.6kWh/day, H A9 115.82kW,
o 249 19546kW
A ' A A gkl & 5%, A Zd o] S 2%,

AEeoln | ZEALVIE 254, S8 AN &L O,
- o] frd e ”3%7449:‘ 10%, =242 10%, B354
e 20%, FH W54 50%,

CO, Penaltyi $20/t

gAadsr | 7H4: $1/L
AAFRE | NASA dolE: 4.13kWh/m?/day
T4 NASA dlo]g: e} o] 245moll A Ht 6.07m/sec

Z 715 A1) 40,0005, LA H]: 40,0009,
A Y] 2.05/41 1L,

G 15,0004] ZF

# A H-3FS- (Minimum road ratio): 25%

715 Z8]: 2,0005/kW, 1L A Bl
] 205/kW, 1 254,
7_|L A H—sk | /\]_71— 30%,

1,500$/kW,

v AT -04%/C

Mo PNi|of Mo PN'
O

[

lErXWHﬂ](lOOkW) 300000$/kW LA H]:
A4l 6,0008/yrear, £ 204, 31 H Eo]: 245m

250,0005/kW,

BMSE 98kWh & 9] xﬂTx}Hl
1083 & A4 4000$, & H]:

ESS & 4 (Roundtrip efficience): 95%,

Throughput SMWh,

70009,
100$/yr,

4 A (Minimum state of charge): 10.29%,
Performance Warranty: 104 % 60%

Z‘—:r:] TC -

a1

Z 7| F 2] 200$/kW, LA 1]
T 7d, 28 95%

AHE?

150$/kW, %]

25/,

Tl et AEATL A, b AE7F AHE, oo HOMEROIA A8 8 NASAALS,

T2 gAdd o] AgMdAAF(fuel curve intercept)
71& 7] (fuel curve slope):= 0.253L/h/kW
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A4 UAAPA vlolaz o =e] A5 EA

A1 A 5 AU L T4

FAek o] AAHA B =AAG AAAUA FHe] AA A
TS otz ZHAES] QAU A mpelmmIe= Al G5 A9
71E gAdd A xels 7]EA e Q. (Base Scenario)® A A&kl tigke
2 % A AU A] T AV s s 7 A e HA
Al FAS Za, o] E ZlEA v ok v, Askara) g

Aty A2 7|EA Y 9 dARTHA
A dAm 7FAS 12009/ FEolB® SI/LE AARstd o, $-2ve
= WEAANAETE AAH L Qi SATEA AYTEA S oA T E wE

AAH A d8(2017) AEE Faste] CO, Penaltys $20/to= AA s}

o Ad o] 7)EA YR 29k BlaEkr] 913k dijh Ay e A +A] Ao
Ux o] stol Bl = A v & (Hybrid Scenario)2t A A ol 11 21 100%A] 1 2] 2
(Renewable 100% Scenario)e] F+ 7FAZ FA3FAth slol Bl =AUE] L

= & dl 7EAE, 71 gAddoe] e kddds B3k Hybridl (H 2+
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Fd) Alve] 29 Hybridlel ESSE ZA3Hsk Hybrid2(t] &+ e F3+ESS) A
wHele, 71E gadde] gt dy FEdds @7 483 Hybrid3(H
Ave) g+ ) Avel 29k Hybrid3ol ESSE 2 3¢ Hybridd( A+ %
F+FEHESS) AU e E FASATH AU A100%A Y o= B g
A3 ESSQ] Renewablel (B F3+ESS) Alygl e, T8¢ dy ESSS!
Renewable2(& #+ESS) Aluvgle, E$@gddz  F=Hdd,  ESSK
Renewable3(B] &33+F H+ESS) AlUgl & T3t

GE 471> ellM ARt ZlEAdEl e B 7 sej R BV, A
Ao #41100%A el 28] dag-Adolnt tiet AlyEl e g2 VEAYE R
o AAAA A" FAS AmEa 7 Alzs" FA9 A (NPC,
COE), A= Hl&, 4712 wjE3 A48 fAAEZF Sol ois)
HOMER =¥ & &3l 73kt

<E 41> AUAAEA vlolaR = Alye e 4

AlyEl Qo B+ Ayl e WA A T4
71 ZEAUE S Base =
Hybridl o] A+ el F 33
stol B gl = Hybrid2 U] A+ el Y F+ESS
Alygg] o '
Hybrid3 U] A+ e Y d+5
Hybrid4 o) A+ el I +F H+ESS
Renewablel B} &3 +ESS
A Aol 4 21100% —
AluE 2 Renewable2 FH+ESS
Renewable3 B} &F 33+ F H+ESS

_99_



A2d AUA F7F AU £

i

ol doll M= A3 A4 At dHAR TZete] AT A1H
A TR ZIEA G 9k 7 tikAuE] Lo thd HOMER®S] Ry 2

<E 4-2>% 7lEAIYE L Baseol tid HOMER®] Rde Zijolt)
7|EA U 2 Baseo A#HFFAI~® AL fALH7] 100kW Al 7l o]
W, COE¥ $0.400/kWh, NPCE $7.11M, £&xH] $399,045, Z7]5 A4
$120,000, A AN A ¥]& 0%°ltt A 7 EE B4 Al AR 7] 27]
g A8t Tt AES FEsta o, fARH|e H)H A

3 Au) mAd gHEte] & 379 fANHsS st gl

o

<¥ 4-2> 7]FAUE L Based HAnHE mdle

it

k]

qow g | COE | NPC, | RE | 27]FAuI(S) | € AA8-3HL)
vl o3 v

($/kWh) | ($) (%) +GH(S) A A = 1)($)

oA 100kW * 120,000 358,295
37 0400 | 7.1IM" | 0 399,045 358,295
*M: Million(10°)
<% 4-1>v 7|=Av8 2 Based 9d AdAaAbA Aot} o] AR
o] Ao 6290, v AW A= 20% T AuAIL %S M) o] Au
A3 TAMAL 2h ARG W g A AEHn Ak Q1 Fope

1,014554kWh/yrel ™, 3oy &FH = glo] gAdtdor Hes &
TRt
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[ Gent00 (1) o
BGenid 1004
BU'

B
B0+
4
20+
e_

1 2 ] d 3 f ! § 9 10 1 12

<aE 4-1> 7]EAYUE Q Based €9 H A A A4ksD

<% 4-2>% HOMER®S] 89| H3slef A whdl, A dbx 29 vk
dlolg 1=z oltt HAL Fals FF57] Yol Ao fAuAdly F3

o QANAYt PRFFEEAT Hu Aee & F Ak

200

‘ =
o @ 3 5 © A &
@ @ o © © o o

<9 4-2> 71EA YU & Based H3 +F &4
(Fab AA, OAdAdl x4 oaAudo: F3)

51) <28 4-1>, <18 4-3>, <18 4-8>, <4-10>9] A 2= HFddL Fojz 7719
@9 Azt Fr A E S u|Ety, Foixl V)zke] dE ALk % YERdA T
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oo BN N ~ = ,m]ﬂ N ~ 4 " o =~ m o
- = | ®NZ © | @ — = W ¥ ® T = TR
Al RN B8 e i e < = 2 2
T & ERE & w8 Soa o 2 Q S 5 B
Mg ~ - T R o WS 2 £ 5
~ W M B ~3 Wy S )
o 22! e anfil o & - p ) “ B8 B 0
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T T & 3 o % (= omo B = S o
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o wet 7)E
|EAGE 2ol A AR-E Tl A A
A tAA s ol wet
At



)

A A7 eAEA MEHS <F 4-4>9 2} olibksteka 799,603kg/yr, ¥
Feheb A7 5,440kg/yr, AMeE 1.960kg/yr, AAAMSHE 435kg/yr, B
T 220kg/yr, PIAHEA] 21.8kg/yrolth ¥ A=

A dasAgot Haddse A, 2ga gAaAdde x4

r]
of W A¥ grelrh dWrAoR oAEH wMEFFS A% THE LHAxA
=

™

oty
B
[
ot
1o
A
L)
)
=l
3
=

il
2

of wel ttam, dge] gite] wet A= g2 A Yepdh
<E 4-4> 71FANYE L Based A3t o dEA wjE
d71edE4 v & ZF(kg/yr)
o] 3 e 2 799,603
SR T 5,440
Fitbst = 1,960
A stE 435
Edestea 220
] A 2 21.8

(HOMER® A Al F¥H = wEATE d4ksteri(CO)7F 17.794g/L, EAest4A
(unburned HC) 0.72g/L, w| A =] (particulate) 0.0712g/L, & A2AF3}E 1.4235g/19]
o gAAze AT HEF(ower heating value)= 43.2M]J/kgol™, & % (density)+
820kg/m’, BtA dHaFe 88%, 3 e 04%o|t}. o]t E A HjEEHe AT
g T dAg et EQuEstSAE A9 Ur AR Asksi)

- 103 -



2. folneEAdee 29 A3}

7}. Hybridl (9 A+ e &F33) A g 2

71 AR Alxde Bgdtdo] o= AR BHa e A HEd
o] gaHdd WE AALLS o9 A Wslst=A ST

<3 4-5>% Hybridl(F) A+ FF) At o] H A § mdsy Azo|r),
Hybridl& 7]EA Ve o] A2l A A7) 37l A B gkl
3711IkW, ZWE 172kW7F 7k = Al 2wl FAd o)t} o] HE a5

COE $0.353/kWh, NPC $6.28M, Aol A 27.2%, Z7]5FAHH] $895,449,
&dn] $307,377019, o] DAL 2253971 /yr, 54 $225397/yrE LUERI

a

HybridlAve] 2= 7€ HAaAdds 74 A gdddds gado=
A Z1EA G 2ol s AR R 27.2%S] d7]E FHSHHA AAA

o S [elie)
& AN F s & 4 Ak

xo

<3 4-5> Hybridl(J A+ e FP)AIte] o Han]g wdly A}

}\] ./_\_%] ?_/(6] COE NPC RE 3—7] ':IE;X]'H] ($) 1‘4 @A]'% %k(L)
(¢}

($/kWh) (% (%) G R($) A A =1 ($)

A& 100kW=3
PV 371kW 0.353 | 6.28M" | 27.2
AWE 172kW

895,449 225,397
307,377 225,397

*M: Million(10°%)

<% 4-3>8 HybridlAuhe o] gk A9 98 A=A 7ot

A AT ALE 497,399kWh, HlAMAL1LS 472,304kWh, HAH2=
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210,845kWh, © A3+ 55426kWh, & 1,235974kWhE AJA4ksto] A2k
s} 1,014,554kWh/yrell &watm, Ahz3d=S 206896kWheolth. 17k
7 7 (1,235,974kWh) el A} A 3FA 6} 7F(1,014,554kWh)<= Al 8k 221,420kWh
e, dAtxIAH  206896kWhate]  Apo]  14524kWhe FHHEL &
1.17%°] t}.

of

v 49.0%0] A 7E o] Alz=wle] A AY e A

FEAEFS AARS 1,014,554kWhe]

27.2%9%1 275958kWhe] #3ts HEatE Bol7|d AAAUARTES
27.2% 0]t}

=78 206,896kWh= A4 @k 1,235975kWh tln] 16.7%, ® 433

WA 497,3909kWh tiH] 41.5%el sidetth gt 29 E Ago

it

A= Y EddE =stn 7] gAaTd

o)

of HdEde] Frk2 Ag dAAz"e] AAdEe S des B

o .

ey 200+
WGenlto 2
S Gen100 1)

B Genl(l *‘m'! ! ! . == - N
S”II l li. 11
U' — T N T --\-._.I
:

150
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<a¥ 4-4>+= HybridlA|&®e] BF3dd Aoy e
J7kW  Adue] e E9& 568kW, o8& 1563%, LCOE®+=
$0.0999/kWh, A3+ = AL 497,399kWhe] o,

Capacity Genset Renewable Penetration Generic flat plate PV | System Conwerfer Emissions

Quantity Value Uniits Quantity Value | Units
Rated Capacity = 371 kW Minimum Output 0 kw
Mean Cutput 56.8 ke Maximum Qutput 382 kw
Mean Cutput 1,363 kWh/d PV Penetration 490 %
Capacity Factor 153 % Hours of Operation 4,370 hrs/yr
Total Production 497,392  KWh/yr Levelized Cost 00839  §/kWh

<% 4-4> Hybridl (5] A+e) oF33) Al ~wlo] ejdgitd A

300

kW

<% 4-5> Hybridl(HA+e] F=) A =5 o] e}, ddd d=a
(3 A4, A wg, gaAdAns, A F£3)

52) A"l Ale] COESF 71 oy #€e] LCOE= ta 7id et
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L. Hybrid2(H A+ e FBJ+ESSHA 13 L&

Hybridl(v] A+e] ) Al ] 2ol A e Fddbd o] 415%7F 23 e o
2 Fsle] 8= Esr) of7le ESS7F A A9 AMevRA FF
v &3 AAA2=glel AAge] o) DA Wstet=A 2AFEATH

<¥% 4-6>2 HOMER<] Hybrid2(t] A +e] FF+ESS)AI L2l 9] ] An)§
mdg Aytolth Hybrid2Aluel e & HAH|E Alag AL oAy
100kW=3, ©EjFgatd 391kW, ESS 272kWh, #AHE 172kWolw, COE
$0.341/kWh, NPC $6.07M, A Aol q=] H]& 35.7%, Z=7]FAH] $1.16M, &
gl $280,838, T A& 198215L/yr, A4 $198215/yrs iERdLL
Hybrid2A] 2~ 812 Hybridl (t] A+ 3 )A] 2~ 8lol] ESSE F7130 28 A A

A2Y BARE Fola, AMIUA RFEE ¥d 5 A mFh

<3 4-6> Hybrid2(v] A+ e} FF+ESS)A el 2. 9] HAn 8 wdy] A

COE NPC, | RE | Z7IFA(S) | HAAE L)

Ng 74

($/kWh) | ($) (%) +GH($) A A 58 ($)
oA 100kW=3
PV 391kW, i 1.15M 198,215
0.341 6.07M 35.7
ESS 272 kWh, 230,838 198,215

AWM E 191kW
*M: Million(10°)

<71¥ 4-6>2 Hybrid2 Alute] .o HAauE Al 259 ESS(Li-ion HiE
2ol gk Al dlelgeltt. wiE 2] A2 98kWh 30%E, st 48.0Ve]
tl =94 21147k, Storage Wear Cost $0.137/kWh, W &8 272kWh,
A8V s & 244kWh, A ol 5=7] 2] 2] Z(Lifetime  Throughput)
639,809kWh, 7|4 10, ded4 70,522kWh/yr, ==
67,234kWh/yr, A&E4 244kWh/yr, AA&EA 3532kWh/yr, A7+ A8l &
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(Annual Throughput) 68981kWh/yreltl. ESS®] Storage Wear Cost
$0.137/kWh7}  tlAdrx el shA A Y] & (marginal  generation  cost)

$0.266/kWh Bt} w7] wjio] ESSH & o= AAdES MAATd + Atk

Il—'—_'_l__—l'—r

o
v ~ ~ g g
< L ¥ & &

50

Frequency (%4

Il
| LA A Uity A I§
W A g A Y

,«.IA-I iy n“-‘\' [Il‘l I-n‘v'umﬂ".il I"q A
{1 gl

T T T
1 50 180

<% 4-6> Hybrid2(t] A +e} FF+ESS)A =gl e] AzF wiele] F 374

<Y 4-7>8 Hybrid2A| =¥ o] dFd Foteo] A8 a9 oF 1=

ojth. ezl A Hob A, B wa, fAddl 24, gAadidl

A3 o] ol FolA glom, [Nl HANH2: WA g%

ke

200

100

e, [ \

¥ © o &

V 7 i W 7 i 5
© © o © Q ©

@ @

<% 4-7> Hybrid2(v] &+8] FF+ESS)A 2§l o] F-st, 835, ESS

(F3h A4, g w, gt g8 A2 Bel ESS: Ha4)
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<% 4-8> Hybrid2(v] A+ B FF+ESS)Avte] .o efell ek A%
dloleeltt. HOMER®] 2@y ZA¥= ESS7F AE8H Ao = AAd9 =
o] 11.9%, B3¢ F 524,743kWh/yre] 26.68%<] 140,033k Wh/yr7} Z 7}
Aegolrh Ao dA Hgeo] & A Al=ddMes AR 23 E
of i &go] wjg FasH, AYAUAANGATE A= Gt e

Fe daw s, vy F

1 2 g 4 6 7 8 9 10 1 12

3
<Z1¥ 4-8> Hybrid2(H 2 +e FF+ESS)A| A5l g =gt

Hybrid2Al & 2. Foll A 71EA g 2m 4 A2 <l (Hybrid2A v2] 2.9
COEZ} 7l&AYE 2.9l COE $0.400/kWhE T &) Alvges 4 9 )
el 2 Felld AR vl &o] M & AlvE] 2= 81.8%°lth. o] 9
Alzsel e YAy 100kW=3, Bl %3abd 927kW, ESS 2,068kWh, 7
WE 196kWolm, @AA 289 COE $0.372/kWh, NPC 6.62M, Z7]%F A4
361M, =71H] $171,664, 15 A8 56,6091, A=H] $56,6095 LIEFWATE

919l A¥E Hybrid2Avg & B8 71EAdE 2 dv ZA48S 7HA
WA 27.3%~81.8%2 AAANUA BFo] 7hsditiE AL HoFE)
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o. Hybrid3(H 2+ef FF+F H) AU L

<FE 4-7>2 Hybrid3(H2+ef FF+Z =)Ao Han§ ndd 2
Foltt. Al TS TlAdd 100kW=3, el g 302kW, FEd
100kW+2, AW E 142kWelth. HAA =88] COEE $0.334/kWh, NPC=
$5.93M, AABAIUA MEES 464%, Z/IFAME $1.3M, A=
$261,1950]t}.  Hybrid2(t] A+ ) FH+ESSAI ] 2. 9] - H4H] & Al z=Fle

AR oty AU A HlEE =Y F U5S HolFh

<3 4-7> Hybrid3(t] 2+ef Fg+S =) A e 2o HAan g 2de 23

COE NPC, RE Z 7|52 o] A8 2R (L)
($/kWh) &) (%) =94 ($) ) A A 2 1]($)

Ag A4

oA 100kW=3

PV 302kW, 1.35M" 172,484
_ 0.334 593M" | 46.4
Z8 100kW2, 261,195 172,484
AW E 142kW

*M: Million(10%)

<% 4-9>= Hybrid3(H A+ e Fg+F ) | 26 Fafol]l &3t ef<f
A, FEdd, Al gAdd2e] 3 FAdolth Addel HAS
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kw

- 2

kw

<71Y 4-9> Hybrid3(v) A+ej g+ A 2gle] Bat, Q98
Cisk A4, B, E -

’

3 1,014,554kWhe] A AR EHE&S 474%°|th. 2RHEHe
394,881kWhol ™, o= A He] 27.9%, ABAUA Ykt
(Bl %3 405444kWh, =3 466516kWwh)e]  452%-°]t}. 13lo] = B3}
L Z)EAIGE BT Hybrid3 AlvE] 27 AAARD ol frs B YFd i o
LCOE $0.0999/kWhe} Z2wrde] LCOE $0.1111/kWhi o] @dgd o]
LCOE $0.266/kWhell H]3] 7] wjZojth, o] & 7]gke] 2 Al2~wlof] ESS

glol Bd+3 o] 7 Agdavd AAE M ¥ ooyt B33 Hs

0
gy
—_

o
o}
=
=
=

&l 24.5m, 36.0m + 74 7

[e)
o
<HE 48> B9 Tolo] E FwAe) £ wad Aotk Few
%

- 111 -



o] && 26.63%,

s

12 A2 466,515.73kWh/yr,

-

LCOE+ $0.1111/kWhe] .

B9 =ol7F 36.0m%Y A -Fol= Hd =9 59.09kW, o]-&F 29.55%, H=A4

Ab 517,646.07kWh/yr, LCOE $0.1001/kWheltt. EF$
36.0m= ZopAH

59,

ol & &,

A= =

LY

=07k 24.5mol A
Aol Srkgt. B9l Eolrh AAW

A= F7FSHARE oy A AR 10%

d= S7Hee BojEh

< 4-8> B Eolo] wE FEEHH ¥
H=E Q= =l 2 A A
o) wo | BEET o[§F | ¢zt AN [ LCOE
(kW) (%) (KWh/yr) ($/kWh)
24.5m 53.3 26.6 466,516 0.111
36.0m 59.1 29.5 517,646 0.100

2. Hybrid4(d A +e] &FF+F H+ESS)A Y &

<3 4-9>+ Hybridd(H A +8 &3 +F Hang &

i

2 +ESS)A L] 2.9
9 Avolth AzgTAL TAMA 100kW3, HFBEA 267KkW, £9
100+3kWh, ESS 590kWh, ZAHE181kWol™, AAA| =5 COE $0.292/kWh, NPC

$5.20M, AN HA Bl & 71.1%, Z7]1FAH] $2.04M, =GH| $179,7515 HEbHH

<3 4-9> Hybrid4(t] A+ ef ok 3+3F 2 +ESS)A L] 2.0 H A8 »nde 2y
A 2~ COE NPC, RE | Z7]15FA0($) | 04 A& L)
T4 ($/kWh) %) (%) =91 ($) g Azn|($)

oA 100kW=3

PV 267kW, 2.04M" 92,209

Z2 10053k W, 0.292 20M° | 71.1 ] '

° 220 179751 92,209

ESS 590kWh,

AW E 181kW

*M: Million(10°)
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Hybrid4(t] 2 + 8] F 3 1 +F = 2 +ESS)A ] 2. 7F sho] B =A v
g oA 7B AAA ), AANUA HFTE =Y T Ue AU
¢ 4 AT} HybriddAlvhe] 2.8 HAn-§ Al ~"le] ESSE & 590kWh
Adl whal] ZRAbzol] AAl FEH] #9 T wlolAm =4 ESS &%

2 3MWho|t}. HybriddAl Yel e oA 7lEA Y] 2.9 COE $0.400/kWh
Hrp oA AR HEo] THF E2(975%) Al=wle] ESSE#H
2,504kWho] tt,

<% 4-10>2 Hybriddr| 2] 2o H A8 A28 e] Aol ek Al
Aotk ESS7F A &5 o] Aol A] HlEo] T11%7kA =okxou HA
WA= 1,350,877kWh/yre] 22.7%, AAAH A A= 1,057,866k Wh/yr(El
okgubd  358,092kWh/yr, ZE2d 699,774kWh/yr) 2] 29.0%¢1
307,265kWhe] Z3d=o] wrAdstal lth

tlo

L] 20-

Hon2 g
BGeni00
] E 0
BGenito )
ey O
in T

! b
<19 4-10> Hybridd(t] &+ FF+3 = +ESS)A =7 o] ded dH A4

<a¥ 4-11>2 oAl 8 dolgolth AR 3226h/yr, AlE
3l 300, =49 4.65y, ©l&E 21.5%, 1AL $7.61/hr, THAIABAE
H] & $0.266/kWholth. WA skeF 188237kWh/yr, Hvt &3 58.4kWolH,
AEAE= 0.301L/kWholH, et ¥ F&2 338%°|th
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Cost Summary Cash Flow Compare Economics  Electrical Fuel Summary | 100k\W Fixed Capacity Genset| 100kW Fixed Capacity Genset (1)

Quantity Value | Units 2 Quantity Value | Units Quantity

Value | Units
Hours of Operation 3226 hrsAyr Electrical Production 188237  kWhsyr Fuel Consumption 56657 L
Number of Starts 300 starts/yr = Mean Electrical Qutput 584 kW Specific Fuel Consumption 0301 L/kwh
Operational Life 465 yr Minimum Electrical Output 250 kW Fuel Energy Input 557,503  kWhiyr
Capacity Factor 25 % Maximum Electrical Output 100 kW Mean Electrical Efficiency 338 %

Fixed Generation Cost 761 Smr

<:LE‘ 4-11> Hybr1d4(ﬂx*‘+ﬂ1°ok%+% +ESS)A| 8o o AUtA] A5

o

<39 4-12>+ yALRA29 =9 dolgolnh. = AIZE 2,393h/yr, Al

3¢ 208, AT 627y, o] &F 9.49%, 1A AWAN L $7.61/hr, A AL
Hl & $0.266/kWheltl. A& AakeE 83 140kWh/yr, B &3 347kWo|H,

=
ABARE 0334L/kWhelH, Ht = 382 30.5%°4.

’

Cost Summary Cash Fow Compare Economics Electrical Fuel Summary 100kW Fixed Capacity Genset 100K\ Fixed Capacity Genset (1)

Cuantity Value | Units = Quantity Value | Units Quantity Value | Units
Hours of Operation 2393 hrsfyr Elecirical Production 23140 kwhiyr Fuel Consumption 773 L
Number of Starts 208 startsyr = Mean Electrical Output ELT R ] Specific Fuel Consumption 0334 LAWh
Operational Life 627 yr Minimum Electrical Qutput  25.0 kw Fuel Energy Input 272910 kWhiyr
Capacity Factor 949 % Maximum Electrical Qutput 100 ki Mean Electrical Efficiency 305 %

Fied Generation Cost 761 Shr

-

<19 4-12> Hybridd(t] &+ 8 F3F+F H+ESSA =71 9] A2 45

475
<39 4-13> fARH3Y =9 dolgolth. & AIZF 837h/yr, A& 3l
132, = 179y, & & 2.47%, LG BAHH]-E $7.61/hr, A AYAHH]
$0.266/kWheltt. = A4kek 21,630kWh/yr, vt &2 25.8kW o|H, A
ARE 0.361L/kWhelw, Hat d3 382 28.1%°]0.

P
T
&

Generic 100kW Fixed Capacity Genset | Renewable Penetration LGChem RESU1D [9.8kWh] Generic flat plate PV Morvento nED 22 [100kW] System Converter

Cuantity Value | Units ) Quantity Value | Units Quantity Value | Units
Hours of Operation 837 hrsfyr Electrical Production 21633 kWhiyr Fuel Consumption 7817 L
Number of Starts 132 starts/yr |= Mean Eectrical Output 258 kw Spedific Fuel Consumption 0361  L/kwh
Operational Life 178 yr Minimum Electrical Qutput 230 kW Fuel Energy input TEI21  KWhAT
Capacity Factor 247 % Maximum Electrical Qutput 536 kW Mean Electrical Efficiency 2811 %

Fixed Generation Cast 761 Shr

<219 4-13> Hybridd(H A+ 8 FF+F = +ESSA 27 ¢ A3 45
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<3 4-10>> Hybrid4(H] A+ e F3+FH+ESS)A 26 o] yAadd A4

Aolth, g ALAl, 2, 39 AF &M

W, AEddEee 47
e, ESsel 24 o
JALAY LAH T Yok

36.8%, 27.3%, 9.5%°]™,
< 719 Wi sk Alw yEhdt gl 2, 39
301L/kWh, 0.334L/kWh, 0.361L/kWheo]
33.8%, 30.5%, 28.1%-°|tt. vl L B g,

%

A&

= 58.4kW,

<3} 4-10> Hybrid4(t] A+ e FF+FTH+ESS)A| 28] tjAdubd 432

A NE A ot EEE R

. ol && : by

TE A 34 1 (%) =9 ESRI =l
(h/yr) | (3]) (y) ° kW) | (L&W) | (%)
Al | 3,226 300 465 215 58.4 0.301 33.8
o A2 | 2393 298 6.27 9.49 34.7 0.334 30.5
tjA3 | 837 132 17.9 2.47 25.8 0.361 28.1

(51 Hybridd(t] &+ 8] Fg+F H+ESS)A| ="l o| A tj A, 2, 39 A%

BN

F2 36.8%, 27.3%, 95%°1H, A& 7o wd sk Aem yehdn, vAawAl,

2, 39

FiEe e

0.334L/kWh, 0.361L/kWheo|™,

58.4kW, 34.7kW, 258kWe]H,

o+ =

LSRN

ECcR- S
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Zkz} 33.8%, 30.5%, 28.1%°]t}.)

T
245

0.301L/kWh,



3. AAAIA100%A Y 2dg A3

7}. Renewablel (B &33+ESS)A| 8] &

<E 4-11>2 RICHSZESSAIYE] e wdlly  ZAifolry sfefadrd
2,694kW, ESS 6,332wh, ZAHE 301kWe] Al=®l A48 S AN

A™ 100%E w3ttt o] A~ COE+= $0.876/kWh, NPC $15.6M, %71
FAH] $10.3M, 9G¥ $298,794, =39 69.7%°] .

3 4-11> Renewablel (B} FF+ESS)AIvte8] o == 23

— o
Azl 4 COE | NPC | RE | 271FA] | 2ahad™
[e)

($/kWh) ($) (%) FHl (H) (%)

B} &34 2,694kW,
ESS 6,332kWh, 0.876 15.6M" | 100 69.7

AW E 301kW
*M: Million(10°)

<19¥ 4-14>+ Renewablel (B FF+ESS)A| =€l o] g F3dbd A& o|t),
B Fadibd Au)t R 2694kWe] Hat 32 413kW, o8& 15.3%9|H,
AF

HAAZEE 4370h/yr, LCOE+  $0.0999/kWholtt.  Axhahzd &
3,616,264kWhelm o]= A% H3} 1,014554kWhe] 356% 5 AAtstH, o

% 69.7%7F g o R ARl o] &% X3k

f Flow Compare Economics Electrical Renewabls Penefration LGChem RESU10 [9.8kWh] | Generic flat plate PV System Tt

Quantity Value Units Quantity Value | Units
Rated Capacity | 2694 kw Minimum Qutput 0 kw
Mean Qutput 413 kw Maximum Output 2781 kw
Mean Qutput 9,908 kWh/d PV Penetration 356 %
Capacity Factor 153 % Hours of Operation 4,370 hrs/yr
Total Production 3616264 kWh/yr Levelized Cost 00999  &/kwh

<19 4-14> Renewablel (B} F3+ESS)A| ~&l o] efokgitz A5
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<1¥l 4-15>% Renewablel (B} 32 +ESS)A 2~ ¥l ESS A5 %] 0|
o}, ESS 6332kWh+i= 9.07kWh 698% &, bus Voltage 480VZ G %M,
Storage Wear Cost= $0.137/kWh, A el5=7] A 2] Z(Lifetime Throughput)
< 6,205,184kWh, 7]t 10do|th. F3d 49 634,668kWh/yrolw, W
=S 604,807kWh/yr, HA=2S 31,782kWh/yr, A3t 7= A 2] Z(Annual
Throughput) 620,518kWh/yrolth. ESS &% 6332kWh+ 7= 35 3
T AEARE R 2,779.6kWhe] 2288 o] ™, ESS= Azt d=au| o] 50.7%E
Taotal Atk ESSEF A4k NASAZIL HolE o] 7] =3 HOMER®S] 4
doZel w& ZelH, Li-ion #Eg &7 A de] AF A

odd " aea Febdge] wel gE=A yebd

ummary Cash Flow Compare Economics Elecirical Renewable Penefration | LGChem RESUTO [9.8k\Wh]  Generic flat plaie PV System Converter Emissio

Quantity Value Units Quantity Value Units Quantity Value | Units
Batteries 698 gty Autonomy 431 hr Average Energy Cost 0 §/kWh
String Size 100 batterias Storage Wear Cost 0137 $/kWh Energy In 634668 KWhiyr
Strings in Parallel 698 strings Nominal Capacity §332 kWh Energy Out 604,807 kWhiyr
Bus Voltage 480 v Usable Nominal Capacity 5,686 kWh Storage Depletion 1921 KWhiyr
Lifetime Throughput 6205184 kWh Losses 311782 KWhiyr
Expected Life 100 yr Annual Throughput 620518 kWh/yr

<71% 4-15> Renewablel (B} 3 Z+ESS)A| 2~8l o] ESS A5
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LGChem RESU10 [2.8kwh] Energy Content (kih)

<71¥ 4-16> Renewablel (B %Z+ESS)A| 28l o] F&l e okgdbd ESS

(F-ob 27, B wd, ESS WA Bl ESS oA ek =5 4)

Y. Renewable2(Z¥+ESS) A4 gl

<¥ 4-12>% Renewable2(Z Z+ESS)Avte] 2o wdla Aslo|t} 7}A}
=9 AY F2E 100% FTHLAI ESSE FH37] M FHEA
1,900kW, ESS 4,627kWh, HHE 694kW7} Z @slth. o] A ~®le] COEE
$0.879/kWh, NPC $15.6M, Z7]FAR] $9.41M, =B $354,585, =3

2 75.7%°] t}.

»

<3 4-12> Renewable2(GEE+ESS A Yoo mdg Ay

> = = 3 =
RPREREpe COE NPC RE Z 7)1 F A 4] 299
($/kWh) (%) (%) =94 ($) (%)
=2 1900kW. ]
. 9.41M
ESS 4,627kWh, 0.879 15.6M 100 5.7
354,585
ZAHE 694kW

*M: Million(10%)

<Y 4-17>°8 Renewable2(ZH+ESS)A| 2ol Zgubd 2 Aot} =
gk 1900kW el o] 8E-2 26.6%°1H, s THAF 7023h/yr, LCOE
= $0.1111/kWhelt),  Fgdde] HAdrE5HLS  506kW, A7Hdd ke

—

l
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4,431,899kWh A 319 1,014,554kWh/yre] 437%°]™, 17 2 gakek
o] 757%7F 2o W

Cash Flow Compare Economics Electrical Renewable Penetration LGChem RESUTO [9.8kWh] | Morvento nED 22 [100kwW] | System

Quantity Value Linits Quantity Value | Units
Total Rated Capacity 1,900 kw Minimum Cutput  © kW
Mean Qutput 506 few Maximum Qutput 1,900 kW
Capacity Factor 26.6 % Wind Penetration 437 %
Total Production 4431899  kWhiyr Hours of Operation 7023 hrsfyr
Levelized Cost 0111 $/kwh

<a¥ 4-17> R2(FH+ESS)A =7l 9] Fad A

olr

<% 4-18>2 Renewable2(FH+ESS)A2®le] ESS A5 A xo|t}
ESS 4,627kWhi= 9.07kWh 5109 2, bus Voltage 48.0V T/ o|™, Storage
Wear Cost= $0.137/kWh, Ael7] *] 2] =F(Lifetime Throughput)<
2,993,464kWh, 7lti=rg 10d ot &35 307,118kWh/yrolH, 7
22 291,767kWh/yr, AAEA-S 15356kWh/yr, A3t A= A 2] & (Annual
Throughput)< 299,346kWh/yro|th. ESS &% 4,627kWh+ 7FAME 35 3
o AEAREF 2,779.6kWhe] 1.66Wo]n, ESS+= AXF d=iH] o] 288% &

Fea vk BSSE Y AN NASAS) A4 7] %5 HOMERS)
FwA dZol meh AR FahE FH50) s AN golk

Summary Cash Flow Compare Economics Electrical Renewable Penetration | LGChem RESU1O (9.8kWh] | Norvento nED 22 [100kW] System Converter

Quantity Value! Units Quantity Value Units |2 Quantity Value | Units
Batteries 510 gty Autonomy 359 hr Average Energy Cost 0 $/kwh
String Size 100 batteries Storage Wear Cost 0137 $/kWh Energy In 307118 kWh/yr
Strings in Parallel 510  strings Nominal Capacity 4627 wh |7 Energy Out 291,767 kwh/yr ir
Bus Voltage 480 vV Usable Mominal Capacity 4,135 kwh Storage Depletion 437 kWh/yr
Lifetime Throughput 2993464 kWh Losses 15356 kWwh/iyr
Expected Life 160 yr - Annual Throuchout 299346 KWh/yr ™

<19 4-18> Renewable2(ZZ&H+ESS)A 28 2] ESS A&
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A, =L ESSO oy s vEdd, FHEdor Fete] ofgshal
i

i d¥o® ESSel FAste] STl FeAY fle

T
2
i
o

2000

LGChem RESUTO (9 8kWhT Energy Cantent (kiWh)

1000

<% 4-19> Renewable2(& H+ESS)A| =8 9] H&} F =t
(F3F AA, TE¢A: ugf ESS WA B ESS olyA] gk =20)

ThAE S AT WA BgdEde]l  4370h/yr, ol
7,023h/yro.= F=EHol o 47] wjiZo Renewablel A]2=#le] ESS-& &
8,094who] Renewable2 Al 2=¥l9] ESS &7 5419kWhr.t} At} F2d7
HsAdo] g dret 37] wEol Renewablel®] Z¥4d22 63.9%
Renewable29] Z 322 754%¢°]t}.  Renewablel® COE+& $0.876/kWh
o], Renewable2®] COE+ $0.879/kWhe|t}. Renewablel©] =& o|f+=
Bl gt el LCOEZF T8 LCOERTE val, Alz~wld Ao 2y

T WEol ¥ Zr] wtolt.

o

N
Lo

o

53) AT A2 1d 8760 Azt ol AAEH ofyAW FEAor W SlE
AIZHE Bkt

tio
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. Renewable3(Hl 432 A +JF L H+ESS)AI U 2

<3 4-13> Renewable3(H] 3T H+F L H+ESS)A ] o] mdd
Aifolth, B3 1,115kW, F5¢d 800kW, ESS 2,368kWh, ZAHH
246kW el Al 2z~dl F-Adojt}, e g eFo]l 1,496,988kWh, 3= =
1,866,063kWh, ESS Annual Throughput 296,647kWh, ZAHE Hirzx=
434kW o]t} A"l COE $0.550kWh, NPC $9.78M, Z=7]FAFH] $6.51M,

1] $186,677 o], HAAAH ] 685%7F F 3} H o)

<3 4-13> Renewable3(E] 334 +FH A A+ESS)A U] 0.0 dle] 2y}

COE NPC RE 71 EAH] | 23

New 7 =7
GAWD | ) | o | 299 ®) |

B k34 1,115kW,

E3 800kW, * 6.51M"
0550 | 9.78M" | 100 685
ESS 2,368 kWh, 186,677

AWM E 246kW
*M: Million(10°)

ESS 2,368kWh & &2 st Fd =& 2,779.6kWhE T 42 0.854)
o]t}. o]+= RenewablelA] =¥ 2] ESSE%F 6332kWh, Renewable2A] 2~Hl 2]
4,627«Whet vl w) AJs] AL grRelvh e &

AR Bebstar 7] wiEolth s Ad(2016) F-xdTe FEdTE
a#3te] ESSE#HS A3t oy, HOMERO A= A€ F-FHo] x# st

S =Z3HA 7P AA A Al A" A

£

oL
o
o
rot
[e5)
)]
D!
oo
ol
©
e

<19 4-20>2 Renewable3(E| 332 +5 H WA +ESS)A| ~Hl o] H315
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ESS oy A s, HEbs ESSWAS yeRdth

1200
1000

- o
)
00 /V
200 3
0 N 7 —
o ,\5:4 {“ L~
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o o o o

LGChem RESUTC [9.8kWh] Energy Cont
2 8
(=] (=] (=]
-~
LGChem RESUMQ [9.8kKWh] Discharge P

-3
<5

<% 4-20> Renewable3(E] 3 A +F 2T A+ESS)A =8l o] H3) H

=
2k sk, ESS ol v ] ek f Al ESS WA B

<E 4140 TIsAdg e 32 A Y A100%A HEl & vl ol v
Renewable37} A Aol A100%A1 U8l & AAEel 7HE AR
Renewablel, Renewable2, Renewable3 REF 7]FEALE] LR 7 A4 o
AAs] "ok Al Ay et Hlwstd 7Hg & zkol= ESS & o
o} o wk ubd = B4l d o] Renewablel S ESS-& %o 6,332kWh®

g Ak ke nE wANLE Ho

ﬁ

Z 8 9] Renewable2= ESS
&0l 4,727kWh= Renewablelol| Y3l 73% 5ol AR =] A5
o] A7 wid Z¥}HHEEL 757%= Renewablel® 69.7%KE.rt} =t}
Renewable3+= B gty Fedbdo]l A A &¥o] ESS &7
2,368kWh= Renewablel®] 37.4%, Renewable29] 50% S T°|l™, ESS&
o] 7}4 & Renewable39] 7 A|Ao] 7}4 =t}

Renewable32] Z A& o] 685%<1H], ol= A& Akl 3u] o]/l A
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AolluAdd s Aatsiol k= Aok AAelUA] 100%E &+H38H7] <
3l AlEalioF sk ZdH|Eo] tATHS WHsh= Stol B =AY R

=]
=
o} v st 4 9 Arg ZF Sk ¢k

|

< 4-14> 7AW L B A Al U A1100%6 A V] . vl L

E— ——
o e COE NPC | RE | 27]5A0 | 2949
($/kWh) ) (%) | =94 ($) (%)
Base T4 100kW*3 0400 | 7.11M* | 0 120,000 0
- ' ' 399,045
B k33 2,694kW, .
Renew . 10.3M
Lol ESS 6332kWh, | 0876 | 156M" | 100 208704 69.7
apie AWE 301kW !
=2 1900kW. ]
Renew . 9.41M
b2 ESS 4627kWh, | 0879 | 156M" | 100 o 75.7
anie AWE 694kW ’
Bk 1,115kW,
Renew =2 800kW, S51M”
N 0550 | 9mam | 100 | O 685
able3 | ESS 2.368kWh, 186,677
AW E 246kW

*M: Million(10%)

QAN uke] AeEe s B uge] AU Fol HHsdl
o guden gAwde e 2o JAEYY 5B%AA 2™ s
s, AAAFY Fhg, A 5o Wl $EH Ugol sk UE
A FAAR OATAS BET A5 /1 dARAAsge] COERT
AAACEA AR 50~90% Wl el AAITA 10095

we el gulE nod FAS BL
37 o) 1de] BF W WA
B2 A5l tusly] S8 ESSEHS 2A Helv] wrks ofu] s ol
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A3E AIAAHAY vlejaz g =9 HE A3

A2ANA Azl 7 HATd dHEFAade Ve R A
ataL, it Aluel ez sholH el = utE] @ oF A Aol | #1100%A] 12 Q.o
el Aol ofgA ol FolA=Ael el ofe] AlZtelA Z]EskAt
ol Ao M= A2de] Yy AdE HEHAsE AN HA] Aesta
AR gk v & A sk 74 dijk Algel e TelA R BAA e Al2H
= Teke Aeolgkar Ao 4 gt

A24e] HOMER®| EHY A= oA Ao z4 ditAvge F
P AAE e Ala" S e Aol

<E 4-15>%= 7IEAIGE 9 Stol B EALE Qo] H]§FH A3} AJAHE
T7golth. 7IEA WUEl & Base(H A2 )¢ COE= $0.400/kWh, A A ol 1 4]
Hl& 0%°]th. Hybridl(H A +ef 3 2¢3)S COE $0.353/kWh, 4
YUzl HlE&  272%°lth. Hybrid2(H] A d+ 8] 32 Hd+ESS)=  COE
$0.341/kWh, Al | A Hl-& 35.7%°|th. Hybrid3(t] & e7d + e 324 +3
Hd)= COE $0.334/kWh, Aol HA] Hl& 46.4%°|tt. Hybrid4(t] 2w

A+ G d+F U A+ESS)=  COE  $0.292/kWh, A A= H]&

2
N

9 A= Ve A gAdd Alxwle] ©es] IR HE FUHsHA
WU(Hybridl), Blg3dds F2dds 94 5718 4 $-(Hybrid3) A
Al ~E o AALE AT ¢ AS5S BoFErh ES 7]E o gAdy
Alz=dlo] A g A e} ESS7F A A%E 7 -$-(Hybrid2, Hybrid4)ell =
@3] AU A T F71eE 4 $-(Hybridl, Hybrid3)®.th dgA]z~e A
Aol AAZel & MAEL &S & 5 AUtk

Aoz nuils 7 AAA ) AlueE] @5 Hybrid4(o] A Rkd +

A
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B 3+ A +ESS A v E] @ ol vk FHAR]E Aol A Hybrid2(H &
LA+ H) FFLAESS) A ] . 9F Hybrid3(H 28+ g2+ 5 H 2 4d)
AU e 2 Hlwsl B Hybrid3Avhe]l @7 o AAlZelx, fgolyA] H

= vk ol Ay FEHEdo] Gl vl dA ek #A e

of ofefgo] A, THGTIE HMARE BAA M Fo] g7 Wl b
Aoz EAEH. o= fEuet A AANHA Y TEHES &

et @ 4$ HdBuan EFLwde] @ waEHolol g AA@T.

aw RPRTREp. COE | NPC, | RE | Z715%AHH] | t]AA}&-2K(L)
($/kWh) | ($) | (%) | &Gul($) | TAARHS)
Base | oA 100kW=3 | 0400 | 711M°| O 120,000 358,225
a = . .
399,045 358,225
A 100kW =3
_ . 895,449 225,397
Hybridl | PV 371kW, 0.353 | 6.28M" | 27.2
307,377 295,397
AW E 172kW
o] & 100kW3
_ PV 391kW, . 1.15M" 198,215
Hybrid2 0.341 | 6.07M" | 35.7
ESS 272kWh, 280,338 198,215
AW E 191kW
] A 100kW =3
Hvbrid3 PV 302kW, 033 | soa” | 64 1.35M" 172,484
11 _ . . .
Y Z2 100kW=2, 261,195 172,484
AWM E 142kW
o] & 100kW=3
PV 20T, 2.04M" 92,209
Hybridd | 2 100kW=*3 | 0292 |520M" | 71.1 ' ’
yRHeE | e 179,751 92,209
ESS 590kWh,
AW B 181kW

*M: Million(10%)
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<E A4-17>8 gAAEe gictew AAAUA100%A Y o] rdg
Ay FFoltt.  Renewablel(Bl F+ESS)e]  NPC+  156M, COET
$0.876/kWh, 372 69.7%°] ™, Renewable2(E 2 +ESS)2] NPCE 15.6M,
COE+= $0.879, =3x8 755%°]™, Renewable3(H]4+3 =+ESS)e] NPC
+ 9.78M, COE& $0.550/kWh, Z=¥732 685%¢°]t}.

A Aol J #[100% A el & 5 7]EAIHYE] 29 COE 0.400/kWhE T =
of 71 YA ~¥le] ngHHstet= At Atk dAY 7Ed HE F
Fol M= AAAUA 100%E FTalof & o]+ Slth

COE NPC | RE | 27]FAH] | 2349
($/kWh) ($) (%) | =<DH($) (%)
120,000 398,225
399,045 398,225

?_

Az T4

Sh

Base oA 100kW=3 0.400 711IM° | 0

Ej kg 2 694kW,

Renew . 10.3M"
ESS 6,332kWh, 0.876 15.6M" | 100 69.7

ablel | ayw 301kW 298,794

3 ,

Renew &% 1900kW. . 9.41M°
ESS 4,627kWh, 0.879 156M" | 100 5.7

ableZ | we g9akw 354,585

Bl 1,115kW,

Renew =8 800kW 6.51M"
; 0.550 9.78M" | 100 68.5

able3 ESS 2,368kWh, 186,677

ZAH Bl 246kW
*M: Million(10°)

Renewable3(E] F+& = +ESS)A| =¥1e] COE $0.550/kWh+= t] & 714 0]
$1/L2) 7MAES gigoz 3 ZEAYE Y COE $0.400/kWhell 1] aj
=29 oA 740 $2/L¢ Y17 E ZAe] COE $0.701/kWh Kl v
o2 o7 el A F AW I COE $0.550/kWhE T Ho Ale
Renewable3(E] ¥+35 H+ESSHA U2 25 53 A=A 100% & 7}
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A4 AIARGH FhelazaYse SAE WE
2 4 3}

=2
Avs
2
D)
N
S
>
2
ftlo
ol
R
i)
=2
o,
2
fo
>,
N
L
o
=
i
N

HoAdg 54 T 4AstEA(CO), EAEstS4 (unburned HC) & A+E

Ao HAdge] Gagde B ojitgtgaz WEdna At

LAt v E HA S )E=AUYE 29 COE $0.400/kWhrE T w& o

Ao F 247t~ &S HAagete Aladolgta Fod 4
olg@A Aostd ther AluEle F COE7F $0.400/kWhit vhe Al xw)
oA AANYA B &l 7HH =S AlxEo] 247t wjE HA 5 A~
5l o] T},

<E 4-18>2 VAU e tiE] stolEE =AY e W 2AVFAS wiE
A A3t Aagolth MFEAYE Qe A A ujE #-S 799,603kg/yrol ).

HybridlAlve] &= oAdd 370, B dd 927kWE AAste] COE
$0.388, NPC $6.90M, Al =] B]& 36.1%°]™, t]AALE- 358,225L,,
227 W E S 440,296kg/yro] T

Hybrid2A W] .= oAb 370, el 927kW, ESS 2,06828kWh

_
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i

A x3ke] COE $0.375, NPC $6.66M, Aol =] v]& 81.1%°]H, v 4
AR& e B87T10L, =47k vl E =S 131,048kg/yrol .

Hybrid3Alve] 2= oddd 370, eldd2d 357kW, 22 100kW
471 & A5 COE $0.328, NPC $5.83M, A A= ¥ & 56.6%°]™, U]
AALE S 140,070L, A7k Wi =S 313 547kg/yrol T

HybriddAl Vel 2= ojddd 270, efF3abd 640kW, Z=22%d 100kW
471, ESS 2,504kWhE A 2éte] COE $0.384, NPC $6.83M, A Aol =] H]
& 975%0| 1, TIAALE TS 8234, 2217}~ w|E S 18 379kg/yro] th.

<E 418> StolBFEAtel o] £Asks WE AA T A2

A7t~
Al A1 -8 2k
e A oee A COE NPC, RE o] AALg R,
$/kWh %) (%) (L)
(kg/yr)
Base A 100kW=3 0.400 711M" 0 358,225 799,603

oA 100kW=3
Hybrid1 PV 927kW, 0.389 | 6.90M" | 36.0 197,254 440,296

ABE 294kW
o] A 100kW=3
Hybrid2 PV S27kW, 0.375 | 6.66M"° | 81.1 58,710 131,048

YPHCL 1 1SS 2068kWh | ' ' ’ ’

A8 E 294kW
oA 100kW=*3
Hybrid3 PV 357kW, 0.328 5.83M" 56.6 140,470 313,547
11l . . . y 5
Y Fel 100kW,

A8 238kW
o)A 100kW=2

PV 640kW,
Hybrid4 | %32 100kW=4, | 0.384 | 6.83M" | 975 8,234 18,379
ESS 2,504kWh

7B 178kW
*#M: Million(10%)
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2247 wlE -3 Bdeld By ESS7F A4® Hybrid2(d] 2+ 8 <
FHESS)AI U E] 27 ESS7F A& 5 A @2 Hybrid3(v] A+ 8 &F3+% =) Al vt
gert o aRAds & F Arh

A7 wE A S B stelRYEAyE] ol ESS7E A Ed
Hybrid2(t] A +e) F+ESS)A =83 Hybrid4(t] A+ el &F33+3 2 +ESS) A 2~
go] oA &S 77 81.1%s 97.5%0lth & b W& A A3}
A J2FE A 71 gATd A=gRo ZAA HefddA e A
Aoz o] B AT Fds] Atk AMES YERTH

227k wiE H A3 Bl Hybrid2(t) A+ 8 F3+ESS) Al 228l e] COE
$0.375/kWh, Hybrid4(t] A+ 3+ = +ESS)A 25 ¢] COE $0.384/kWhe}
A A 2 100% A1 2] & Renewable3(E] &3+ 2 +ESS)A el 2.9 COE
$0.550/kWhE Hlw et COE 7H4Akel7F 433 A= 2S & 5 3
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56) Graham, V. A., & Hollands, K. G. T. (1990). A method to generate synthetic hourly
solar radiation globally. Solar Energy

- 148 -



(2)

A (2 Gr(efgFd ojelele] BFF AA) AR ofefeh 2t

BFF oldlol= AAAA AAstRR AL ofdloldl mEsh= AAE
= WAL Adts
(1991)¢] 12%-& wEt,

BlFd ofelole] dAbe ARzt el ztel] -k Az e
of gk oflole] FArzoltt Wzt S 002 dtal, -90L FF
~45v B, 57 A, 902 NS LI

E o fkol me Bkl T]eT]olrh o= 19
o, sl A Rbel] wheh W
715 okl A Q) 2

o
o,
ot
i)
Q,
-
o
ot
Lo
o
L
r
rlo

Duffie and beckman®?

%
£
o
1
°
i
o

284+ n \"
365 ) (3)

5 =23.45"sin| 360°

o714 n& 365Y S nHA dolrh

ol = ARt whet BjGfe] 7l v]= vhET ARt mE e 71E Al
kst 98] AlZHz e (hour angle)dts dS ARESTE B A 2(Solar
noon)= B Yol 7Hg Eo] W& WE weled, e o, YiE LFE W

Bk RS Astes AL ofd A@)el 2.

57) Duffie and beckman, 1991, Solar Engineering of Thermal Processes 4™ edition.

- 149 -



w=(f, —=12hr)-15°/r (4)

o714 ts & ElYAIZ(solar time, [hr])o]t}.

12hr2 Bl %A 2(Solar noon)E& w3lH, 135hre 4 29 1A 30+

z"z
Stk oAl e 9] A Bkl vl AR 16%4 S vhan Bl gl

= 15w ¢ (5)

tc: AT A Ao F7 AT [hr]

E : ANZ A4 [hr]

FARL S GMT A%e] Ak A

A2 2] (equation of time)2 A5+ AFAFo] 7]&olA Qi FHo] E

Aol ATEYe|A = ole] 24 (6)7 Lol At

(0.000075+ 0.001868 cosB—0.032077-sin B

E=382 . |
. —0.014615 cos 2B — 0.04089- sin 2B ) (6)

1714 b = of A (73 2

- 150 -



2 19 A= 36599 nWAl Folth

cosf=sinSsingcos G

—8in S cosg sin F cos

+CcosS cos@cos G cosm

+Cc08S 8N ¢ 81N G COS8 ¥ COS@

+cosd sin G sy SN @

o,

Fol mtz ffol o

cosf, = o8¢ COsJ COs @+ S @S S

o714,

- 151 -

47} % (zenith angle)= Ej %3}

o] =
A

(7)

Gazte Aold = Ak o714 Ga

W Ao BA T FAL ok A®)F 2.

(8)

7d-5-o1H, 90

o)
9 oltt, o2 ¢ A®)] H§shu ol

9)



2

] L 360m
G, =G, |1+ 0.033 cos |

- <4

(10)

AAEF [kW/m2]

Gsc @ Bl [1.367 kW/m2]

n: 36549 ¥ nHA 4 [a number between 1 and 365]
7] vt

ool 43 YAl H(extraterrestrial horizontal radiation)< Ut

AADT o] At

G, =G, cosd; (11)
7] A,

Go: W71 ¥ 99 LAY [KW/m2]

Gon : 7138 ¥ A Ax}EF [kW/m2]

T Eee Alaeolds

17] wol wiAIZE Yi7)9 u
slof @t} ol o2 A(12)9 2.

4
4
o
ue)
e
>
oft
o
-

12 . ) . mle, —a ) . o
G, =-"@G,| cosdcos S(sin @, —sin ay )+ # SN @ Sin &
_. Q0P

|

(12)

- 152 -



a
=
>
o~
o
:
j]I
m
4
’l

W AAbE [kW/m2]
Gon : W71 BF A AALE [kW/m2]

wi @ AFEE Azke] Ak zhe [

w2 B ARE e ARE e [

4 (2E o719 el g FEE dAFe Fehe Aol ATnY

o QAbme WA v, AEW

o,
ol
=
oy
o,
1)
A
~
of
o
2
ot
ol
o
29
_?&
O

5]

AR FPE QA oE W FEE QAR BAS 39w

(Clearness Index)etal sto}, olgle] 21(13)2 HWEE Ao st AHolrh.

g
=5 (13)
o] 714,

ojAl A EHe] EjFF AAFel thall AHEAL HFRALS WE E,
a9AE WlE ArbEA(beam radiation)o]w, dFE I€EAE WA

X=, 7l olsk Abekd(Diffuse radiation)o]th. o] & A A <«
Abepoleta shul wAA S T A(14)sh 2.
G =G, +G, (14)
o 714,

Gy - AR [kW/m2)

Gy ¢ abeba [KW/m2]

AAPAT FARe FRAE AL AN ofdole] AP

o
)
>
_OL
rr

- 153 -



AAIRE ol A R =7}

Al

off o el

LN

=

sttt ol

A

[¢)
s

KR4
T

b +&

=

3T

ﬁ = 5 B
© - W o B 3 B X
—
A TS = A
om Q [
o TS ) Th -
X of B T e b o
0 JIL _0
S T R = I
5 F T E oy vy A © o
MJT ot B 2 oo = )
M = m = !
R w i g Eé o w
o )
" mA W o = = Lﬂ <
3 y @ E]E ny m o |
© ,W,o 5 ° 7 a o
Mg o~ o + =
B TR W x W
= = 2 = % <!
X w ° - @ K
S o o o © ™ T
< ‘Wo J) ﬂ‘m_m,_ﬂo _r %o MOI
Br J jASs 0
" w M %) % T
OE mﬁu o_ J o — W‘“ ‘Ul M
iy . =+ =
[ 0 X R
G mMu [ ) i oo
s om o = AF ™ = < -
M- = 7on @m 2 =y
n_mm_u HA__/I o H Fo ] 2 n_v o} W‘Mw
T —_— ~~ N
TP T eTE Tz B o
=z = o o~ 0
R TN 2 < oSS o
e " B OX
Bow K T ST IS S

=)

Al 7EA

ke
T

-
o

s

- 154 -

=

A
R4

ko)

ke
T

)
f oF

T

[

=
i gl

S

)

A FEH] AARXL of g o]l

o

Ab-g-gth. HDKR

o

=
hourly, daily and monthly average global radiation. Sol. Energy 1982, 28 (4), 293-304.

59) Hay and Davies, Klucher and Reindl models

obzff 4 (16)

59)
58) Erbs G., Klein S. A., Duffie J. A. Estimation of the diffuse radiation fraction for

a9 Al ZEA el

=

ol



(16)

cos@
coso,

B

R

N PR T =
o X X = ° ~ °
R S S-S % = C
= D~ =) . o0 ) o
A s Ly s . o 2
< o o R < @ o
On_ ﬂmO ﬂqn_vﬂ 1_E| ﬂ oo M_WO
= r o 4 =
. ﬂAlO ‘OI O#E /|§.\
o &E o o X X
o ©°° o oW < f_,.u_. T
-y T o — M
iy _ _ -~ o il
HoE S M ~ &l .
W m.w W % s 7
) 7
Hoo = 3 ) < o
wH = G W N il
~ W T -y i = )
Too N 3T Hi 2 — W
L X _._ R % /m )
g 5% 5B s i -
B 2 T = = S
T w7 T 3 T £ %
Jomo © — o0 I e, 7 ol
T < = + o ppi
Lo X g4 o B = < @
Fop X ) = o S mr
~ = o of o e © 2 =
Noogo % N ~ ||e i + ° X
o oR By XY oo W =P 4
X ~ = —~ = 3 N
m 0 I e H > I X X <
‘H| < . | 1U_| ,;E 2 Il m = - ~ .. %AE
° wm oy ¥ T2 S N

A s,

=

=

& o 9 209
- 155 -

<= E ALt

=

AL A

S



o
e

T
il

~N

o)
!
Gl

Ho

1

323 HOMER©| A &

=]
&S

ol 11 %) 2

el A ZE S 7EA o] A (time-step) 2

tt. HOMER & & of A

s

Gl

g o]

1% dlol e 7}

2

Bl

Eis

1o o

(20)

1 3
EPAV Cp

P

o 71 A,

9] (KW)

P:

D37 Bx(kg/m?)

p

A Aol rd W wr?)

i

£ (m/s)

Ho

)

s
&

s

3

| o) 2] (betz Limit) &= 59%©] A ¥+ 35~45%7F ¢

]

o

el

N

5

A 2 Az

o

B/

o

ol

3) AA|-E7]

%

A A7 “Wind Resources” 59l

S|
=

I~ O
ST

_g‘{

]

0
HH

H

“Wind

ol &

Zolat},
A4e) el7lel wek chEo)

o]

Al
2

s

2 97t 9

sz
S

Shear’&+11 FZ =1

]
o
ﬂ.o
)
i
K
el
qr
Hlo
o))
llo

- 156 -



= el Z(log profile) =+ 3] W E (Power Law profile) -+ 7FA W4
= StUE ARESth A9 dH =olvt 2A &gE AS deHAS A
% A

3 SlB wolo F& AWAL okl 4D 2k,

|

Ir. . =I7 ]'n(zimb‘!zﬁ)

i —Ins . 2) (21)
o] 714

Uhub : &=&A7] 83 0] T [m/s]

Uanem . T 7 =019 % [m/s]
=

v 719 3B =o] [m]

Q
=S|
=
4
it
~N
o
i)
o
=3

n(.) : A

Terrain =
Description o
Very smooth, ice or mud 0.00001 m
Calm open sea 0.0002 m
Blown sea 0.0005 m
Snow surface 0.003 m
Lawn grass 0.008 m
Rough pasture 0.010 m
Fallow field 0.02 m
Crops 0.0 m
Few trees 0.10 m
Many trees, few buildings 0.25 m
Forest and woodlands 0.5 m
Suburbs 1.5 m
City center, tall buildings 3.0m

61) ¥H A7) dol= FH AP AAVE EAA = w7l HFoln
62) James F. Manwell, Jon G. McGowan, Anthony L. Rogers, Wind Energy Explained:
Theory, Design and Application, 2nd Edition

- 157 -



0
A
|

3

B

o

B

el
N
o

“oH

o

ofef 2}(22)¢9F .

Al o
==

)‘\—]_

|

U (

& A

Hio

T

Z}wb

(22)

Rk

anem

o] 7] A,

{5 oo F5 [m/s]

5
A =0]9 T [m/s]

S
o

Uanem

A ol [m]

A4
Hlo

Zanem '

N
Ho
NR
e=

0

H
ol
Iy

T
Hlo

Hjo

Hub height

wind speed

7

i

20

15

10

Power output predicted

by power curve
:

;

=]
a

-

o o ~
(18] nding Jamog

=]
Q
=

]

[}

wind Speed [m/s)

T
il
T
o

4
Hjo

- 158 -



N
o)

ol

Hr

W
Ny

3

X

21
B
o
%
‘.m_yo

=)

il

o

o e Aatelrt, A

bo ==, ofell 4(23)3 2ot

)

Mo

(23)

J ’ PH"TG:E'J"?

Py = [i
Po

D AA 7] EE [kg/m3]

P

Ad el F7] W& (1.225 kg/m3)

N

i

o
il

p—

0
T
4qr

™

—_
fite)

i
~o
o)
Njm

il
Ho

W
o]

=
e
=

—
fite)

)l

. HOMER®| A &= i

Z
o] &+

—2>¢] ul 7k v

1?_]__

=
=

T

Fel A& o)A

3|

5 A

<
Godl

wr
il

2]

op

ﬂ.l
4r
Hlo

- 159 -



<RE E-2> AFRYeIA ] F& doly A v W

w7 2 A HEE
Weibull k AF T5 TE9 HEod 2.0
1 AIZE #7] g St AIZE SAY] FEo] ol Az ThA 9 0.85
A% F&ol drnh o F SEAE W '
. Zdo] 3F = EA A7t dulr}
D= g <t T 6 =70 =
T Ad A= SECIERT 025
A3 F4 A3 Agdow aF % 92 A7 15

AR AN FFE BAT 7] AE wg o] gaiAw 2yt e
g vlolamagEe Az Y Fi 2 ED agel o} AyH o

@e FADh wEe §F meh FAe] 458 A AR ALY

7}, 9% wlg 8 249 (Kinetic battery Model)

ATtwade 7] Kinetic battery Model63) (Manwell and McGowan,
1993)& AR&stel m AlFwte A QAo F5EAY daE e
AUA LGS AR <2y B2-2> 593 wiHy 2 A7 33 F
Adstel Jds 7IRte R F ) A ®Ba Alader mAgdT 3 WA
B = "7FE olUA"EE DC A7IZ A A3 & = = duA7t &

of ot F WA ®WAol= "Aed oUATEE st or AdE oA

63) Manwell JF, McGowan JG (1993) Lead acid storage model for hybrid energy
systems, Solar Energy, 50, 399-405

- 160 -



AT AT ALV AV AT A"

AV A VL VL VA

Axailable Bound
Poveer
Energy Energy

— T

<% aY-2> $9 e 2y

o] F A B Azge AR sl A A vl WETk AgE
o Hy (EE olE3) A% £ Qmaxe T #9372 & 5 9
F oluA golth. gl (©F T B9 AF B 270 UF ALS
@ oluA "z @vle Hgelth £ A% (0E F 93 Abeld] dE
AGsh B o, 44 A7t 2FH AUAES AHE A5 oA
w7 R R duhg W Ag @ 5 Al d# Jxmolth

AAEA A% B2 A9 5 AUA Fe A§ H5d ouAsh 2

g oluA o] Aol R v A(24)9F Zt

0= 0, (24)

o]714 Q12 A 7He @k old Aol Q2= Aed oy Aot

MR RAAe Agstd 54 A7 doldl A A% WAs B & 5

= Ao A Dot Tg A5l o8 Folde & & 9

O+ kO e ri:[jl _ g |

= -
1—e ™ yolkAf —14+e ™ | (25)

ban,dmaxkbm

- 161 -



et
¥
¥
rr
B
e}
29
i)
o
rlo

MANAZ 54 AR FF 2EAA F5

o 226082 FAHE

kG e Okl -7 )
Pamemartm 1 _ o 4 ollAf — 1+ & | (26)

|

ARl AS gt dd Aol o AlA Aol AAl S E
= WAAES Agtskd, w2 2 ARE H4 (time-step)©]  vEA ol ALE-
7hsgk oA

o AgtE AUATE AdtdEd v 7 A2, (28)=
ki

! ~kiut | ( b
Ql end Q] e_kﬂt + (ch _JD)[_I—Q ._]+ JDC[J;,’M B . ,.
| g £ 27)

(kA -1+ |
¥ (28)

Qz,gnd = Qz e_kﬁt + Qt[_c)[:i_e‘kﬂz ]+ Pl&—f_’,‘)

o] 7] A,

Q1 : ANZF kA9 A Fel| A ALE 7Hs e oA [kWh],
Q2 N Ao A&l A A oA [kWhl,
QlLend : N3t 378 EollA ARG 7Hsd ol| A [kWh],
Q2end @ A3+ kAL ol A oA [kWh],

P A7 WA dYed (kW) == A= (kW)

- 162 -



U HiEE Hosddd

7} Ak @AM HOMERE: A4 927k 54 @ & 9 A A=g
o] c

g AdEt APt g FsH RE

g 5 ogltA mE Alel® 4 mEeA ML WA ek dod
of drht MEA A4S U W o] "HUFAAY S AgH AEA
Age Fd 4 2 AT 4 2 4 delel wet @ AN ve v
Az chegsiet

AruGol e ol Agaze) AoFadel ol A s Awel
A Tagc A AA AT F4% AF oA vzt 93
A% wael ] ABE wish gol, £ A B2 Axge] B 8 5 AdE A

‘I%_
g B2 g 2 200 o8 FolHh

lee 8 4 Okell - )

bamomarim 3w clkAf -1+ ¢ b | (29)

o] 7] A,
QI : Bt =¥l Azt A He A Ao ALE 7 d oy A [kWh,
Q : EFe) 28 A& A He] AFE e F oA % [kWh],

c: A &7 vE [E9 8le],

it
g

Qe the 4@ o8 A

- 163 -



- Q= ©)
(30)

E
baft,cmaxmer
Af

o 71 A,
c: 2EYAS] HAY Fd vlE [A/ Ahl

Qmax : A% W2 F &% [kWh]

AR AR Folm vpehbs ~EA ]
Aol A% W2 F

B

A HA AT ~E A
dErh o Hdf S Aol teshs

to,
rL

_‘?-r
dele the H@noE Foluth

N, IV

— Bant™ max’ nom
(31)

J%an,cma)gmca 1000

o] 7] A,
Nbare : 2~E 2] A] ¥ =a9] vjg g I,
Imax: 2EZ A A T4 A7F [A]

I/HOH?: Zi;g—i‘o/] %io] %__]:] [V]

ATRPAAE 2o F7

2 ke Ay =A3HA 2A(32)9F 2

_ L'mI(Pban,cma:gkbm? Pba:r,cma)gmcr 2 ‘;'Drf:'ar!,cmax,mcc)
(32)

bagamax
??bar:,c

Solt}.

ol

o714, batteeE AY =A

- 164 -

=

2



ooHEE HAogAdy At

}_
= Ao A Re te A (33l olal ATHT

1 O -

E KO kG e ™ 1 kel
batt.dmaxkbmm 1-e ™ tolkAf -1+ 7 (33)
o] 7] 4,

Q1 : N3 GA L Azt AEE A Q] ARE 7} 3 oY A [kWh],
Q : A dAe] A Foll A ARG FA ] F A & [kWh],
@max : AgA2 A F &5 [kWh,

c: AF &F e (99 8=,

ATEYANA B EAS AUATE F N

=1
Aag Agetee A4 Bae] Ao ol Ade g A (e o

FolAt),
P&ar!,dmax = ??bar:,d E:E;an,dmax,i;bm (34)

o71A,  batt, a5 AT WA EE&o|th

- 165 -



4. 9ARAL A5 &HF Al

)

Hr

;QL

B

o
__Q..#
s
B/

—

il

W
oI
T

Hr

kg, L, m*o|th. AAA7F A e

A

$/L, H

g5 0 sHge

[e))]
H

L=

o

ks
pud

2=

| Al 7 oF

B

)
=

ol
E

B/

)

o

2 YEhiY

(35)

Een

F:FD.Ygsn-l-Frl.P

1714,

FI L/h/KW &9 ¢

Pgen: 71 A714 =7 (kW)

oA = i

s}
of

SEERE]

=
=

71 eld A

s

<

N A7) meE Aol

=13
=

1
o

SERL-LIR

o o 43602 o] BAE Y

k<
pul

s

d

=15
=

7] i A=

- 166 -



ehal,

36-F

£en

gt - LHV 1 (36)
71 A,

Pgen. kW &9l d7] &
miet kg / hr @919 A5 d&F F5o]
LHVierr MJ / kg @919 Az9 e &
3.6 1 kWh = 3.6 MJo]7] uj<zol 22y

r;'lgsn =

1
S
K

re
i)

o] A% S HH7e dAs &MY Feob #o] ARk g gk
| celel mel Eag. A5 @97t kgol™ muadt Fi= 27] o

o}
‘F'_Ifoﬂ M fuel (37)% E]— jl]’ ZE]_E}'

1o

o]

by
e
32

,1_1_

(ﬁg‘:i %%7]' L ?l 75‘“?‘, mfuelj'f]' F /\}O]ﬂ %ﬁ]i—‘: DE]EQ} T_Edlﬂq' Mfuel
o] 2(38)2 o 2t

7 — pﬁgef[-iql':l.ygsn_'_ﬂ.l?gsn;]
1000 (38)

o714 prel & A8 L= (kg/m’)oltt. A7 &7 m® 1 A 1000

o] Alee 83 mie®] (392 vt 2

'Fﬁﬁzsf = PﬁsIF = Pﬁsf [ Fl:l ) ngn F Pgsn ] (39)

- 167 -



A (a1)
w917}

(40)

&
(41)
Am

A

bl
o},

3

o golna o] 4% &
9]

o

Pgen=

<

7]

o

=2

i

0
yal

Een

- =

3} .
3600
pﬁJsI [15'0 ) Ygsn + E ) Pgsn _.]- Lmﬁsf

3600- p_,
pﬁzef [ lz‘T;-:I + Fl - pgerz _.]- LH\'TﬁJsI

[e)

Pgen / Ygen)ol o

[e)

T

(40)

o A
2]
r}gen
(pgen
}?gsn

=

Hr

3} 2.

ojn

(42)& o

<

o
;On#

e

2 w917k m'ol

B/

(42)

p_ﬁasf [ F’D + F{ ) pgs:vz _.]- LH‘r_ﬁJsI

Ugsn

e tg 2.

(43)

]

<
o
o
o
ﬁo

p—

5 9997 kg ©

B/

=

ol
=

1

v} ]

(43)

- 168 -

36-p,.,
[. ‘Flrj + Fl ) pgsn ] LH‘JﬁJsI

‘r?gsn






Abstract

Optimization Study of Microgrid
for Energy Self-sufficient Islands

Lee, Seongho

Cooperate Course for Climate Change
The Graduate School

Sejong University

The conversion of the power sector, which emits the most greenhouse gases,
into renewable energy is a top priority for responding to climate change.
Recent declines in prices due to the development of PV and wind power
generation technologies are improving the economic of renewable energy, but
their volatility raises the question of the possibility of supplying renewable
energy at a high rate. Several reports from the International Energy Agency
(IEA) point out that to provide renewable energy at a high rate, it is necessary
to strengthen the flexibility of the entire power system by flexibilizing
renewable energy and conventional power generation, expanding the power
system, strengthening demand management, and storing electricity.

Microgrid, which is a small-scale power generation and consumption system,
is attracting attention and spreading for the purpose of increasing the energy
security, the acceptability of renewable energy and increasing energy efficiency.

The smart grid represents the intelligence of the grid in response to the spread
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of renewable energy, and the micro grid is understood as the basic unit of
smart grid implementation. In korea, smart grid and micro grid related
businesses are also being carried out variously.

This study is an optimization study of micro grid for energy self-sufficient
islands. In this study, Kasa-island power system were selected for the case
study research subjects. There are three reasons to be selected. First kasa-island
located in Jeon-nam province in which there are lots of islands. Second
Kasa-island has the typical electricity demand characteristic of fishery islands.
Third Kasa-island has already equipped with the renewable energy microgrid so
that it can be studied comparative research.

Existing diesel power generation system is set as the reference scenario. For
the alternative scenario, hybrid scenarios of diesel+solar, diesel+solar+ESS,
diesel+solar+wind, diesel+solar+wind+ESS and 100% renewable energy scenario
of solar+ESS, wind+ESS, solar+wind+ESS are set and studied and compared
them using HOMER, a real time power supply and demand model.

Solar power generation is only generated during the daytime and wind power
generation is no distinction between day and night, the application of solar
power and wind power together increases the power system economic
efficiency. because the electricity demand of the Kasa-island shows a fairly
uniform pattern that is not much different between night and day. The simple
addition of renewable energy to existing diesel power generation systems can
increase the economics of the entire power system and, if additional ESSs are
applied, further improve the economics of the overall power system and
increase the renewable energy ratio.

Among the alternative scenarios, hybrid scenarios of diesel+solar+ wind+ESS
have been shown to provide the best economics and a high
percentage of renewable energy. If we pursue 100% renewable energy, the

economical efficiency is significantly worse than the reference scenario.
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In the energy self-sufficient island micro grid, photovoltaic power generation
and wind power generation have flexibility by ensuring output curtailment
function, and diesel power generation has been able to achieve balance of
power system by performing load following operation. ESS contributes to
voltage and frequency stability, mitigates the volatility of solar power
generation and wind power generation, and contributes to the stability of the
power system through power storage.

If a high percentage of renewable energy is supplied even if an ESS is
installed, the excess power of renewable energy is more than 20%, confirming
that utilization of the surplus renewable energy is an important task to improve
the economical efficiency of the power system.

If a high proportion of renewable energy is available from the energy
self-sufficient island microgrid, it can be suggested that a higher proportion of
renewable energy can be provided through the flexibility of the Korean

peninsula power system being enhanced.

Keywords : Variable Renewables, Electricity System Flexibility, Energy
Independent Islands, Microgrid, HOMER
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