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PINIT WONGDET : OPTIMAL ENERGY MANAGEMENT STRATEGY
FOR MICROGRID WITH HYBRID ENERGY STORAGE SYSTEM BY
CONSIDERING BATTERY LIFETIME. THESIS ADVISOR : ASST. PROF.

BOONRUANG MARUNGSRI D. Eng., 139 PP.

HYBRID ENERGY STORAGE/BATTERY LIFETIME /SUPERCAPACITOR /

CAPACITY OPTIMIZATION/ENERGY MANAGEMENT STRATEGY

A battery energy storage system is widely used to manage the intermittent
power of renewable energy generation on a microgrid because it has many
advantages. However, the lifetime limitation and the need for replacement of battery
increase the capital cost of a battery energy storage system. For the last decade, the
hybrid energy storage system which composed battery and supercapacitor has been
studied. The main goal is usually to/extend the battery lifetime. This thesis presents
the optimal energy management strategy for the energy storage system on a
microgrid. The aim of this thesis is to determine the optimal capacity and the optimal
capital cost of the energy storage system by considering the lifetime of battery. The
rain-flow counting .method is used to estimate the lifetime of \battery. The proposed
energy management strategy eonststs of 3 cases asfollows: The first case considers a
microgrid with the battery energy storage system. To extend the lifetime of battery,
the battery size is expanded by using an adjusting factor. The optimal size of battery
with the lowest capital cost is obtained by using the optimal adjusting factor. The
second case considers the hybrid energy storage system, i.e. battery and
supercapacitor. The low-pass filter is used to control the allocation of the low

frequency power for battery and high frequency for supercapacitor. The expanding of



the battery lifetime and the capacity of hybrid energy storage system depend on the
cut-off frequency. The optimal size of battery and supercapacitor with the lowest
capital cost are obtained by using the optimal cut-off frequency. The third case
considers the hybrid energy storage system as in second case with combined the
expansion of battery size. The optimal size of the battery and supercapacitor with the
lowest capital cost are obtained by using the optimal cut-off frequency and the
optimal adjusting factor. Optimal corresponding parameters in this thesis have been
determined by using an artificial intelligence technique namely particle swarm
optimization (PSO). The simulation results show that the lowest capital costs of each
study cases are 5,475,500 THB 4,348,284 THB and 4,089,084 THB, respectively.
Comparison with the study case 1, the ¢apital cost of the study case 2 and the study
case 3 reduce by 20.58% and 25.32% even all cases having their optimal parameters.
The lowest capital cost with the most.effectiveness to extension the lifetime of battery
is the case 3. By the study results, the hybrid energy storage system with the optimal

parameters is the most suitable energy storage system for apply to a microgrid system.
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STC
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= o w Y Ao A ..
P, fomasldihinafian1izuasgiunsnaaou (Standard test condition, STC)
Gye MO ANUTUUAINANIZNIATFIV 110 1000 W/m
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Power (kilowatts)
A Rated output speed Cut-out speed

Rated output power A¢ Ye

Cut-in speed

3.5 14 25
Steady wind speed (metres/second)

Typical wind turbine power output with steady wind speed.
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MYGERIERE http://www.wind-power-program.com/turbine. characteristics.htm
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P - PWT,rated (V_Vci) / (Vr _Vci)’ Vci SvVs Vr (2 2)
WT - .
I:)WT,rated ! Vr <V< Vco
0, V>V,

'
A A
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M99 2.2 auaniaveuna TuTadmssmAUNEIIU (Gao, 2015; Farhadi et al., 2015)
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PbO, + HSO, +3H" +2e~ — PbSo, +2H,0 (2.3)

Pb+HSO, —» PbSO, +H" +2e" (2.4)
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2) nuanesaisenloaau (Lithium-ion battery)
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~ (1+d)n><LSC

TagR NRB o sununfamsdaailniveduuanes (LP/LB-1)
NRSC 10 ﬁi’mauﬂ%y’qmiﬁ@@%ﬂwmmﬁmﬁuﬂiz@?]m’m (LP/LSC-1)
8 feewmslduuvewuames @)
Lsc  fo owgmsldnuvesdaufiuilszyiena @)
LP Ao 01guedlnsams ()

d o A18A31N13aAYaa (Discounted rate, %)

3,53 dmﬁﬁnmuazﬂqa%’nm (Operation and Maintenance cost)
a 1 1 o v [ 1
maana ldnelumsinurazguaszuuinnunasnusznIemsidau
a g y v @ ] {
aaoalnsans lasAailuuuuiel) meldssuunninunwasauegluanmwindonldnueaue
A d‘ [ d' 1 1 9 é a U Y ] % 49! [ -3
vsoeaIunulatendInanons 19911 §30199210A010A1 159191 a 1898193 WA IUBYNY

a v g @ 1 @ 1 o o [
FUALASUUIAUDITSUUNNIDUNAINTU I@ﬂl&ﬁﬂ1ﬂﬂi}ﬂuﬂlflﬁﬂ1ﬂ15ﬂN'lulla%ﬂﬁiﬂiﬂ‘hﬂﬂlm

4 o 2 o < :
HUANBT (OC,) azaunilszeagia (0C,.) Aa ldninaunisi 3.36 uazaunish 3.37

AWAINY
NPV (OC;) =Cg o X Eg yieq XUSW (3.36)
NPV (OCq:) = Cqc o X Egc raeq XUSW (3.37)
Taii o 0D mthyesnyveauanes (UnkWh/il)
o D AMNTITRIIVEIEAALTEYE0 R (LN/KWRAD)

1 [ 4 ' ' I ' LY
usw  fe anliuganien)asa1dvesetliiluyaaifaqiiu (Uniform series worth-

factor) 1aea1 USW fviua B luaunisn 3.38

C @+d)* -1

USW = —— =
LPx (1+d)

(3.38)



56

1 Aaa
3.6 mIsmmnangauuugieyma
Tumsesnuuutazmsudtamilinnududeusuiludesimatiaivinzay wve

- J A o { o a a s
Haznandunaiindumnynainnlszgna lsmadinveslayalszAusg (Artificial Intelligence,

Y
v A

Y { o 1A A
AD nlFau ansauddymndanusudeunazinnu lidadugalda Tasauideil
A yasy 1 Aad . .. . X QY adda
Laﬂﬂal‘b"l‘ﬁﬂ1iﬁ1ﬂ1ﬂﬂ‘lﬂqmmm}‘!ﬂﬂl§mﬂ (Particle swarm optimization, PSO) &uiluIsniiaow
Y ' 1 v @ a 4 . .
Glﬁi’ﬁmﬂmumammwmma (FUAYY NAITNUTNWIY, 2550; Liu, H. et al.,, 2015; Sreenivasan,
4 Y A 9 ' 2 a 7 Y = 3
2011) tiioeainlaseadnnianudnledie Tmsidmesdesnaziinusiaialunism

o = [ dy d’l a ad 14 =
AU Gmgﬂwwuwuhmﬂummmgammmm“luﬂ 1995 (Kennedy et al., 1995) Tﬂ‘(’J

A aaa

= . < ° 9 1A A~
Lﬁﬂulluuaﬁ@uﬂ’]ﬂ (Particle swarm) HJUﬂ’]ﬁi]’la@QﬁzL]J‘]J‘Viﬁ’ﬂiﬂﬁﬁﬁi']\m]@\iﬂ@uﬁqu INU

A ]

' § o J ' 2 I A2 o o
mM3Tmnguineinglszasnmmzunalsgms luudas 3aliFa wunsme s Wudsdagy
A o Y a ' o Y v oA [ 5 a A 9 o 1
nmmnamssunquuaziidszannsandvgrsenivuainganssunaeanaoanis 15u

< A ' y A ¥ v
daun dadamazesi udu Ansanmsauwntevesunlugidi 3.10 THun 1 dunueynia 1

A2 UALAALA29L AN UG (Fitness value) NUDNTZ8Z1195EHNUKTouaz YN TUN1THI

1] Y 9
Y %

A a a d' 9 % % d’ ] 9 d‘ d' ]
mgeuuunnagaz du i lunianisnaeandosnu TasundarnedIndigeniniga (A1n1w

a dd‘ =1 ] 1 [ d‘ 9 d' [ g’/ a v @ U

Waanga) agiiszezesennegdenumdotesnga asuun lugdsaziiuauundiaanai ms
o 9 (% g o d‘ 9 9 g’/ a 1
ey nInvzlananmsi Tagsmvuaoymamalsununamasniounalsziiua

= a o < a J o I Aa ' .
anuila Tasmstuvesunazgaimumilumsiines ae @irisndueguesun (Position)
] A = . 1 @ @
nazawlunIsinaeuNVoIUn (Velocity) lagayniaudazalvegniivilyanay

& o 3 Yo Aad a < o o
ﬂszmumsmzﬂszmmw”lﬂﬂmaumﬂqﬂ AIVFUNITN 3.39 LazauNITN 3.40 Aa1AY

X = vt (3.39)
VI = WK e (XP — ) + ¢, (X3 — xF) (3.40)
Tagh  x* Ao oyumanldununamasddn i soumsduIui &
9y

=

o

A
o)

UNUHAMAYAIN i TOUMIMIUIUN k+]

=3

~
9 oYNAN|
A 3 v A . o A
AD ANIGIVOIDUNIAAIN { TOUMIAUIUN &
K+1 A < o A . o A
v AD ANNIFIVOIDYNIAAIN { TOUMIAIUIUN k+]
X Ao wamasNANngaNoynn i AUWY (Personal best)

x= fo wamasNANgaNgaAUND (Global best)

e =D

1 1 ) -7 d . .
w Ao ANTAINNTAVDIANNIE) (Inertia weight)



57

1 1 90‘ v .
cp €y Ao mﬂﬁONuﬂ’iuﬂﬂTﬁGﬂui} (Learning factor)
ror, A0 MguAlmMInszneainanesTnINg 0-1
A
.
i » - u
' i}?““\
'S —-— >

P - .
AT T

519 3.10 MyDuveraun
UHAINN: http://www.dumdumzine.com/the-birds-observations-on-birds-ii-by-janice-lee/
dhdaiiie 8/12/2561)
' ' ¥ o = vy & Y = o 1 a ) o
ﬂTﬂ”Iiﬂ’NuTI’iuﬂf‘ﬂilﬁEJL!E‘VN?T?NﬂT@f’N?JﬂTi’Jllﬂulllllﬂu4 ”luqmm”lﬂamﬂz
o ] [ o 1 1 ' 1 3 9 <
ﬂTﬁuﬂﬂlﬁ)‘ﬁﬂTlﬂiﬂU 2 MAD9A1 (Shi and Eberhart, 1998) §IUAINITDINUINUNUDIAIINLIID
o Y 3’; 1 A o U Y 1w A
mmsaﬂmuﬂ%wmmmu TRUVUAIPNNNNTDUNITATUIU T@&m"lﬂ%ﬂmmﬂu 1.4 7150
VoA A ° % o ° 1 1 o @ <
LL‘]J‘]Jﬂﬁ’/:]ﬁﬂﬁ\il,!’UUL%QL%H@W?J%WH’JH?J’E]U GTN?Jﬂi]%ﬂ1Wuﬂ1ﬁﬂ1ﬂ1ﬁﬂ’Nuﬂ"iuﬂ“ll'i)\?ﬂ’ﬂhﬁ’)

gegauagmgaInD 0.9 uaz 0.4 amaay taae 1S uaunsi 3.41

k
W= Wmax - X (Wmax _Wmin) (3-41)
max
Taen & A0 I9UVDINIAIUIN
k. A9 50UMIMUINGIFA
1 ] %} @ I~
w A MNIEINNMINYeInNuEIgIge

' ' ¥ @ 3 o
ﬁ’f] ATINITONUINUNUDIAITNEIINGA

Wmin
9
L

o axy S v dy 2 Y A
"Uuﬁ’t]uﬂWiﬂ%‘ﬂu"ll’éN’Jﬁl,lf]J‘]J’E]Hﬂ1ﬂhﬂﬂullﬁ$ﬂﬂllﬁﬂdqﬂiu§ﬂﬂ 3.11


http://www.dumdumzine.com/the-birds-observations-on-birds-ii-by-janice-lee/

A
uaouUn

VUABUN

v
=1

YUABUN

Qe

Qe

v
=1

VUABUN

v
=1

VUANBUN

Qe

58

o a J
1 MAUANITIABIVOITOUMIAUN k = 0 1Az &, g3ga

{ U 2 v o 1 < ° (J
2 quﬂﬁ%‘bﬂﬂﬁlﬁu@g{uw%}ﬂuﬂ’UﬁHLﬁu\ulagﬂ'ﬂulﬁ'ﬂlﬂ\?@l}!fﬂﬂﬂ?u'}u n e

o

fauladsuinglszasd dsziiumanuilaveseymaisudunndd

40379800 xP ay xS

5 USulgamanuiuazdumtanazeynin

6 asrvaouionlumsngn 1FUSY &= k1 wazl¥unduldduneuii 3 sund

Y Y o
wAuNURamaY wIn k=, IRngamsiau

Gudu )
—T
Y

v a 14
ANAIWITINLAD IUBY PSO

N, C1, C2y Wmaxs Wmin, kmax

du sz nsisuann @9

v

UsziliumaNuiavo 10YN 1NN

v 1 Y -
HAZAIIIARVAINANGANIVO I0YNIALASYDIRN
UY5uarw
@ < 3 ]
1511 3aanuiFinasdunusve10yn 1A 3
k =k+1
, ) | .
A5 Ao LU 1UN1THEA hitd

139 K > Kopax

Ao A
Namagneanga

q

AUNITNINU

9
Q/

~ 0 At
E‘IJTI 3.11 mum@umsmqmmmammuzllamgmﬂ




59

Aadl o A

AR %%
3.7 DSaENEIMaZISTANHUNISTIVY
= axn o o [ ' ~ ' v Y A
91N31982198A1IITATTNABUALTMIAUIUNITIINUA 9 Naa 1T hiden
' v 9 Ay c’a}/ o A Jq Yas 1 Y o
A Tuidetiugasiunsumsaniivautazmidszgna lisnsns q wnuszuylu
a { 1 a { a PR
Tasnsanlslumsnaaen Tasnanddoeyaveslulasnianldnadon mslimesNineatos
A R g’/ o 1 A R ] =S [V é’
AIAANHIASVUADUMTTINUVDAAALNINANYIDI19AZD8A Aae0 11l
371 lalasnsauvuuentenlinaaey
=\ H d A M v f
TulasnsanldlumsanyuiiulyIasnsanuunen@erningu Ivaamniz
[ a 4 [ a Y] a 4
TaglFnasnuuasomnaduazndinuanlunsnaanasnu Wi lulasnsauuuneniaed
o [ <3 o 4 (= o [] [ [ {
suiludealiszuunnhunasnuiiesnn ltszuusmiie Idihsessunazwdsau Wi n
a Y 1 o ¥ Ao 1 9 Y a Ay v Yy v a
waa laog19ddo a1 uuInNNANNARIMS 19 ludSunan Idesnuuy1iudq Tulasnia

{ a o ya il v < @ {
LL‘]J‘]JLLEJﬂLaEJ'JGlU\‘]'Iu'JﬂfJ @Wi]’liﬂ!'lﬂ'ﬁ@ﬂ@\ﬂ/]\?ﬁgllllﬂﬂLﬂUWaﬁﬁ’]utﬂw'lgll‘u@lt@]@dﬂlag!LUU

[
~

J v < 2 [ A { 1 o w
wﬁmsmmmmmmazmm"uﬂﬁzﬂqﬂwmmgmﬂﬂugﬂm 3.1u0¢ 3.2 ﬁmummmmu Iﬂﬂ

o w

g [ s a J v o o 3
Tasesmstifiong 20 I maa lWihsreinvesTwan iwaduasorinduaz nauan lagnitasstiu

=

A Aaxy Aa o = T o g’; A £l A [}
MONATOUITNTIVY FIUAUMAUNITZUVN TFRINUUANDI LAz LUVNEY 1agFI9Ia1v04

3 1

AoYaR10819 (Sampling time) ADNN 9 2 W1 (lumitiaouiouaasdsz@ninmmsiau

U

v o 1 @ [l @ ] ] a
YDITLVUANAUNSINUUVDHEY FToyadad1912 laasazeglumiteiuivioui

=1

& = R | Vo ), PR o .
Tﬂﬂ‘ﬂ'l"lﬂﬂﬁgiﬂm 1 995 UIN VUDYNUANNIHUISTN) muu%hlﬂm%mﬁmﬁm (Time step)

U

4
= a

gJ/ 1 (Y] a o 9! a A o = (% [ =S
NIMuA 720 ¥391u 1 qmaﬁ]ﬂuﬁmm“lw'111Tﬂsﬂss-mmimqmuuum&munmuh 13

IS Y

Taodoyaves Tnanawrsoudaslugdi 3.12 wulanuduniuvesns 14 Tvaadd

uun Ty lgau Iiiharonnluseunaresiu Tasiiamasaailssuna 220 kw lusgiranan

U C)

Uszana 12.30 u. wnsumanaandsnu lihanaaduaeonasuazfaivanlululasnia

a dy 1 o rw 1 J a d
LL'U‘]JLLEJﬂLﬂ‘(’J'Juﬁ'lll'lﬁﬂllﬁﬂﬂﬁlugﬂﬁ 3.13 1ag 3.14 ‘@190 WUIUBAQUTIDINAYTINITH

= 1

paamae I Idlusranan)szuim 7.00-17.00  w. Taslimigagamiinyg 124 kw firan

H 9
S A v 04 v o

Y
Uszana 12.00 . d@rumadliihanaa ldanfauaniulanyasfuHILAa0AIa 1N

Tasiiaunaslszuna 80 kW



60

250 r

200 r

1
o
Yo}
—

(WP LpMEELY

100 ‘,

50

24

18

12

1387 (F3la4)

i

2 maa lihaeaTvan

n3.1

3

PV

150

100

(A1) Lpspey]

b

(=
°c

3

50 F

L

24

18

12

3@ (Falaa)

a J
My

MUDAUFAALAID

Ta 1wl

3 Mad

3.1

s

1

d



61

150
= PWT
S
=
= 100
=
by
G
°C
50 1 1
0 6 12 18 24
L8 (F1a9)

(2

507 3.14 M@ Ilihaesnsiuau

'
S A

weniwandgd ldihveslvaa ardidelnihnnaa ldnsadugsenag

uaznIiuaN dnsomuIMmaIua NIz lnaauazias lihisda ldawanmsauga

v
3 = =

o o a o w a 3 v
masullih 2 -r,-p,) Taodiuali luasids llihgaudenonmatiunnraieilads

ET

(% ' o w

aw Ao Yy ¥ A ) X Y a
ATUUBDULUAUDINITTI Uﬂﬂ'lwuﬂll')!la') L‘W’f]ﬂ’]']llml’]slﬂll']ﬂ"]]u ﬂ’]ﬂ']a\‘iIlww’lell’f]\ihllliﬂiﬂiﬂllag

1 1 1 o w A Y 4 o [} 1 1 1 1
mdauanvesmiad lihilaunsonaaslalugili 3.15 dmsvardiuanseninevaauas
v

o { A A I o o a o v o o
masTfhinaa 14 Idgmh T lddumas Tihswasdnussyuinnundanu p,,,) A
uaaalugid 3.16 Tagias lihawanmnetennudesnis ldnasunienisiaseilsz g
o <3 [ 1 o o Y 1 =< 9 3 [ A
ATZVUANNUNAIY daumas Wi 1annedanNudeamsnUa s aunaIuUNI®

Y @ Y v v g 1%
@]?Nﬂ’lﬁf]ﬂﬂigﬂﬁgﬁﬂiﬂﬂﬂﬁzﬂﬂﬂﬂlﬂﬂwaﬁﬁ1u



[

o

Tt (kw)

N8

- P
250 .
200

150

100 j,

50

-50 :
0 6 12 18

1387 (k)

24

]

14

@

3.15 mad IihvesIvas mradiasonad naruanuazigd lihaiuai

sl (kw)

[

o

LN

20 1
- ¥ P
Jaseuszq Horef
10
_ AN VP A I e 1
O ' I
-10 |
8UT29
720 1 1 ]
0 6 12 18

LA (F2139)

24

(2

° a v & v
3.16 maﬂﬂﬂwé’nawmawuﬂﬂmuwawm

=).

i1

Can

62



63

a d ] [ a v

372 wndweivedszuuimhuwasnuluauide
wa o 1 Y A v 3 A =~
Auantanshautaza lgnevesssuuuamestazaunuilszaeiai

a ao { av A A I 1
Hu'luTasnsalumsiseuaas 13 luaisieh 3.2 Taelddoyaanauiseninerdeuiluumas
a X g o v d o { ° a

81999 Fudludoyalaei livesszuunnmnundsaungmiwnldoululylasnia (Zhao et

al., 2014; Sabihuddin et al., 2015; Chen et al., 2009; Dekka et al., 2015)

A a J B (=] 2
$1319N 3.2 ‘Wﬁ'lllm@5ﬂlﬂﬂllﬂﬁlﬁﬂillﬁ$ﬁ3lﬂﬁﬂ§$i].ENEJ'Jﬂ

N g . AVD
WISINADT (AIE8)/(M1UIY) .
REREUT b
VOUUAADIUEMIUIZYUBAVANDT (80C, .- SOC, . (%) 80-20
v A
vouAaUEMITEVeIdunUYIEYdeenn (SOC,.,, - SOC,.,. (%) 90-10
Yszansmmmadaselszqueanunned (i, (%) 90
Yszansmmmssalszgveduunaes (;, /(%) 90
a a 1 v & A
Yszansmmmsdaseilsequosd unuilszqsaein (.. ,)/(%) 95
a a @ v & A
Uszansammsoniszquesdunuilszqeein (.. (%) 95
IMuvamesaevamaeIni (c, S VANN/KW) 9,600
A Y 91
muvamesaevanatau ih (e, anmawh) 4,800
v & A T o w
mdunulszgoseiadevtnamas inih (cg. S )/NKW) 6,400
v A 1 [ Y
mdanulszieadevinandanu iih (e  )mwh) 64,000
FIMMMINNUUALINFLVAABT (¢, )(UNKWh/A) 320
[ o ) v A ~
FIMAMMIMNIUULINFIAUNVTEB099 (cy, VAUNKWHA) 320
oguusmes buvllginn @) 3
v A aa
o1gaunulszypasanuuthlgnug @) 5
Bn31M3fnanayan (d)/ (%) 5

[ [ v J 1 o v
Mruadoyannuduiuisznindiusoumsldaunazszauauaniy
1 d‘ < a a d' 9 A K é [ J
msilaesilszgreunameiazninsalszdninmganldlunsaidnuiadalSuuaaniain
(Layadi et al., 2015; Verdad, 2015) aqudaas 13lugld 3.17 laaumsdldlumsisziiivergns

{2 S w o {
¥ nunuamesaluilanyuens Inuu@Feaanuaunian 3.42



64

18000
16000
14000
12000

19911 CTF

10000
8000
6000

ATUIUIDUNIT

°

4000
2000

0 20 40 60 80 100

sEAUANNANYBINTTUAREUSEY (%)

= o 9 o = 1 A Y Aa
3‘1]1/1 3.17 mmusa‘umﬂcmmu,asszﬂ‘ummaﬂmiﬂaaaﬂsz@mmummmmm
CTF(DOD,) =13160e %P  4528¢002312000: (3.42)

373 DIAANE LA THABUM TAUUUNY

2
aAauv A 9 ]

J @ R I S ?
JTHIYU ﬂLL‘UQﬂaQ‘VI‘ﬁﬂ"li‘ﬂﬂﬂﬁﬂlﬂﬂﬂiﬂ!ﬁﬂﬂT@@ﬂlﬂu 3 NI Iﬂﬂﬂluﬁﬂu

= s

o ' =~ ant ° 1 Y1 Y o w1
f‘lﬁ‘ﬂﬂﬂﬁﬂ]’t’)ﬂL!@]agﬂimﬂﬂ‘lﬂnmgﬁ‘ﬁﬂ”IiﬂTL!’Jil!ﬂﬂslf%”lﬂi)ghlﬂﬂﬁ?’)ﬁ?ﬂﬂ&f’)ﬂﬂiﬂﬂ?ﬂﬂﬁﬂqﬂ

Y
Aav A

' ' v < o o < Jo o ¢ A
luauideil arldiesmvesszuunmmunasaugnibmnlsiuilsnsuiaglss asdiion
A A v 3 o Y an oA ~
ﬂlu?ﬂ@]ﬂ@mﬂlﬁu’]gﬁiﬂﬂlﬂﬂﬁgUUﬂﬂLﬂ‘]JWﬁ\N”lHﬂ'JEJ'J‘EﬂTiﬁTﬂTVIL‘I’ﬁJ']ZﬁNVIQ’ﬂLLUUE‘j’\‘]@‘ialﬂWﬂ

IS v

= 1 =) t;l
J1YASLIDYAVDILAAS N IUNAIU

P}
A

aa < a o A a
NIUN 1 !,“]Juﬂ’li1’71"1]1!’]@@@9’1\31/]lfVill'13’ffllGUﬂﬂllﬂﬁlﬂﬂiiuigﬂﬂqﬂiﬂiﬂiﬂ

~ A a @ 9 @ a (% A 9 a3
llllllllﬂﬂlﬂﬂjﬂilﬂ’liNaﬁwa\j\i’lullv‘h/\hﬂ']ﬂwa\j\11ulla\1@1ﬂﬁﬂllagWa\jq’]uall Lwasqulﬂuigﬂﬂ

= 9

v @ g a & A 2 U 1
DANUNAINTU GU’L!G]@Hfﬂi1’”6111!1@@]@@]\‘]ﬁlﬁﬂ1$ﬁll"llf]\ul,ﬂ@]lj@]@§ LTHAUINNITHITIUAT

v Y )
sz Inaauazmad liihanaa lanavua aniuldaiuaisveasiaeaiu luidiuaam

Y
[ v [ (Y

o Y o | Y o Y o < Y a Ad A
ﬂ'la\‘]ulww'lﬂ'l\?'lumﬂﬂllﬂﬂlﬁﬂi lll’f]ul@ﬂ1ﬂ']a\1llV\IT‘hV]'N']uﬂﬁ'linﬁﬂslslfﬁ'](’llu'l@ﬁ@ﬁﬂﬂlaﬂﬂq@

Yo

S A = =< 9 o A
VDNUUALADT LAUVUIAUDILUALAND 1/]1@81\111I1Iﬂ’311|&°ﬁh1$ﬂh mmeﬂm@mm@m@uummm

P
=<

Ay o o A o = A 1 9 v Y A g S o
memmmﬂmﬂ‘mﬂm qp ﬂquﬂluu?ﬂﬂﬁ"ma&@ﬂﬂ‘ﬂﬂa”l')tla'ﬂuﬁﬂﬂl@ﬂ 3.3 91NUUNIIADN

v =2

o = 3‘1 A Y1 1 o Y] a 9 4'
ﬂ”ISTIN"ILl@ﬂﬂNLW@iﬂfﬂ”ﬁzﬂ‘Uﬂ’ﬂﬂJaﬂéll’fNﬂ"liﬂ@i’)EJ‘]JiSi!ﬂ’TﬁiiJﬂizLﬁJui’)WQﬂiii“Ifﬁu 1o

Y a ¥ Y ¥y ¥ 3 o g Y e = v '
llﬂsllu']ﬂ@]ﬂ@]\jl!azﬂ]q’ﬂ]iiﬂf\j’]ullaj "Uu@]@‘lﬂﬂﬂ']u:]ﬂ!ﬂWchﬂWﬂmqijQGﬁQﬂigﬂ@Uﬂjﬂ AINIT



65

Y 1
a v A

v Y Y v
1 o o 1 a o [ ' 1 @ ° <
aanaisudu Amsthyeinewazmnsaaalul fetlgunmsam lgnenanuagmiinldiu
Jou o s A ' { A, a
Wanduiaglseasdmiomannuz aungaaieisuuudsoynia Taedsuuugeoyninog e

d o dy U 1T W [ A " W [ A A o Y a 1 PRl A 9 ~
ﬂﬂﬂ“b'l!ualuﬂﬁﬁ:uﬂW]’J‘]J'D"Uf‘]ﬂ!LWfJ1’Hﬂ1ﬁ’3‘ﬂi‘ﬂﬂm“ﬂmu13ﬁ’iJ‘ﬂ‘V]ﬂ‘Vilﬂﬂﬂﬂ%ﬂWfJﬂH@ﬂﬂgﬂ

=

9 H 9
ﬁWiﬁﬁHﬂiﬂﬁW‘lluWﬂﬁﬂﬁQﬂlﬁiJ'l%ﬁ'iJ‘U?)\il!Umﬁfﬁulﬁj muday Tagdunounslsziiua
4

Wanduingisyasdvesnstiiiuans1ilugii 3.8

Ly
LTUAU

Y a Y Y Y [
doyaniswaalvihan Foyavod ITnaan1sldwasaiu
4 a o Y
[yaa AN A Ay fIiuaw Tl
Pev, Pwr PL
PB,ref

Marmad ihvewuawnes
Pg euaumsi 3.15

v

WV HIANDA VD WL AN O3

PB,rated ) EB,rated

ANWANNITN 3.17 tiag 3.21

FY o @
LTy RATENTR T

ANNITN 3.25

ffffffffffffffffffffffff N\

o 9 2
ATUIUD YN UL Uawes

FIUIUTOU+1 AuNI5N 3.29
] !

MuraialEineusaiuames

|

|

= i

FTm T EB,Orated - qBEB,rated ‘
|

|

aun1sh 3.32,3.34,3.36

F9UNININUGIGA

lamdsugm gs Az an
Y .
HAZ AN UVUIAAAA AN H UL TUVD
HUALAB S

£
augan1siinu

Y H
Q/ =

A A a ¥ ~ Y (3 v
g‘ﬂ‘VI 3.18 YUABUNITUN 1 mmmﬂmmmmgmmm@smmmzﬁumamﬂsugm 9z



66

A3aIn 2 ﬁJuﬂﬁmmumﬁﬂﬁy’wmummﬁuazﬁ’agﬁuﬂﬁzﬁwmﬁmmmu
TagfinzanluTasndauuuneni@s sz u@esusunian 1 udlunsainldszuudniy
WF UL HE U DA UNS Y TUADUMTHITLNARAR S TIHINZ Y BUAUIIAMS
manieszn e Tnaauazmas Wihiinaa Idnaue mmiunamdusaveasida i

I 1 i o 1 o § 1 1 § {0
ponilu 2 @audreraasanuddl Tasamde luihnuue1d luaruniianuddmisianm

]
1 =

<3| o w a o { { v o 3
swiseugnlaiuiids lihdedddnunuamesuazdiundianudgaldnudnnuilszy

A é 1 o W Y d' 1 dy 49! [ 1 d'o.: AZ, v
gyIn cmmmaq"lwwmgﬂumui}zmuagﬂummmamfc UDIIVTNTBDIAITUDAIAN

2 A ' Y v 9 A g o o 9| o 2 B @
518@3!@ﬂﬂVIﬂaTJLLa’ﬂUW']GUEW] 33 ﬂTﬂHUﬂTUQm‘I’T'IﬂTﬁ\‘]Uh/\lV\I'IVI'N'IUVNﬂlﬂﬂ!tﬂ@]m'ﬂiuﬂgﬁj

a3 4 A & aw v @ g a 2 1 o o
Lﬂ‘]J“]J5$i]Lﬁ@Sl,alaf}‘l/i'lallu’l@@]ﬂ@]\ﬂ/\lﬂ@GU?JQﬁzﬂﬂﬂﬂm‘]JWﬁ\N'lu‘VNﬁ@\?"]fuﬂ ﬂlu@]ﬂ]‘lﬂﬂ'lﬂ'lii]'lﬁﬁlﬁ
o d' d‘ Y [ =4 1 a 9
ﬂ15‘VI'I\1'IU“]JE]\1LL'US5]m@§LWﬂiﬂfﬂ?i%ﬁﬂﬂﬂ’ﬂﬂﬁﬂGUENﬂ'li“lJa’E']fJ‘]JﬁZi]cl‘Hﬂ'lﬁﬂigliJu@WQﬂWﬁsl"]f\ﬂu

1 9 v < Yy 1T @ ~ aa A FY a 2’,
mumqmﬂmmmmmmuﬂsmﬂﬁummmumqgmuﬂﬂgmu LN@%@%M?@Q@QQLLQ%@W@ﬂWi
9 Y] Y 2 o ] 91 2 & Y] 1 a 2 A 9 1
“lﬁmmum ‘llu@’f)thﬂﬂWH’Jﬂ!TTTﬂWGlGD'ﬁ]WWNﬁNﬂG]NﬂﬁzﬂE]‘Uﬂ’JEJ ATNITAAUITUAUY ATNTT
o o 1 a ] [l v @ ] a y 2 1 1
U1§Q§ﬂlﬂl”ll!ﬁ%?nﬂ']ﬁﬁﬂ@ﬁiﬁuﬂlﬂﬂﬁgﬂﬂﬂﬂlﬂ‘ﬂwaﬁQWUVIQ?(@QGHH@ VNﬁﬁiJﬂ”lﬁﬂflslsf}ﬁan

3‘; ) PR o o s A [ ~ 9 as Aax
nanuagminnlaiulsnsudaglszasnmema iz aunganeisuuugieuma Tagls

=

9 Jd v dy U 1 o A 1 Ao A A o Y a
umJlz“hmgmﬂﬁ]ﬂ%ﬂﬁﬂ%uuclumsqummm ANDYIAINNNDAANIMNIZ AN 1K LINA

] 91 A Y A o Y a g’: A A v I A
mlgnendeenga M lvamnsamvinaaaailivinz auyesanonazANN U880
o w g a J Jo 4 - 1 ]
18 ey Tastuaoumsdszuanlanduiaglszasdvesnsaiiinaas 13 uzda 3.19 (lii
AANBYDIAUSUAVIALLAIADT ¢, )
aa g a 3 = o 4 =
nyaif 31U mvefaaIUBILDMNBIaYA NN D TYBIeIA IS T
A Aqy v 3 @ g ~ A 1Y =~
Tu'lyTasnsan lgEse uun N UWAINUIUUATN TUABUMTHIVUIATMIZ AR UNUN Tl
A =} ' dtds’ Y v A v ' ' A o [ o
2 eana lunsaliIndsugavinauuameIaeaT ¢, NoUNIZNINITINABINITHINIUYDY
A A Y [ =1 1 a 9 A Y
nuameseldmszauannanuesnisilaseiszylunissziiueigmsldau we'ldaua
a & 9 Y <9 Yo o J Y1 y y 2 1 91 e
anaaazelgmsldanunad almmhmsanaa ldoeniue nalaumsa lgaenavuagn
o <3| Jo o s A 1 { A a
wnlddluilesdduiaglszaasmiiomauninzauigadie suuudsoynia Taedsuunes
9 d o dy [l 1 A o 1 @ A 1 A o 1
pyunavg lglanduilumsquainnuddatazmmsliuguunaieomainnuddataza
o ~ Ao q¥Ua 1 91 Ay A o q ¥ a & 4
mMslfuguumnanmunzannmldinamlgnenvesnge Mlvamsamvuadaasin
A ] 2 Y o o g a o
M AUV IUAIABS LazANN U 52989090 1 awdiay Tastuaeumsilsziuniiandu
[ 14 ddy A a Y [ ~ 9
agszasnvensaitiuaas1ilugl 3.19 @EanavesiilSuguamanuanes g, 20)

=) a o 3}/ ~ Y o A
ﬁ”lﬂJ”ISﬂﬁ?‘]Jﬂimﬁlli’Nﬂ"li’Jﬁ]EJ‘l/N 3 ﬂimhlﬂﬂdllﬁﬂﬂll’ﬂu@niﬁﬂ 33



67

A AR a A A P}
A15199 3.3 ATUANILAEWTNNBTNINYIVDY
AR
NIAURANY 1 2 3
EEA LTIV RRRYY MWIZUVAND HUUWE HUUNEN
aulsmanumingau q, f £ uag g,

:

y

doyaniswaalvihon doyavesTnaanisldndaau
adiaeenadiay fauay Tdh
Pev, Pwr P.
R i, ity
| N :
””””””””””””” > LPF a f, !
T 4 f
Uoawnsi 3.1 08y 3.12 | |
F’B,ref | i y I':’SC,ref

mMnaniiad Iihves

d' =
wuaees Pg @uni1sn 3.15

!

MVNANNAUDWLAIN DS

PB,rated ' EB,rated
qunI5N 3.17 uag 3.21

AUMEAN)TUVUIA Qs

qUNIIN 3.25

o 9 g
AIUIUD 1&_1mﬂmmumm 07

aun1sN 3.29

I

finaalFguemnanes

FuN13N 3.32, 3.34, 3.36

Manamimas Iihweedufiu

1529 Psc aun1si 3.16

!

Aa o v
MVINANNAVD RN 527
PSC,rated ’ ESC,rated
aun1IN 3.18 uag 3.22

}

° o g
M wummqmﬂsﬁlﬂummu

Ysgpmnunnuihl i

}

o U Y v 3
ﬂWLl'Jil!ﬂ'IGl%i]'lEJSUENGI’JLﬂU‘]Jizﬂ
qUN139N.3.33, 3.35, 3.37

I

] PR
s ne5In

nsai2 Usuan f,
=) o 1
AsaIs Usuan fouaz gs

aun1sN 3.30

FOUMTATUINUF]

Vv ~ o v (v =
]lﬂﬂ1ﬂ’nllﬂﬂﬂ fc uazmﬂm@m O NUUITAUY

9y
HAZ AUV UIAAAA SN AUVDITEUY ﬂﬂLﬁ‘]_l‘W ANTU

9
Q/

(3

v
2

9 1 dl % %
AWAINNUDAA £, uazmﬂi‘uam qz

FugANININY

{ { a 2\// v [
N 3.19 VUABUNTAUN 2 1182 3 HIVUIAAAAIVBITSUUNNAUNA TN UL UNEY



68

a d e
374 wndwesuazmsszgnaliisuuug sy
° an Y A ° A A g ant
ﬂ1§ﬂ1u3mllﬂﬂﬁ‘ﬁd\?ﬂl}‘!ﬂ'lﬂ@@ﬂllﬂ1§ﬂ1WU§]W15'IZJL@E]5L§3J@u Iﬂﬂ?‘ﬁﬂ?ﬁllﬂﬂ
I U ) 2 o ]
deoymadlumsgummmasuiEududrsiinuveseynialugds vuiavesaazoynianio

1 1 o o 1 1 g %
DRI E, AVDULVAVDILAAL DN A UIUTDUNTNINIUGIFA AINITDINUIHUNUD

[

<3 1 1 ’cf o = 9 a dy o Y a S
ANUTILASATNITONUINUNNITLTIUY T%“luﬂm EJ‘L!ﬂTWUﬂTﬁﬂTWTiHJL@E]ilIﬂWﬂiJGHiN

H H Y
3.4 Taeduveseymauazsuiuseugganivualildnnmssiassmanatenisou
V] d' [ 1 a o’d’ I~ 1 dy d' 9 9 a a v d' d' 9
"lﬂﬂmmmmnﬂmzuu ﬁ’JuW'linlm@i’E]ulﬂuﬂ'l‘WlJﬁTL!Vlhlﬂinﬂﬂﬁ’E]N’E]Q\ﬂu’.li]EJVILﬂEJ’JGIJ’E]Q

v Y A

as ° Ay ao Ay
nnIsmsmmeeunuugieynan ldna 1 luwdenriuun auise 1

Y
=2 1

70 Y A a ¥ v 3 @ A X v 1w o
ﬂ53Qﬂﬁiaﬁlﬁ@W1mu1ﬂ@ﬂﬁqmﬂq585'U'Uﬂﬂ!ﬂ‘]JWa\i\ﬂuﬂL‘Vilﬂgﬁuﬁ\‘ia\luﬂgﬂﬂﬂ’lﬁjﬂjﬂﬂmmu']@

{ 1 A o { o a ' v [
Llﬂﬁlﬁ@%l!agﬂ’lﬂj']llﬂ@]@mﬂQQQﬂiﬂi@QﬂjTNaﬁ'] I@lelﬂ']FLG]af}instllf]Qigﬂ‘]Jﬂﬂlﬂ‘UWﬁ\cl\ﬂu@a@@

I J a 1 a L A o [ [ &y.;
TﬂsqmmJuﬁm%uﬂssmummmﬂw%mmmmmu ‘%QD%ﬂWﬁﬂWH?ﬂmﬂ%}m&ﬂﬂﬁNﬂ

' Y
A 1 % o

' ~ , v v v =
ﬂl@ﬂll@]agﬂﬁmﬁﬂ‘ﬁflﬂllﬁﬂﬂjllﬁ311!14'351]@ NIUUT VUADUNTITUIANNDUNLH NI T UUDINIT

[

Aa 9 ax A o Y o
WedeIsuvusoymamusanandlugii 3.20 Tasiviua lnoymalugdsunuyadiney
=1

@

v 1 9 % ) (% dd‘ A 1 [y dd‘
‘ﬂ)’x‘]’f)l!ﬂ”lﬂll@]ﬁ%ﬁTﬂﬁ%ﬂﬂ‘ﬂ‘l‘ﬂ@nﬂ 1 aulsdrnsunsain 1 Ae mmaﬂm@mﬁum@ HagnNIUn

9

A 1 1 A A = (Y

2 Ain MANUAGA dIunTaiN 3 1 2 dalife MdlTuauvLIALUAMEI Az AIANINDARYDY

=2 =

d':: o W . zﬂ' Y1 v d‘ 1 dy Y o 9 a 2’,
NITINTNANUDAT AR TAY ‘ﬁN!JJE‘J"lﬂﬂﬁﬁillﬂﬁﬂLﬁMWgﬁiJmaWMLlﬁﬂﬂﬂﬂﬁﬁllﬂﬂﬂﬂﬂﬁ

minzanld

d' a 4 ady
13190 3.4 W”I'iWJJWIfJﬁJ@Q’J‘ﬁﬂ]iLLUUQQ@HﬂWﬂ

WN35 (@180) MU0
mveuATew I T uvINALUANES (g, 1<g,<5
AVOUIAVOIAIBIEAA D) 0<f <4.16 mHz
NIV IYMATUR (1) 20

. 3 1 (PFAIN 1 ag 2)
AW (m) s
2 (5N 3)

SuseuMIMNugIga (k, ) 200
' ' H o <
YOUIAAINMIANUINENVOIANED (w, w, ) 0.9/0.4
! ! ¥ o = ]
ATNITONUIHUNNITLIYUY (CI) 2

1 1 H LY = Y
AMMIDWIHUNMTITIUS (c,) 2




A 9
LTUAU

v
v a I'd
AN TV PSO

C1=2, C=2, Wpax=0.9, Wpin=0.4
N=20, Knax=200

' a 9 ) 1 @
quilszrngiudu 20 69 Taguaazad
Y " W U A o dy
1szneualenidulsluunaznsal aail
A A ) '
N3N 1 Usenounlenigs
Asdid 2 Ysznevldrean f,

nsaln 3 Usznevlidie gg tag f

Usziumldnennanneyninnnda

AWAUMI N 3.30

1 1 9
HaZAITINAD VAN AN GANIVD 19YN 1A YOI
] Ysum w

o 5 o ] s
UsvlgannuSanasdumuave 1eynia AINANMIN 3.41

AWAUMSIN 3.39 uag 3.40

k=k+1
Taile ‘

asndouou lums vigg
n39 k > 200

Taenldnenaingauaz

o 4
auMANMIIZaUNg A
UNITNINU
9

A o A av 9 axy
qi.'ﬂ‘ﬂ 3.20 ﬂlu@ﬂuﬂTi‘ViTﬂWﬁ@‘UﬂL‘Vilﬂ%ﬁll"UfNﬂWi’Jﬂﬂﬂ’)ﬂ?ﬁllﬂﬂdﬁ@gﬂ?ﬂ




70

38 ayy
Ay Y U = aa Y Av X k) o o
Gluﬂﬂuulﬂﬂa'I'Jﬂ\‘]ﬂi]‘]%lid]ﬂclslfaluﬂ']ﬁ'lﬂﬂ %Qﬂﬁ%ﬂ@ﬂqﬂﬂﬂmlﬂﬂﬂ']a@ﬁﬂ']ﬁ“l/n\i']uell@\i
v 3 [ @ o w { o ° a &
TSUUNNNUNANTU ﬂ'lﬁ%ﬂﬁﬁﬁfﬂa\‘]\‘]'ll!ﬁl?ﬂ?\‘mﬁﬂﬁﬂ\‘]ﬂ'ﬂuaﬁ'l NITAMUIUIVUINAAAI NIT
A Y asx ' Y1 oA a 2 9 ¥ 3 Y
ﬂﬁﬁluu@Wq@?ﬂTﬁll’U‘UFjuﬁﬂlla$ﬂ11sﬁﬂ13ﬂ%$lﬂﬂﬂluﬂlﬂ33gﬂﬂ NWIDUNNVUABDUNITIA
o v 1% a v 1% g {
NITNANTUUBITSUUNNNUNAINIIU IﬂﬂW%Wﬁﬂ!'ﬁzUUﬂﬂLﬂUWﬁQQ1UWQ!LUULﬂW1$!LU§]L§I@§
A ' 3 AR vy A S A Y AY a
Llagllﬂﬂﬂﬁuﬂgﬂuﬂqa@ﬂlﬂu 3 NTUANBI Llﬁﬂ\ﬂﬁlﬁﬂ??W?ﬁWﬂlﬂ@ﬁﬂlﬂﬂ?m@ﬁﬂ@]@QWﬂTﬁﬂﬂ
A A o = A S o A o
W'lﬂ'l“l/llﬁ?JWﬁﬁﬂJﬂﬂﬂTﬂ15ﬂ5Uﬂﬂ!ﬂlUWQLlﬂJﬂWIﬂﬁL!a3Wﬁ@?nﬂQWNﬂﬁﬂGUfN'NﬂﬁﬂﬁfNﬂ'J'lNﬂﬂ'l
@ 1 =K an o = Jq9 9 o A
Ll,a5fNﬂa'l'Jﬂ\‘]'J'ﬁﬂ']i?ﬂﬂ']ﬁ@‘ULlU‘Uﬂ\i@Hﬂ']ﬂ“]f\‘lgﬂﬂ33falﬂﬁqlclfﬁ']ﬂﬂﬂ1§]@ﬂﬂlﬁil']$ﬁu1u
Y 1] 9 1]
\1’]1!'35]814:! Lﬁ@ﬂi’l’ﬂcﬂqyauagﬂlu@ﬂuﬂlﬂ\‘iﬂ'ﬁjﬂﬂllé}j Lﬁ’ﬂllﬁﬂ\iﬂ’]iFﬁ’la@\‘lllagﬁijﬂaﬂﬂﬂq'lll
9

as Ao A o a @ 1 Y Y A o awv dy
YNABIVBIITNITIVYNUUTUD "111Tmﬂmma&nﬂ@gﬂi%gwaw@ﬁaumimaaﬂmm:}%u

Tagnamssasauazmsanizinanaas 13 luuna 4 ae 'l



UN 4

NaNMIVBAZNTNATIZHNG

41  UNN

[

= g a A ¥ A A g
VINNHHHYUASVUADUNIGTI EW]UlﬂLLﬁﬂ\‘i]lﬂuU‘VW] 3 NHIUNN 1uummﬂummﬁmwa

o Av A Y 1 A R 9 a 4 1 Y] 1 Y
ﬂﬁmﬁ@ﬂﬂlﬂﬂﬂu’mﬂﬂ1@1ullﬁﬁ$ﬂiﬂ!ﬁﬂy1 IﬂEJGl“]fﬂﬁ’JLﬂ'§1$ﬁ%ﬁﬂ?ﬁﬁ]ﬁ;ﬂu‘l}ﬂ\iﬂﬂ%Mﬂi’JﬁJ

Y
=1

v @ a I Jo o 4 a o o
all’f]ﬂﬁgﬂ‘ﬂﬂﬂlﬂ‘llWa\N']“L!Glu]liliﬂﬁﬂﬁﬂlﬂUﬁ\‘iﬂ%u’)@]fjﬂﬁzﬁﬂﬂm@ﬂﬁ’]ujﬂﬂu NITN1YANIADY

' ' 9
Aa A Y (4

Tagldsnmsmmiaeunaigad1095uUdIYN 1A PSO 1HDNIVUIAAAAITININZ TV
v o y v < [ A a o ‘;I Y-
FLUUANAUNAINUNITE VAN UNAINUIARDT Az URAY TasuIdet 15 Tsunsw

' ] '
MATLAB 2018a Naagaluaaniingos Intel i3 Ram 4 GB Windows 7 twoldlumssiana

= o

a a v [ ! <3 4
IBMSINBUASUAAINANITIN0Y  JagnanIsItaedtseaniu 3 ﬂﬁﬂlﬁﬂﬁﬁ’)ﬁ]ﬁﬂﬂﬂ?ﬁJ

Y a A o

=) U % ti' o g’/ = =
Qﬂﬁﬂ\‘lllﬁ&ﬂ%ﬂﬂL‘VIEJ‘U?J?%?(‘VI‘EI‘ITWEU’ENﬂﬁq‘ﬂ‘ﬁﬂﬁ%ﬂﬂ?ﬁwa\iﬁuﬂu%ﬁuﬂﬂﬂ 3056l lpensal
A I A Aa = A =< v Y A Y
nl1 L‘i_lu§$°]J°UulllIﬂﬁﬂﬁﬂ“l/l@WW’NLﬂW13Llﬂﬂlﬁﬂi‘ﬂﬁllﬁﬂﬁq'ﬂuﬁﬁﬂl@ﬂ 4.2 ]’lﬂllﬁﬂ\‘iWﬁﬂWi

) a g’./ P (% Y [ Y] . 1 1 9
AMUIUHIVUIAAAAIVDIUAIADT NYNUTUANAI18A21UTDAUULIN FIdananvo1gn1s 151U
1 Y = [ A < A Aa g’:
LLaZﬂ’lEl,“]f%1Eli'lllﬂlaﬁﬁ%ﬂﬂllﬂﬁl@]@ﬁﬁa’ﬂﬂiﬂﬁx‘lﬂ'ﬁ AIUNTUN 2 Lﬂuig'ﬂﬂl‘luiﬂiﬂﬁﬂ‘ﬂ@ﬂﬁﬂ
v ] A ~ v A v 9 A Y
5Z‘U‘Uﬂﬂlﬂ‘UWfﬂ\‘l\‘l']‘L!L!,U‘UW’ﬁiJﬂ'ﬁ]uﬂﬁlﬁ@ﬁlm%ﬁﬁlﬂﬂﬂigﬂﬂﬂﬂﬁﬂllﬁﬂﬂqﬂuﬁ'JGUfJ‘ﬂ 4.3 vlﬂ
Llﬁﬂ\‘iNaﬂ'liﬁ'lu’JmGlJfNﬂ'lﬁﬁlﬂﬁﬁiwaw\?\ﬂu@g{?Elﬁ‘ﬂ"lﬂ’l'luaﬁ@sll@ﬂ’)ﬁﬂiﬂi’f]\?ﬂ')'lllﬁ@h NITN
o v a ¥ A v A 2 '
ﬁ@ﬁﬂumu’lﬂiuﬂ’li@@@Qﬂl@ﬁlﬂ]ﬁl@]ﬂiLlagﬁﬂlﬂﬂﬂﬁzF[!ENEI'J@ G?imawa@amqmﬂ%}ﬂmuaz
' ' A A I v 3 @ Aa e o
ﬂ151,°]9)'lﬂ185'311"ll@\3531|ﬂ HasnNIuN 3 WUTLVUANNUNAINHLVUHTUNAANIHANITATUIN

Y A

YosmAuaaaaza i uguuInauamasidas 131uiden 4.4 Taeluuaaznsdl ldudas

9 v
%

N o Y F ]
3%ﬂ1T‘KHGUHWWI@WN‘I/Ilfﬁlﬂ$’(,’filLm%ﬂ11%ﬂ18ﬁﬁ1ﬂ@ﬂmﬂﬂﬂimuu 9 mﬁmummmwmmzﬁu
1 Y A a é] g’/ Y Y a 4 =~ a A A Y
uazmhmﬂmﬂmummm 3 ﬂimulﬂgﬂﬁlﬂi1$1’illﬁ$uﬁﬂﬂl,ﬂ8°uﬂig’ﬁ“ﬂ‘ﬁﬂWW !W@Llﬁﬂ\ﬂﬂlﬂu
= ) 1 v 3 [ A =} o v [ ~
ﬂ\‘]ﬂ'ﬂilﬁ]llﬂﬂuﬂTﬁﬁﬁnuﬂl@ﬁ‘iZ‘U‘Uﬂﬂlﬂ‘UWﬁ\i\ﬂuLL‘U‘UW’(?fllLSJE]W]EJUﬂ‘lJigiJ‘]JﬂﬂLﬂUWﬁQQTL!‘V]

IHamzuuamos



72

Al v Al
A

d‘d' a2 A e (%4
4.2 nItN 1 ul?»liﬂiﬂiﬂﬂﬂﬂﬂﬁ!ﬂﬂ]g’,!!ﬂﬂ!ﬂﬂiﬂﬂﬂ]iﬂiﬂﬂﬂﬂlﬂ]ﬂ

dtﬂy a o 9 @ 1< (% A v 2 v 2
Gluﬂﬁﬂ!uuliJIﬂ3ﬂﬁﬂ‘V]'N11!ﬂ’]ﬂﬁ3‘U‘]Jﬂﬂlﬂ‘U‘Wﬁ\?\?'ll!LL‘iJ‘lJLL‘iJGIWI@ﬁH’]'qu ANUU

[

o a { ' 1 o o w a v g @
mas lnihdrdavenumnestaiaumaumas lnihdedsvesssuudnnundsnu ¢, =

=

p,,,) ot1aesmsihnu lasAndsz@ninmvoaumaesvi i ldmmda I fhuazwdenu

o w

Tfhdagdi 41 FaduldnmaddfihihauveswuaeeitianulisiuiFeugs 1n
= - 1 v Y A A 1 o w 9 v Y 9
seaz®eanna1 1 luiaden 3.3 iwensiwarimas IihuazwasauTdihudrawrsam

a ¥ ' ° { o w a o 1o J
YIAAAAIDEMIVOIUANGS lane vatiad liihana P, =1637kw laninarduysal

B,rated
o Y [ 9, a o 1 |o a g’z ]
yoamad Iihgagauazvinandsan liihiidaedad £, =33.08 kWh (V10@aa39819
° A A A QA ~ a g’/ A Y [ o o Y
Mveuuanes Ao valaniganszuudaauie iaunsoinuaugavesiias lWihves
a Y d’ d‘ LY o 1 d' o
Tnaauazminaala Iasiuuanesdaiaulurisveuwavesaniuzmslszaimmua Tag
1 a 3’; A2 U [} 'o dy
5201 I NTANAIUUIANEANANVUINDE1E 19)
Y Y 1 ]
PUADVIAONTHIVUIAAAAITIH LI AVVDILUAIABITAIGITMIUDUIOYNIA  Tag

Ay ¥ o v 1 o A A By X 1 1 o =
ellu'lﬂllﬂﬁlﬁﬂihlﬂ@jﬂﬂiﬂﬂmﬂjﬂﬂ']ﬂ’liﬂ5UﬂmlwE]LWllﬂlu1ﬂ1ﬂ1ﬂmﬂluﬂ?’lmu1ﬂ@ﬂ’lﬂ@’l G]Niu

Y
A A o

Y ' ( o A F T W @ A X
ﬂﬁmuﬂ11’iuﬂ1ﬂ@1§ﬂ1ﬂlma$ﬁ3l!ﬂui]@ﬂ'lﬁ'ﬂ'll‘ﬂﬂi3ﬂf]l]llﬂﬂ'lEJﬂ'lG]'JTJﬁUﬂmGIIUWQLLU@W]ﬂﬁGBQ

I a S Y A T 91 A1 o A
LﬂuW’li’lNl@]'ﬁ]ﬁﬂ@]’ﬂ\‘iﬂ’li‘l’ﬂﬂ’l%!ﬂll’lgiﬁll IﬂﬂW‘]JTIﬂ’]i“Iﬁ]’]ﬂiﬂﬂﬂlaﬂﬁg‘]J'U!L'i.l@']l,@'ﬂﬁllﬂ'l@]'lﬂfj;fﬂ

A v 9 o =~ Aas A
115,475,500 11 auMsgriniimae Tusoun 105 voadsuuudteymalugili 4.2

m
1
N
(@]

.......... E B,max

—
(@]

.

e

= e

[@ N,

1
(S}

o
<
K5
5
o
B
st
A“
s
1 id
hn @

Aag

o

N
o

-20

A9 unLmes (kW)
5
Wi vesuunmas (kwh)

R
»n
NWaIUY

1
|

N

(@)

6 12
a7 (F3l9)

18

N
s

19

il

=h.

[

4.1 ez ndaanu Tihvihauvesuames nsain 1




73

5.48

“€ 5.479

39

d

&7 5.478

Elsd
>

AtuInUs

5477

il

(105, 5475500)
5.476

AU

5475 ! ! !
0 50 100 150 200

SBUNITANIUIEY

5U7 4.2 msgeinmmaeuveInsain 1 MeIsuuUdioynn

o Y as o I Y o o A A
%1ﬂﬂ1iﬂ1ﬂ1§]@ﬂﬂ’w’3‘ﬁlmﬂqujﬂﬁ)iélﬂ1ﬂ‘1/]']11411@]@’Jﬂ§°ljﬂmellu1ﬂﬂmu1$ﬁﬂﬂﬂ 1.5228

1 k)
= %

uaz lAvuauuanesAna Nz auNgaRD YA 33.08x1.5228 1M1 50.37 kWh 1NOLEA

o A o ' {y ¥
51&'&13(6?]@%8\1?]1@1\1 il VIﬂ']u’)mhlg?lllla3@5'3ﬂﬁ@ﬂﬂ’g’]ugﬂg]}@\jﬂl@\jﬂ’]ﬂj']ulﬂlﬂgﬁllﬁ]lﬂ N3
v

a 4 a o ~ 1 1 { [ Y
AUATICUNAUDIVUIAAAAILUAADITVUIAN I € 15]ﬂ@?ﬂﬂ?ﬁi%}\‘]'luﬂl@ﬂllﬂ@]mﬁﬁ!mgﬂﬂflﬁnﬂ
d' = [} 1 a 3’, d' Y o dy
iﬁﬂﬂlﬂﬂi$ﬂﬂlwallﬁﬂﬂlﬂﬂﬂﬂiJﬂWlu1@§]@G]\WlH’T§J'l$ﬁ‘JJﬁ'lll'l'iﬂll’ﬁﬂ\‘ihl’lﬂﬁu
A v
4.2.1 Nﬁl"llﬂﬁslﬁﬂﬂ!!‘Uﬂ!ﬂ@ﬁﬂﬁ)ﬂ1Qﬂ1ﬁ1°ﬂQ1‘H

ioudasnamslsmiisuvesdnlFuguunanianig q ave1gnsl¥auves

A o a ° o A v ) o w Y_ Y a
LUALAB I ﬂML!L!ﬂ”Ii%Wﬁ’OQﬂWi‘ﬂNWUﬂl@QLL‘UﬁW]@iﬂ?ﬂﬂl@yaﬂlﬂﬁﬂiﬂﬂllWW%JNﬂﬂ IﬂEJ

fvualiadliugualediaiiaiszning 1.0 01 s.oedfuvuannanasaiuliihves

=

d’ Y Idﬂg d‘ = % W [ A d‘ o
ummeﬂwiwmﬂuuamwmﬂ‘%fmmaunummﬂm@mmm@mmmzmma 1.5228 U919 04

sl lasaazszauanuanvesnsilassilszgasgili 4.3 Taeduninduasie

'
A o

1 [ =X 1 (Z [ ' v a g’; v
ﬂ1i$@°ﬂﬂ’Nilﬁﬂ"ll@x‘lﬂ?'iﬂaflEJﬂi%ﬂLiJ@G]’Jﬂi“lJﬂmL‘imﬂU 1.0 W%E]"UHWW]@WNE]EHQGH“UEN

v
G

d‘ 9 = %’ a A [ = 1 d‘d LY [
memmaxmuwumumuﬂaizﬂ‘ummaﬂmmmiﬂaaaﬂiz@mamummimummﬂm

AUIINNFAN0 5.0 dIumanuzIzaUANNANYINIYdeslszguosvuiady q agluris

[

1 o dy 1 o w A A 1 v Y o A o FY T o < Y
igwj’l\iﬁﬂ\‘]i$ﬂﬂul‘1aﬁ1ua1 Y IUBHUARDIVUIAA NN UADININIUND 1?;1@“11/\|1/\|1L“Vl1ﬂu lﬂul‘l@

v '
a o A [

M5¢ @ummaﬂmmuumm ﬁd"U’Lﬂﬂﬁﬂ@]Qf)EJNGnilﬂ’ﬂiJWLlW’Juiﬂﬂ‘ﬂf:’fﬂﬂTﬂﬂ1ﬁﬂWH 232AU

q

anl-

s A

ﬂﬂ1h§ﬂ%ﬂﬂﬂ1iﬂﬁ@ﬂﬂi”ﬁ]ﬁﬂﬁﬁllﬂ‘?i?ﬁﬂ?llw@n Lummmmmm "Uiﬂﬂlﬁﬂ’ﬂ’dﬂ Taga1seay

v
=~

mmaﬂummﬂum@uaﬂmmamqmmmmmm Ny "lJLﬂﬂsl‘ViillsllLlllﬁ UM TDIUEHUNIY



74

Y A A o (% a0 A A A = A 3 [ T W 1
tosNganaliuguilannigansovuiauuanes Mg gaieal5ugannin 5.0 aou
A ) o = ' A ' Yy 2
dieldsaniugszaunnuanmslaselszyvesunamsivuiaais o uda asliidunis
dsziivoguuamoialsismstiuuuuduanaiinan 13 luunn 3 hildldadavesiuu
9 A [ = U 1 1 = A
soums IFnuianiugszauanuanvesmstaselszyaaie q lu 1 I vewuameivuea

A0819 LA 4.4

100

q

Jasegusea (%)

=

SEAUANUANVDINIT

o L e S S
0 6 12 18 24

La-(Fla)

d' % @ @ v =1 1 d'
319 4.3 wavesdlSuguuinanuszAuaNanMslassllszguesunnames



75

10' : : : 10' :
4 (<1%,4562) 4 (<1%, 5657)
= =
& &
= =
£ £
S .3 S .3
5 10 5 10
2 59.5% z “ 39.5%
= : = 1]
_ _
°@ °@ ‘
A 7 Y L 1 | O O
0 20 40 60 0 10 20 30 40
sgauALANYRINTUARYUTEY (%) sguALANTRINTUARYUTER (%)
(Mg, =10 (@) q = 15228
q
10" ' ‘ ‘ 101
& (<1%, 5657) 4 (<1%, 5657)
= =
& &
= P
£ £
S 31 S 3
2 10 2 10
o e
= =
I S
£ £
@ 30% @ 12%
T =1 O IO O
0 10 20 30 0 5 10 15
szRuAMUANYEINITUAREYTE] (%) seAUALANTRINTUAREYTE] (%)
A =20 3 =50
QN W q,
= aao ] = aa
ETJ“VI 4.4 FOATIUIUTOUMS IHNUVOIULAADTNTUN 1

MINADATIUIUTOUMS IFOUATUTZAUANNANYeINIsUdeszafial ¢

B

]
=

HANANNY 4 A1 AD 1.0 1.5228 2.0 1o 5.0 Tugdi 4.4 nuiwuaassndSugudlenl ¢, = 1.0

HyeumsldnunaszaunuangetewIe 59.5% U mauilszana 365 U Ul g, =

1.5228 HUAABINTOUMS 1HFNUNATLAUANVANAAAIUNED 39.5% T1uUlTzana 365 50U

A A A 9 A [ =3 1Ta =
nagne g, = 2.018% 5.0 Lmmmaimaumﬂmmmmmmmaﬂ”lmﬂu 30.0% tae 12.0% 3

Y
A 2

= & < Yi A o [ A a ¥ A A
Nz 180 39 UMMIUU mu”lmnnamﬂm@mmummamum@mmgmmmawmmmmmu

o Y Y o 9 A =2 1 a1 A
1/11chmmﬂummamaumﬂmmwmmmaﬂmiﬂa@ﬂﬂizq’qe €] UN1AAAN IHBIINVUIA

=

- ) a o 9 1o q 9 d‘ 1ot D
Nrgrumldaaiuemsiszaianudumiuiesni i lvuuamesvunalngueignis 1y

~ 1 [] < A A A Y Ida! o 9 ~ [
NTUNUIUNIN @El'l\?ul,iﬂﬁ'lll mmwumumuummﬂﬂwmmu ﬂ'lu')ui@UﬂWiGl‘]N'luﬂiZﬂﬂ



76

auanvesnisdaselszyniiaid lildaaludae iesaindias luivieu litinow

v =2

1wiey dunguintiauseums Isnuimszauanuand q aimannulutgazauiaioe

'
' o = =2 o

YFugaumny 1.0 I1uuseuiszaunuandIngl 1.0% ogia 4,562 50U luvmziea

=D
2e

A A

o = ' o Y A 9 = o I 1 I
JUAUNL a@iJﬂT]Jﬁ%iﬂﬂ! 5,657 39U THGlﬁﬂ'lﬁfJﬂ@']falﬂ'liﬂlG]N'luLLUﬂL@]ﬂi@W’ﬂﬂ?Ulﬂllllmn

=

a A = dy Y v o A v
Uszansnn "lN‘ljﬂJuWWHﬂzgﬂ!.l,fal,ul‘llﬂ'lfJig‘U‘UﬂﬂLﬂ‘Uwa\N'IULL‘U‘UWﬁiJGlUﬂﬁﬂWI 2108 3 GI'E]UIJJ
prpa dy A o 9 A 1 9 as
Taolunsain 1 % LN@ﬂ1u3m61Qﬂ15ﬁl%\1'}uﬂl@ﬂllﬂﬁlﬂ@ﬁﬂlu’]ﬂﬂ%ﬂ €] YD
o o J 1 1w o 1

LHJ‘]JP»]L!G]T‘ILLE%}”J ﬁ'lll'liﬂLl’ﬁﬂﬂﬂ’.ﬂllﬁll‘W‘L!ﬁi3‘W'ﬂ\?ﬂ1¢]’3ﬂ5ﬂﬂmﬂlu1ﬂ@]991Qﬂ151%}\11uua$

o 2 a & ] ' A o A A

i]'l‘L!'Juﬂi\1ﬂ'liﬁﬂﬁQiﬁﬂ@a@ﬂﬂﬂflﬂﬁ'ﬂﬂiﬂﬂ'lﬁﬂl@ﬂl!ﬂ@]m@ﬁﬂflllﬁﬂﬂiugﬂ‘ﬂ 4.5 uazgﬂ‘v] 4.6
Y H

RIVRIGHT] WU?T@QLL@ﬂW@?ﬂiUﬂmL%WﬂU 1.0 5\1 5.0 LL‘]JG]W]@?I%%Nf]'lfgﬂ?isl,%)\?'lurl_ligiﬂm 0.7

o w

= = A A X o q 9 a A 2 & o
AU 1.6 ‘]J ATNAINY TﬂﬂmmwusuumuWﬂmui];“i/lﬂwmqmﬂmmuummamwmmumu
Y A X Y A 1w @ XA o Y % Y 1
LL‘L!'JI‘L!?JLW?JGU‘L!GHWENLMﬂﬂ?@]?ﬂiﬂﬂﬂ!ﬂ?ﬂﬂluﬁﬂﬂ il mm@;”lmnﬂﬂ’smwummmumm aIu
o g a & 1A o 2 y A o < y o A
mmuﬂﬂmimmlwmmmu 28 IUDI 12 A3 Tﬂﬂmaﬂymzaﬂmgﬂumuuu% IHBIIN
{ A = @ = 1 v A o 2 a & T o 1
61]‘1!']@l,!,‘]Jﬁlﬁﬂ%ﬂuﬂWiﬂé}mﬂﬂﬂulmﬁM@WQﬂ1iﬂULaﬂﬁ@8MﬂTL!'J‘L!ﬂi\‘iﬂWﬁ@ﬂ@\ﬂWllWﬂﬂu (15U
{ = a 3’; 1 3’; 1 o =\ 1 @ 4 o Y
g, =45 uaz 5.0 imsaaaslnid 12 asumnud iz lioga1any) ieaNuFanuuaaIalY
1T W o { T W A =~ Y a g’/ ]
ﬂ'l@l’)ﬂﬁ‘]Jﬂﬂ!ﬁlW‘JJ1$ﬁiJWl'lﬂU 1.5228 !L‘llﬁmfliﬁﬁl'lq 0.9524 ﬂlgammmmﬂwumaﬂ

Y
TA53IN3 20 ASS

187
ognsldnuresiunnes

E 1.6°F * ms;mﬂﬂmuﬁuamummai 1] qB:1.5228
-

g

2 14

2

%

®12r

=

&

a

=

[om

o T (1.5228, 0.9524)

G 08

0.6 1 1 1 1 1 1 1 ]
1 15 2 2.5 3 3.5 4 4.5 5
ANIsUTUAMIUIA g
v B

[
=l

710 4.5 wavesdilSuguuaaeergmslsnuvesuane



77

20 r
Srununfanisandslul

aaé Pt o dununiinsieasing e q,=1.5228
& (1.5228, 20)

=

ES

e
&Bg

s 20

=

5

=

[

=

I

£ 15t

°@

10 1 1 1 1
1 1.5 2 2.5 3 3.5 q 4.5 5
AINSUTUARIIUIN a

v ) v
311 4.6 wavesdTugavIIAdo TIUIUMIAAAI THNVOLLANDS

v
G 1

422  HAVRIVINANUAINGIARMITIETIN
A 1 a g’/ 9 ~ 9 1 I
NI IUAIVUIAAAAIAZD1gN1T 1T YR DAADI LA Ao 1hilun1s
o 1 9 g’/ @ ~ Y 3 =K o [
auuminldnenimuavesszuuawaad 13 ugiln 4.7 uaaddiiiudwavesvuaanliy
1 [ 1 3’; ] 1 a g’/ A 9 1 o @ =
guasmldoienavua TagaldaielumsaansGSudunazainisigesnm (CHNPV(OC)) i

v o Jdou o o < a Y A = A o
mmmrwuﬁﬂumﬂmﬂmmmmﬂmwmu Nﬂ’]ﬂﬁzu’]m 316,269 94 952,699 1IN Lllf]ﬂiﬂ qg

U

=

g ' =< a0 A 2 A 2 ' ' 9 a ¥ ' -
ALe 1.0 99 5.0 %QNﬂTLWNmu@]’]Nmu]ﬂﬂiﬁﬂJmu ﬁ?uﬂ’ﬂﬂﬁ]’]ﬂﬂ’]ﬁ@]ﬂﬁﬁiﬁﬂ (NPV(RO)) U

9 A o Z’, 1 = S =
wur Itinanaulo sy g, aaa 1.0 3 1.5228 Taela1lszunas 5,600,739 045,076,050 LN
[} Y

A = = o Yo a ?z}: 19 [l < 1A Z}, ]
mmmﬂmqummai‘nsmummmnﬂmmaumsmm"lwmuaﬂaq @81@13ﬂ@1ﬂﬂ1ﬁﬂﬁﬂ1ﬁﬂ

= y A 2 o 2 =< A o = A A '
Ml!uﬁiuulWﬂJﬂluWﬁQ%’]ﬂu“ﬂut\ﬂ 7,111,363 UIN Lil’f)ﬂﬁ‘].lﬂ? gz VU 5.0 Lu@\iﬂ']ﬂslliﬂﬂﬂelﬁﬂlu

s 1 =

a ° Y1 Aa 3’/ 1 [ 3’/ Y A o gJ/ a gJ/ 1Y <
mulildaaaasimiluseazasalinmgedwdnezisuassdumsaaaslmidesasn

A a U Y gJ/ oA o Yy 1 FYRl Y A A
A Tagia15anm 199183 WNIHUANYNNA ¢, = 1.5228 M nua ls9esmiosngan

5,475,500 VN

Yy
v A [

awsadylaiais q Nldvinnisdiasiwavesvuiaaaainalanuues

Ay v = < Ao a ¥ a4 =
LL‘]J@]M@?VMGHNG]WNVI 4.1 WUMITUTUNVUIAAAAIVOILAADT WAL TUNFAND YUIA

q

)Y

[

WA 50.37 kWh (g, = 1.5228 ) Feasenumaeui lannisuuugseynia Nl ldieves

H [ v 3 o ~ { aa 1
sruudesNgamnIny 5,475,500 U luszuunnmunasnui lsnwzeuanes lunsaii 1 i



78

10

(1.5228, 5.4755)

_
=
(o
o
=
S
=2 . - & . o
=S A Ansinnsvdvesiunee’
L B . s Yoo o . ]
o= — — —AINsRnRasRduLazUI TSN YITRLUAWeS
@ oy
Anlganesn
o *  enldieruntesiian
O I 7|; _ 1 1 1 1 1 ]
1 1.5 2 2.5 3 3.5 4 4.5 5

AINISUTUAIUIA g
v B

d‘ (7 (% 1 1 FIAl d'
31]‘1/] 4.7 Nﬁﬂl@\‘l@]’)ﬂi‘ﬂﬂmﬂluWﬂ@@ﬂWi%ﬂWﬂﬂl@ﬁuUG]LGI'E]?

AN 4.1 wavesmalFugaviaaem g uvesssuuLIANeS

9 ﬁj)’]ujuﬂ’]i 1A g’J A 9 1A g’; 1 A
919N 1% A MARAINAY+ | MAaa | a1leene
EB, Orated A n‘] agy 1o @ 1
45 QUULAIND L | Anhgasnm v 3
(kWh) HUANDS
@) ? (UIN) (1) (W)
(39)
1.0 33.08 0.6994 28 316,269 5,600,739 | 5,917,008
1.3 43.00 0.8565 23 364,001 5,261,235 | 5,625,236
1.5228 | 50.37 0.9524 20 399,450 5,076,050 | 5,475,500
1.8 59.54 1.0546 18 443,555 5,066,587 | 5,510,142
2.0 66.16 1.1191 17 475,376 5,115,662 | 5,591,039
2.5 82.70 1.2536 15 554,930 5,275,195 | 5,830,125
3.0 99.24 1.3586 14 634,484 5,589,334 | 6,223,818
5.0 165.40 1.6061 12 952,699 7,111,363 | 8,064,063

v U Y v 3 o {2
HNAHY - ﬂ11‘]95}’1]'IEl“l/l\1“ri1Iﬂ1]1ﬂ'lﬂﬂ'lislﬂgfli$°1J1JﬂﬂLﬂﬂWﬁQQWHLLU@Lﬂ@%L“ﬂWUH



79

D

=

43 NOIN 2 STUUNHUWAINHIVUNENAUAIANNDAA

=1 a = ya g v o A
Gluﬂimulluiﬂiﬂimmmmmﬂﬂaulﬂﬂﬂmizuuﬂmﬂ‘uwmmmm‘umﬁu‘nﬂizﬂauw
9 A v A ax o A o o o Y Y a [
mmnmm@’u‘uazmmuﬂizﬂmﬂm INITNITIANITNUUAUD ﬂ']a\illwwaJW\iﬂqsllﬂ\iigﬂﬂﬂﬂ
< o Y v Y A o A o = o w Y Y v
Lﬂ‘U‘WﬁQ\ﬂu‘lﬂQﬂL!‘U\?ﬂ'JfJ'N%ﬁﬂﬁﬂ\‘]ﬂ'ﬂiJﬂ5‘5]'lLWfJ‘]Jﬁ‘Uﬂ'NiJ5']‘1JL53J‘1J5U@\3ﬂ1iNul“l"l‘l"h“lﬁﬂﬂ

A Yo I A o o o FY A = o g’/ a g’/
HUALADT Iﬂﬂﬁlsﬁﬁﬁlﬂﬂﬂﬁ$ﬂﬂﬁﬂﬁﬂﬁﬂﬁﬁfﬂﬂ1a\1ulV‘l“V‘h“l/liJﬂ'JnJﬂg\i ANUUUVUIANAGNUDITSUY

t% 1

v o . { o
ﬂﬂlﬂUWa\1\‘]']1!llag@1@ﬂ131%\11“%@\“lﬂ@1@@%ﬁfnﬁlﬁJﬁWu@11]ﬂ1ﬂ31Naﬂﬂmﬂqj\iﬂﬁﬂﬁﬂq

v
A o

o A Y v o w Y ddyd 1 Ao A A Y v o
ﬂ']’]ﬁJﬂﬂ’]VlGlGIfﬂﬂﬁﬁﬁﬂ'laqllww'] ﬂ'ﬁfL!'HHJuﬂ’]ﬁﬁ']ﬂ']ﬂ'J'uJf]@]ﬂﬂlﬁquﬁNLWﬂi%%ﬂﬁﬁﬁwaQQTU
Y o ~ v @ A dt:y I o 9 A
Glﬁﬂﬂllﬂﬂlﬁ@ﬁllagﬂjlﬂﬂﬂig%qufJ'Jﬂ sluﬂﬁﬂ!'L!UJ'L!ﬂ’]ﬁ‘]J3‘1J‘]J§\3@’]Qﬂ’]51615\ﬂuuﬂﬁlﬂﬂﬁﬁ@ﬂ']ﬂ
A A o Y1 @ A A 1w 1 A A
TN 1 IﬂfJﬂTWu@FL‘ViﬂT]Jillﬂﬂl51]1!Wﬂllﬂﬁlﬁ’ﬂillf‘nﬂ\iVIWI'lﬂLUﬂ'ILWN']gﬁjJﬁ]’]ﬂﬂimﬂ 1 (qB =
° Aax [ 1 v o
1.5228) ﬂ1ﬂﬂ1iﬂ1ﬂ1@@ﬂﬁ}38’3‘ﬁf‘nill'ﬂ'ﬂP‘J’\‘]@Hﬂ'lﬂwufﬂﬂfl%ﬂqﬂijuﬂl@ngﬂﬂﬂﬂlﬂﬂwaﬁ\ﬂu
A

{ o A v 9 o A a @
ﬁﬁ1ﬁq@]ﬂﬁ] 4,348,282 1IN Glmmigmmmmaﬂumu% 11 GIJ@\‘]'J%ﬂﬁ'LL‘]J‘]JQ\TQHﬂ'IﬂﬂQ

naae13lugiin 4.8

6
X 10

a4y
h{cl
€
[\
3_%
> 4.38
2,
&
5
e (11, 4348282)
= 4.36
@
F
[
e

434 ‘ ' ‘ :

0 20 a0 60 80 100
SRUNITANUIE

Y axy

A VY ° A A
5‘1J°VI 4.8 NITPLVIIATIADUUBINTUN 2 A8 ‘ﬁllﬂﬂdﬁ@uﬂ’]ﬂ

QU

]
v A

° Y ax o q Yy Y1 = A
ﬂTﬂﬂTiﬁ"lﬂ"l@lf’)ﬂﬂ’JflTﬁuﬂ‘]JPJJ\T'E)Hﬂ"IﬂVH(lWhlﬂﬂ']ﬂ'ﬂllﬂ ANMNUIZTUAD 0.091 mHz
o g‘/ a g‘/ { v g [ {
muullﬁlmmﬂmmﬁmu13ﬁummsz‘]J‘lJﬂﬂLﬂ‘]J“Wawmu‘ummdﬂlmﬂ 15.30 kW/50.89 kWh
v A 4 1
llﬁ$§l?1ﬂﬂﬂi$ﬂﬂﬂﬂ?@"ljﬂ’l@ 6.60 kW/3.49 kWh Lﬁ@ﬁﬁ'Jﬂﬁ’f]Uﬂ'J']iJQﬂg]j@\?ﬂl@\?ﬂ'lﬂ'ﬂiJ

Ay v A Y 9 g a J = S R
L‘Villwﬁll‘ﬂUlm!ﬁm“ll\lﬂﬁlﬂﬁjﬂfﬂclu"llu@]@uﬂ1i?!ﬂi1$ﬂ1@8ﬁ$mﬂﬂ INNTUANYITINITDUT A



&0

v
ISl 1 J

a d 1 { o 1 1 4
MSAATIZHRNAVDIAINNINDAANAIA 9 ﬁfJ?J'IfJﬂ'lﬁalsls)'l\‘ﬂuL!agﬂ'ﬂ%ﬂ'lﬂﬁ')uﬂl@ﬂﬁ%ﬂﬂ!ﬁ@
¥

= [ ' zﬂ' % a v A Yo 10 tiy
WeuMeunumaNudAaLazIUIARAA NN T !Lﬁﬂ\iWﬁUlﬂﬂ\‘lﬂﬂUl‘ﬂu
1 d‘ v 1 Y d’
4.3.1 Nﬁ°llﬂQﬂ1ﬂ’J13»1ﬂﬂﬂﬂﬂﬂ]ﬁ!ﬂ]ﬂ‘lﬁ]ﬂ!!ﬂﬂlﬂﬂi
A = Ao 1 ! Y =
engaInsUSouNeouNaveInNNIAAAIAI 9 mmqmﬂﬂmmummm
a ¥ v < @ Y o o o w 9 o A
LSV UHIANAMIUBITSUUNNNUNANIU Gl‘ﬂ‘ﬂ'lﬂ1iﬁﬂf1@\1‘Vﬂfﬂﬁ\‘lllWV\hVIN'IHﬂJE]QLLUG]LG]@SLLa3

v A A o 9 Ao o ] 2 A 1 1 a
jlﬂﬂﬂﬁgﬂﬂﬂﬂﬁﬂ LN@ﬂTWLlﬂglﬂﬂ')'luﬂﬁﬂﬁ')@ﬂ'lﬂ‘ﬂﬁ3Jﬂ'l?J'lﬂﬂ31 0 !Lﬂﬁllll!,ﬂu 4.16 mHz (911U
;4

4 a 4 4 [ 1 § @ 1 o
Hugmvesnnud lundad) ienfseueunuamanuddaimuzaude 0.091 mHz 1% 18

o w

Y o o g o ¥ A = 2 A o
ﬂTENVI,WV\ITVlNWusllﬁNimJ‘UﬂﬂLﬂ']J‘Wﬂ\NTL!‘VNﬂl@ﬂllﬂ@m@iua$ﬁ3lﬂﬂﬂ5$i}ﬂﬂﬂ?ﬂ%gﬂ%ﬂﬁii

Y AA Ao 1 @ ] A A o '
AYNITNITBIANNDINATIAINDAAAINN 9] (INGIDYNINAIANUDEA 4 ﬂ'lﬁﬂ 1.0 mHz 0.091

v
=

mHz 0.05 mHz 118% 0.01 mHz) auaaalugii 4.9 8931 4.12 mwdray dungiuiie

S 9

' A o 1w 1 y 1 o Yo w 9 o a 9
AAITUDAANUATUDYAININUATINIDY NN 4 AN ‘VlﬂﬁﬂTENIli’\l“V\I"IVIN"IMGU’ENLHJG]Lﬁ’f)ﬁiJ!LU'JI‘Ll‘JJ

=3 2 dil Y o o o 9, 9)& a0 T W
JMULTIVUINYIVU !,Lﬁ$ﬁ13ﬂﬁﬂﬁﬂﬂWﬁﬁJ‘]J”iﬂléllﬁNﬂ"lﬂQhl“l’\l“l’\l"lﬁx‘lﬁﬂulﬂ‘ﬂfﬂuﬂWLﬂWﬂ‘]J 1541 kW

U C)

%

15.30 kW 14.74 kW 1182 13.97 kW aud1ed 1agaauannuddasginii 0.091 mHz a1'l1) a1

o w | ' 1o o v I 2
siFsuvesmas lihimsneulasfioadnitos dausimas Iiihvesdudvilszatasna

: o o w { 2 1w J o w 1w
HanuduseanuAurIuyesia lihigeu Tastimduysaivesmas lWihgegaminy

)

] ' Y
5.79 kW 6.60 kW 7.06 kW t1ag 7.64 kW awdiay oanudanussulidung ldaingal

D.

{ : o w . ] A
413 wazzli 414 Faduzlvervvesmideldihveswuameinazduduilszytssiai

A1N1ND9AA2081911¥IIA1 3 ¥ INaUTN AINAINL



Ll (kw)

Aag

°

Tl (kw)

Aag

°

20
10
0
10 F
<— IPg max!=15-41
220 P S|
0 6 12 18
1287 (Talag)
(n) A& v ILUNLI DS
10
IPSC,max|:5'79\
5
0
5
10 S S S S S
0 6 12 18
187 (Talug)
(@) faalwivesiuiulszqBaen

(3

[ o w Y Y {
4.9 mysaassmadlniharennudda 1 mHz




—
o

Adalndidn (kw)
(@)

°

W,

Adalndidn (kw)
(@)

&

6 12
a0 (F3lug)

o v

(n) A&l v LUnmes

y'd IPSC,max|=6'6

| L L L L n 1

6 12
a7 (Falug)

o v

(@) Na

[ o w Y Y {
4.10 M3daasinmas ihdreaud

dviihresiniulszqieen

? 0.091 mHz



—
o

Adalndidn (kw)
(@)

°

SC,max

W,

Adalndidn (kw)
(@)

&

12 18
a0 (F3lug)

o v

(n) A&l v LUnmes

|=7.06

1 L L L L L |

(@) Na

12 18
v (Walan)
Selwihweadafiudszqieen

o

(3

4.11 myvaasimad Inidreaudda 0.05 mHz




—
(@]

Adalniin (kw)
(@)

°

(6]

Adalndidn (kw)
(@)

&

<— Py /71397

0 6 12
187 (Tala9)

o o

(n) A&l ve s unmes

< lPSC,max|=7'64

1 L L L L n |

0 6 12
1@ (Talug)

o o

(@) ddluiveaiufiulszqdeen

1 4.12 msdaassmas Ifhdrenud

? 0.01 mHz



85

15 sruuildamzuunnes
1 mHz
—~ 10 0.091 mHz
§/ 0.05 mHz
RS 0.01 mHz
g
&
-
>
@
F
_
=
=
=
-
G
@
°c

1381 (Fala9)

51 4.13 anwdaanuadlifhve wuanes lurae 3 ¥ Tuausn

10 r - — —iwumﬁ’ﬁ,awwulﬂmmﬁ
1 mHz

= 0.091 mHz
&

= 0.05 mHz
33

el

-

jm}
S

%

b=

@

F

(o

=

=

>

3G

©

°C

1387 (F3la)

! {o o o o v g A ' o
311 4.14 arwddanuas Ifhvesdunuilseqoseanlugae 3 42 Tuausn




86

a ¥ v [ 2 "o ' o
ﬂJuWﬂﬂﬂﬂiﬂlﬂﬁﬁ%‘U‘Uﬂﬂlﬂ‘UWa\N'll!LL‘U‘UNﬁuﬁu@gﬂﬂﬂ']ﬂ')"maﬂﬂﬂlﬂﬁ'Nﬂi

]
v A o v )

{ o { < J 4 J { o
nsosnnuada;l aemand 4.2 muldandemanundatiaanasilnmas ihuuame
= dy Aa o o w 9| d’d 9 1 a o v d’d
SWiEeuIY vuannanad ilihuuaeeiteanaslddre uavuannandsnunuanes i
1 J a A [ dd‘ ] d‘ d‘ [
Anlszanaunuaude Uszum 33 kwhimnunsain 1 ldnldsuudasnndiesnnndsau

[ [

Aa @ a0 A 1T A 1 A o o Yy v
Q’ﬂ‘ﬁiﬂfJﬁ’J?J‘(’J\?ﬂ\‘HJﬂ'ILﬂfJ‘UWHLﬂiJ 11!@1'31!%1@\1%1141@1"1 ann Q!LﬁZWﬂQQWU‘lWWWﬂI’OQﬁMﬂU

A = y A 2 4 A w A
1J5$ﬂqENﬂ?ﬂullu’)IuNlWﬂJﬂlulN@ﬂ?WNﬂ@lﬂllfnaﬂa\‘]

§ 1 { o o v g @
Gnﬁ’lﬂﬁ 4.2 ﬂ'lﬂf]'llla@ﬂﬂll51]uTQmﬂﬂigﬂﬂﬂﬂLﬂUWﬁQQTULLUUN?fll

. B vare Py ratea Escrated Pc raea
(mHz) (kWh) (kW) (kWh) (kW)
- 33.08 16.37 - -
1 33.27 15.41 1.12 5.79
0.5 33.40 15.31 1.69 6.04
0.091 33.42 15.30 3.49 6.60
0.07 33.40 15.04 3.69 6.82
0.05 33.39 14.74 3.92 7.06
0.01 33.39 13.97 4.49 7.64
0.001 33.39 13.73 4.65 7.78

NOWIINITTIa0INA VANAANAINUYBIUAIATT YN URIAITUguR

Y Y

a A Y A A
UL UNNTUN 1 “lmjmmnmmamgﬂﬂiuﬂmum (EB = 1.5228%xE

v
Y , Orated - B, rated) HANIINUU

Mmnsassmshauvestuamesinodsziiueigns laan WernudauseumsIdau

Y as Y aao 9 A [ = 1 =
ﬂ’JEJ’J‘ﬁLL‘]JUI?JuG]ﬂVlﬂﬁﬂ@ﬂTL!’J‘L!i’é)’]JﬂﬁGI,GIN1uﬂﬂ1ﬁﬂ1u$i$ﬂﬂﬂﬂﬂuaﬂ@10 9 Gl‘Ll 1 ‘IJ U

A A A o v [ A A = o 9y
UUALADTNATANITUD ’JE]‘(’JNLLEWN@\?Z.]‘]JVI 4.15LllE]L‘l]d‘iEJ‘ULT]EJ’]Ji]1u’Ju‘§6‘]Jﬂ1§Gl°]N1u"U’EN

9 1 1
g S =KX A 1

A a ~ = @ ~ VA Y
LUARADTUUIAAAAININ WIS TUIINATUN 1 Gmmmmmﬂuiugﬂ% 4.4 (v) W‘]J’NUJ’E]Glf])'Sg‘U‘]J
@ <3 [ A A o o 9 A 19 =3 1
ANMNUNDINUUUUNTUNAIANUDAA 1 mHz mumsa‘umﬂﬂmmmzﬂummaﬂmsﬂa@ﬂ
Uszqiloonin 1.0% anasaIn 5,657 50U 11a0 4,077 50U @IW1TDAATIUIUTOUNTLALAIIY
= A = 1 ) d‘ 1 (% = d‘ = [
8N 39.5% 910 365 59U LAWY 180 30U IUITUIUITIUNAITEAUANINANDU 9 IMsUsu

o =2 <3 Y o A o Y
TITAUANUANAUANUDY LLﬁ%GlUﬂTT]Ji‘]Jﬂ'J"IﬂJﬂVI 0.091 mHz 0.05 mHz 8¢ 0.01 mHz ‘anl‘ﬁ

Suseuiszaumstassilizgdindr 1.0% vwall Tasliszaunmsiaeesilszymgaogh

a



&7

3.5%3.0% waz 2.5% awdau Iagdinadisiuuseuimszaunnuanmsdaosilszyi
1 o T W Yy 3 K Y A 9 v [
A3zu91 39.0% 14U 180 FBVIINY HAAIHHUDIVOAUDINT IFIL VAN VNI

= ° ] A o = ! A oy v
lLUUWﬁuﬂﬁ’]u’]ﬁﬂaﬂ%’]u?u3fJUﬂ’]ﬁalcb'\ﬂu‘Vlﬂ’]ﬁzWUﬂ'J’uJaﬂﬂ’]ﬁﬂaﬂfJﬂﬁgﬂ‘ﬂﬂ']ﬁ']ulﬂ ’E]EJ'Nulﬁ

9  w [

< A o = ' ) Y ] A o v v
ﬂﬂ?ﬂﬂﬁ%ﬂ‘ﬂﬂ'ﬂhﬁﬂﬂ?ﬁﬂafJfJ‘IJﬁ%GQQ'QuliJnﬂiJﬂTﬁaﬂaQ@fﬂﬂJuﬂﬁ'lﬂﬂJu UAZTINN IR
=

tﬂ' v o tﬂl tﬂ' U ! =
ANUDAA 0.091 mHz ENul‘IJ *ﬂ'lu’lu'if)ﬂsllﬂ\‘llmmﬂﬂi‘VI33ﬂ‘Uﬂ’J']iJaﬂ‘U’f)\‘lﬂTi‘]Jﬁ’f)fJ“lJigﬂquﬂW

N A o w 9, @ = ~ 9 a A o &2 Y a
aﬂa\‘]Laﬂu@ﬂluﬂﬁﬂ’lﬂﬂ’]aﬂqu'@ﬂ‘lJ3’1Jﬂ']']3J§'TU!§fJULWfJ\?W@L!@'J‘ﬂULﬂﬂﬂ'Iﬁ@ﬂJﬂ'J FINTUNTT

v [

Y5uanudiaacliiGes o faz liimsnlasunilasedatiied ey

o

qa q
10 (<1%, 4077) 10
(<3.5%, 365)
= =
& &
= =
€ £
< 3| = 3
2 10 1 S 10
e r
= =
I ©y
£ 2
“ | 395% || 39.4%
: B N N S0 || I 1}
10 10
0 10 20 30 40 10 20 30 40
szuANNANYRINTUARYUTEY (%) sEAUANUANYRINTUaREUTEY (%)
(nf =1mHz (@) f =0.091 mHz
C C
q q
10 ' ' ' ' 10
(<3%, 365)
= = (<2.5%, 365)
€ €
S 3t S 3L
5 10 = 40
v o
3 3
I o«
z z
W o il 17
10° ‘ ‘ ' ‘ 10° ' ' ' '
10 20 30 40 10 20 30 40
sguAUANvRINTUaREYTER (%) sguAUANYRINTUaREYTER (%)
(A f =0.05mHz (O f =0.01 mHz
C C

= aaso ¥ = ad
qi.‘ﬂ‘ﬂ 4.15 gOATIUIUTOUMS IFNUVOILUAADST NTAUN 2



&8

aAa o

MNFDATIUIUTEUNS IFUNAIszAUANAnYeInIsUasollsey ins
v v 9
MUIUMI01gN5 IFUVBIUANEI AeITMITULUDHUAntaz T IuIUAT lunNSARAY
: O do o 4 4
Iniaasaszoznarlasansdvuegnuninnudaaauaadluzln 416 wazgii 4.17
o w 1 d’d = = A o g}z a g}z 1o =
MUAIAY WUIMDANBIUDIY 0.9524 D9 1.5190 U uazliT1wIuATINIsaAad IniT U 20 D9
g}/ A o 1 A o = Y 1 9
13 139 101U VaAMANVDAAIN 4.16 aAAINI 0.001 mHz uaAdlHIHLIDIYMNT IFIUVD
Aa1 A 2 A o a ¥ ' A o A o Y Y = =
HUAMBT UAINNINYULAE ITIIUMIAAAd InUana sl i uanudda Inioeadarnneds
Y A Yo o 2 Ao W2y A Ao A~
dpamslsaunuilszgoesianivinalvguuais Tasna1nudeaa 0.091 mHz HUAADIN
9y = = a 2 1o ¥ o 1 A A2 3 9
91913 19911 1.469 T naziimsaaaalnidiuau 13 a5 dungnergianiuvudniiosuay

Y 9 H '
UIUATINTAAAL THUTAUNUANNAIDINAIANNDAAAIAINTT 0.1 mHz

1.6

—~ (0.091, 1.469)
&
6 1.4

&

&

-

z

2 1.2

=

[ ]

< . 4

% 218n15lduvRIMUANDS

c 1 b % 0un1suveUnme3 e f =0.091 mHz

S : c

2

@

O 8 1 L PR 1 1 L 1 1
3 2 -1 0
10 10 10 10
AANRRR f (MmHZ)
C

4 1

< ' = D <
g‘ﬂﬂ 4.16 HAUDININNND ﬂﬁﬂﬂTQﬂ”ﬁﬂl%\ﬂuﬂl’Oﬂll’U@]L@]ﬂ



&9

22 1
L ﬁwmum%ﬁamiaméfﬂmi .
< o dwuasimsinsdivi e f =0.091
_g C
= 18T
D&
IS
=
€ 16
<
=
= (0.091, 13)
°@ 14 |
12 n L PR S | L n P SR | L n PR S |
3 2 1 0
10 10 10 10
AANDAR f (MHZ)
C

v v ] v
31N 4.17 V0NN NUDAAADTIUIUMIAANT THUVDAADS

Y

v = ARG B/
4.3.2 HAUDININIIIND ﬂﬂi’]ﬂﬂ“]ﬁ]]ﬂ‘i’JN
y a ¥ (=] o g
Lﬁ@‘VliTUGUM"IﬂG]ﬂ@lﬁllﬁ%ﬂﬁgﬂﬁi%}ﬁuﬂl’ﬂﬁiz‘ﬂUﬂﬂLﬂ‘]JWﬁN”IHLLZ%I’J VYUABDUN
o 1 1 g v < [ o 1 J
ﬁ@ﬂ”liﬂ”lu’JmﬂTGlG]af}m&ﬂﬂﬁllﬂsU@Qi$‘1J1JﬂﬂLﬂ‘UWﬁNTuLL‘UUNﬁN mamiugﬂﬁ 4.18 WuUN

A o Ao A X = An 1 a & A 9 °
lﬂJ@ﬂiUﬂ’]ﬂa’]ﬂJﬂ@ﬂlWNﬂluﬁnﬂ 0.001 mHz 93 4.16 mHz HLUAWDITUATNAAULINAULAZNINTU

=l =)

v v ) Y
szua1 376,546 D4 389,690 VM Fadian lunlasuulasnniisaninvinaaaaalianoumi

Y
1A (4

au arumaand luialszunas 3,022,998 94 5,169,323 11N Feiuul Iiuaaauiienud

o—

@

a0 9 [ A = 1 P g’/ ldyd Y 9
ANAUDIAN FUNAIINANNDEINIT 0.1 mHz ﬂWWWN11’?11uiJﬂ'JWNWHN'JU?JTﬂ%”Iﬂ@TQﬂTiGlGB
A o ° d £ ' 2 W a Y ot 2 g 9 A A o '
amﬂmuazmmummﬂmﬂwnwmﬂﬂsq Tﬂﬂﬂmmﬂwmmmmmaﬂm)mmﬂamamﬂm
A ] A o v A A v & A = Y1 A
0.1 mHz L‘L!@\?%”Iﬂﬂ”liﬁﬂﬂ”lﬂ'l”lllﬂ@]”lﬂ'J”I‘L!L‘IJuﬂTﬁLW‘JJGU‘H”IﬂﬂlﬂQ@ﬁlﬂﬂﬂﬁgﬂﬂﬂﬂﬁﬂ DN DY

9 Al 2 g v 1o o a ¥ 1o 1A ' o A A
ﬂ’]ﬁﬂlslf\‘]']uﬂlwuauulﬁﬂu@ﬂll@ﬁnu’JUﬂi\jﬂwiﬁﬂﬁﬁjﬁuﬂﬁﬂﬁlﬂ’]iﬂll ﬁ’)u@]ﬁlﬂﬂﬂﬁgﬂqﬂﬁﬂjﬂuﬂq

Y
v A Y o 1

9
AAANULINAULASNINIUINND 347,480 5\3 46,729 UM Llagﬂ'lﬂWi@ﬂ@\‘ilell 652,683 ﬁ\i 87,773
9 9 v < A a T W = 9 ~
UIN ﬂWﬂm@Ha'lf]'lEJﬂ’licl,"]N'lu"U@\iﬂ'JlﬂUﬂﬁgﬂqﬂ\iEl'J@lIﬂ’lWl’lﬂﬁJ 5 ’]J mumqmﬂ%mmmuﬂ

aa o g’/ =\ a g’/ [ g’u ~ o g’/ 1 Y v A =®
ﬂgﬂuﬂ\‘luu%nmmﬂmﬁlwn 399 GJT] 510 1ag 15) muuﬂﬂ%mﬂﬂlmmmuﬂ‘izﬂqﬂﬂﬂ’mm
¥ a ]

@ Aa A A v A 9 A a v Y g}/
llf]JiWuﬁ'llIGUu'lﬂ‘I/WI@ﬁ\1Wiﬂﬁﬂ%ulﬂ@ﬂﬂ'lﬂﬂﬁﬂuﬂ'luﬂﬂﬁﬂ LN@W%'Iim'lﬂ'lcl‘]ﬁ]'lEli'Jiﬁ/NﬁiJﬂ

U

VoA A o o Y Y Y A A
NUNNAANUDAA 0.091 mHz ﬂ?iﬁﬂ?i%%?ﬂi?uu@ﬂﬂq@ﬂﬂ 4,348,284 1N



90

_ 12
6 |
) =
: [N
2 5t :
: =
& :
g =
S8 4r (0.091, 4.348284) mo <
I _— o :
llllllllllllllllllllllll ’
e, v
- ._"'L,.,..'.. 1 0.5
o e
-
2 | | I O
-3 2 b O
3 - o 10

ANANDAR T (MHZ)
C

Aldanesiu

. P A *uAugIgdInTuLEUEeN
— — —amsandslulvesuuaines . o e woa¥ o

. , wnuyEmSULE LA RY
*  AnldaneTuiitesign

ANNIRARUTHAULAZUNTITNIV0UUALNBT

— — —ansfedusudunarUngesnwvesiinuusey

' a & ' o @
---------- Annsinaslvdvessiaiuyssy

(2 1

{ ' = ' 9 v [
Tﬂﬁ 4.18 HaUDININIUD ﬂﬁ@ﬂ']sl%ﬂ']ﬂgllf]ijgﬂﬂﬂﬂlﬂﬂwaqq']uuﬂllwall

U

1 ] H 9 o o 4 1 1 % 1 9
mmmﬁgﬂmma gl ﬁ"lﬂmﬂmimamwauazmimmmﬁmmmﬁmmmu

v
(3

9y ~ I A @ (L] ~ =1 A A o v Y
llﬂ@l'liJﬁTi'l\‘l‘ﬂ 4.3 LﬂUﬂ1ﬁﬂuﬂu’31ﬂ1ﬂ’J1Nﬂ ﬂﬂlﬁlﬂ%ﬁﬂﬂq@ﬂ@ 0.091 mHz ‘1/]16],’”19]6“1!']@

Y
a U

{ A 1@ v I A 1 o
@ﬂ@ﬁﬁlﬁiﬂgﬁﬂ%@ﬁllﬂ@]l@]@ﬁlﬂ’lﬂﬂ 15.30 kW/33.42 kWh Llagﬂlﬂﬂﬁﬁlﬂﬂﬂigﬂqﬂﬂﬂﬁﬂ!ﬂWﬂﬂ

Y

6.60 kW/3.49 kWh imnuai Idninisuuudseymanlda ldaevesszundosigaminy

v 3 o A g
4,348,284 11N 52U ANUNAINULDUURNEN U 2 T



1 1 Lo 1 1 1 v @
ﬂ']ﬁW\?ﬁ 4.3 WaﬂlﬂﬂﬂWﬂ'ﬂNaﬁﬂ@]f)ﬂ11%%WﬂmﬂﬁﬁgﬂﬂﬂﬂlﬂﬂwaQQWHLL‘U‘UW?ﬁJ

91

p1gMs 1% | Swaums GREEER s e
B P mana | alyang
£l By N nasu FuAU+M ,
p p . Tyl 59
(mHz) | (kWh) | uHUAA©S HUAIADT 113951
y W) (V)
@) (A59) (V)
- 50.37 0.9524 20 399,450 5,076,050 | 5,475,500
1 50.66 1.0435 19 500,570 4,847,143 | 5,347,713
0.5 50.88 1.1517 17 543,802 4,450,187 | 4,993,989
0.091 | 50.89 1.4690 13 657,486 3,690,798 | 4,348,284
0.07 | 50.87 1.4768 13 669,263 3,689,152 | 4,358,415
0.05 | 50.85 1.4859 13 682,670 | 3,687,400 | 4,370,070
0.01 | 50.84 1.5097 13 715,351 3,681,224 | 4,396,575
0.001 | 50.86 1.5190 13 724,026 | 3,675,682 | 4,399,708

1 1 ? { v 2 o
HUgLYieg - m“l%’mamwmummmﬂ%}izummmma‘%uazmmuﬂszﬂqmmmamu

4.4

SN 3 5

P2

VUAMAUWAINHIDRENIUMANNBazMIUS DN

A a v a3 @ 1 = v W { 1
ﬂiiﬁulﬂuﬂ’li‘Wﬂ’]ﬁﬂl’li$'ﬂﬂﬂﬂlﬂ‘UWa\NWHLLUUNﬁMLGﬁuLﬂﬂ’)ﬂuﬂUﬂiaﬁ 2 Iﬂﬂ@]’l\i

dd’ A a [ d' Y % [ a d' 1 d' -é’
INNTUN 2 AD ﬂﬂWaﬂlﬂx‘lfﬂiﬂi‘UGU“L!'IﬂmJG\LG]’E']3ﬂ’JEJG]’J“]Ji‘]Jﬂm@ni]LLU’Jﬂ@ﬂ'ﬂ"Uu1ﬂ1ﬂﬁh’iiUueUu

v
[ Y

waIndae1gmslrauvenuames laaawanuaas ldud lunsain 1 aaiudymlunsa

f Y A o @ o A A 9 o o
ﬁﬁemsmmmﬂ’mmmu,azmﬂm@mﬂlmﬂuummwmmzﬁmwmuﬂu AMNNIINININDUY

'
Y =

v U v 3 @ A o
ﬂ'ﬁﬂaﬁﬁllﬂﬂd\?@‘k‘!ﬂ?ﬂ WL]J'J']ﬂ']GL‘]Bf}ﬁ]']EJi'HJﬂlﬂfligﬂﬂﬂﬂ!ﬂﬂWﬁQQ1u%@1ﬂﬁﬂﬁ@ 4,089,084 U

q

Y "9 ° ax = @ ~

uerasdenImMsgEinmneuvesIsuuUseynn lusoun 149 s liluzli 4.19
o Y ad o Yy Y1 A o J [ A
mﬂmimﬂmaummmmuE_Jﬂmgmﬂ‘m“lw"lﬂmmnm mmzmﬂmﬁmﬂlmﬂw
o W v & 4 v I A 1
WnJ’]gﬁllﬁi’) 0.0879 mHz tag 2.4968 91ua1a1 muummmmﬁm?ﬁ‘uazmmuﬂimﬂﬁﬂmﬁ
Will']gﬁllﬁ'ﬂ 15.25 kW/83.44 kWh 1ag 6.64 kW/3.52 kWh @1ua1ay Lﬁ@@]ﬁ?ﬂﬁ'ﬂ‘ﬂﬂ'ﬂm
Y 1 ~ 9 A KR a 4 1 A o
Qﬂ@]ﬂﬁﬂlﬂﬂﬂ"lﬂﬂﬁlﬂlﬂﬂﬁlzﬁﬂﬂllﬂ NNTUANHITINITOUFAAINITAUATICUNAUDIAIAIIUDAA

% [ d‘d‘ 1 1 1 9 1 Y 4‘
uazmﬂsuammmmmmmmmmq 9 mmqmﬂmmuazﬂﬂmmsammsz‘umw6

1 Y
nfFeumsusuannmnzay uaaana laasas 11/l



92

X 10

Y&
€
€ 42
rrl
U
-
2.
S
5
% a1s |
= (149, 4089084)
@
P
(o
&

a1t l

0 50 100 150 200

FOUNITATUIY

511 4.19 msguimdneuvensain 3 AeTsuVDYIEYMA

44.1  wavesmanuananazaIlsunaUINaneIgMITNUBIMNGS

v o« Y . (=]
1”ﬂ131%31u33uuﬂﬂlﬂﬂwaﬁﬁquuﬂﬂWﬁi] ﬂ]uqﬂﬂ]@\ulﬂﬁlﬁﬂgllagﬂjlﬂu

P4 Y
= a0 1 A AAA

52983820 URIAUAIANNDAANAUMIAUA DN TN 2 Tua13199 42 iieaualunsailiinms

kY
=} =

@ a v . o o { 1 o I J {
Ysvvmnantauuamesaienlsugauinasuunsain 1 (ldldmmuailunnaimiiounsal

@ [

712) agamnnanganu Idihveauames naennIan 2 An amnandaau i

A A [
uuamesngnliuauving (£,,,...)

A =\ (Y A a =< 1 Y vy a 4
1090100 2 fauilsnweisan GJNNamml,mazmuﬂi“lmwmmswm!,az

Yy 9 A A oA A N Y} Y ax !
LLﬁﬂQWﬁ“hLLﬁ'J(luﬂimﬂ 1 2 ﬂﬁ??ﬂﬂm@ﬂﬁgLlll!ﬂngﬂWﬁi%ﬂTuﬂﬂﬂTﬁLlﬂ‘UNu@ﬂ NUIRA

Y] ] o Yo 9 A ] = 1 1
ﬂlﬂﬁ@]ﬁﬂﬁﬂﬂmﬂluTﬂﬂTiﬁ%11!’31!5@‘1Jﬂ1516b'\ﬂu1ﬂ§$ ‘Uﬂ’ﬂllﬂﬂslli’)\?ﬂiiﬂaﬂﬂﬂigﬁ]‘ﬂTq\i ‘] VBN

(2

A 9 A Aa ldy a o A 9
LL‘U@]L@]’t’)ii]ﬂ”I“LJ@fJﬁQLiJE’JLLUG]LGIE’JiiJﬂJUWﬂGlﬁﬂJGUM Q’Jlﬂi”lzﬁll’ﬁuﬂimﬂl wazlumslgszuu

a2 o v =

v 3 @ Yo < Yo Y I~
AADUNAINTULU LN ﬂ']isl,(’]f@alﬂﬂﬂigﬂqﬂ\iﬂjﬂ‘ﬂ’]élwﬂ1uju§flﬂﬂ’licl,(’]f\i’]uﬂﬁgﬂﬂﬂ'{]'lllaﬂ

B Aa 1y

' o e 4 { o
ﬂ1iﬂﬁ@8ﬂ‘i$i}ﬂ1¢n 9 ﬂlﬂﬁll‘u@m@ﬁ?JﬂTL!'E')EIENLﬁ'é)ﬂ’NllaG]WUEN’N%’iﬂifl\iﬂ’)1llﬂllﬂ11lf]ﬁl’d\i

v v
A A =

Aa 4 g’/ a < A a a A 9
mumamaww"lﬂummw 2 G]N‘VNﬁfNW'liﬁJW]f]iLﬂ‘LlfnilWllﬂﬁgﬁﬂﬁﬂ'lwsluﬂ'liﬂﬂ'E)WQﬂWisl%
A PR oo Aq v v ' A ¢
NTULUNN DT Eluﬂiﬂ!uﬂﬂllﬂﬂQ!ﬂW'lgNaﬂi%ﬁi?%ﬂ’ﬂ'ﬂﬂ?'lllgﬂ@l@\iﬂ]ﬂ\?ﬂ'\WWi?Nlﬁﬂiﬂ
AN Y ax v g
mmzﬁu‘n%mmﬁuuuﬂmlgmﬂmmu

(3 [ 1 9 A [ a 3’, ]
I@ElWa"ll'f]\W]T]JT]Jfllméllu'l@@]’f]’f]'lEJﬂ'liﬁlflf\ﬂuL!Uﬁm@illﬂ$ﬂ1u3uﬂ1§ﬁﬂﬁ\1‘1ﬁﬂ

A Y A o T W 1 [ ~ A
WelraAnnuddamInuA NIz Ay (0.0879 mHz) Aduaadlugii 420 uazzih 4.21

o w A [y o g’/ ' = A A Y 2y XK =
ALY W‘]J'J'lliJ@]Ji‘]Jﬁ'JﬂiUﬂﬂ!@Nlm 1.0 99 5.0 memammqmﬂmm 0.97571 893.01



93

a g}/ 1 = 2’, [ A o [ 1 ds! 9 A A
HazAnAa 11y 20 049 6 ASY ﬁﬂlﬂﬂﬂﬂ?ﬂ’)ﬂi‘ﬂﬂﬂ!ﬂ?ﬂﬂ’ﬂ 3.8 mu"lﬂ"lﬂ’mqummaﬁumﬂmﬂa

9

a g}/ ] 2’, d' Y a A 1 =) aAa [
3.0 U uazhanalni 6 A9 LW?WZE’)']QVIllWﬂ'lﬂﬂ']iﬂﬁzLiJuiJﬂ']iﬂﬂﬂ’Nfﬂqu‘U‘Uﬂﬂ;;]“l/lu ANUU

=

=
v 1]
p1ggegan ldne 3.0 Tmniu wureanunmsdsvvualdlugawnulyd i ldmvey

U

A o A ' 91 2 a4 v o = o o A A

LL‘UGIWIEJ'J'!.L@38\1&W1Jﬂ151‘b'mﬂu1ﬂelluﬂﬂﬂﬂﬂ ﬂimuuaﬂﬂmﬁuwammmﬂaugmmmmmm
AN Y ' A A A = @ A A = [ = vy

’elwlmmﬂﬂiulﬂﬂﬂ’ﬂﬂﬁmﬂ 1 LiJEJL“VIfJ‘Uﬂ“]Jg“IJ‘VI 4.5 113N UMTUTUANNIIVIGIUAI8I9DT

d‘ 1 9
NIDIAITNDTIUAY

A [ =

1 I Ao Y = Y o
G]@ll1Lﬂuﬂaﬂl’ENﬂ’.ﬂllﬂ@]@W]’t’]’E]1EJﬂWii‘lN1°LJLL1J@Lﬂ@imﬂiﬂﬁﬁﬂiﬂﬂﬂﬂ]u'lﬂll

G

AumAuAuIZ Y (2.4968) Awdaalugii 422 uazgli 423 mwday wurulelsy
ANNDAAAIA 4.16 mHz AAAID 0.001 mHz HUAIABINDIGANTUIIN 1.2528 D3 2.2832 7

=~

a 2’, ] =3 3’/ =l Y v o A A A 1 dy
uawmﬂwn 16 9398 A ﬂiTV\Iﬁ]zMLLH’JIH?JL@EJ’Jﬂuﬂ‘]Jﬂimﬂ2 Glugﬂ‘n 4.16 UaNIUY

(K]
A A~ ! o

=
u
a A A 9 g’; a g’; 1 9
Uszaniamlumstaeigmslsnunuamesianiuazawnsoaasiuauasimsaandlu 1@
W1 1H09INTNMIAANAaveIAIA LT UAUT WY
MNHANITIADINUTINAIRITUYUVLIANIND 2.4968 LATANWDAANING
o Y A A Y 1w = a & 1 Yy & g
0.0879 mHz M lvnuawesieignislaamming 2222 1 nazheaalvy 8 aTe duiluns

A v Y1 o = Y
ﬂuﬂuvlmmﬁﬂm’smummgﬂ@m

83
- (2.4968, 2.222)
@
g
&
=
= 27
@
>
=
. > o
32 gl IRUALAET
“~ 5 S
~ *  wnsldnurewunings e q =2.4968
s.
@
@
O 1 1 1 1 1 ]
1 1.5 2 2.5 3 3.5 4 4.5 5
ANsUSUAMIUNA 9y

[
(2 = (2

4.20 amlSuguamanueigms IFaunuanes Nannuddaminz dy

=h.

il



3

20
“é Srunundanisandslo
= o Fnnundinmsindslval e q,=2.4968
= 15
a;g
[N
I
=
ad
S (2.4968, 8)
& 10t
3
°@
5 1 1 1 1 1 1 1
1 1.5 2 2.5 3 35 q 4.5 5
AMIsUTURUIUIN a,
A o (v o o a & ' A A A o
ﬂ‘ﬂ 4.21 'JﬂﬁﬂﬂmﬂluW@ﬂﬂi]'lu’)uﬂ'liG]ﬂ@Qiﬁﬂﬂl@ﬂllﬂ@m@iﬂﬂWﬂ'ﬂﬂﬂ ALKUITTUY
2.4
N (0.0879, 2.222)
= 22F
-
@
g
& 2r
2
S 18¢r
=
(o
3B
o0 1.6 ” i
< 218n151FNUTBUUANDT
= | * onunslduYeUnAeS 1o f =0.0879 mHz
® 1.4 N C
1.2 n 1 n n n PR 1 n L n PR |
107 107° 10" 10°
AAuaEn £ (mHz)
(@
d' d‘ v @ 9 d‘ d‘ % [
qil'ﬂ‘ﬂ 4.22 AUD ﬂﬂﬂf)'lfc!ﬂ']icl‘lﬁ']l.lllﬂﬂlﬂf)iﬂ ’J‘]J ‘]Jﬂmlﬁil']%ﬁll

94



95

Srununfanisansslug

2wz 15 F o dmnuadinsiessivd e f =0.0879 mHz

« C

"=

EN

c>
;«ag

I

=

© 10 f

[ow

=

I

=

°(—

“« (0.0879, 8)

5 -
1 1 1
3 2 -1 0
10 10 10 10
APNAGA T (MHZ2)
C

(R

Li' Li' o aQ g’/ ) td‘d‘ v 3
g‘ﬂ‘ﬂ 4.23 ANNDAA umuaummmﬂﬁmmmemmmmﬂmﬂmmmzﬁm

U

1 d‘ U % \ \J Y
4.4.2 N'!;1Gllﬁ\‘1ﬂ1ﬂ'J"INE]ﬂﬂ!lﬁ%ﬂ')‘].l5‘]Jﬂilﬂl‘l—ﬂﬂﬂﬁﬂﬂ‘lﬁﬂﬂﬁ')&ﬂlﬂﬁﬁg‘UU
4 a g’/ d'd' a o 9 ]

Lﬁﬂ‘ﬂiT]Jﬂl‘LlW’Iﬁ@GNLla$®1Qﬂ151%}\‘HHLL‘UGlm@iW‘W1i'll|m@iﬂlﬂ € a1 v
° i 91 Z v 3 1% 4 9
ﬂ'lu’)mﬂ'li%i]'lﬂ%ﬂ’ﬂhﬂﬂ]@\?ﬁzUUﬂﬂLﬂUWﬁ\‘I\?'IHLLU‘]JNﬁlI Lﬁ@@]i?ﬂﬁ@ﬂﬂ’ﬂﬂgﬂ@]@ﬂﬂlﬂﬂ
1 a P = 9 an % o 1
ﬂ1W1513JL§I’éJi‘l/llfl’ill18ﬁﬂ%i1@%1ﬂ’3‘ﬁllﬂﬂd\?@‘l§ﬂ1f] I@ﬂLLﬁ@QWﬁﬂJ@Qﬁ’)ﬂiUﬂﬂ!%HWﬂﬂﬂ

1 Y d’ Y 41' - ] % 1 [ d‘ ] d’
mlgnesuile lvimanudaamINUA KN a (0.0879 mHz) mua@ﬂugﬂm 4.24 NUNIUD

H b
= (4

9 v
Ysumdnliuguamneaig 1.0 8950 Mldnuameslimaaausvdurazinauilssun

Y
T A (%

= 2 2 A A A 2 1 =
307,230 ©3 950,245 U LWNMU@TN%HTQ@W@QV]GIWQJJEIIH ﬁaum@mm%uumﬂnmm
= = A [ Y lg A = @ A A <3 1
3,865,254 94 3,517,367 LN umaﬂauuﬂﬂiummﬂﬂiwmﬂm OMNIUNUNTUN 1 ISINUIN

ddy A g’/ [} A 9 A Aa 1
“luﬂsmummsaaﬂmmmiwmammmmaQllﬂmmummﬂmqummaimnummw Tag
9 '

a1 1A a

PRl v A A 9 A Y o '
Mﬂ'ﬂ%ﬁ]']ﬂﬂli’)\?@]'llﬂﬂﬂﬁgﬂqﬂ\?ﬂ?ﬂlWlJl"llTlﬂﬂ'ﬂ AMAAAUTUAULAZNINIU 267,876 VN LAZA

Y
a %

[ & g 1 A A o Y1 A o A ddy
@]ﬂ@]\ﬂﬁﬂ 503,161 ‘U”mclmﬂumm‘mumfammimwuﬂehfimﬂamaﬁsﬂmﬂummu



96

8 - — — — AINSAAAIUAULAE U TIS NUIVOILURLADS
---------- An1sAnalilvewUnneS
————— AnsRnsasusuLazUnssnwesiiulsey
---------- Arnshnsslrivasiiiulsey
N 6r Anldanesau
g *  anldiresuntesiign
o
=
[
AG
R
& ' (2.4968, 4089084) ..
@ - O
S Tttt e FUUURPRIRORTITLL L T e
c s emmEE . eas
&
o |
T | A '
0

1 1.5 2 2.5 3 3.5 q a.5 5

AINITUTUAIUIN g
v B

(3

d' w U U Y d’ Y d' % 1 @ 1
gﬂ‘ﬂ 4.24 'J“]Ji‘]Jﬂﬂ!ﬂlUWWI’E]ﬂﬂﬂﬁ]'lfli')ﬂl‘“fﬂﬁﬂ?ﬂ31119@]@!‘1/]']ﬂ‘]Jﬂ'ILW3J'I$ﬁ3J

druravesanudaageldiiesiuie liarliuguauialiauninuai
FJ

(2 1

IMNZ AN (2.4968) Adudadlugii 425 wuiulediuanudaaawe 4.16 mHz aAasd 0.001

[

=i

9 ] v
mHz i nuanes inaanasudunaz haulseuia 541,640 11 09 533,041 1IN FunoU
A A t:lt:sl' 1 o o Y A T A gl.z =
asieaninlunsaiianlsugugniimualinan diumaaaslnulianlssuie 5,471,707
=3 = 9 A = [ A A 1 ddy 1" A %’,
VM D9 2,663,893 11 Wuua lHuanad omeununIan 2 nuNnsataIsaannIaang
Trsiveuanes Iu1nnI 1o NI LAINe 3 1018811 1UN D19 INTNMT IS U MR 1067
o A 9 = Y A 91 a A g ] v A a
Suganmmnezauale szl lgnglunisfaniusuaunnni Tasaunulseyeeini
9 v 9
AAanAsuRUIAz WL TEN1846,714 11N DY 347,480 VN wazAAnAaIna 87,743 11
= a é’ A 1 A o Y o (L Y v a
04 652,683 UM TagliAnvueaInNddatagal dungnalgaevesdunuilszgiin
A e ad 4 : doa v o
MRUMINUNTAN 2 1HBI9INAIANNDAA InAREINY
d' d‘ 1 d‘ 1 % Q/ 1 % d‘ 3
N3N 4.24 tazziln 4.25 wunnadlTugaNInD 2.4968 azANUDRAA
1w o Yy v 91 o A o ¥ v Ay v
MU 0.089 mHz i lnliald9edNga 4,089,084 v aariuasoagdainldainms

fraeawatazmamulanavesdliuguunainialegiuie Iiaianudaaminua,

'
v A 1w 1

9 A A A Y o [ a T @
L‘I’TiJ1$ﬂ3JUlﬂG]13JGITiN°VI 4.4 LLE‘I%WE‘I"U?Nﬂ’ﬂllflﬁﬂ“l/’lﬂ'lﬁ’)f]ﬂ?\?mﬂiﬁﬁ’)ﬂiﬂﬂﬂ!‘ﬂuWﬂNﬂﬂ“ﬂ'lﬂU
1 9 A < A d " W o 1 Ao oA ~ A
ﬂ1lﬁ3ﬂ$ﬁllulﬂﬂ131\ﬁ/l 4.5 %QWQ%U’JW]'W]’J‘]JiUﬂm"lJLﬂﬂl,Lﬁ$ﬂ'lﬂ’)'l‘1JﬂG]ﬂ“VlLﬂ3ﬂ$ﬁiJ1/]E:(ﬂﬂf]

Y H v
2.4968 1Az 0.091 mHz 11197 lAUUIARAAININIE AUVDIVAADITAB 15.25 kKW/83.44 kWh



97

v @ A A = v @ VA 9 axy A o
llazell@\jﬂjlﬂﬂﬂﬁgﬂqﬂqajﬂﬂ@ 6.64 kW/3.52 kWh GﬁﬂﬂﬁQﬂUﬂUﬂ1ﬂqﬂ%1ﬂjﬁllUUﬂqauﬂ1ﬂﬂﬂ'\

1 1 { v @ {
IdmlFnevesszuutesngaluszuunnnuwdsnuuuunanlunsaln 3 U

Y

AMIENY (@ uum)

— 12
ol l
1.5
=
(0.0879, 4.089084) '
s L
|
! 11
4 r 3
I
......................................... [
............ s
......... 0.5
30 N A '_[LrJ ............
2 . - ' ' —o
3 -2 - ’
10 10 10 10

ANAIINDAR T (MHZ)
C

Aldanesau
— — —AnsAndslvdvesuunLRes
*  Aldanesuiitesian

ANNIIAAAUTUAULAL UITITNYIVDIUUNLADS
— — —Ansiesusudunaziieshwesiaiulseg

. AT N
---------- ANsRndslvdvesiafuysyy

*UNUGBEINTULE U

*unuNd S uLEuElnN Ry

AMIINY (@ uum)

3

1

7

v o 1

4.25 anwdaanua a3 2ile Wasugaaliausua Nz au



a o o 4 A4 g9 Ao 1o A
TN 4.4 Nﬁﬂlﬂ\‘lﬂWI’Jﬂ3‘1Jﬂﬂ!sllu']ﬂLL‘]JGlLﬁf’)ﬁmEJ1Wﬂ1ﬂ’31ﬂﬂ§]ﬂlﬂ1ﬂﬂﬂ1ﬂlﬂﬂ1$’c’ﬁJ

98

UM | Aaad
618&' d‘ a 9 1A 3}1 ] 1 Y
E,ps 4 nasu Fudu+ar | maaadlny | arlgeesoy
4, ’ HUARDT 2 ..
(kWh) puaes | 113einmn STRID) STRID)
@) ,
(39) STRID)
1.0 33.42 0.9757 20 575,106 4,368,416 4,943,522
1.5 50.13 1.4509 13 655,483 3,677,859 4,333,342
2.0 66.84 1.8620 10 735,860 3,436,030 4,171,890
22 | 7352 | 20126 9 768,011 3,343,248 4,111,259
2.4968 | 83.44 | 22220 8 815,722 3,273,362 4,089,084
3.0 | 10020 | 25414 7 896,614 3,262,110 4,158,724
40 | 133.68 3.0 6 1,057,368 3,425,683 4,483,051
50 |167.10 3.0 6 1,218,121 4,020,529 5,238,650

1 1 Z { v 2 o
HUgLYieg - m“l%’mamwmummmﬂ%}izummmma‘%uazmmuﬂszﬂqmmmamu

A 1 Ao A Y o 1% Y A
M3 N 4.5 W’GGUFNﬂWﬂ?WllﬂﬁﬂLiJ@Glﬁﬁ’Jﬂi‘Uﬂﬂ!Wﬂﬂ‘Uﬂ'WlmiJ']gﬁiJ

UM | MAAAd s
918 " . | mMAead e
£ Eyo . 1jasu SuAu+A , A lg918590
' BILICGE P e Tyia]
(mHz) | (kWh) HUARBI | 113NN (Wm)
Gh 2 (V)
(GER)! ()
- 82.59 | 1.2528 15 554,421 15,271,697 5,826,118
1 83.07 | 1.4073 14 656,450 | 4,955,221 5,611,671
0.5 | 83.43 | 1.6032 12 700,356 | 4,382,370 5,082,726
02 | 8332 | 1.8024 11 777,814 | 4,176,494 4,954,308
0.0879 | 83.44 | 22220 8 815,722 | 3,273,362 4,089,084
0.03 | 83.36 | 22553 8 854,459 | 3,301,109 4,155,568
0.01 | 83.37 | 22715 8 871,788 | 3,312,861 4,184,649
0.001 | 83.40 | 22832 8 880,521 | 3,316,577 4,197,098

v U Y { v 3 2 o
HNAHY - ﬂ11"]95}’1]'lElVl\?WiJ@iJ’l’i]’lﬂﬂ’lii%ﬁ%ﬂﬂl!Uﬁm'lf]dﬁL!ﬁ$ﬂ3lﬂﬂﬂﬁ$ﬂqﬂﬂﬂﬂ@iﬂﬂﬂu



99

45  msenlneuaznSsumeuna

o A Y g’/ P 9 a P
mﬂwamima@m"lmmm 3 NI “]N‘]J§'$ﬂ@‘]JUI,‘lJﬂ'JEJWﬁ"IiJWI@ﬁVIL‘Wlﬂgﬁu VUIA

Y
a v A

[ 1 ':, { v o [ 1 1
AananmngaunazmlFnesimngavesszuunnmunasnulunaazuaaznsal a1m1so

a3Uma13lumsnei 4.6 nunlunsaigriunfeasuuanesvuiaee1adl 16.37 kW/33.08 kWh

S 1

9 a [ a o [ A Y ~
um g5 5,917,008 U1 TagmInNTaMSUTUVHIANNANGINULLAADS IHIUUIAN
Ay v A Y R A Y
L‘I’iiﬂ%ﬁuﬁ'mﬂﬁ‘l/l‘lﬂﬂlﬂﬂﬂiﬂ!ﬂ 1 @28UU19 16.37 kW/50.37 kWh B93ia1 19918 5,475,500 U1

' 91 Y = 9 v 1% aa
ﬁ“]il'lﬁﬂaﬂﬂ']algﬁﬂ']ﬂllﬂ 7.46% I,LaZTHﬂiJmiGlGinz‘U‘Uﬂﬂlmeawml,m‘UWﬁuiuﬂimﬂ 2103

=S 1

a1 19910 4,348,256 AT 4,089,084 1M 8113029 1404 26.51% 1AL 30.89% ANEIAL

=1 1 A A A v @ A A ~
W1ﬂllﬁﬂﬂl%ﬂﬂ1ull@a$ﬂﬁm Lllflwmimﬁz‘]mﬂﬂl,ﬂ‘]mmmuu‘uuwaﬂuﬂmm 24

=3

A lFeNdINIINTAN 1 D9 20.59% ((5.475,500-4,348,284)/5.475,500x100%) Iunsain

=

o ' A (A 2 9 y o = A Y
mmmwmmmmmmgﬂa&Juuﬂam,aﬂuafJu,azLﬁﬂi’mﬂmmmmmmuﬂisi}mmmm:mzu

v 3 ) ' A A g ~ Yo A v
GU‘L!W]"]J’rN5$‘U°LIﬂﬂLﬂ‘]JWﬁ\‘lﬂujﬂﬁli’muiﬂﬂ’ﬂﬂim‘ﬂ 1 Lﬁf]\‘iiﬂﬂﬁJﬂﬁGl"]M’)Lﬂ‘]_lﬂizﬁ;ENfJ’Jm"lﬂ

= o w

o Y q Yo A o qy v A 2 A
3J11J51Jﬂ’;13J511JL5&J‘Umaﬂﬂﬂﬂwﬂuuﬂmmﬂi 1/]1Fh/i91falﬂ151%Q1ullﬂﬁlﬁ@5ﬂ’l'}u1umu [SNNQ)]

S 1

N300 581% 3 A1 1991861n 3N TAIN 2 DY 6% ((4,348,284-4,089,084)/4,348,284x100%) 4

v 1 ] ] P H Y
HANNNTANTAN 2 NTAAINNUAAANVINE A UNEIA 5108 FINTAN 3 NIITUINA

A= oclﬂldl o =

1 A o o o 91 A A A Y
mmmaﬁ@uazmﬂmﬂmﬂlmmmm@mim‘m ‘Huﬂﬂﬂﬁnﬂﬁ qmummﬂﬂ@mqtmﬁmaﬂﬂ

v
aA

< an @ [ A ~ a A {
nga umﬂﬁ’muﬁnﬁmiimmiwmqmmmﬂim‘w 3 Nﬂi%ﬁﬂ‘ﬁﬂw\llﬂﬂﬁqﬂ

Q

~ 3 ' QY ~Aq ¥ A
W']ﬂlll%flﬂl‘ﬂflﬂlﬂuﬁgﬂﬂ 5$W'J'Nﬂ”l(lﬂf%']ﬂﬁﬁll""@ﬂig‘ﬂ‘ﬂﬂ1%&%W1$!LU@]W’I@§LL§$§$UU
o o ] ' o 2 o s ¥ .
ANDNUNAINTULDUUNTY ﬂglﬁull@gljﬁ']i%ﬂllﬂﬂLﬂUWﬁ\N']HLL‘U‘]JWﬁN‘ﬁﬁﬂﬁQﬂJH”Iﬂl!‘U@]mﬂdﬁlm$

] A ~ A A A = @ v 1% ~Aq ¥
aunvlszygeananmuzaunaga (nsaUn 3) Lil'l’)WlfJ‘]Jﬂ‘]Jﬁg‘U‘Uﬂﬂlﬂﬂwa\j\j']uﬂelclﬂﬂw'lg

Q L)

o v
A A G

A A ~ v A o ~ A =< R a 2
HUAIADINAAAIVIIAKTIAIADT U TUNTAUAUWLOUNY (DIAUN 1) DI NUUIAAAAT
(% < I 1 1 v 1 1 1
TagsmuesszuunnnUNa I uDLRENTvIIa luain 1 uaszuunuuraniian lgieteon

0425.32% ((5,475,500-4,089,084)/5,475,500x100%)



100

A = A 4 1 91 v d o o =
AT NN 4.6 L‘]ﬁ'ﬁ‘r’J‘iJ!“I/IEJ‘UW1513JLG]E’JﬁLm$ﬂ11%%18%6@53UUﬂﬂLﬂ‘U‘W@N1MﬂJfN‘I/N 3N3N

- nIAIFIY
naad . n3dl 1 n3di 2 n3fl 3
(GZUVUVANDT P
s ¢ : HUAIADT HUUHAY LUK
s YUINBDYIIG)
qs 1 1.5228 1.5228 2.4968
fc(mHZ) - - 0.0910 0.0879
VUALUAND T
16.37/33.08 16.37/50.37 15.30/50.89 15.25/83.44
(KW/kWh)
v <
VINAAN U2
- - 6.60/3.49 6.64/3.52
(kW/kWh)
NPV
o 5,917,008 5,475,500 4,348,284 4,089,084
19919571 (VM)
Mslasulas
- -7.46% 26.51% -30.89%
(%)

1 d‘ A 1 9 d‘ =} 7 1 Y =)
HNANe - ammsasunilas (%) ﬂ@ﬂ?i%"lﬂﬂi’lumm‘ﬂﬂﬂﬂ‘UﬂWGLGIﬁnEJGUENﬂimﬂWN

46 ayl

o ax a o a 4 9 a d‘ o 1
ﬂTﬂNﬁﬂ”ﬁ"l]']ﬁ@\1'J‘ﬁﬂ']i'lﬁ)flllﬁgﬂTﬁ'JLﬂiTgWNﬂﬂ'JfJ‘liJIﬂﬁﬂﬁﬂllﬂﬂl!ﬂﬂlﬂﬂ?@?ﬂﬂ?ﬂiu
2 Y I =K a A A au A 1w @ A
Unu LlﬁﬂﬂiﬁlﬁuﬂﬁWﬁsllﬂ\‘W‘nﬁTllm@i“l/lWﬂ']ﬁﬂﬂiu@']u'ﬁ]ﬂﬂ@ ﬂ?@?ﬂiﬂﬂﬂ!ﬂlUTQLLUﬁLﬁﬂi

1 { o { o x [ @ v 3 o
1Az AININAAAYDI99TNT0IANNAM Fa1FlunITTANIINAINUVITZVD AN NG

Y
1 a o v @ ' 1 ' '

Llagﬁwa@ﬂﬂlu1@@@@]\1"u@ﬂ§$Uﬂﬂﬂlﬂﬂwa\?\?']u f)'lf!ﬂ']ﬁclclsfj\?'luuagﬁ\?Wﬁﬁ@ﬂWi%ﬂ?ﬂi’)Nﬂl@ﬂ
v o = o A A ax /6 ¥ A
IZUUNNNUNAINTU Gh'\iﬁ'liJ']iﬂl!'l'J‘ﬁﬂ'lﬁﬁ'lﬂ'l‘ﬂ!ﬁll'lgﬁllllﬂﬂﬂ‘ﬁdﬂﬂuﬂ’lﬂu?ﬂigfc!ﬂﬁi%l,wa

] a s Y o A Y Y °
G])"JEJW1W'liHJLﬁﬂiﬂlﬂﬂ1$ﬁﬂ1@ﬂﬂ1\?ijﬂﬁj LW@ﬁiﬁﬂﬁ@Uﬂjn\lgﬂ@@\‘ll‘lﬂllﬁﬂ\‘iwaﬂ15ﬂ1u3m
a L4 A = 2 Aa 1 = ~ A v
LLﬁ%'JLﬂi'WWNﬁLW'E]ﬂGEIULﬂEJUWQ§$UUW@¢]@QLQW1$LlU@LGlfliGlUﬂimﬂ1 Hagsguunniny

o A A X a &4 v a3 @ A
Wa\‘l\‘ﬂullﬂﬂwﬁﬂiuﬂimﬂ 208 3 G?NGUH'I@]G]@1G]\W]L1’T1]']3’(?(“ﬂl@ﬁi%ﬂﬂﬂﬂlﬂﬂWﬁQﬁ?uﬂN’m?ﬂ
1T W Y] 1 Ao oA o Y v Y1 Y A 1 ~ 1
ﬂ'lgnﬂiﬂﬂﬂ‘lllﬁ$ﬂ'lﬂ'3'lllﬂGI@‘VILW?J'I%ﬁll’i]$1/l'liﬂﬂﬂ'li“b’%'lflﬂ@fl“l/lf,:fﬂclu!mﬁ$ﬂ5m TﬂEIW‘]J'N

A A ldﬁf =\ Y ~ ds! 9 v [V Aq Y
GUumLmmmaiwclwaﬂunmqmﬂmmwmwuu I,Lﬁ$ﬂﬁslf]ﬁ$‘u‘]Jﬂﬂl,ﬂ‘]JWﬁQ\‘ﬂul,L‘]JUNﬁll“l/lslf]f

Y =

v 3 2 o = o w 9| A A

G]'J!,ﬂﬂﬂﬁ$ﬂqﬂﬂﬂﬂﬂiuﬂ’liﬂﬁﬂﬂﬂ’lﬂi’lﬂﬁEJ'U"U'E'Nﬂ’l'ﬁ\1U]fl/‘lV\I’lﬁlﬂI,UJ@]WI'f]iﬁ"lll’lﬁﬂfl@@’lq&ﬂﬁl@]@i
9 A ~ 1 9 [ ~Aq ¥ A o 1 v o

Vlﬂ l,ll'f]lfVIEJ‘Uﬂ'lclflﬁ]'lfli3W'J'Nﬁ$TJll‘ﬂ1%LﬂW1$LLU§]Lﬁ@5ﬂULLUUWﬁM NWUNITUUNNNUNWNAINTU

o Y o 1 Y1 v & @ = o & =
Llf]_l’]_lNﬁﬁJ‘VI'lclﬂﬁg‘]_lllﬂigﬁﬂﬂﬂﬂf]ﬁnﬂiﬂﬂi?ﬂﬂlﬂ\iﬁgﬂﬂﬂﬂlﬂﬂwaﬁﬁ']uﬂﬁ 25.32% muumﬁ‘gﬂ



101

Y v < [ 3 A Ao o ] v 0 Y
1@315$‘U‘Uﬂﬂlﬂﬂwafl\ﬂullﬂ‘ﬂWﬁiJHJ1!‘Vn\uafJleﬂGhr!ﬂ'lﬁ%ﬂfnﬁllaZslf'lflﬂﬁgﬁflﬂﬂ'lalslf‘ﬂ'lﬂéllﬂ\i
9 ] < o o Y = a a S A 9
5$U1J‘lﬂ fJfJ'Nllﬁanll 6luﬂ'lﬁzﬂﬂﬂ']ﬂ/‘lﬁ\‘]\ﬂusllfN53‘1_111ﬂfNﬁJf]']i‘l"lﬁ]']ﬁ'ill"IV‘l"Iﬁ']3JLﬁ’f)ﬁ°|/]!,f]fJ'J“UfN

a g’/ 9y Lﬂ' a A 1 Y 9 d'
wazvinaaaad iz aumelssansamlumsaaalsoelnnnga



a
Unns

Y
Uﬂﬁ?ﬂ!!ﬂ%%@!ﬁﬂ@!!ﬂ%

51 unagy
a a Jd @ dy FY J [ [ = o
\T'IH’J‘VIEJ'IUWH‘ﬁﬂUUull@Hﬁu@ﬂﬂq‘VI‘ﬁﬂ'lii]ﬂﬂ'liwfl\i\?'lullagllﬁﬂ\ﬁ'lﬂagl@ﬂﬂﬂ'lﬁﬂ'la’EN
a ¥ A v o a A A Y
Glumimﬁllum@ﬂ@ﬂmﬁmzﬁu"UEJQ§$U°1Jﬂﬂ!,ﬂuwaw1u1uu1ﬂmﬂﬁﬂ LiJfJWﬂ'lﬁﬂ!”lfﬂfalﬂ'ﬁGl‘]f

A = 9 9 [~ @ I v W S =
NTHUDNUUALND T IﬂEJ?Jﬂﬂﬂf%181uﬂ131%ﬂ1uﬁzﬂﬂﬂﬂLﬂUWﬁQQWULﬂHﬁQﬂ‘IﬂH’J@]QﬂSgﬂ’Qﬂ gIN
Y

v 1
v A

F
ﬂigﬂﬂﬂqﬂﬁﬂﬂﬂWWQWilﬁ AU ﬂ']fﬂﬁﬁNWHﬂT?fiiﬂ‘HHlfﬂZﬂ']@ﬂ@lﬁclﬁuﬁaﬂﬂ@wjﬂiﬂﬂﬁ N7
a Z’, ~ [ < o A Y 9 [ <
WT‘II‘LH@%@@N‘VILWM"IZ?HJ‘lJf‘NﬁgU‘iJﬂﬂLﬂ‘U“WﬁQ\ﬂ“lql‘VliJﬂﬂ%’%?ﬂiuﬂWiiG}NTIJﬁzﬂ‘]JﬂﬂLﬂ‘]J
o ~ 9 A 1 = Y JIq Ya oA A
wamuwuew’qwTugxmazﬂsm"1@ﬂi$£q1ﬂm“l€mﬁmﬁmﬂmmmzﬁmmuﬂwumﬂ PSO o

[ o [] I~ A, { o
$201UN1IN19AMIAUE1932a151 Taslin15AT19d0UANYNABIYDIITMINUNTUDAY

PR Y A

a a . v
ﬂ']il!ﬁﬂQWﬁﬂli’)\‘iWWﬁ’]NL@'IﬂTV]Lﬂﬂ?%ﬂﬂllﬁ$ﬂ1§ﬁ1ﬂlu1ﬂﬂﬂ@ MR UUDITSUUNNINDY
o A o ] 4 @ (% A R A o 1 <
WﬁﬂﬂTuﬂlu"lNTﬂﬁﬂﬁﬂ@?@ﬂWQ ﬂafgﬂ‘ﬁﬂ’]ﬁéﬂﬂﬂ']iwaﬁqﬂluéllﬂﬂﬂﬁﬂlﬁﬂﬂ‘lﬂuuﬁuﬂllﬂﬂﬂ@ﬂ!ﬂu 3
=\ 9 o o dy ~ A I a g/ ) 1Y) ~ 9 A
NIty ”lﬂWﬁﬂ'ﬁﬂWa'ﬂQﬂ\?u NIUN 1 UJuﬂ1§ﬁ'lsllu19(§]ﬂ(51Qﬁ']ﬁﬁ‘llﬁgUUV]i%LﬂW’]gllUﬂlﬁﬂi 1N

a 9 as @ A A A Y lé’ 9y [
ﬂ15‘]Ji$£3J1JE]1Qﬂ’JEI’Jﬁﬂ1§U‘ULL‘U‘UNu&ﬂﬂ W‘U’31!,1]E]L‘W1]“U‘L!1@LL‘Uﬂlﬁ@iiﬁiﬂi‘gﬂluﬂﬂﬂﬂﬁﬂiﬂ

]
ISl

o A A 2 A o
@mﬂlummﬂﬁ'ummaiﬁmqmﬂ%’ammemﬁmmﬂfmmmaﬂmmuiaumﬂ%’qmw 1

=

o = ' Y A A o q ¥ 2
5$@l|ﬂ'3'lllﬁﬂﬂ']ﬁﬂaﬂ‘c’lﬂigﬂqqxiulﬂ Iﬂﬂ“llu’]ﬂﬂlﬂﬂ’]gﬁllﬂﬂ 16.37 kW/50.37 kWh T]Tiﬁﬂ‘imull

1 1 o = U A a & o @ v (%
ﬂﬂ%}mﬂmﬁqmﬁﬂ 5,475,500 YN ajuﬂiﬂjﬂ 2 MUUIAAAGNTIUNTUISUVUN NN UNAINTU

Y Ao o o w 9y A ~ Y o B A A
HUUNTY Iﬂﬂ%ﬂ\i%iﬂiﬂ\iﬂ’ﬂhﬂﬁ? ATITIN \‘1]l‘V\l‘1/‘]11/]iT]J!ﬁEJLIJGl‘WﬂL]JLL‘]JG]mE]‘iLLﬁZVIMﬂ’Nilﬂ

9 ]
a A

Yo o & a SAay ga Ao A sy
qqﬁlﬂﬂﬂﬁjlﬂﬂﬂigﬂﬂQﬂﬂﬂ Eluﬂimu ﬂﬂWﬂ'J'lilﬂ@ﬂL‘]Ju‘W']3TMLGIE]fiﬂﬁ'E)QWﬂWimHu@Q"U'Iﬂ
[ 1 a ?.’, ~ v I A A [ 1 A o o Y
’(,’NWaG]'E'J"Uu1@@]@@]\1"1]ENLL‘]J@]WIﬂillﬁz%jlﬂﬂﬂigﬂqﬂﬁﬂﬂﬂ W'U'NL?J'E)TJ?Uﬂ1ﬂ31uﬂﬂﬂaﬂaﬂﬂ11ﬂ

o Y ' '
mqmﬂ%’dmummeimﬁu Lﬁ’éNiﬂﬂ’fﬂllTiﬂaﬂiﬂu’)uiE]“lJﬂ?ii%}ﬂ1uﬁﬂ1§$ﬂﬂﬂ?1ﬂﬁﬂﬂ1§

Y o

1 o 9 o { A ~ X 1 a ¥ v
ﬂﬁ@ﬂﬂi$ﬂﬁ11ﬂﬂ’lﬂﬂ1a\11wV\ITVI1\11um@0llﬂ@£@ﬂ%ﬁi’lﬂﬁﬂﬂﬂlu UAVUINAAAIUBDIAN N

v
v A o

A 2 9 A A Y 1 9 Vo A A
ﬂﬁgﬂﬁlgl‘wg\lﬂluﬂgﬂ Iﬂﬂ‘ﬂﬂ“ﬂ’nuﬂ ﬂ(ﬂn’ilnzﬁllWWiﬁﬂJﬂ’ﬂ%ﬁnﬂﬂ?@’]ﬂq@ﬂ@ 4,348,284 1N

o q Y ¥ A A ] A A
1/1ﬂﬂmummwu13ﬁmammmamazmmuﬂszﬁ;ﬂaﬂ’mm 15.3 kW/50.89 kWh Llag 6.6

v
¥ o 4

o { a v @
kW/3.49 kWh f1ua191 wazlunsain 3 MIVHIAAAAYE IS UIZUUNNINUWAINIULDUNEN

' 9
(4

TaoldeasnsesnnudduazimslsuguuuanuaAes SN YUIAAARIUDILDAIADILAZ



103

v a =< da! @ a 4 @ o Y A A Y 1 =
ﬂ?lﬂﬂﬂﬁ%ﬂfoJ'Jﬂ‘i]\?Glluﬂ‘UW'lﬁ'l?JlﬁﬂﬁﬁfJ\Wn ﬂqﬁlﬁﬁﬁlu'ﬁﬂﬂﬂﬂTq&lU@Lﬁ@ﬁqﬂﬂﬂj1ﬁﬂﬁﬂﬁm
A o Ao A o Y =l P o A A
3N Iﬂﬂ‘ﬂﬂ'lﬂ'lﬁﬂﬁﬂﬂﬂ!L!a%ﬂ']’lﬂJﬂﬁﬂVIlWiJ’lﬁﬁiJVI']iﬁﬁ%‘U‘U?Jﬂ'lﬁlglf%']ﬂﬂ']ﬂi:;fﬂﬂﬂ 4,089,084
0o q.Y ¥ A = v g 2 A
UIMN 1/]']611’1llﬂﬂlu’]ﬂ‘ﬂlﬁu’lﬁﬁuﬂlﬂﬂl!’ﬂﬁlﬂﬂﬁlla$ﬁﬂlﬂﬂﬂ5$ﬂﬂ\‘]ﬂ?ﬂﬂﬂ 15.25 kW/83.44 kWh Liag

@

6.64 kW/3.52 kWh auaai

2

A 9 1 A [ [ A = a A A A
mﬂNZWI‘lﬂW‘U’N’J‘ﬁﬂﬁ‘ﬂﬂﬂﬁWfﬂQ\‘ﬂucluﬂiﬂ!ﬂ 3 uﬂﬁzﬁmmwmﬂwqmummﬂm

)

dszaninmlumstaoiguuanes laangauazialgniediniingain 1 uaz 2 Dawdnegdl
a gl,z A 1 v a3 [ A A a g’; Y A
aaaad Iaes i InaNge 1aznuNIZUUNNAUNAINUUDUNFNILBTNITAAAIAIBYUIAN
~ A 1 Y [ <3 ] YR A
WNIzAY (AFAIN 3) ausoaan lgievesszunntNunadsaIuaslang 25.32% il
o ~ ~ A 1 v [
nleuiounuszuui lsmmnzuuanes (nsain 1) JagdIdnmsldszuunnmundsauuy
I v A A 1 9 A 1 = a ¥ Y
wauiluaaenNan 1N s ¥ uuLUAmeI0d19@e7 laglun1300ntUUMIVHIARAAIADY
a a o g’u @ o A J o
HNFUMIMNITR0F 1Tz aunin S uguaiauanes ez AININDAAY091995NT0Y
A A A 1 o Y S Y A da! 4
anudiosnnad limnzavszi nszvuia ld9enunaula
[ <3 a g’/ v I o ~ av dy Y
a814 157010 vaAaaveITzYUA N UNA I Uz a N TuuITel Tdanas
a J g @ Aa v o v 2
ANTIEHNNAUATHIANEATTIWAUNTADITAU01YN S 1FIUV0ITZDUANINUWAINWNTY
= a g’/ Y a @ d' A a [} ~ 9 o
Tup19nsAVUIAAAAI01992ABINTHITITEDU o LWUIAN 1FU T8I 1NABINITA 15D
waanu i BlsanuvsemsmulsednTmmnmsriaudiuais q Taediaunisarhdsms
Aa v 79 Y A ] a J a [
991198 I szgnalaiiosien sz lunmsdsaiiunagnauruiansaulszanuves

Tasams Idunu

%

5.2 UDLAUBDLLUS
a a g’.l v [ a ?.’,

521 TumseanuuuszuylulasnsauazmMIfaaiscuuN INUNEIIY VUIAAAAT
~ [ < @ Ay A ] 1 ~ a S
Mz avveszuunmnundru lunuideinsansnalgiensznavrunaea lasans
Faluaruae ldonszdesinsanduilsz@ninmuazanumnz guaiumsliolginam
T A Ay A kY o Y a 2 A a0 a
WrpdemudY q a1 Mldvineaadanmunzauetvvzialasulil

[ Aax a 9 A A @
522 ludrvedsmsisziiuergmslenuvesuuanes TagleIsmsiunuunu
9 v

antuNITuRNIzAITEaUAuanmsaselszaidimadodiuiuseunis l9aIuves

A o g}/ =\ = o Aax a 9 A A A @
HUAABT ANUUAIIIMIANEAzWAIITMIUssiluogms lsnunuamesniasanilady

A ' Y ~ o an A ] A A v Vo
BU €] IIUNY Lla3?’]:]31]ﬂ”leWl!”l’J‘ﬁﬂ”lj‘]JiglﬂJu@Tq@]’Jlﬂ‘]J‘]JiSﬂf]\ifnﬂ LW@ﬂ?TNQﬂ@@Q!LNUﬂT

A 4 X
11!ﬂ”liﬂi$l,3J‘L!NmJ”lﬂfJﬂéllu



104

@ a Y @ v 3
523 61%ﬁﬂiiﬁﬂy1uazW@Hﬂﬁ%ﬂ1§ﬂ3ﬂﬂuuaxﬂﬂﬁiiﬂﬁdﬁ1M%ﬂﬁizUUﬂﬂHﬁJ
1% A A Y a Aa A A dy Y v o
WA UHUUNTULUUDU ) !,WE)SlmﬂﬂﬂizﬁﬂﬁﬂWMﬂfN‘UHMﬂﬁ1%Q1ui$UUﬂﬂLﬂuwaﬁd1u

HUUWNTY



Y A
INBUNIID NN

ms Iihdhewdanistszmalng. 2017). 1n3ams Smart Grid migesaou Ausumsysan
w 4 9
MIWAINY Energy 4.0. [0ou lavi]. 1aan:
https://www.egat.co.th/index.php?option=com_content&view=article&id=1991:art-
20170526&catid=49&Itemid=251
FIUUR F35UAT. (2557). MINunumsanasoanuia lvihlulyIasnsansimsnan Wi
NANFINUHYUATU NATNUANVTOUTIWNAZTTUVA DA UNA I, Inertinut

o a a a 4 a Y
ﬂ%ﬂluillu'llﬂfi']ﬂmcﬂ@] ﬂ'lﬂ’JGIf'l'Jﬁ’Jﬂiiith/\l%}\h YWIAINTUUNIINYIY.

Q

A A o

TUIAY Vl‘W‘i‘ém, ﬂhﬁuﬁ’ mﬁﬁuﬂ’a UAZHAIT ITLNULNA. (2556). Nﬁﬂi%ﬂﬂﬂl@ﬂgﬁi1ﬁ1ﬂlaﬁl\1
s lifhonunastendsmaunuluszuuuuanes dmfunsaiuguanud
szunluTlnsnia. Ianssuans urnINNAuINBAIEnA3. 86: 79-86.

siia%o nads ey, (2550). maTiamsmINzaa. ena31lizneumsaoua1unIn
Aanssullih winanedoma Tuladgsuis.: 191-19%.

1593 noUIaT AN, (2014). ﬁazﬁuﬂixﬁlw’m. Temga magazine 2(21): 75-78.

Abbassi, A., Dami, M. A., and Jemli, M. (2017). A statistical approach for hybrid energy storage
system sizing based on capacity distributions in an autonomous PV/Wind power
generation system. Renewable Energy. 103: 81-93.

Akram, U., Khalid; M., and Shafig, S. (2017). An Innovative Hybrid Wind-Solar and Battery-
Supercapacitor Microgrid System-=Development and Optimization. IEEE Access. 10:
1109.

Alam, M. J., and Saha, T. K. (2016). Cycle-life degradation assessment of Battery Energy Storage
Systems caused by solar PV wvariability. 2016 IEEE Power and Energy Society
General Meeting (PESGM).

Alam, M. N, (2016). Codes in MATLARB for Particle Swarm Optimization. ResearchGate.

Amzallag, C., Gerey, J.P., Robert, J.L. and Bahuaud, J. (1994). Standardizationof the rainflow

counting method for fatigue analysis. International Journal of Fatigue. 16(4): 287-293.



106

Bai, L., Li, F., Hu, Q., Cui, H., and Fang, X. (2016). Application of battery-supercapacitor energy
storage system for smoothing wind power output: An optimal coordinated control
strategy. 2016 IEEE Power and Energy Society General Meeting (PESGM).

Beltran, H., Barahona, J., Vidal, R., Alfonso, J., Arino, C., and Perez, E. (2016). Ageing of
different types of batteries when enabling a PV power plant to enter electricity
markets. IECON 2016 - 42nd Annual Conference of the IEEE Industrial Electronics
Society.

Bindner, H., Cronin, T., Lundsager, P., Manwell, J. F., Abdulwahid, U., and Baring-Gould, I.
(2005). Lifetime modelling of lead acid batteries. Denmark. Forskningscenter Risoe.
Risoe-R; No. 1515(EN).

Brane, Z., Ouassaid, M., and Maaroufi, M. (2017). Battery and supercapacitor for photovoltaic
energy storage: fuzzy logic management. IET Renewable Power Generation. 11(8):
1157-1165.

Che, L., and Shahidehpour, M. (2014). DC microgrids: Economic operation and enhancement of
resilience by hierarchical control. [EEE Trans. Smart Grid. 5 (5): 2517-2526.

Chen, H., Cong, T. N., Yang, W., Tan, C., Li, Y., and Ding, Y. (2009). Progress in electrical
energy storage system: A critical review. Progress in Natural Science. 19(3): 291-312.

Cordoba-Arenas, A., Onori, S., Guezennec, Y. (2015). Capacity and power fade cycle-life
model for plug-in hybrid electric vehicle lithium-ion battery cells containing blended
spinel and layered-oxide positive electrodes. J. Power Sources. 278: 473-483.

Dekka, A., Ghaffari, R., Venkatesh, B., and Wu, B. (2015). A survey on energy storage
technologies in power systems. 2015 IEEE Electrical Power and Energy Conference
(EPECQ).

Dubarry, M., Svoboda, V., Hwu, R. and Liaw, B.Y. (2007). Capacity and power fading
mechanism identification from a commercial cell evaluation. Journal of Power
Sources. 165: 566-572.

Farhadi, M., Osama, M. (2015). Energy storage systems for high power applications. IEEE
Industry Applications Society Annual Meeting.

Gao, D.W. (2015). Energy storage for sustainable microgrid. ELSEVIER book.



107

Gee, A. (2012). Design and Assessment of a Battery-Supercapacitor Hybrid Energy
Storage System for Remote Area Wind Power Systems. Ph.D. Dissertation,
University of Bath.

Gevorgian, V., Muljadi, E., Luo, Y., Mohanpurkar, M., Hovsapian, R., and Koritarov, V. (2017).
Supercapacitor to provide ancillary services. 2017 IEEE Energy Conversion Congress
and Exposition (ECCE).

Ghiassi-Farrokhfal, Y., Rosenberg, C., Keshav, S., and Adjaho, M.B. (2016).Joint Optimal
Design and Operation of Hybrid Energy Storage Systems. IEEE Journal on Selected
Areas in Communications. 34 (3): 639- 650.

Gu, Y., Xiang, X., Li, W., and He, X. (2014). Mode-Adaptive Decentralized Control for
Renewable DC Microgrid With Enhanced Reliability and Flexibility. IEEE Trans.
Power Electron. 29 (9): 5072-5080.

Hatziargyriou, EN. (2013). Microgrid. IEEE Wiley book.

Heeten, T.D., Narayan, N., Diehl, J.C., Verschelling, J., Silvester, S., Popovic-Gerber, J., et al.
(2017). Understanding the present and the future electricity needs: consequences for
design of future solar home systems for off-grid rural electrification. 2017 International
conference on the domestic use of energy (DUE). 8-15.

Hetzer, J., Yu, D.C., and Bhattarai, K. (2008). An economic dispatch model incorporating wind
power. IEEE Trans. Energy Convers. 23(2): 603-611.

HOMER Pro 3.11.(2018). Battery Bank Life. [On-line]. Available:
https://www.homerenergy.com/products/pro/docs/3.11/battery bank life.html

Jing, W., Lai, C.H., Wong, S.H. and Wong, M.L. (2016). Battery-supercapacitor hybrid energy
storage system in standalone DC microgrids: a review. IET Renewable Power
Generation. 11(4): 461-469.

Kaiser, C.J. (1995). The Capacitor Handbook. Olathe, KS, USA: CommissionJunction Pub.,
1995. 21-26.

Kaltschmitt, M., Streicher, W., and Wiese, A. (2007). Renewable energy technology, Economic
and environment. New york. Springer.

Kennedy, J., and Eberthart R. (1995). Particle Swarm Optimization. Proc. IEEE Int. Conf.

Neural Network. 4: 1942-1948.



108

Khasawneh, H.J. (2015). Sizing methodology and life improvement of energy storage system
in microgrid. Ph.D. Dissertation, The Ohio State University. 2015: 30.

Kim, Y., and Chang, N. (2016). Hybrid Electrical Energy Storage Systems Design. Design and
Management of Energy-Efficient Hybrid Electrical Energy Storage Systems. 3(1):
12-24.

Kuperman, A., and Aharon, 1. (2011). Battery-ultracapacitor hybrids for pulsed current loads: A
review. Renew. Sustain. Energy Rev. 15 (2): 981-992.

Layadi, T. M., Champenois, G., Mostefai, M., and Abbes, D. (2015). Lifetime estimation tool of
lead—acid batteries for hybrid power sources design. Simulation Modelling Practice
and Theory. 54: 36-48.

Li, F., Xie, K., and Yang, J. (2015). Optimization and Analysis of a Hybrid Energy Storage
System in a Small-Scale Standalone Microgrid for Remote Area Power Supply
(RAPS). Energies. 8(6): 4802-4826.

Li, J., Gee, A. M., Zhang, M., and Yuan, W. (2015). Analysis of battery lifetime extension in a
SMES-battery hybrid energy = storage system using a novel battery lifetime
model. Energy. 86: 175-185.

Liu, C., Wang, X., Wu, X., and Guo, J. (2017). Economic scheduling model of microgrid
considering the lifetime of batteries. IET Generation, Transmission and
Distribution. 11(3): 759-767.

Liu, H,, Ji, Y., Zhuang, H., and Wu, H. (2015). Multi-Objective Dynamic Economic Dispatch of
Microgrid Systems Including Vehicle-to-Grid. Energies. 8(5): 4476-4495.

Liu, Y., Du, W., Xiao, L., Wang, H., Bu, S., and Cao, J. (2015). Sizing a Hybrid Energy Storage
System for Maintaining Power Balance of an Isolated System with High Penetration of
Wind Generation. IEEE Transactions on Power Systems. 31(4): 3267-3275.

Ma, T., Yang, H., and Lu, L. (2015). Development of hybrid battery-supercapacitor energy
storage for remote area renewable energy systems. Applied Energy. 153: 56-62.
Manwell, J.F., McGowan, J.G., Abdulwahid, U., and Wu, K. (2005). Improvements to the

Hybrid2 Battery Model. American Wind Energy Association Windpower 2005

Conference.



109

MathWorks. (2018). Rainflow counts for fatigue analysis. [On-line]. Available:
https://www.mathworks.com/help/signal/ref/rainflow.html

Modern Manufacturing. (2017). Smart grid aeulandernaamawanlnihsanes e A4
wanunilugwan. [poulai]. Iden:
https://www.mmthailand.com/smart-grid-n13 waa il

Momoh, J. (2012). Smart grid: Fundamentals of design and analysis. Hoboken, NJ: Wiley.

Mustafa, M. (2017). Optimal sizing of grid connected microgrid in rural area of Pakisatan
with wind turbine and energy storage system using particle swarm optimization.
M.S. thesis, Southern Illinois University Carbondale.

Narayan, N., Popovic, J., Diehl, J.C., Silvester, S., Bauer, P., and Zeman, M. (2016). Developing
for developing nations: exploring an affordable solar home system design. 2016 IEEE
global humanitarian technology conference (GHTC). 474-80.

Pang, M., Shi, Y., Wang, W., and Yuan, X. (2016). A method for optimal sizing hybrid energy
storage system for smoothing Fluctuations of Wind Power. 2016 IEEE PES Asia-
Pacific Power and Energy Engineering Conference (APPEEC).

Pengwei, D., Ning, L. (2015). Energy storage for smart grid.

Sabihuddin, S., Kiprakis, A., and Mueller, M. (2014). A Numerical and Graphical Review of
Energy Storage Technologies. Energies. 8(1): 172-216.

Santosh, C., Reinaldo T.(2014). Day Ahead Schedule of Remote Microgrids with Renewable
Energy Sources Considering Battery Lifetime. 2014 11th TEEE/IAS International
Conference on Industry Applications. 10: 1109:

Schaltz, E., Khaligh, A., and Rasmussen, P. (2009). Influence of Battery/Ultracapacitor Energy-
Storage Sizing on Battery Lifetime in a Fuel Cell Hybrid Electric Vehicle. IEEE
Transactions on Vehicular Technology. 58(8): 3882-3891.

Schiffer, J., Sauer, D. U., Bindner, H., Cronin, T., Lundsager, P., and Kaiser, R. (2007). Model
prediction for ranking lead-acid batteries according to expected lifetime in renewable
energy systems and autonomous power-supply systems. Journal of Power
Sources. 168(1): 66-78.

Shi, Y., and Eberhart, R. (1998). Parameter Selection in ParticleSwarm Optimization.

Proceedings of the Seventh Annual Conf. on Evolutionary Programming. 591-601.



110

Shi, Y., Xu, B., Tan, Y., Kirschen, D., and Zhang, B. (2018). Optimal Battery Control Under
Cycle Aging Mechanisms in Pay for Performance Settings. IEEE Transactions on
Automatic Control.: 1-1.

Sreenivasan, G. (2011). Solution of Dynamic Economic Load Dispatch (DELD) Problem with
Valve Point Loading effects and Ramp rate limits Using PSO. International Journal of
Electrical and Computer Engineering (IJECE). 1(1).

Verdad, L.S. (2015). POWERTHRU Lead acid battery workink-lifetime study. [On-line].
Available: https://www.scribd.com/document/291108876/The-Truth-About-Batteries-
POWERTHRU-White-Paper

Victor, M.M., Miguel, A.G., Fermin, B.G. and Maria, M.M. (2017). A Grid Connected
Photovoltaic Inverter with Battery-Supercapacitor Hybrid Energy Storage. Sensors
2017. 17(1856).

Wang, H., Wang, T., Xie, X., Ling, Z., Gao, G., and Dong, X. (2018). Optimal Capacity
Configuration of a Hybrid Energy Storage System for an Isolated Microgrid Using
Quantum-Behaved Particle Swarm Optimization. Energies. 11(2): 454.

Wee, K.W., Choi, S.S., and Vilathgamuwa, D.M. (2013). Design of a Least-Cost Battery
Supercapacitor Energy Storage System for Realizing Dispatchable Wind Power. IEEE
Transactions on Sustainable Energy. 4(3): 786-796.

Xu, L., and Chen, D. (2011). Control and operation of a DC microgrid with variable generation
and energy storage. IEEE Trans. Power Deliv. 26 (4):2513-2522.

Zhang, L., and Zhang, J. (2016). Capacity Optimal Research-of Hybrid Energy Storage Systems
for Stand-alone Wind/PV Micro-grid. 2016 International Conference on Power
Engineering & Energy (PEEE).

Zhao, H., Wu, Q., Hu, S., Xu, H., and Rasmussen, C. N. (2015). Review of energy storage system

for wind power integration support. Applied Energy. 137: 545-553.



MANHIN N

a d' Yo =S A [ v ' =
uwmmmaammm"lmnmmwuwmmmﬂmzmnmﬁﬂnm



A a c; Yo a A [ ] v =
‘518]‘5?]‘1]7]?]’31N‘Vnﬁ'J‘lﬂﬂ"li?’lvlﬂi‘iJﬂ1‘§ﬂWNWENﬂ!lW‘ﬂH‘J$‘H’J1Qﬂ1iﬂﬂ‘bﬂ

Wongdet, P., Leeton, U., and Marungsri, B. (2018). Line Loss Reduction by Optimal Location of
Battery Energy Storage System for the Daily Operation in Microgrid with Distributed
Generations. International Journal on Energy Conversion (IRECON). Vol. 6(3): pp.
83-89.

=\

Aaa 4 4 [ v A a AL 9 4
WU WALAY ’%5351/‘1\3‘]5! UYINHAZYYLIDI NS ITIAT (2561). ﬂ'lﬁ'JLﬂi'lZWﬂ'lsl"]ﬁ]'lEJeU@\iLLU@m@%
a A Aa & o § A 9
Gluvl,llTﬂiﬂi@u'ﬂ‘]JLLEJﬂL@fJ'J‘VIG]@WN‘W@\‘l\T'IHTI@’ILWIHLﬁf]Winﬁil‘l'l't’]'lfqlﬂ'liclﬁlfﬁ'lu"]lﬂﬂ
uuames. MIUszyndnFInNmslsuundsnunammugyayunyalszima

a

e a¥afi11 (TRECI), P InToRl.
Wongdet, P., and Marungsri, B. (2018). Study of Hybrid Energy Storage System for High Rate
Power Mitigation in Microgrid. Proceedings of the 2018 2" International
Conference on Electrical Engineering and Automation (ICEEA2018). Vol. 139: pp.
36-38.
Wongdet, P., and Marungsri, B. (2018). Hybrid Energy Storage System in Standalone DC
Microgrid with Ramp Rate Limitation for Extending the Lifespan of Battery. The 6"

International Electrical Engineering Congress IEECON2018). 627-630.



113

Praite erHtj Prize

3
B
T
Na
St

B
r+1
Bi

Bmin
BT

wa
s e

International Journal on Energy Conversion (LR.E.CON.), Vol. 6, N. 3

ISSN 2281-5295

May 2018

Line Loss Reduction by Optimal Location of Battery
Energy Storage System for the Daily Operation
in Microgrid with Distributed Generations

P. Wongdet, U. Leeton, B. Marungsri

Abstract — Distributed generations (DGs) such as solar and wind generations are used as
generation source in the microgrid. Due to the fluctuation of renewable energy sources, the
battery energy storage system (BESS) is one of the essential components to control and improve
the quality of power microgrid. However, a placement for BESS installation with minimizing line
loss is one of the most concern problems. This paper aims to determine the optimal location of the
BESS by using the analytical method with the line loss sensitivity index. A multi-period optimal
power flow (OPF) and line loss analysis with BESS parameters were investigated considering the
daily operation of a microgrid in connected mode. The simulation performed on the microgrid that
wants to keep total power generation from DGs in BESS and low energy consumption from the
utility. Microgrid includes 3 DGs (biomass, solar and wind turbine generators) to assess the
robustness of BESS placement. The results confirmed the effectiveness of the presented method.
The optimal location of BESS can reduce line power loss and power consumption from the utility.
Copyright © 2018 Praise Worthy Prize S.r.l-- All rights reserved.
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Optimal Location
Nomenclature P J Active power generation at node j in hour ¢

Loss coefficients P 6 The active power of load at node j in hour ¢
Loss coefficients o 7 Active discharging power of the BESS at node

i p . j in hour ¢
Charging (ERIRY of IIRGENA P Active charging power of the BESS at node j
Discharging efficiency of the BESS o] in hour ¢
Voltage phase angles at nodes j in hour ¢ p]’ {\ctive power injection at node j in hour 7 node

]
Voltage phase angles at nodes k in hour ¢ Py The upper limit of active power discharging of
Line susceptance of branch j-k the BESS 4 . .
i The upper limit of active power charging of
The energy of the BESS at node j in hour ¢ & the BESS
. P Acti from the slack b
The energy of the BESS at node j in hour +1 N ) lvé RV r(')n'l t_? pactoms )
Q;. 0" Reactive power injection at nodes j and k
The lower limit of the energy of the BESS , . ) B
The upper limit of the energy of the BESS i Reactive generation power at node j in hour ¢
Line conductance of branch j-k 0. ; Reactive power of load at node j in hour ¢
The active power load at node 3 Q) Reactive discharging power of the BESS at
The active power load at node 5 N node j in hour ¢
The active power load at node 7 Q. Reactive charging power of the BESS at node
The active power load at node 9 o j in hour ¢
Total number of node Q} Reactive power injection at node j in hour t
DUV PO I0jeRn0n LT o The resistance of the line connected between
Active power injection at nodes k J nodes j and k
Active power loss in the system T The set of time periods of the time horizon
J

The active power of the BESS
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]

The lower limit of voltage magnitude of node j

https://doi.org/10.15866/irecon.v6i3.15095




114

P. Wongdet, U. Leeton, B. Marungsri

V,-max The upper limit of voltage magnitude of node j

VeV x Voltage magnitudes at nodes j and k in hour ¢

I.  Introduction

A microgrid is one of the main components of grid’s
system. Microgrid comprises LV or MV distribution
networks of small load clusters with distributed energy
resources (DER) such as microturbines (MT),
photovoltaic (PV), fuel cells (FC) and wind turbine (WT)
[1]. A microgrid can operate in connected mode or
islanded mode when the main power grids during
emergencies [2], [3]. The advantages of microgrid are the
generations near the load that can reduce loss in
distribution line [4]. In connected mode as shown in Fig.
1, the utility can support the microgrid when the loads
are higher than total power generations in the microgrid.
In other hand, the microgrid can inject power to the main
grid for support or selling.

LINE
Grid

A

{

Fig. 1. Connected microgrid

I

Therefore, the operation of the microgrid is the
bidirectional power flow. This way increases the line loss
due to the length of distribution line between main grid
and microgrid. Also, the microgrid with the intermittent
power generation from renewable energy sources can
lead the main grid to instability. The power balance
between loads and power generations in microgrid is
used to solve these problems for low exchanged power
with main grid.However, it is difficult to control power
from renewable <energy _sources because it is the
unmanageable source:‘Hence, the power‘must convert to
the manageable source.

BESS is the manageable source that can support the
optimization of grid operation and give many benefits
[5]. It can charge when the power generations are more
than load demands and discharged when load demands
are more than power generations (bidirectional power
flow source). Using BESS can improve the quality of
power grids and mitigate the fluctuation of distributed
generations. Researches on the BESS application in
microgrid have been presented for many years. As in [6],
the author proposed voltage regulation in distribution
networks with high PV penetration. BESS is used in
order to solve the voltage rise during peak PV and
voltage drop during peak load by a combination of local
droop and distributed control, [7] proposed frequency

Copyright © 2018 Praise Worthy Prize S.r.I. - All rights reserved

control of islanded microgrid by using BESS with droop
control, [8] suggested the economic operation using
BESS in real-time markets.

The problem is maximizing the total profit in a day,
and [9] presented loss reduction method of the
distribution system by install BESS, but these works do
not consider the optimal location of BESS. However, the
microgrid has many locations for the BESS placement.

Therefore, many researches are proposed to find
optimal BESS placement for different optimal system
performances. As in [10], the authors proposed a method
for voltage regulation in non-radial distribution with high
PV penetration to determine the placement of energy
storage.

The result shows that the best place is near the end of
a feeder, [11] proposed a novel method using radial basis
function neural networks (RBFNN) to determine the
optimal location of BESS based on minimizing power
losses. The results are compared with measured data
from simulation and show the optimal location that can
save amount of power losses. A drawback of this method
is need a lot of information for RBFNN training. This
paper focuses on loss reduction by the optimal location
of BESS because the loss reduction is the essential factor
for improving system performance. The BESS should be
placed at a location that provides highest loss reduction.
However, the methods in above literature reviews are
rather complex computation that not suitable to design
the small system.

This paper presented a simple analytical method to
determine the optimal location of BESS in microgrid for
loss reduction that analyzes with daily operation. An
optimal location of BESS is determined using the loss
sensitivity index by considering exact loss formula and
BESS parameter.

This method simplifies the complex computation to
design a small system. A multi-period OPF model with
BESS parameters was simulated by using the Newton-
Raphson method with daily operation of the microgrid.
The simulation was carried out on the adapted 12 node
microgrid in MATLAB-R2014 software. The results are
analyzed and showed the effectiveness of the proposed
method.

This paper is organized as follows: Section II explains
the baitery energy: storage system. In Section III, the
proposed method is presented. Section IV illustrates a
sample microgrid system to apply the method and the
simulation results. In Section V, the conclusion is finally
given.

II. Battery Energy Storages

The energy storage system is the system that can
convert electrical energy and stored energy in some
forms, and the stored energy can turn back to the
electrical energy again when need to use it.

There are various types of energy storages, e.g.,
pumped storage hydropower plant, superconducting
magnetic energy storage, flywheel energy storage,

International Journal on Energy Conversion, Vol. 6, N. 3
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battery energy storage.

Currently, the battery system technology has been
developed for use in a smart grid system and an electric
car [22]-[29]. The batteries may be the best energy
storages due to they can perform many functions in
power systems, e.g., profit strategy from electricity prices
in different time, demand shift, support the renewable
energy integration and voltage support. The batteries
have a various type such as a lead acid battery, nickel-
electrode battery, lithium-ion battery, sodium-sulfur
battery, metal air, flow battery (zinc-bromine, vanadium-
redox) [12].

The suitable type of batteries to stored energy must
consider the essential factors of works to be applied such
as the power to energy ratio, charging and discharging
efficiency, capacity limits, calendar life, life cycles,
capital cost, maintenance cost and security [13]. For
example, the sodium-sulfur battery is optimal for grid
supports, and flow batteries have a long time life cycle.
In this paper, use overall features of the batteries, not
consider only one type of batteries.

III. Methodology

In this section, the analytical method to determine the
most suitable location for BESS, battery model and
multi-period optimal power flow are explained.

III.1. Identification of the Optimal Location
of the BESS

In this paper, loss sensitivity index with respect to
BESS parameters has been used to find optimal location
of BESS. For calculating the loss sensitivity index
concerning BESS parameters, an exact power loss
formula has been used. The total exact power loss is
givenin (1) [14]:

Nb Nb

Pugws = D) 0 (PP + 0,000+ BB~ PG
j=1 k=1
where:
_ ik . 418
Ay -—-cos(bj—ok)
ik
ik .
Bi =Wsm(5j -8;)
and:

j k=123 _N,

The total power loss is considered as the parameter for
the performance of microgrid, and the active power
operation is the power from BESS. At node j, the active
loss sensitivity index respect to active power from the
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BESS parameters can be expressed as (2) [15]:

6PLns: &
—ls =00, P +2) (Ray - QBy) (@
0 B k=1

k#j

111.2.  Multi-Period OPF Formulations with BESS

A multi-period OPF [16] with BESS integration in this
work using Newton-Raphson power flow solution [17],
can be formulated as follows:

1) Objective function: to minimize the line active power
loss in microgrid as given in (1). The objective
function can be expressed in (3):

T
F=min) (P, 3)

=1

In this work, 7=24 hours.
2) Battery model: Battery energy balance equations are
given in (4)-(5) [18], At is the time in each period.

)
—

Charging mode:

BTI = B; + P('Ih.j XTch xAt (4)
Discharging mode:
B =B -P, ;In,xAt (5)

The output power limits of the battery are given in

(6)-(7):
Pai <P ©)
Ppj SR ™
The capacity limit equation of BESS is given in (8).
B""< B, <B™ ®)

3) Operation constraints: The following constraints are
satisfied within every single period 7.
Power flow balance equations: For node j in each
period ¢ are given in (9)-(10):
Pl =F;~F +P;~P);=

Nb
=Y VIVi[Gj cos(d} —5;) + By sin(5} —5})]

k=1
Q; =0, _Q;..j +Q,’1.j _Q;Iz.j =

Nb ) : (10)
=Y VIV/[Gj sin(0} - ;) ~ B, cos(d} —5,)]

k=1
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Bus voltage limits for node j is given in (11):
o (n

Note that the total active power generations are
obtained from solar, wind and biomass generation
profiles. The procedures of operation are shown in Fig. 2.

The first step, the base case power flow (without
BESS parameter control) is solved and obtained bus
voltages and power flows. After that, the loss sensitivity
in each node is calculated of all hour . The BESS should
be placed on the bus that is having most negative
sensitivity index, and not should be placed at slack or
regulator buses even if the sensitivity is high [19], [20].

Start

PV, WT, Bioand 7
/,/ Load profiles S

| Run mulf period power flow without BESS, |

=l

[ Loss sensitivity calculation for node j

N

Choose the node where has the most negafive value
of loss sensitivity for BESS insullafion

v
I Run mult.peiod power flow with BESS |
¥
Compare kine power loss and power consumption
reduction with withont BESS and with nion-
opimal location

Fig. 2. Flowchart for Identification of the optimal
location of the BESS

IV. Simulation Results and Discussions

Fig. 3 shows a single-line diagram of a microgrid
simulation model of 12/ nodeés (cennected mode) that
includes biomass, solar and wind generators-are install at
node 6, 10 and 12 respectively.

1 S —

2 34 7 8 Ll

1000MVA I - I I
Wh=22 69/13.8kV.1 F
1 13

5 9 2
10

Bio PV Yoo

Fig. 3. Sample microgrid system with DGs
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The daily produced power from the DGs is shown in
Fig. 4. The microgrid is connected to a 13.8 kV feeder.
The system parameters are similar in [21]. The detail
information of microgrid is shown in Table I and Table
11, by using V(base) = 13.8 kV and S(base) = 10 MVA.

TABLEI
LINE DATA FOR 12 NODES SYSTEM
bus Impedance
No; from to R (p.u.) X (p.u.) Top
1 1 2 0.00667 0.0533 1
2 2 3 0.03 0.0007 -
3 3 4 0.03 0.0007 -
4 4 5 0.0146 0.01091 -
5 4 7 0.03564 0.02661 -
6 5 6 0.005 0.03 1
7 74 8 0.03564 0.02661 -
8 8 9 0.0146 0.01091 -
9 8 11 0.03564 0.02661 -
10 9 10 0.005 0.03 1
11 11 2 0.005 0.03 1
TABLEII
BUS DATA FOR 12 NODES SYSTEM
Bus V (per unit) degree Bus type
1 1.05 0 Slack
2 1 0 Load
3 1 0 Load
4 1 0 Load
5 1 0 Load
6 1 0 PV
7 1 0 Load
8 1 0 Load
9 1 0 Load
10 1 0 PV
11 1 0 Load
12 1 0 PV
4
3 T—I_'
s v, i[
(3 :
5
2 —o— Bio
1 —+— PV
—e— WT
[}Y P X . | PP
0 5 10 15 20 25

daily operation (hour)
Fig. 4. Power generations during the day

The hourly load demands of the case study for the
daily operation are shown in Fig. 5. The details of the
BESS are given in Table III.

TABLEII
BESS INFORMATIONS

M4 1, pwn  pox  pun ™ B
90% 90% 0 _3MW___ 0 2MWh 0

Simulations are done in two-step. Firstly, run power
flow analysis (without BESS). Hence, the power flows,
bus voltage, and voltage phase angle are obtained. The
simulation of base case power flow is shown in Fig. 6,
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the negative power of the slack bus denoted as power
from microgrid injected to slack bus when total power
generated from DGs are more than total load demands,
the positive power denoted as power from slack bus
injected to the microgrid when total power generations
are less than total power load demands. In the base case,
the total active energy loss is 13.34 MWh.

i —e— L1@bus3
—=— L2@bus5 00
—o0— L3@bus7 00
—o— L4@bus9 _i
o8 -0
B!

?wgc

[hedogroos,poog o2 I
L :
0 5

10 15 20 25
daily operation (hour)

©w

power (MW)
n

1
0

Fig. 5. Hourly load demands during the day

—e— Pg
—+— PL
—e— Pslack
—=&— Ploss

power (MW)

0 5 10 15 20 25
daily operation (hour)

Fig. 6. Power flow without the BESS

The secondis the loss sensitivity index calculation
using (2) at all of the nodes. The loss sensitivity index of
each node is shown in Fig. 7.

As illustrated in Fig 7, node 7.has highest negative
sensitivity index of -7.18, and-it is the best location to
place the BESS. After that, run the power flow with
BESS parameters using Newton-Raphson method for
investigating the operation of microgrid when installing
the BESS at each node.

The power flow of daily operation in microgrid after
placed the BESS at node 7 is shown in Fig. 8. The BESS
charged when the power generation are more than loads
(positive power) and discharged when loads are more
than power generations (negative power).

Maximum stored energy of BESS is 11.46 MWh. The
slack bus injects 0.614 MW of power to the microgrid
when stored power in BESS do not enough to supply the
microgrid at about ¢ = 23 hours. The total power loss in
this case is 12.5 MWh.
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=t —J

Sensitivity index

123 456 7 8 9101112
Bus numbers

Fig. 7. Loss sensitivity index versus bus numbers

10

—e—Pg
—+—PL
—e— Pslack
—&— Pbess

power (MW)

daily operation (hour)

Fig. 8. OPF with BESS parameters at node 7

In Fig. 9, a comparison of the total power loss with
each location of BESS in the microgrid is shown. In Fig.
10, a comparison of the power supply from the slack bus
when stored power in BESS do not enough to supply
with each locations of BESS in the microgrid is shown.

The power loss with BESS integration of a non-
optimal placement at node 2-is. 13.35 MWh. It is more
than the base case and increases to 6.77% from power
loss of optimal location‘(node 7). The lowest value of
power supply from-slack bus is 0.61 MWh when the
location of BESS is node 7.

14,

py
w
(9]

Energy loss(MWh)
] -
[¢,] w

2 4 6 8 10 12
place of BESS (bus)

Fig. 9. Total power loss with BESS integration
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1.5

0.5

Energy supply (MWh)

n

4 6 8 10 12
place of BESS (bus)

Fig. 10. Total power supply by slack bus

V. Conclusion

The location of BESS is a significant problem in the
planning and development of a microgrid. This work
presented a simple analytical method using the loss
sensitivity index to determine the optimal placement of
the BESS in the microgrid. The results showed that the
power loss had been reduced with the optimal location of
BESS to 6.30% from without BESS case and 6.33% from
the worst location. Also, the optimal location of BESS
can significantly reduce the power consumption from the
utility.
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Hybrid Energy Storage System in Standalone DC
Microgrid with Ramp Rate Limitation for Extending
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Pinit Wongdet and Boonruang Marungsri
School of Electrical Engineering, Suranaree University of technology,
Nakhonratchasrima, Thailand
Email :pinitwongd@gmail.com and bmshvee@sut.ac.th

Abstract—The one problem in a standalone microgrid with
photovoltaic (PV) and wind energy systems is the fluctuation of
power output. The battery energy storage system (BESS) is
used to improve reliable operation of microgrid by managing
the power output. However, the intermittent power
charge/discharge of BESS is the one factor that harmful effect
to its lifespan. In recent years, the hybrid emergy storage
system (HESS) with BESS and supercapacitor (SC) has been
proposed for increase performance of the system and extend
BESS’s lifespan. The SC has high power density and longtime
life cycle but low energy density. Presently, the SC is
developing and may fully use in microgrid in the future, This
paper studied the HESS topology of BESS and SC by
considering the ramp rate power limitation to control the
operation of HESS. The results showed the significantly
improved for extending the lifespan of BESS by smooth of
power exchanged and increased efficiency in the microgrid.
The simulation is carried out in MATLAB-Simulink program.

Keywords—hybrid energy storage system, ramp rate power
limitation, battery lifespan, standalone microgrid, supercapacitor

I INTRODUCTION

Microgrids ‘are one of the components of grid’s system.
Microgrid comprisesLV or MV distribution networks of
small load clusters with distributed energy resources (DER)
such as microturbines (MT), PV; fuel cells (FC) and WT [1].
A microgrid can operate in grid-connected or islanded mode
when the main power grids during emergencies. [n a
standalone microgrid, the total power generation is from the
DER. The problem of a microgrid is the intermittent nature
of the renewable source. Therefore, microgrid used the
energy storage system to balance the power generation and
load.

BESS become the popular energy storage to support grid
operation and give many benefits. Using BESS can improve
the quality of power grids such as [2], [3], [4]. However, the
quality of power exchanged at the BESS and grid affects to
the BESS operation. The BESS has an inadequate response
to rapid change in power.

The SC is developing in the present. The advantages of
SC are a fast response to high power changed, long time of

life cycle, more temperature range operation and friendly
with the environment. However, the energy density is low.

The HESS with BESS and SC has been proposed. HESS
aims to use advantages of BESS and SC to bring the stability
and reliability of microgrid. Using BESS to charge/discharge
for main power exchanged and using SC in rapid power
changed to ensure all devices operate in safe conditions. The
HESS requires advance strategy to control for maximum
efficiency. Thus, the HESS topology and control has been
proposed in many paper [5], [6], [7].

For HESS, this paper presents the ramp rate limitation
control. The ramp rate power exchanged at BESS terminal is
limited to considering the lifespan of BESS.

The HESS topology presented in Section II. In Section
11, illustrates the structure of standalone DC microgrid
system and management strategy. The simulation and results
presented in Section IV and conclusion is given in Section V

1. HESS TOPOLOGY

The HESS topology is the strategy to connect the BESS
and SC with microgrid. For better efficiency and protection,
should connect with DC microgrid. As in Fig. 1 (a), HESS
passive topology is the elementary topology by directly
combining BESS and SC with DC link. The fluctuation of
voltage in the grid affects to the BESS by the depth of
discharge/charge. The SC can not fully operate with its high
power because-of the same voltage on the terminal. In BESS
semi-active as in Fig. 1 (c), the battery connects to a
bidirectional converter for control the current exchanged and
the voltage at its terminal. However, the grid is low power
quality by the fluctuation of charge/discharge in SC. In SC
semi-active as in Fig. 1 (d), the SC can mitigate the swing of
power in the grid by its high power exchange. But in this
topology, affects the health of BESS by the intermittent
current. For the active topology as in Fig. 1 (b), The BESS
and SC are connecting with the isolated bidirectional
converter. This topology gives the smooth power to the grid.
The lifespan of BESS is extended by low current exchanged,
and SC can fully operate at high fluctuation as summarized
in [8], [9]. The active topology needs the excellent strategy
control for giving the more effective in the system. However,
the active topology uses many converters that increase the
cost investment, but in this paper is neglected.
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Fig. 1 HESS topologies (a) passive (b) active (c) BESS semi-active (d) SC
semi-active

1. STANDALONE DC MICROGRID STRUCTURE!
AND MANAGEMENT

A. Standalone DC microgrid
The DC standalone microgrid consists the PV and wind
turbine as shown in Fig. 2. The total power generation

expressed in (1).
Py =Byp+ By

(1)

where Pwr is the wind power generation, and Ppy is the PV
power generation:

Figure 3 shows the daily power generation and a load of the
microgrid. The P; is the ‘power load or.power grid
requirement level. The power load requiresa constant value
for frequency or voltage regulation, and this is the important
indicator in standalone microgrid [10]. In this study, assume
the P; is 10 kW, and the interval changing power is 15
minutes. Connecting the BESS and SC with the
bidirectional converter was used as active topology in this

paper.

Fig. 2 Schematic diagram of the DC microgrid topology with active HESS
management

12}
ERRI
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P |
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Fig. 3 Daily load and power grid requires microgrid

B. Bidirectional buck-boost converter (BBBC)

The ESS requires the bidirectional DC-DC converter, as
shown in Fig. 4, for charging and discharging operations.
The power exchanges between microgrid and ESS by this
converter. Due to the voltage at ESS side lower than
microgrid, this converter can consider as buck and boost
converter. In discharging’(boost mode), the S2 is off and
current flow from ESS to ‘grid by controlling S1. On the
other hand, in charging mode (buck mode), the S1 is off and
current flow from the grid'to ESS [10]. The microgrid needs
some_strategy- to..control the converter. In this work,
limitation.of the ramp rate power to control the system was
studied.

Fig. 4 Bidirectional buck-boost converter
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Fig. 5 Diagram of ramp rate limitation

C. Ramp rate limitation

The ramp rate limitation is the simple strategy to limit
ramp rate of the signal. The rate of the signal is the slope of
the signal expressed in (2).

Y+1)-y()
"=
At ?)

where y(t+1) and y(t) are the current and previous points,
respectively.The upper rise (R) and down (D) rated limit
fixed in the ramp limiter. If the rate of signal does not
exceed the limits, then the signal can pass through' the
limiter. However, when the rate of the signal exceeds the
limited constraints (R or D), the new signal point can
determine by (3) and (4), respectively.

y(t+1)=RAt+ y(1) 5
y(t+1)= DAt +y(t) @

The application of ramp rate limitation in HESS
management system as shown in Fig. 5. The input signal is
the total required power of the ESS. The rapid change of
power exchanged on the battery is limited by limiter for
smooth power.

IV.  SIMULATION AND RESULTS

A. Case 1: BESS

In this case, BESS only uses for charge/discharge power
with the microgrid, The rated terminal voltage of BESS at
low voltage side of the converter is 30 V. The required
power of energy storage Pess operates.by using BESS for
giving the smooth power with the microgrid:

Battery current (A)
o

0 5 10 15 20 25
time (hrs)
Fig. 6 Daily battery current

04

0.2}

Pess (p.u.)

021

04 . - . . <
0 5 10 15 20 2%
time (hrs)
Fig. 7 Daily total power required of ESS

The simulation result for BESS with power generation
and load profile from Fig. 2 is shown in Fig. 7. The power
exchanged on BESS is high swing as same as the current of
BESS in Fig. 6. The maximum current discharge is 78 A. In
this case, rapid changing current and short lifespan of BESS
leads the microgrid to unreliability [11].

B. Case 2: HESS
In this case, the power signals of ESS from measurement
device pass through the limiter to limit the *? signal. After

that, the limiter sent a signal to control the bidirectional
buck-boost converter of BESS. The remaining power sent
the signal to control the bidirectional buck-boost converter
of SC. In this work, the ramp rate powers set at 27 and -27
kW/s for upper R and D, respectively. The daily power
exchanged of the BESS and SC are shown in Fig. 8 and two
hours operation for clearly observe is shown in Fig. 9.
Comparison with the case of BESS only, the SC has a quick
response to the rapid power required. The BESS has low
rate changed power. The daily profile current of HESS
system as shown in Fig. 10, the maximum current of BESS
and SC are 38 A and 140 A, respectively.
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Fig.8 Daily HESS power
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Fig. 10 Daily HESS current

V. CONCLUSION

The battery-supercapacitor HESS is used to mitigate the
intermittent of renewable generation in the microgrid. The
HESS topology and its advantages are mentioned in this
paper. From the property of ESS types, SC has a fast
response with high power more than BESS but low energy
density, this motivates to use HESS. The ramp rate
limitation is the simple strategy to control HESS operation
by limiting the rapid change of the power exchanged on
BESS. The results showed the capability of SC that can
charge/discharge at rapid change of current and high power,
and the main power was.support by BESS to ensure the
reliability of microgrid._for/ fong. time operation. This
strategy can also extend the lifespan of BESS.
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Ppv=[1; %mad e usaduasoriag
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nbd=0.9;
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DODsc_max= 0.9; %DOD of SC

DODsc_min=0.1;

%iszantammataesszquenanes
%lszAnsmmmssalszqued AUl
%lszAnsmmmssalszqued Uiy
%f1 DOD g4gATeLLAINGS

%f1 DOD A1qAveLAIAGT

%1 DOD gegauasaniulizy
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%f1 DOD fgAveIaIn1lszy

o o o o g o
%mimmm"h\l%’\lﬂumﬁwmummazummﬂuwawm

EB1=0;
ESCI1=0;
for i=1:1:t1
if PB_ref(i)<0
PB(i)=PB_ref(i)*nbc;
EB11(i)=EB1-PB_ref(i)*nbc*(ts/3600);
else
PB(i)=PB_ref(i)/nbd,;
EB11(i)=EB1-PB_ref(i)/nbd*(ts/3600);
end
EB1=EB11(i);
if PSC_ref(i)<0
PSC(i)=PSC_ref(i)*nscc;

ESC11(i)=ESC1-PSC_ref(i)*nscc*(ts/3600);

else
PSC(i)=PSC _ref(i)/nsed;
ESC11(i)=ESC1-PSC_ref(i)/nscd*(ts/3600);
end
ESCI=ESCI11(i);
end
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PB_rated=max(abs(PB));
PSC_rated=max(abs(PSC));
EB_based=max(EB11)-(min(EB11));
ESC_based=max(ESC11)-(min(ESC11));

EB rated=EB_based/(DODb_max-DODb_min);
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ESC rated=ESC_based/(DODsc_max-DODsc_min);

SOCb0=(DODb_max*max(EB11)-DODb_min...
*min(EB11))/(max(EB11)-min(EB11));

v a
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%amuzmsiszyisuAuveUANes

qB=x(1);

%n50IN 2

%mmMylsuguunauuamesAoaIlsi 1

%18335 PSO

%qB= 1.5228;
%

! o A A d'
%mmsﬂiugmmmmmmmmmm‘n

EB_orated=qB*EB_rated;
EB2= SOCbO*EB_orated ;
SOCb(1)=EB2/EB_orated,
fori=1:1:tl

if PB_ref(i)<0

EB21(i)=EB2-PB_ref(i)*nbc*(ts/3600);

else
EB21(i)=EB2-PB_ref(i)/nbd*(ts/3600);
end
SOCb(i+1)=EB21(i)/EB_orated;
EB2=EB21(i);
end
% figure()

% plot(1:1:t1+1,[100*SOCDb));

% xlabel('time step (2min)')

% ylabel('SOC(%)")
DODb=100*(1-SOCb);

% figure();

% plot(1:1:t1+1,DODb);

% xlabel('time step')

% ylabel('(DODb)

%ITMIUVLVURUAN
[C,hist,edges,rmm.,idx] = rainflow(DODDb);

T = array2table(C,'VariableNames',...
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{'Count','Range','Mean','Start','End'});

% figure()

% histogram('BinEdges',edges', BinCounts',sum(hist,2))

% xlabel('DOD%")
% ylabel('"Number cycle count')
% dod_ref=10:10:100;

% ctf_ref=[7000,3800,2500,2000,1600,1200,...

800,700,600,500];
% dod_test=0:1:100;

% CTF=1.316*10"4*exp(-0.135*dod)+4528*...

exp(-0.02312*dod);
% figure()

% plot(dod_ref,ctf ref,*',dod_test,CTF,--");

% xlabel('DOD%')

% ylabel('CTF")

for i=1:length(C)
kk(i)=C(i,2);
Net(i)=1.316*10"4*exp(-0.135*kk(i))+...
4528*exp(-0.02312*kk(i));
Db(i)=C(i,1)./Nct(i);

end

DB=365*sum(Db);

Lb=1/DB;

%m14meueaszUURNR NS 1Y

PB_rated=PB_rated/1000;

EB_orated=EB_orated/1000;

PSC_rated=PSC_rated/1000;

ESC_rated=ESC_rated/1000;

Lp=20;

LSC=5;

NRb=ceil(Lp/Lb-1);

NRsc=ceil(Lp/LSC-1);

d=0.05;
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kbp=300%*32 ;

kbe= 150%*32;

kscp=200%32;

ksce=2000*32;

kbm= 10%32;

ksem= 5%32;
Cbi=kbp*PB_rated+kbe*EB_orated;
Csci=kscp*PSC _rated+ksce*ESC _rated;

Cbr0=0;

for n=1:NRb

Cbr=Cbr0+Cbi/(1+d)n*Lb);

Cbr0=Cbr;

end
Cscr=Csci/(1+d)"5+Csci/(1+d)*10+Csci/(1+d)*15;
USW=((1+d)"Lp-1)/(Lp*(1+d)"Lp);
Cbm=kbm*EB_orated*USW;
Csem=kscm*ESC_rated*USW;
Ct=Cbi+Csci+Cbr+Cscr+Cbm+Cscm;

of=Ct;

f=of;
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tic

cle

clear

close all
rng default
LB=[1];

UB=[3];
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%LB=[10"-10];
%UB=[0.00416];
%LB=[1, 10"-10];
%UB=[5, 0.00416];
%MD UD4 PSO
m=1;

%m=2;

n=20;

wmax=0.9;
wmin=0.4;

cl=2;

c2=2;

maxite=200;

% I11)sunsurianved PSO

%AV UINAANYDIAILT £ IMTUNTAN 2
%AVDUIVALUYDIAWS £ dIMTUNIAN 2
%AVDUIVAAINVDA q, 1Az £, NHTVNTAUN 3

%AVOUIYAVUYDA q,, Uag f, mTunTain 3

%MUUATIUIUAWYTININY | d1M5UNTAN 1, 2
%MAUATIUIUAWY TN 2 1T UNTAN 3
%MHUATIUIUDYAIAVYDY PSO

' ' H o 3
%AINITDINUINUNUDIAIMNLIIGIN

¥ a

o
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%AINTDNUIHUNVDIAINLIIAGA

%mM3naiminmsFouiad 1
%mmsnaaininmsBouiai 2

%iaumiﬁmamqqqmm PSO

maxrun=3;

for run=1:maxrun

run
%MIMIEMMIAZANUE AT UA YR I A
for i=1:n

for j=1:m

x0(i,))=(LB(j)+rand)*(UB()-LB())));

end

end

x=x0;

v=0.1*x0;

for i=1:n

0(i,1)=0bjThesis(x0(i,:));

end

[fmin0,index0]=min(f0);

pbest=x0;

gbest=x0(index0,:);
%mImELMLIIAzANMT I UAIYE DY

%NTTUIUNTAIUIUUB PSO

LTUAU
%i‘hmuiauﬁﬁ’mmiﬂizmawa
%iammmiﬂizmawa
%mesau&ummﬁﬂﬁzmawa
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LINUAU

' A gy
%guilsznnaizuanvodsoynn
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< A g
%mmﬁammwmmimu
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A A
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ite=1;
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tolerance=1;

while ite<=maxite && tolerance>10"-12
w=wmax-(wmax-wmin)*ite/maxite;

fori=1:n

for j=1:m

v(i,j)=w*v(i,j)+cl*rand()*(pbest(i,j)-x(i,j))...

+c2*rand()*(gbest(1,j)-x(1,)));

end

end

for i=1:n

for j=1:m

X(1j)=x (i)

end

end

fori=1:n

for j=1:m

if x(i,j)<LB(j)

x(1,j)=LB(j);

elseif x(i,j)>UB(j)

x(1,j)=UB());

end

end

end

fori=1:n

f(i,1)=0bjThesis(x(i,:));

end

for i=1:n

if f(4,1)<f0(i,1)
pbest(i,:)=x(1,:);

fo(i, 1)=f(i,1);

end

end

[fmin,index]=min(f0);

ffmin(ite,run)=fmin;
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ffite(run)=ite;

if fmin<fmin0

gbest=pbest(index,:);

fmin0=fmin;

end
%ﬂ?ﬁllﬁﬂ\iWaﬂ?ﬁﬁ?u?miull@ia%i'ﬂﬂﬂ']iﬂo']u?m
if ite==

disp(sprintf('Iteration Best particle Objective fun'));
end

disp(sprintf('%8g %8g %8.4fite,index,fmin0));
ite=ite+1;

end
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v 9 o o 9 Y 1o o
veuaaivedminlguaaanalumiamaa

%UAAIAITOUNTAILIY AUHUBLAIN NN

%30UMIMUIUDA 11)

gbest;
fvalue=ObjThesis(gbest);
fff(run)=fvalue;
rgbest(run,:)=gbest;

end

% T1sunsuranved PSO
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disp(sprintf("\n"));

disp(sprintf('Final Results ");

[bestfun,bestrun]=min(fff)
best_variables=rgbest(bestrun,:)

toc

% uaaanimsgiimimineuves PSO
plot(ffmin(1:ffite(bestrun),bestrun),'-k');
xlabel('SUMITATUIN);
ylabel(Wanduingiszaad);

title('MsgEiMIAIna Ve PSO);

{ 9

: ‘o o {
seraanlanduinglssasdniooiigaay
%UaAITRUMTYITUIANANANGA
wuansmeymanangainldnn

dad
%3iouMsszuianananga

4
%auajﬂmnmam“lumiﬂszmawa

< 1 °
%naeanIMMIgEIMIAIAB YR PSO
%N UATOVDAUAULUIUDU

) Ea
%N UATOUDIUAULUIAG

%iiuafons mimsgmdineuves PSO




A Y A
sz InEIvey

aa a § o { (% o o <
HIYNUR fN?ﬂﬂ‘]f Lﬂmﬁmuﬁ 25 WOENAN W.A. 2538 ﬂﬂﬁ?ﬂuﬂii?ﬂf%NW qUI

= 1Y =Y = a a 9 o v Aa a 4 a LY
msAnuszaulSynas drvinasnssy i duindnimnssumaas uniinerdo

A

maluTadgsuts Woll w.e. 2560 Tnsvazdnuldsai InssnuiEeanmsaruqguilonaliaie
1 S A [ dy Y Y K 1 [ a o v A 14 a
aou luthdernuilldidr@nyiseszaudyyrln dnindainssumans d1v139)
Arnssu i viInerdemaTuladgsuis Tasvazdnu ldsunuiadtudadnyinin
a v = ~ a oA I 1 a a ua 1
ymIneraomna luladgsuisuaz lddguaawiludereaonluirlfiianisais o ves
a1y iaanssu T anuaulidneludiunmssanisndinuvedlulasnsanly
[ = @ < [ ~ A Aa o
WEINURYUABUIAZTZVUANINUNALY Taslna i uAnuiiazena13n13lszguni

3615"|mﬁﬁ’mam"l§’“lumﬂwmn



