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ABSTRACT

This project studies about analysis, comparison technology of three
alternative energy power plants (Wind power plant, Small hydro power plant and
Biomass power plant) and also design program for wind's velocity analysis. The first
stage of studying pursues the basis theory of three alternative energy power plants,
then analysis and comparison by both of technical and economical. In technical part, it
has three sections such as prime mover section, generator section and control section.

For wind power piant, it has also design program for wind’s velocity analysis.
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panUUUNINaMAaT IR uRa N TIsuvaoTzavatedaiiiae  laomnlivd o,
WauSuifsununavuasuuufndaile nunavuasuuuTadasladauasrzluniy
Mrunnnuasimandanninfienudeuriane neeuszuu WRezda
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2.2.2 MIsHANT@INIRUANAIUNINILANAIAI (Power control)

n. NIMILANULLENas (Stall control (Passive control)) TﬂUﬂﬂiﬂﬁuqu
LLuui‘ﬁuﬁmaaﬁaﬁuam:ﬁﬂagﬁuﬁmwm Tisansnnyuniodivasmaesluialaudd
mﬂﬂﬁuuuﬂmﬁwﬁamm‘ﬁﬂﬁaun'hmsmuq:uu,uuﬁ'n'ﬁ AansoiuAdussintnnend
mml.%'muﬁ'ﬂf]Lm:'lu'aﬁuagumsﬁ'uﬁnmﬁmw:Jﬁ'muﬁ"l

2. MIAIWAUUULANT (Pitch control (Active controf)) 191IAILANULIL
fr'luﬁ‘ﬂmmmwuﬁaﬂﬁ'uaam‘lﬂ’ 'u"aﬁﬁﬁammsnmuquﬁwﬁomm‘ﬁﬂ'lﬁﬁﬁuﬁﬁaﬁ
ﬂs:ﬁn'ﬁquou.a:aﬁum&umsﬁ'uﬁanqﬂnmoﬁu JTasaufifedanadudanlunisaiie
wasfiannuudsysauaasihdmnialuszaug

f. n')smugmuuuuaﬂﬁﬂﬂnaa (Active stall control) Tﬂumsmuquuuuﬁ
Lﬂumﬁw'ﬁaﬁmaam‘smuqunza 2 wuiflasdudnlithenu wufdadafinnuise
é JazldmInuquuuufing Lﬁa'lm“lﬁﬂszﬁn‘ﬁmwgaqﬂ ua:tfiamwtfnauga qezipu
lFnmuguuuUEnasuny 'ﬁaﬁwlﬁmsmuqmmuuaﬂﬁﬂamaaffu’lﬁ'ﬁwé’owﬁmﬁ
mjmsmaLl.a:ﬁﬂszﬁn'ﬁmwgaﬁ'maa ualdaiEofalamaidudonuassnaiun

2.2.3 niutilssinnatusiavesnasuazdmtsznaumslusesianuay

n uvy A lesdvinsusdeieslfiedesiufialwimiisnhuuunss
nszyan (Squirrel cage induction generator: SCIG) uszaaeIoarifia MR uniisnies
Vg Grid dundauag Faldnfidassaoslimiraruidsiuanwli Grid Sumaned
dniufiezdesaniFiaeiuued ussmeniaanimae’ WainAnsonanudsuily
mfazinsrbitiaenuwlnsudaidmsudalaness

2. 4uy B lmMsauuuueal@adtl (Optislip:Variable generator rotor
resistance)  lantadasrfielwimiisniilfen duwwyTsinefofiauaaiowu (Wound
rotor induction generator : WRIG) %aﬁn’m%audﬂﬂumuﬁwg‘j Grid uazfilimhdined
uuaffﬁu'nzwawﬁamfnLﬂm'agj fuuMIAnvaaniusuLLY B facldooddsiuiliue
AIWAN Immi‘iafhmwvhumwaa‘[smaﬁﬂﬁﬂuuﬂma:mmmmuqumwL?'ﬂumi
wisufvealsinefld Fafananninnudidlania 0 fv 10 Wefidud uas
'JTaLﬁuﬁaﬁmiqryLﬁumnﬂ'nu%’auﬁLﬁﬂ'i‘fuﬁaaﬂ‘ﬁa‘éﬂ

f. UL C (Doubly fed) a=ldiad aarufialwiiniionioiiauaaaiulag
ﬁqﬂmm’éL5nmaﬁnéﬁ']ﬁoﬁmmmmuqumwﬁtﬂuﬁ'rﬁﬂmuﬁwé’a‘i‘mmmwua:r‘h
wihfiilnsawriaainiaes uafdilianuduiinfiasdosldans

2. upy D w=danuasieafiiuuuy C udeldietasiufiaWingslonia

gilauaarawuunuasadfuia Wit riiesasanw ussluliiofuand
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Partial scals frequency convertar

2Es

Gear — Grid
WRIG
gﬂﬁi 2.3 NIMuANULL C
‘ Full-scale frequency converter
gt
G Q=
gt
PMSGMRSG
31]?; 2.4 NIRUANLYL D
@15197 2.1 Ussinmuaaniufifimindansavanldom [2]
Speed control Power control
Stall Pitch Active stall
Fixed speed Type A Type A Type A Type A
Variable speed Type B Type B Type B Type B
Type C Type C Type C Type C
Type D Type D Type D Type D

varve anwsenuwmanaisgshifinsudanIathunlfluteatiu
—_— 1
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wanMITBIMIRER WA A mIwApuusssnmaasitan

somendsendidundsomiiin  Tasandoanuuandsasszauinmilodonuss

ﬁmﬁjaum'l'ﬁnu‘uﬁaﬁuﬁw waziiaariuiia Wi RandanTzus i Bams

i Led ) - J |3 o ar el 1 ;
Waguwladnananiiedu laaudrquesda LR

WRIUANE \Hou
(Potential Energy) (Dam)
WRIMIRI viagai
(Kinetic Energy) (Penstock)
WRIUNG Aawin
(Mechanical Energy) (Water turbine)

l i

WRIT AR Ledadriufialwi

(Electrical Energy) (Generator)

- i [ [ by
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UM IRITAINTINRSRINIOMT L@ 3N
P =9.80whn (2.1)

o P = mdnda wmniuilatad

Q = Vs Alwarnuiasud (discharge) wiaidugnunaniuasaodwf

w = anumwuiwsani1 daviady 1000 flanfwdagninariues

h = mmgman:ﬁmfn nuuluas

n = YnEnimwssarnmiuiusnaissiuiialwin mbaiulefidud

IINGAT :Lﬁu‘lﬁhﬁwﬁmﬁﬂ"lwﬁ'nfuﬁua;jﬁ’umwgwan:é‘uﬁwﬁ’u

Binmih Alnaduiaiu ﬂqqﬁumsﬁmmﬁuﬁtmdoﬁﬂﬂna:njaﬂsﬂwdmmUé"m i
msedomdnieundszrad  1ou tﬁ'amsﬂaoﬁ’uqﬂnﬁ’u MITRYTEMU NITNEA
'ﬁ'iﬂs:ﬂ'lﬁ'm%‘u'l'ﬁﬁ'ﬂﬂua:muqﬂmwnsw samsedalnihidis  dmsulselni
ws‘z’aﬁwmmﬁnfuﬁnu‘lmﬁﬂ’nﬁ%agi‘lnﬁﬁw*im‘%aluﬁwﬁﬂﬂumo laplaifimsa¥ndrenn
o é’oﬁf’um'sﬁimdmﬁmmfwNulu-ﬁ'mnmﬁmuﬁuﬂmaaﬁaoﬁ'[mqms (EE et
amudlalusnenznisinanitvesdifiiprtaadudesduiudmiumsiimua

v
a ] ]

YU TaILATaINIRMIN M MSUNR e LW

2.3.1 winaslselnFnasnwinutimuySunmih

1) unlNfisrafmia (Run of River) TsalWihpiiafiltys:lomivasird
Twaea §1%an 513 shadoudn guiorhouanednis tasulmin s luanauvie wiern
Mg 'h?ﬂ’nuﬁ‘wamfﬂmnﬁgmquﬁaﬁ’w‘ﬁmaunuﬁ'um‘-’s‘mﬁmﬁﬂ

2) uyuderafimit (Storage Regufation Development) tinlsalWi1aue
nvwndorwalng  wssWem biduweuuiountseasd  Tsolwhodadlfdunanluns
naa Wi m‘f’m:gnLﬁu'l'ﬂuamt.ﬁmfﬂmﬁaﬁ}au'lﬁ'ﬁlﬁmmtﬁuowaﬁ%:n‘ﬁﬂ‘lwﬂﬂ‘lﬁazm
AL

3) uuuguﬁpﬂnﬂ”u (Pump Storage Piant) \inlss Wi AT arafiviiaasdon
Aosrafivduuuarsn -um:‘r"in‘ﬁm‘lw-ﬂwlwﬁ'saﬁﬁmmﬁaomﬂwﬂwgoﬁa:ﬂdauiw'lﬁ

uquﬁ’aﬁuuﬂztﬂ%aaﬁmﬁﬂ‘lﬂﬂﬂ uaztialafdanuaaimslsiwidmIoasss  fueld

o o i ] L e o ¥ y :‘ ] 3 l: L3
fasnuliihfiumfai onszugiwinliiuduswalugiiegmihang sl lin

MULU Lﬁaliﬂs:'[umﬁaaiwﬁﬂs:ﬁﬂ%mw§oqm¢ia‘lﬂ

2.3.2 gmisznavmaalsaIWRINA 191N
Tamsimanihywaldndwlngssiwuoy  Run of River 9
v ) o & A =
Yznauedmdiznoudngaizi 2.6
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2.3.3 inalulafiawuti

Fommhgmiulanamrlwiwaniwedn  Wudmdsnaufidunum
dannlumsiamwilasnsiwiwdniomadn fowihdmiuTanmyiWihwanh
pwaiEnuveeniiu 2 ndamdng fia MMuLUUNIZUNN (Impulse Turbine) WA
WUUUTIRZYIAU (Reaction Turbine)

1) MIRUUULLTIRYa4 (Reaction Turbine)

Lﬂuﬁaﬁuﬁuqﬂﬂu'l'ﬂmﬁ'waomfﬁﬁtﬁﬂmnﬂ'nudwes:é’u%aaﬁwﬁmnﬁﬂ
wazmwipvantunszyselune S:ﬁ’uﬁ"mr'hmf'la:gan'iw:ﬁuuuwaaﬂmuﬁaﬂa'au
heanisue Ysziamuesnainuuunsasaulaoialull 3 Yszan

- Radiaf Turbines

- Radial — Axial Turbines 1TW NIWWWI1WE (Francis Turbines)

- Axial Turbines 1Tu NINUWIBLIWALRES (Propeller Turbines) UWa:

NIRUAIURTYH (Kaplan Turbines)

2) IAARRULNTEUNN (Impulse Turbine)

Lﬂuﬁoﬁ’uﬁwﬂﬂumﬁuLm-"imaamf'linnriaﬁoﬁwﬁ%’uﬁnmnﬁgm‘%aﬁ:
mf'lga ‘lﬂammmuﬁaﬁammﬂaomﬁoﬁ"nﬁﬂns:unnﬁoﬁu'lﬁnqu uazRannwiLLAIe9
Mdla Wi dssinmeeanaduuuuusinszunndl 4 Yszinn leun

e o

NIVNWIWEAU (Pelton Turbunes)

MIMULaALTYR (The Axial Turbines)

Aaiuwnailn (Turgo Turbines)

fauaserIWad (Cross Flow Turbines)

P a
2.4 nqun 3 : luuumaluladvaslsednsldiidana
A - o v o« a < a [

nrzuaun Tl lunrsldrundssirvialdidundsnulasma ludnandn
Fmaelinnuion (Thermo chemical) s s munld 3 Ussianfis mmenlad
1auAsy (Direct Combustion) MINAGMT (Gasification) UREMIHEATIV (Cogeneration)
A4 o -t o &
Hieasdyaneit

2.4.1 madnindlapase (Direct Cornbustion)

Lo =3 H & Qs o J - ™ o

msunndiduwiialansunlunsiudawds sl lmidayssTomi
Taomanlilannusawiaiorasenlyltlunssviwmsuia ww nisauuws wiald
N‘ﬁﬂ'lams”auﬁﬂmmﬁuquﬁa'l‘ﬁ‘lumw?m'lﬂﬂ']

Ll 3 ! o A‘ o =l ] r=] o el
s lEEuadluirawiaNonia WA psetdelasldinaluladnas

& o & i
rindlapasilvunoudail quf 2.7)
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. L%amﬁa"’ﬁamaa:gnLm'l.mﬂmwmmu'lmmtm (Steam Boiler) 7714
?au‘?i‘lﬁaanma:gmiﬂﬂNaﬂ'laﬁwﬁﬁqmmqﬁua:mmﬁufgq

Nodraeldesinludunawuladh (Steam Turbine) iiiean&a i

Neviisanaininiulesh (Steam Turbine) azidgnawawref
(Condenser) tﬁiagnﬁﬂﬁtﬁumLLa:né"mT'JLfJuﬁ'\

- awnﬁua:ﬁuﬁwﬂauné’uiﬂg&uﬁa1aﬁw Tﬂuﬁmfwﬂam:gnejuﬁauﬁm‘la

L

Winfifaanannavulatih (Steam Turbine) th AN MUAUTWNN
- H4 P ™ a - an w e & P ™ ol
shavasminunazinatnuriavesunafilfidwsamas lagdnaah
WuduidnvIodwauae ﬁf-m:umm:ﬂumnﬁmmLm'a":unwﬁ‘ém'lﬂ'ﬁuw"’sa'lﬂnau
H t4 ve & - o '
Turnsfilanmszuurlaninafuusunin i lanuidawdmanysiiaoauie  udeaauauns

don U puudasmszen

wialobAltlulsolwindunadl 2 Uiz da wislaviyszunnyiolw
(Fire Tube Boiler) Ssimsiniun 1nagn Jauwanziaia usligannnde inifianudu
gangle uaswdialashszinmniasih (Water Tube Boiler) mm‘mu‘ﬁm‘laﬁwﬁmwﬁuga
o

AovulorhAlstuedasrifialninlulsdinidandsdane 8o fovu

lovihofia Fully Condensing

‘ﬁgtnck pgases

|

Steam~

Biomass fuel Steam Turbine > Generator Electrif energy

—w boiler
A

|

T Hear energy
Air @
&

Condensor
-+

Feed water tank

Water Combustible gas Stack gases
—_ ——————
Sterm Fuel
Air Biogmass fuel
e T as——

2.7 ununnlswialganasaunnnuaunsnindlasase

.

1

ol
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2.4.2 nzuawmisuianafinaalaslfarne (Air Gasification)
- - oA = sl' A’ -} 4 [ A’ -
NITIUNMIASaMITIadvM TR TaINaITI0 8T I n Tl WE
= L2 A’ - [ A - +* A’ - o A.Ad -] a
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mumnﬂmumﬂﬂmﬂgmmummaLuammmﬂum‘umma
[ P & | a P \ - o -
Ml alusandadendalWwiimsiatad o laslfine lulainqe

[V
) &

HAaToiTuaaudil qﬂ'ﬁ 2.8)

- t%aLw‘ﬁagnﬂautiwnijﬁnﬁﬂﬁﬂm (Gasifier)  Famulwauwiiia
m:umn']ﬂw‘[s'h%ﬁua:mﬂm‘h&ﬁmaihu%uﬁwmoﬁ'mﬁ'ld’a:ﬁmﬂﬂu%'augamn
LLa:ﬁ;'jua:aaoua:f‘fﬂﬁuﬁuﬂuti‘jauaanmﬁ’:mﬂm‘m'mmn rislfifallywidaszuuns
v‘hmumaam‘%‘aouus‘fﬁ'lﬁlumw'ﬂ‘ﬂ'lwﬁwﬁnfuﬁwﬁLﬂuv'faaﬁﬂﬁatﬂéaoﬁnQutﬁaﬁﬂﬂdqu
axnafandnowi WA dwdamdadonda Wi

- Mafwnssunsoh W F iwdawdslehismiuiviuie  (Gas
Turbine) uAziAfoiouddmiunGa Wiy 1dun edaduudsiin Spark Igniion ua:

\3Dauuewiia Compression Ignition
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Water Combustibte gas Stack gases
e ————— 4
Sterm Fuel
Air Biomass fuel
________ BT ——

Fuet

Gasifier ﬁ Exhaust gases

Alr
Gas Coaling ¢
j_%— _— Elecmric
Gas cleaning Engine ».A Generator :> energy
==
Air
______

Gl :I. 4 L J = o
5UN 2.8 wnun s Wi Aldanadausnnszuiunniaie
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PRI TEIBIROWEDINIIINANTAANTOU T8 Thermal Stresses
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(TDLWEY
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Usmnalnpadldrzuuaniammiviuuainiealnas AussasnusairalnalTnam
-l
T Il safaiu g

2.4.3 MINRIANIIIIWIIN (Cogeneration)

szuunaa i laoldduam ldeunsoutiieenldifin 2 dszinnlugg
Ao

3 & ‘J -l ﬂ' v [

1.5:uvuenufanassn Sifranamunsaufouclasliiiundinuana
Fouwdalttuiviudmsunda Wil lagenvardomaluladinmsunndlapass (Direct
Combustion) nAaawiauluglvaslasfinnudunazammglgsluduimiuleirdmiv
wialWia wianalulafinrmdaiie (Gasification) 1RanAawsIuATINTauluzvas

fafawlUduntwuiadnTunae Wi

2. zupnBawe NN TagTruusIna I ToNaa e nand 2w Wi
LaswdRuaNRauTINUsITaeY  TruuNBanssHINiSImuTouYsean iy
2 Eﬂuuumus‘iﬁuaﬂuﬁﬁﬁ’mﬂaawé‘oamﬁmmmnﬁﬂ'ﬁ fa wundariad Wil
(Topping Cycle) UWRTUUUNRANRINIUAIINTIUMUNAI (Bottoming Cycle)

- msuAansmTanuungaies Wi Ténwasinluduaaslu
31]17'5 2.9 *'ﬁot"gaLw‘ﬁoa:gn'l.'ﬁ'lummﬁﬂwﬁwmnaﬁa‘lﬂﬂﬂﬁau MR RLTanTanIviu
Tk awnfu%oﬁwmmfauﬁgnﬂdauﬁamnmw‘ﬁmwé’anunw%a‘lﬂﬁﬂﬂlﬂu
naizvunede  onfduiivuuds 1aLﬁumnqﬂﬁqﬁ’uuﬁaﬂ:gnﬁﬂﬂ'lfn‘ﬁﬂ‘lmfﬂﬁau
Waste Heat Boiler Radatlflunszuiunminie uddufunmiwledh leifieansn
niuszgnauguldligaumplnamanzdmivldlunszuaunndalanass Falaoraly
dnas Ul luduaauntsaputs Mgk wiantmdaidu Wasemanufauiilaan
nS:mu.nwwﬁﬂ‘lﬂﬂ'}ﬂna:ﬁmwé’w?aqqumﬂqamnﬁn

- NHAAWRIVINTINULUNAANIST IWW AUV mmmumw'lugﬂﬁ‘
2.10 L%aLwaoa:gmm‘lnﬁtﬁa'lﬁmwufauurim:mummﬁﬂﬁau 1w e uSue
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WWIMADNUNT L@ TMRDULKEN mnuuﬁamunmauﬁﬂaaﬂaanmmmtm‘nwwamwnu
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Electricity Steam Steam
A
i
i
Fuel Generator R o~ g Waste Heat
Set Fire gas Boiler

A = a 1 = [ -
U1 2.9 UHUMAMIREANAINUTRLUURE A IR

Product Electricity

i \!
Fuel Famace/Kiln Fire Eas Generator
Set

1 Product

A = ar ¥ = bt
51N 2.10 I.I.Nuﬂ"IWﬂ'ITNRﬂWR\‘N’IuT)NlLUUNﬂﬂ‘lwﬂﬁﬂ’m%ﬂd

- a = I - A a & a o
2.5 YII]‘.H';]YI 4 ATFNATIZTHANNIIANINAGIAAININURN
2.5.1 Weibull distribution
Y [3 g s . . N . Py = ad P
ﬂ’li’Jlﬂ‘iﬁ:%ﬂ’)’mﬁ’muTﬂU'L'H’Jﬁmi Weibull Distribution WLI%ATN1IN
Lras . o A ¥ ° .I/ - L. o A = ;
asumivsuiuuszlimuanin v lunsiiemestdnonanaanuay $13n1h
zusnaanilu 2 anwaeWaiTy fa
1) The probability density function
2) The cumulative distribution function
- e N R t4 a e 4 2 , @ A o
%3 The probability density function(f(¥)) wwaziuaitizurasnnuiaziunaziiia

a o = A o -
ANULTIRAUNATIAINNULTIRUNIMUANRUNIT ﬁa

J= é[lﬂ _ e{?] (2.2)
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Lfia k = Weibull shape factor

¢ = scale factor
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& & e 4 oA ‘ &
WA The cumulative distribution function (F(V)) wuasiiuaitiidugasnnuiiasiun

AMALIIaNIYININUMIane N IeN IR NNIIMUA @9UU the cumulative distribution

function (F(¥)) 39ALNaNTBuAnTawe9 the probability density function (f (7)) 4

Jaums aa

" {2
F(V)= [f(7)dV =1-¢ \*

lasimmdiauTizuafolasiFniy Weibull distribution ¥&uns Ao

Vim = }W(V)dV
:
anu £(V) mnaunsh (2.2) asluaunisf 2.4) ol
Vm = ]VE(KT_IJH av
PNENNIH (2.5) mwsnd pulwalléifin
Vm = k] (Z)ke{g dv
0 C

fvualw

WU dV InaumT (2.7) sdlusunisfi (2.6) a2 le

o 1
Vm=cI e xtdV
0

URzNUN TN W T

rn — J.e—zxn—}dx
0

823961

(2.3)

(2.4)

(2.5)

(2.6)

2.7)

(2.8)

(2.9)
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samuangumsh (2.8) mansadoulndladu
1
Vm=cl| 1+ (2.10)

9IN33n13 Weibul distribution mefisaiuuunesyuvasnnuanldlaslfaunis Ae

o, =(u-V2) (2.11)
s ! [
33 u, mlaan
i, = sz F)Hav (2.12)
[

»

unuen £(7) NEunIf (2.2) usz x,d¥ luaumsfi 2.7) ssluaumisii (2.12) a:ld

dx (2.13)

[} i’l G‘ 1 b
wazanunsaaWaiTulugunsh 2.11) doulndlaiin

U, =CZF(]+%J (2.14)

WNUAN Pm IINENMITT (2.10) UR g, NANMIA (2.14) sdluaamsit 2.11) a6

1
o, =c|:1"(] +3J—r2[l+lﬂz (2.15)
k k

The cumulative distribution function H’lmml'ﬁ'lun'ﬁﬂizmmmd’m'nu
] { -3 " 1 :J a o t [] >~ ] =) )
unzifufissifiannudulusafiniinue snaratiatudasnisniaasitsiiulugg

= -~
ANULIIIBY V, -V, mm‘mwﬂﬂmnaun’n

P, <V <V,)=F({,~V,) (2.16)
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MNFNMIN (2.3) FaNTodauransh (2.16) eidu

:

S
™

|
®

—

t\],S
St

PV, <V <V2)=e{7 (2.17)

4 . . . . . 1 ' IS e =
I.Lﬂ:mm?ﬂ'['ﬂ The cumulative distribution function luwniswrsranuiasidunaziia

’
(-]

ausanannisfrsuelasldzunis fe

Yy i {h .
PV >V,)= 1- 1-ee_(TJ =e () (2.18)

fhagnf 1 : 1esseiuiie Inf s nausnilaSudundaidr Wi (Cut-in wind speed)
AANINGIAN 4 mis LLa:vsqﬂﬁwmw‘ﬁﬂﬁwﬁoﬂuﬁamwﬁ'mmﬁu (Cut-out wind speed)
25 mis AnaaluNufififiein Weibull shape factor (k) iU 2.4 Uazfi scale factor (c)
winnu 9.8 mis miin (A)'lmﬁﬁutﬂ‘s‘aoﬁwLﬁm:u‘ﬁmﬁ’mé’ﬂﬂﬂwagﬁfﬂm (B) mein

anuhazdunazfiennudianganii 35 mis

Solution: (A) NEUNTIA (2.17) unuandr el

24 24
PV, <V <V,)= e_(%J —e_(%) =0.89

-~ - d [ o o - [ Y P i -~
sanuluniaueTassufialwihnavuavesndadael Wi wvinnu (0.8924) = 21.36
hours

1 1] | 1 i [ = A‘
(8) mAnnuihvziduhnnudanazganit 36 mis amnaunTh (2.18) aait

35

24
PV >V,)=e G 0.000000001
A = L ﬂl - = ) r R
srnAwldhlamafnfienaiianganit 35 mis Hasaunn (0.0000001 %)

INMIRITIINITNIzNeaMuSIau e old3Bn13 Weibuli  distribution
fwindieasifyfiaaaniniufifiad Weibull shape factor (k) Waz¢i scale factor (c)
o - ' - > N w = X a& 4
Fan1saswiasdwiniiaetiasdanatlynitnizannanusisusasRuiiufitranls

L:J"Siuuuﬂm'lﬂﬁwé’aumdﬁtﬁu'lugﬂﬁ 2.11
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02
0.8 - RN ——150
/o —-—=200

0.16 - ; \
, : —eee=250
0.44 - Loeven Y —-—.350

‘l I - - - » .
JUN 2.11 mMInIzInuaInNALIIanlasISn1s Weibull distribution

25

| ‘J 3 ’ & ' . d'
Wannudeuaduilanriinuy 6.5 m/is usze Weibuil shape factor (k) 1Waznuuas

A ' ' _N e e 4 P ad “ e, A
ABMINIAN k UWazf ¢ n'l'nnu.agm'lﬂnm:uagummﬁmunumﬂa'lﬂu

1. Graphical method

2. Standard deviation method
3. Moment method

4. Maximum likelihood method

5. Energy pattern factor method

- ad . ' ad . &, add A
‘M'Luﬂuﬂ:ll.ﬁﬂdn'ﬁﬂﬂﬂ'] K WRzA1 ¢ LaNI2IT Graphlcal method LYNUURIUNITYILNED

-1 L o 3 dl
FuNInAN e a198f 2]
distribution

o ‘r
saalui
JNFUNNT Cumulative distribution function (‘ﬂun’nﬁ (2.3))
. AM
1-F()=e [C)
Take the logarithm MrastIReInTINz e

In{-n[ - FOH} = kIn(V,) - kInc

a \ P SR .
ANy Graphical method #3zUILBIRANTT cumulative

function AR T luzduusuNITENFRIuAINAT0 V311 TU logarithm

(2.19)

(2.20)
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Plot NTINANNEHHETZAI In(V) (unk X) uaz In{-Infil- FOH ] unw Y) ieeld
nymAaududuassaanuugarions fiting curve Iildaantaiduasseanunagiug

y=mx+b WoRNTMRNNIN (2.20) i1 k ARFANUTH (Slope) Uaz — kInc Afiadn

AAAUNU Y WIBFAINTBIRUNIITNFUAUD (DUNURUNILEUATI Y = mx +b)

2.5.2 Rayleigh distribution
arauindadevesmsinrsianuianlaonsls Weibull distribution
fuﬁuaQﬁummuﬂuﬂﬂumﬁJi:L:‘.‘Juﬂ'w k Usz ¢ Emiumsdwnfiualuenues k uas ¢
iayamwﬁ'muﬁtﬁmwa Ausssulngnafisunnussiniu lunaonsdian Tayn
a7 lunau iaada'?iﬁaqawa:aQ‘luEﬂmaaﬂ'J’mL%’Jaumﬁ'Uﬂmuaqumunm (uneot
LU enuTiaudaTu daideu wiadel) muldanunsaifidnleine lunsdiues weibul
distribution W snfisemAtuuLy dawdss Tapmasznmen k feuriny 2 uasiife
mynansdanuaulasnsly Rayleigh distribution unusi1 k = 2 Tugums (2.10)

aley
vm=cr(%) (2.21)

UssiudgunsteauuaziSousoelny vele

c= 2m (2.22)

Jr
[V 7 3 . . . . . .
MBULTIRWITOLR B UAN probability density uaz cumulative distribution
g - [y a
1RIRNLUNUFIMIBIRNUTIRULED Molaitmsieneiuuy Rayleigh distribution
anuissiuvesanmTisunaglutunninda v, uazananii v; fe



distribution 321wla NI ENIYIATIER LY Weibull distribution duianwmeln&ifsany

winyhmMaY3suisudtniiiininziliuy Weibull Lae Rayleigh

anauiluadnnnituuy Rayleigh distribution a93UN 2.12

18

1.2
! - . _.-:_1_6—._‘—.-0
Z o8 f
=06 |
§ 04 [
0.2 i
0 d 1 A ) D W S | A L A vl L A 4 N L 1 1 L 1 n 1 1
0 10 20 30 40 50
Wind velocity, km/h
: i’aylmﬁo
D Hﬂﬁ1ﬁﬂ’lﬁlﬂﬂ:'ﬂlﬂﬂ Weibull distribution
TouanlEn3iaziluy Rayleigh distribution

60

22

sUf 2.12 wasanmsilSoufsudtansdanuiianlanlfuuudasuuy Weibull Ay

Rayleigh distribution U&7 9X1UY Gamma distribution, Log normal distribution L&z

Logistic distribution 8tn3l3aNuATUUL Weibutl distribution Uzl Rayleigh

Rayileigh Distribution

MTINATIEEANUTIRURANINITUUY Weibull distribution Wazuuy

distribution leaniseausuuaslEiusgrantanng
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nTaanuuuNIINaaDyd
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TuunfiazfinnIuged Flow chart IABULRAIDIRNHALUAZIRA BUNITAN L

Fganumshwmed wisuifsumaluladlunisudantzualidivoalsadns Wi

WRITUNILAEN mm‘:’m:ﬁmfmLauammz'ﬁa;&mﬁmﬁu AIA%TAY (Prime  mover),
m‘%'aaﬁ'uﬁ@'lﬂﬂ'](Generator), n13A7UAY (Control) uae FWATHIMEaT (Economic)
23udazlTainT L-.‘f’ial,ﬂuumm‘lun'naqﬂwmﬁatﬁan'l'ﬁ’@'fm"uﬁwﬁa (Prime  mover),
wedoarindialnin (Generator) UWaEN1TNILAY (Control)fiwanzauvadusdas Tradnsealy

wszludwrasSenarsgeaad ssimrarynadumasddagdaly

YUGDUN TR UAUITY

auTausadLtu Flow Chart leiei

w o
W

. a
dnpuarrusindeyatieiy
P | » a
walnladndagiumsnialifzes

Tsednsnasouniaiianns 3 lsedns

4

fne Tinsisiuaranlanszddnuadoys

/\

Autnaia

y

Prime Mover

Generator

Control

|

]

a;ﬂua :‘Ii"l LERD LW IND m‘nﬁ a n‘lﬁ'
Prime Mover, Generator itaz Control

' L= -1 n‘-:
203l 5ITNINATIIWNISLR NN

MIULATHEAENT

A

« o o
Anw Siarzvinazasdanszdran
4.
\NBINY cost component Ba315¢

k7
INSMILtRanNNIsa
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3.1 Tsadns i nasanan
3.1.1 @1@RN1A9 (Prime mover)

greumaaty vaelsesnndsouay fe Mauan Fmuasoudeld 2
dszinn fs ﬁ’aﬂuﬁﬁtmmwmayﬂuumuau (horizontal-axis type wind turbine, HAWT)
ez AIRUFASuLNWA mag}'luu.ms‘?o (vertical-axis type wind turbine, VAWT)

3.1.1.1 Avinauiidunuivatagluuninon

ﬁaﬁuauﬁﬁunmwmagﬂuumuau (horizontal-axis type wind turbine,
HAWT) Lﬂuﬁaﬁuauﬁﬁmegmwwﬁagﬂuﬁmmuﬁuﬁﬁmmamu Tl findaen
anfuLTea AewuaNdssmlaunm e agnasatiasuasdnshanldwenniu
ag1iu Lﬁaamnﬁﬂ's:ﬁﬂ%mw'lun'mﬂﬁuuwé’amugmdﬁaaﬁmﬁmmm‘?’iﬁmmqomn
waslyamuaulinaiusuiumihidriousssuldnniamaluumineuasaaiia

wuufidswmlylisnn dafidoud 2 9 4 1o Aniuauauuiiaciinnuia
J0UE Anzanm 300 Tausiowfi wIiannnii waurDaGusuan avintavusuLLDiL
ﬁoﬂ111'E’lu17iﬁﬂm'1m’nauwaﬂs:mmmuﬁammL‘%muga Lfiaﬂﬂmfffagﬁaﬁuu‘lﬂlﬂu
MINAanIzua TN LWﬂ:tﬁmmnm‘%aoﬁﬂLﬁﬂ'lmlﬁ'lsTaamsmmFsmuga

wyuiidwanluuin ﬁ'aﬁ'uauuuuﬁﬁ]:'lﬁtmﬁm?'uﬁuga wANNIITBL
fauthasnainiaindssinnitsamanzfazldommans v 'qm:ﬁ"ﬂ"'m'tf'\, sk
Wuein

3.1.1.2 ﬁ’aﬁ‘uauﬁﬁunmwmag‘luuméfo

ﬁaﬁ‘uauﬁﬁunmwmagluumG‘T'a (vertical-axis type wind turbine, VAWT)
Lﬂuﬁ'aﬁ'uau'?iﬁunuuqus‘?amnﬁ’uﬁﬁmmamu %ammmi‘uau'lﬁnnﬁﬁmaLm:ﬁﬂév'aag:
Tuszugnler ﬁaﬁuauLLuuﬁﬁﬁ’nﬁuﬁﬁaﬁhﬁuammnu.m‘ﬁ'uﬂ (darrieus) doanuuvlay
SamITHIas Taduaataduauunuane sanInsusylanniians dgadivanuia
(gear box) uazadaarfialnin ﬁ'lm'snﬁm‘lv'aagﬁ's:ﬁuﬁuma‘lﬁ wanIINAeLE e
fauaudaligannin wafiTaidnfo s Ansnwdfafivuiuiiiusuf unumwa

WUULNUUEY chﬁ'u'luﬁaqﬂ’uﬁaﬁnw’l'B'muayj’vfau



wnansiiduenasianubdmsunislynuienisnwimiu lweygislmilUlsdsslosuaunisan

lunsdlla edu Bnnanudludauaiion uaznaandidaavesonalsynasiniinisuiluly
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” °
3.1.2 1509 IWH" (Generator)
IS sspaasdaainifialii luladnmmdsnuay mnmsanm Auadn

T ] o = A & l‘-: ] i L o 1 ;
WU Lﬂ?aommavlwﬁ'ml'ﬂuummm uuoﬂszmﬂﬁlﬂﬂmuunummamau

Generators
|
Asynchronous Generator Synchronous
(Induction)
|
SCIG WRIG WRSG PMSG
OSIG DFIG

JUN 3.2 Eﬂtmu'umm?aon“'lLﬁﬂ‘lﬂﬂﬂﬁ'l'ﬁ'lufﬁﬁ'fmwﬁwmau

3.1.2.1 Asynchronous Generator {Induction)

Tﬂﬂii’m'lmy:uﬁd Asynchronous ~Generator %38 Induction Generator 92
Hwadsulslumsnganszuglwifhannssuasy Jadna 9l fo Tanuuduss nunw,
lasaadsdie lidudan  uwanammsiunudridnhlulfouwuunans garsiunu azvald

ar [ ey ] - = = ar z - +* . o
Ussndad 139 lwauFesvesdal®onan 9uu fa In1u6da9n17 Reactive magnetizing
o] + e o . WM vl Ve
current YIN13I614% FLALAaILUDINN Induction Generator ‘1u"lmuamﬂs:nawm LauLYan
177 (Permanent Magnet) uaznisnszauuen aaiuduiludseiunszuanszguainunas
d ‘4 » o ) . ’ J t . -1
9w Sauzdpavilnadi Q (Reactive power) i1 Q Hazgninslauszuy Grd wislassruy
dliansafinrinay (Power Electronic)
- o - v & P =
lun3iuaIns AC excitaion swmwimanfignaivtiuszwyuinnud
Vo P . = a w 4 X VR & . i
ArAmi fa dianuiidelants Suegdiuduintiudngn uazaudvaanTzus
3 o > o J ] i o ¥ o J
ganavinlifia Induced voltage Infivaalafilnised Mldidanszualnaluvearafilaiaed
1 o o F) =3 J a | B ‘: L& - ' o ’ -]
ganaiiiAauwsidaifiedn uassdnduuaines muumfsma‘fmgmmnm?’:ﬁuman.
nianuidlatia wwasdnmnalwiuniivaiesvaidueaasqiia Wi launas

vomsnsouaasagluguanuduiuiiondt dad s (Slip)
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H [ M [ [ [ &
Induction Generator AT santoutslszianldmuansmeraiaalaael

289 Induction Generator &aNTAUUI AU 2 LyUfe
- Short-circuit rotor %58 Squirrel cage induction generator (SCIG)

- Wound rotor induction generator (WRIG)

Squirrel cage induction generator (SCIG)

nni’uﬁr sciG fafiarududndeninoulinaly esnnlaseaiafila
Fudau Uszdniniwg LLﬂ:ﬂ'ﬁﬁ'};d%’ﬂMﬁhﬂ lusdunuinaluladvainiinia
naud IWAINWAIIUaN SCIG azgnibuldlu Type A duuuy Andalle (Fixed
speed) Lf'iaamnqmﬁuﬁﬁtfiammL'%'mmﬂ‘é"uu ganalien 78y (Slip) 1WApKlY usea
SCIG La3iAsumlasnnuiuinadnitos iyt

Aausuiuaiearuia i Beudatudm (finilan (Gearbox) landa
Weiden wildanudivedlaesd ﬂuqaﬁumwL'%"mmm‘%:aaﬁmﬁﬂ'lwﬂ'] unz@neg
wisugunsal sewviaminiaad (Soft-starter) uaz anhdinefuuss (Capacitor Bank)

fiasen scig i ANuTIuia(Torque speed) ﬁ‘gamn Mliifie
MIUNI (Fluctuation) lussuy vesdenalapasny Grid 'luam'zz'ﬁ"mj ifiainga
Tanwwizmafeusatdn Grid fideaad NIZUAWILT (Inrush Current) g3ty 7-8 L¥inuag
NITURANA IWITUU Weak grid €1 nIzuanILdn ﬁgo szidliiienaidnaiab
wnzasumIaaidn Grid 1049 SCIG dasvinatsdaniiludasly fazidnazion Rafles
N nazuavaLd Lm:ﬁﬁal,qua'?iﬁaa'l'ﬁqﬂmriaLha ganngainiea’ hansanla
M3 lwnsiuenizing miseasatnszuy Grid Adanuudiuse SCiG vl
AMUUDIUT NUNIU uszdiafioTnIngs

71 &A1l 294 Induction Generator 9z1UAnuuaIusALTUI U INART
Wi Tyminande Wesrnanilumsuilandt @ 1niu Feesilisn weue
1af (Power factorjyedizuueiss Teazunlelélesld atSiaefuusd dovuud
é‘dtﬂ?‘aaﬁmﬁﬂ'lv‘lﬂ'lLLa:ﬁﬁLﬂumqnaﬁT'E punIntatne ath@itaafuned hansanla
nIinu m:ﬁ‘lﬂﬁqﬂmrﬁé’ﬂmauﬁdw Q I scIG sy wenanTuanmsitslay
Grid atafins Seazdonariliszuy Grd (i NMIFULRINEIBEI (Transmission loss)
wazanaiiiszuuaEdnTnnld inmzaniunifid sdiaetuued wie Power
electronic converter a3 TsamILilnad Q 1o daidendng lunsldanhg
o fuwd Whantislunisvinnufia s:iie Electrical  transients 4% TW919013
switching-in Pa33:UU

lunsdivfia fault 4 SCIG Unasndr Q Al Aawnsnyldidie
arlailefisTnIweas usaeu (Voltage) Iussuudwle S18nsife fault isssnaanuly
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AUQNVB T, U T, (il fault anAReTUA SCIG fiaxfie Q amana 1NsEUY Grid Faz
WANENNITAARIVBIUTINY

scic gansmhanltldnlussuudniuasuuuindalla  (Type A) uas
novuauuuuwaussieldastla (Type D) lunsdindy ¢ variable frequency power 789
Lﬂ‘%‘ﬂﬁﬂﬁ:ﬁnﬁﬂﬁﬂum fixed frequency power l@pn3LT bidirectional full-load back-

to-back power converter

Wound rotor induction generator (WRIG)
TavanwmslasigFimaiduds nadudilsaeiuasiavey WRIG
d' ) o v 3 - - ) rl =
Fusatiavdenuaipuenle lagriugduSouasulsiniu nIaonavstdu Power
A 3 3 1 - t & *“
electronic NNBINNT FAUTILAzLUTIO U wialufle
[ ' v A = v oA
myl% Power electronic 2277 u'l“mm'lwﬂ'mmmmgnwa'ﬁm won'lel G4
Lﬂ?mﬁmﬁﬂ'lwﬁ']mmmm:@fum’waumu.;imﬁn‘lm"mn'mmmmafﬁ?awﬂﬁsmas’ A
» A = | 3 ' = - [ s 4 o »
16 daovzlanudululdfesdnfunanmaivonieslaass Wdaulviudu
GIGE
v o el v & . ' & - P v
daFefinuldnily o freuwanduazlyudsusnuniwiidafiouny
SCIG _
‘Lmamsqﬂa‘mnﬁuNﬁﬂm:ua‘lwﬁﬁmnwﬁwmau WRIG 'l-iag 2
31JLL1J1J fin OptiSlip induction generator (Type B) Wt Doubly-fed induction generator

(Type C)

OptiSlip induction generator (0SIG)

JUTmihenves  Optislip gnunsihiianlasuisnduia Vestas 1w
Urzinaauindn leflezaalvsavesnoiuaulugranafdaunszlon avuss Wlisntes
ﬁqﬂ

i1 OptiSlip Afe Variable slip Uuthuanuiilaludiouaug wadia
\fim smaller fluctuation 'luu.nﬁﬂua:ﬁ']é’a‘lwﬂmmﬁvgnLLa:'lu.ﬁ'm-uaaLnﬂTuTaﬁ OptiSlip
A0 WRIG f8494nV variable external rotor resistance ﬁﬁﬂa%iﬁu‘uﬂmﬂﬁﬁ’ﬂﬂﬂa{ fiNaR
UraasTasiifialwiuiufoulelaniu Rotor resistance 38 converter (optically
control) *‘ﬁaﬁﬂagﬁﬁmwmmaﬂimaf 1wi3a984 Opticalty control ludnifudasfiadnse

dof fa werhwdeanudile, lfanusnduficasldaiBouaziing
Uivdssduamaniainenwled WewWlsuiy scic ﬂi:nauﬁ'uﬁﬂ'nuu’u'faﬁaqo, g i
fudau  uanduwnunmafiinnulsndeiltluniiaalna WanpuiflsumAtdugf
FuFou (Tu TeUU variable-speed wind turbine 7Il% full-scale converter Ussifiuvad
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OptiSlip A& aA mechanical load Wz fluctuations %aﬁmmqmmnaunsﬂmn AULTY
adwlsfiany didasmsguninlzairunisulaady Q oy

daidn fla anudilidedinie 0 - 10% e‘ﬁaﬁ‘i‘fuayjﬁwmmm Rotor
Resistance uazfrinasafy degayfoluiy variable resistance wanniudaanstai

mm‘snmuqumm’%'[nﬂ Qle

Doubly-fed induction generator (DFIG)

DFIG #5 WRIG 44 Stator winding #8033191 Grid 3 W AiiAudnf
U8z Rotor winding 993 bidirectional back-to-back IGBT voltage source converter agay
OFIG fianuhauls lapdinaandayamaniiaaia wudiliniadanlfainuwinay

#1171 doubly-fed URUIDINUTI T RUUAAADT U190 Grid UAZUTINULNLS
w@wad yan power converter

DFIG 181611 variable-speed 3390719 9 lddrAad9an1svienu
Converter 32 BAITBAMURTLANA19AUIENII mechanical ua: electrical landnunszuafi
Tstnasdunnuifiusudarlenalunmrnomlnduaziie Fault szgnaufulay power
converter #ﬁ%uﬂ power converter U5£Nauaay 2 converter fio Rotor-side converter URY
Stator-side converter Iﬂﬂ%:ﬂduquﬁﬁizﬂ'aﬁu Rotor-side converter ﬂ’mi-]&l P.Q Tan
AI1Aa rotor current component muqumwﬁ‘naumaaLﬂ‘%‘aaﬁmﬁﬂ'lvlﬂw Uriasatiun
5Uﬁu§Ll1ﬁdaai’1 olW  Stator-side converter W38 Grid-side converter W38 Line-side
converter muqmmﬁuﬁ DC link fiufuIniaasyeanszuy  uazdio Q Mivzuy
Woliiulaledintu unity ps. (Q=0) L"&lau'l-uamwmsﬁwnul'ﬂunwﬁ'uﬁwé’o'lwﬁwgn
flautuazeaniilaeaf flog 2 anwous fe

Oversynchronous (supersynchronous)
: st lnaanisiaes du converter Tu grid

Subsynchronous
: aa Wi lwaan grid #1w converter 1u/Tsinas
wwimay gihaeaeoiazimmtounssnuld grid eses

8@ Ao mannauquuilng @ 16 wneway P usz @ 6 uazla
Fudad magnitised 30 grid §1N1I0 magnitised 91N299315t08T e

TuszuL weak grid usdduonaifia fluctuate Tule ué DFIG an99ziins
HRAYIBEA Q 9N grid Lﬁaqﬂm:mn"lumsﬁwmuqmmﬁ’u

TuwiFasvesauauas converter flFlumanau slifpiuidfinge
2ENINIMNA  UsDUA LRGN 1'1ma:ga‘i’fulfiaﬁ'ﬁumwﬁvﬁmmﬁd
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g A Lod . J - ’ L =) dl
Uszunmany LT')‘]NT.ﬂT%ﬂﬂTN&I’m’JJu NIILRBNTININA 1526 ENW"U"ITN’]“MI.T a

\nsngmaniiazAlsziniawa
dos A tensdianudasnsldaiied

3.1.2.2 Synchronous Generator

Synchronous  Generator fi31aunanduszfinnududouniveu
mechanic 7NN Induction Generator 1ilaifinufiuwefitndidueiu agralsfienud
Toafiiuldda \ia1fipuny Induction  Generator fia laifaan1s reactive magnetizing
current AWINUNLMANIYH Synchronous Generator fansoaelen permanent magnet
w30 field winding i1 Synchronous Generator T uniaunaninnzay (multipole
WRSG or multipole PMSG) fignaunsnldd iy Direct drive laptsianinmsldifesi
and & Synchronous machine Hauminzruiuatinun& M full power control
\Howaltn grid Hw power converter

Tudu209 converter 1 2 gﬂzjmmwﬁn fio

1) \fluardiuaadIwa99I1u1a9 power  fluctuation %oﬂmmqmmn
wasnuaunIzlan wagnz il uszaNI2 transient FININ@N grid side

2) ATUH magnetisation uszwanidpatiym Taumsasli%s synchronous
Auauiived grid

Synchronous Generator gﬂﬁﬂu’]ﬂizt‘lnﬁlﬂummmu variable-speed
urdleifiu 2 uwulugaamnysy wind turbine fia

1) Wound rotor synchronous generator (WRSG)

2) Permanent magnet synchronous generator (PMSG)

Wound rotor synchronous generator (WRSG)

PInunAMaUASERmp 9UfiHMn szan WrSG 15ewlad Molu
#"U steady-state performance Waz fault performance

stator winding 289 WRSG fAoATATNY grid WA rotational speed on
ialasanufives grid Tudamuad rotor winding gnnszuaan DC lanmsldadvSouaz
ulsrinu M"s'aﬁanizsjuﬁ'hjﬁuﬂ':adm U rotating rectifier  dzlaimdlawny  induction
generator \W31t synchronous generator lidaansszuuraisenisuilng Q

A7UL137189  synchronous generator gnﬁwuﬂ'[ﬂumwﬁmaa rotating
fieid uazlay i‘hmu@:maaﬁv‘madsmas‘ #2u rotor winding 3:8 DC lwariu daldifia

exciter field v1qumuq"lﬂﬁumwﬁﬁﬂmﬁ'ﬂ
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AWRAaL"Y Enercon & Lagerwey 1% WRSG 1u TypeD 618 multipole (low
speed) WRSG Lm:m"'mmqi{a:ﬁﬂ'lﬁ"lajﬁaa'l'ﬁ Gearbox

Toi Ao Wiuscludasldifinidond wanmmiumsasnuuuszuufi
sefumyhil gear gy fowalnguasiminan Usznevdufintd full-scale
power converter LaN13YUT full power Vo9TLIL uanmni{z}‘aﬁmsﬂs:qnﬂ"l‘ﬁ’ 4 pole

J - >~ o [ -1
(high speed) WRSG lauszuufiaziimstdifiofiiend

Permanent magnet synchronous generator (PMSG)

wasumanumHsylduusiinsldou PMSG Tu wind turbine Lilas
ﬁauqmauﬂﬁﬁmmm self-excitation @iz n1sariaulu power factor g9 uazd
UszEnSnmgy g permanent magnet 3:iUszAnTawgandn induction machine IWTIZN3
nazguldliwasuan grid adlsfiony 'nmﬁﬁﬂ%‘ufﬁqﬁ'l'ﬁu‘ﬁﬂl.ﬂuuajmﬁnm'm‘{ﬁ
TINFINN IWTIZENADNIHAG

permanent magnet excitation iinueaIN1IRezld full-scale power
converter tABTzUULTIMUATAN AR BIuTIduLRzA AT UUm R anelsf
uriad 1WA mmmgnu‘s‘mﬁmwL’%’Jm‘lﬂuﬁ'lﬁ ‘ieﬁuagﬁuamwﬁiau‘l'ummm:ua

sawesies PMSG (uuuy wound saulsiefifiudhuiindnannsde
anevzagluguuunues Salient pole wia Tugluuunsanszuan

Salient pole 11711 slow-speed machine m'-m:Lﬂuquuaoﬁﬁﬂsﬂﬂ'ﬁﬁmn
qﬂ'lunw'l-ﬁmuﬁ'm%'um‘%'mﬁwLﬁﬂ'lﬂﬂwwé'amuaﬂﬂuﬁ"z‘lﬂ slow-speed  synchronous
machine ftiuuLL salient pole axiduuunnastaF1uf e

fnuuenedIva96n permanent magnet 'F'i'lﬂ”ﬁ'uaua'luuwmwwhm
dau’lqu‘?’iwua:ﬂﬁngluzﬂmaa radial flux, axial flux W&z transversal flux machine

ﬁﬂmvﬁﬂlﬁmfu‘luﬁimm‘s start up, P17 synchronization W&z voltage
regulation "ﬁotﬂuﬂrywﬂﬂuﬁﬂﬂwao Synchronous Generator

ﬁmﬁu‘é‘u‘] nha i’ﬁ@‘?‘i'ln?ﬁ'l permanent magnet dau'lmﬁuqmuqﬁ‘lﬁdw
musnEsfmENENwinan e Lfiaag'luqmﬂgﬁﬁqa(‘fmmmﬂuﬂamﬁﬂ fault)
LWSW:Q:fuéﬂtﬂuﬁaan11n17@umﬂuﬁmw AIlszuuT LN e nNYautia

3.1.3 "3a2uaa (Control)
1ui3a91789m73 Control ¥4 azaasluudvasmituiaion (Drive)
mMytulnieu WRIG § 3 Juuuy it
1) Rotor resistance (fhﬂ'nuﬂ"'mmumnmuuan-?'iﬂ%’um'lﬁviamgmun”u

. o 'lv a o e . ' o [ s a o &
rotor winding) 3:11 Hlﬂﬂﬂ']']uﬁfylﬁﬂﬂﬂ'](ﬂ']uﬂ']“ ﬂ'd”ﬂﬂ'ﬂ““ﬂf:ﬁﬂﬁﬂ'}Wﬂq UuanIINU
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udfaSuusaulailuiug U5 R laslddiniana (Bouunuaanh) iiaminszlaavas
NITURTEWI AT IUNMUN UM RN EA LTU LR sudn R avasenaliiAsiusinandsnley

Tapesnvuiureain
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29I NUFUNIUAUBN

d 1 19 A &
Eﬂﬂ 3.3 n'mﬂaﬂ'.numummmnmw{[smm

(3 d o o LR L VA ] * (=Y &

2) sunyotsivanh sz aldwinauds udazliguanifvasginiaiany
4 o 4 "] &
naanhiuny snfuarniuqu

- Rectifier a4 ac \iJu dc 91 rotor circuit

- Ly nIaanTurWidey

- Switching LWRpuAANIAGUTINTZUR i fl DC chopper
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- wAgIiMAgYLFs (iaduil R
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svstnlonuiadianilvieof  Adwounled

A L) .3
7" 3.4 nﬁs'lmﬂ‘i'naﬂLﬂa{ﬂ'Juquﬂ'z'luL:’J'ﬂaouamas’uuu’n'za"[smas'

ot ] s ol =} v e J A Q A = J
3) eIV IGRE L L ANITAGAULAZWAUTIIULNEU loss NINAUW

navanlfuszlamilng lauldwdnnsuas inverter uaz Cyclo converter lagd 2 FuuLY
Ao

- untueRawesuesuuaiia

- szuuduedawsefiflosuuuada
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sruuFUIRABRIATNBTLULAAS

wWialgonsnamamitein ssUTUPRSULLUAIRAR ANHIENTTBITEUY
Juindanit azuﬂm'lﬁtﬁumugﬂﬁ 3.5 SIUAN

FUUTUIARDWATINSULLERR SxfandanuiilFuiuanuTiTeuuas s
waanunavlllfusslomilalni(sip power recovery) Ltnuﬁa:gnﬂéauﬁﬂﬂﬁuﬁd
wmuldlasdrzlosy (Wl P il R) duwsnidu Rectifier iananis
na97n Rotor 11/ Source fimm1aidina ¥nlW Nr < Ns (3uninlnua subsynchronous
§I4MA Inverter ULU36% laun13auau phase 01939:dl Harmonic Usiuay uitlulan
14 PWM udiasvhldtlszamBnmdiashe iwszd loss 7 inverter LRSTYH N3EULEIN rotor
14 source Usznaununszusnaid stator ¥1Wa2 machine dasfenszuanin donals

p.f. TEITEUUHIRY

unaanie e

o W

oo M waunﬁu?
fidvudn N
< fMdvieen wlauvas Wi
¢ o e
—/nowmeiase L _
it ’ '

et
* ¥ % —_—, i xr r
g
(28 Vi
—_— B | ‘L \V_ ‘L
e v o, A X ¥ T T 1
Masmdy
- o - I 4
TaTosusnd Iioos duoNIABS

o o P [y -
El.h‘l 3.5 TTUVTVIARDULATINATUWULRTIA

szuutuIARautsasIipaLVVER A
MIaLaneNNNnsINasafia fie ®TBAURUANIEAY (slip power)
TR mait299 31967 % rotor e Havanguniol Electronic \Iulsiaand iwmzasin
r A o o v -\
auaTaddnTiemled 2 Inua Solnua supersynchronous  uazInue subsynchronous
- llv sr‘l o o o [ = v oA
mafanlfuyuiilumsaiuguitaisdy udszlanuminsauasdedi
NN u@iﬂmua:m'\usjomnmao'qmﬂ'mquﬁﬁmnﬁ'zu NMIRTINNIINRIVDITZUY

o - ¢ o a o [ 3
TUARAULITaIIUURUWUURDAL 2 LWUU §4%
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ﬂ. =l e I
wuuh 1 Janwmetln39s cyclo converter

inn v Tame .

| —

J a &
vempsaays a<O
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Loy

o

)
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TR
»l

o
T Inaneuomnni

~—> fMasrddIvaldz ieme +-SPg
4 . o . 4 ¢ o -
311 3.6 2eTmaissasssuutuedawrefidsauuusia
WUUT 2 converter 2 Sn@aluy back-to-back WazlFnisilRsumainnszuavalssaines

WU force commutated §2835n15U5UANNNIITaIWREWSauLY PWM tanaaanilufin
At ludsywnuszuu T

o o
woes AT

luﬂﬁqdw'lﬂstﬂﬂ

ADUIDMADS ADULIDMIADS

nudmlnnes M UENBI910

< o & .
;an 3.7 'Jiﬂfﬂ']ﬂﬂ'lﬂd‘ﬁ'r]ﬂt'ﬂa{lﬁﬂﬁﬂE]'HL'JBYII.G] a%'ﬂau.uu back to back

3.1.4 AWIASESA1AAT (Economic)
Cost component Widaaniilu
- [3usINU (Investment cost)
- MItHRMIURENM TN (O & M)

3.1.4.1 Suamu wuvaaniiu

1. NIRURY 7457 %
2. mudandaidirzuy 339 %
3. MInaas 10.17 %
4. TNTINIUNY 3.73 %
5. fu9 8.14 %
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3.1.4.2 MIAUARNITUAZNTUI9TIM (O & M) Wiveantlu

1. fntszny (Insurance)

2. M3U1INw (Regular maintenance)

3. mIyTanusy (Repair)

4. azlndd304 (Spare parts)

5. N17U3N1T (Administration)
- Repair and Spare parts cost ﬁf«i’mlﬁﬂ’lﬁaaﬁ'ml’msiaﬂ’nﬂmLm Lﬂﬁuuuﬂmmumq
mlnuvasdimiuinsuiouaslding
- Insurance, regular maintenance and Administration cost nRaut1Inef iuandrarin

nnifinly
0&M cost luedatlusndendnyszann 2-3% maaﬁmt‘iuamuﬁv'wuﬂ
0&M cost wa391n 6 TludecidRadulavasiidianndn 5% vod
S’IQ’IL‘:)%ENY‘NY:I:JMNGI

S a ]
TINNaNUIRUILNEN (unit cost)

L . . X .
TasmlUuds é1 unit cost Yupgriy Investment cost URz O&M cost
v a o & & [ - s d, '] .
uannniudanumansnlumsndamad Wil ulladodnddgmitefidonadad  unit
cost GT‘)U
famiumaludsainalng Tﬂu'ﬁ'a:gﬂmn EGAT
NIRUANUUR 150 KW

1. Gusdmuiu 13,100,000 un

2. MIHAANRITH AN 197,000 KWh/A)

3. O&M 260,000 Al

4. Cost of generation (Discount rate 9.5%)

- lifiansuaaiumibayn 8.69 UM/kWh

5. FIRR 12.00 %
TNAURUVUIA 750 kW

1. BuaImuia 42,843,000 U

2. MINAANRIU W 985,000 kWh/Al

3. 0&M 850,000 A

4. Cost of generation (Discount rate 9.5%)

- lifanauasFumiaym 6.20 VIN/KWh

5. FIRR 12.00 %

w1 : My esRauiedszimalne (2007)
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ar ¥ 3‘ «
3.2 TsodnsINAInaI12HIaLaN

3.2.1 A2AWAIRIYY (Prime mover)

i lunssuingaueiastuiialiy Tasmansautiseaniiu
Useianivg 9 1o 2 Uszinn fa

3.2.1.1 na¥RUUUNIzUNN (Impulse turbine)

Lﬂéaaﬁaﬁuﬁquuuﬁﬁn‘l’iﬁmi’]auﬁﬁﬁaﬁﬂﬁq wé’amuﬁ'nﬁmanfw:gn
Wanwwndsomesiranue lagimwiadanaudhaanaiu mm:ﬁmfﬁﬁan's:nm'\"aﬁ'oﬁu
danusumnitueNusuasuITtmaUnd  miwdouulsanuiuasfirmns
PeIMAIINEURAER wifedusnisyinfiefevasdaiawuri iiAanuiu MINIVNY
Mdmidsmuniarnlalaslivide dadunsuiursuasdildnn - wesldena

ADINT

ﬁ;ﬂﬂ"nﬂmz'[ﬂmiamaaﬁ’qﬁuuummm:uﬂnﬁa

ar J ¥ v e W e ) LY (8 A"
- waaumbhilaultaammudunsanasunadu
[V o o » ™ - I “ o v

- mmanmu’lﬁmmv\unqu Fauneaniifidnueanainwade nrole

AN UTSENIFUNG
:‘ A L 3 e o L L A r-| = » [ [} ¥

- it Waandanaiu evadhldgadon mav\muqmnh uaqsladvinu

AINIRY

|
1) NINUUIUNAAN (Pelton turbine)
\'/ W A :‘ @ o L F s A‘i g L n“ J
Tﬂum‘lﬂmﬂummeumm:mummmaﬂ'lﬂﬂnnus:ﬂwaammgo-zm
I L3 L1 L A " : J 1 »
§INdN 250 was 'hfmwnﬂun'rmqm:'m WAz UGBINIAUTINN uansuals
[ v ¥ dw ’ [ o d & Y o o
'lus:ﬂumwgammnuaun'n'lﬂ tuntatfiduszuuidn gnaanuuu'[ﬂu'lm'mmm
ad a ¥ LY ~ v e~ & [ ' % , & “ ¥
(bucket) nap 9 ludsdimaglusdamsludnaiwiuuoudiog domdiiesibhen
Aaaa '[ﬂnuﬂqml’l'lﬂﬂ'wﬁ'ﬂUuazmwﬁ'mﬁuumﬁagmanmwaqﬁm NRINAATITAURI
[ 3 el > .~ i { A ] w:' A a z -~ a :' )
maammuﬂw:ﬁmumag tRafivzgan i fidevinwrdanuannsznudiniusinesng
goihoviutialfouthy  shaviadaida (Needle) dmiuuiuiunasvaninlig

bt : 13 * e = W »
AMVIRUINTUNTORAG m‘lv\mmmﬂmmwtﬁquwaanmu‘lﬂ
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Salient pole synchronous generator ﬁ]:gnﬁ’mﬂflﬂu low-speed
o o o ¥ ] e :’ = =
alternating current (AC) generators dwiululsalWindni WesnnAsuiilinnuia
1 o A o wel o “: : 1 | 1 3 i ° -~ a r
Vannin Faezrilitidmntafiunn wddomnafuwateenit mldlseansIWRling i
dmlngiRenlFUszinn Salient pole Tutunauiaa unazll diameter-to-length ratio fi
P ) . o o &l & . & A Ao a
ffwn aauved field coils  axgniuagfilsieeiniidnsasuinbu uananidd
< [ 3 = r o ] - L4
damper winding T2 luusazlsfinagfl pole surface FsastiuluFesvasmagain

y o v A ) < &
LURST Uﬂ'ﬂﬂlﬂ%ﬂiﬁ]ninauuﬁﬂqqu Lﬁﬁ HINTWUINDU

Pole surface Damper winding

COO0O0O0O0

'Y

Pole body :
Fieldwindng

Rotbor yoke

N

VAR

31]17'1 3.18 uaasanwmelnaafAdsnwusTuuuuiaiu (Salient pote)
3.2.3 n1787UQA (Control)

Tua B8 (Turbine) 3zl Governor inlflunsauguanuiizes
favwmin Turbine Governor duadnioldmiuaruguanud maslwiinaean (Power
output) YDIAININY Lﬂ‘ai'nmauqamaon'mﬂﬁuuuﬂan:wmﬁ'lé'o'lwﬂ'l NUTLVUY Grid
load

Governor  system grunsoiiul "ﬁga mechanical-hydraulic, electro-
hydraulic, digital-hydraulic

szuueg Qs lidatlsfaududesd 3 daudiznenin Sy il
1.Controller

Lﬂwu'nuﬁ'l'iﬁﬂw?m’mqm:umf’l
2.Servo System

s amplifier Feazdfiunisusania 41457 langniwualasad
Controller
3.Pressure oil supply system

Dundsunadineiduw Uiy Servo System



44

qﬂﬁﬁzmﬁmm turbine governor #@
o [ . [9 =
1.1 a3nw rotational speed TaI6 2 turbine-generator IWAAMuLETiTIN

myinuilnaalag
2. $nwmvinavanialu turbine conduit wgaaianfitialnasanad n1s

ﬂéauﬁﬂﬁamqﬂ'ﬁwmmuﬁaﬁwﬁ'ﬂﬁuau’s‘uvl.ﬁmao the rotationa! speed rise of unit & the

pressure rise in water conduit

Refzrence Luat — Speed
/o
f/ + T { Turbine and +>>L- ¥ _
T ; m_\i)’[ Governar _JM M'Ym"ﬁ;’i Water Condult WR:\ ******** l Generalci e
; \ Admission Power
i \Speed Deviation
i

gﬂﬁ 3.19 Governor function

31]'?'1 3.19 uga3fl9 function Vo3 governor

- fygusadidunn ffisufisuiudygnasnudfignilaunauan

- niumsuassuastirmeszwinmhad Wi eendulnaa
1] v a [ J
raliiAannussnluszuy

¢ & - = A« N - .

- iwmaaanszuIunsh Aa i Sedasgmibhanulisufisuny

. v oo o A
W uaeBaanfinil

Tugruvaaadasnufialwiiu dduludiuvas Doubly-fed  induction

generator M3ALAY vadluiFasvesszunduinian szuuduafauildiusziduuu
o a ¢ o & a P PLRY P v v Y
ssuvtuiefewgafidofunuatauuud 1 Ald Cyclo converter Talanaluud lutudn
wazluduves Salient pole synchronous generator msmuauﬁ'mﬂuu.nu Excitation
Control
. - <
Excitation Control L:‘Jum‘smuqu field current 'nw:Lﬂu.m?ﬂ’mﬂ'u field
A v '

flux Bnfinta N13AUAN field current auNTaTlddIbED (manual) udfisunsnAILgY
wuudaluld (automatic) ¢lasandit Excitation Control System

Excitation Control System ({lun1saivquuuuilaundudaludd szvints
NIUTIAUATILTION (Terminal  voitage) TapyUsv field current 189 synchronous

d ' . . o > a ) L 1:!. 1‘: “
generator N157 143 Excitation Control 9z IR IAaMITUNTITRILTIGUAT Toanafluna
IINMIREUURY Pg nIaanninauaduIInNszuuNIERan NIAIURNRNaIINET e

¢ = ) { v & o y: S
‘l'uﬂun'limuqutmu Negative feedback Lﬁaamnmmusaﬂugwu 71 field current
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hd v 8 B 1 » J [=3
LADIRAKRY URZTNIYILTIAURARY A1 field current a:maogwu Uﬂﬂﬂi@]ﬂ:l.mill’}]ﬂd

v v 4 &
Excitation Control System wa@4ldanazldnaaeis

Input Torque
—_—]

Output voltage & current

- Generator
from
Prime mover
Exciter power Fxci Yoltage Desired
— o p—
sorce xeiter Regulator voltage

:'a‘l]ﬁ 3.20 URGILRBA1ADZINTY 284 Excitation Control System

-l Bt ; 1 1 L ;
Excitation Control System U&ulsrnaunaniugIued 3 8% il
- Exciter Lﬂuqﬂmrﬁ:ﬁau field current 1A1U synchronous generator

- Automatic Voltage Regulator \TudasasinutiusaeulUWny Exciter

- Amplifier atmsRuMRIFYgIM tRa&I T IR Exciter th Amplifier

\{IMuUL electromechanical 3:9niTunin Pilot Exciter Wia Rotating Exciter wan i

. - e 4 ,
Solid state a:gnwm'im'mtﬂumunuwaa Automatic Voltage Regulator

ey s o P o g
Excitation Control System Iﬂﬂﬂ’.}'lﬂun'ﬁﬂ’mﬂu 3 dszinm ed

1. rotating DC commutator
2. rotating AC altemator
3. static

Rotating DC commutator

2:19 DC Generator ﬁ']d’m'[ﬂwiaag;ﬁmwm'um synchronous generator

] d‘ 4+ 4 ‘r L L
\Wanardlou field current TWAL synchronous generator lugﬂuuuummwu'lﬂ gInNUR"

NI IN NS AR URUSIN T uﬂ:ﬂ"aamsm‘sﬂﬁgﬁnmﬁgo'luﬁawam‘ﬁﬂ‘%ou.a:uﬂn

du Auduifazdrituntsnszdulyo? field winding
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Control
N 56 o | 32 )

Source
Exciter Exciter Synchronous
Field Generator

Voltage Amplifier
Regulstor

o .
311 3.21 usAIMINILUANIULL Rotating DC commutator

Rotating AC alternator

2:1% AC Atternator 171 AC-DC Rectification (#9318 field current T
synchronous generator soamduldsasdofiouiunawniiias Wldudeduazld
WApsrdvSslunindouss Exciter U field winding 3399udonalidasltaaueile
W31z Alternator 1973w 3 field winding andumaiaed sunetsasiueslelss

A 1 . & L
maafwis SCR Fawanansluanlalaswssmunsonvaulaslifygnuld

Ve
Vi = Rectifi
. O] Steacge .
Voitege Excitation
Regulator control source Exciver
Synchronous
Generator

4
31N 3.22 uRAIMINIUAVILL Rotating AC altemator

Static

drznavlies Solid state Miavae 'l&iﬁqﬂmrﬁﬁ":'lﬁuﬁmgu power

sourcef IB11u CT uaz PT 1W#1 3 Wa a:gnuﬂauﬂu DC lauen Rectifier waztlanidha

U

] - \ . & 1
synchronous generator lagruaaU3auasul st wuu static wwTINNMULY AC
Alternator ufiiﬂ'oﬁaamsmiﬂ'ljﬁnmaﬁxﬁaLLa:uﬂnn"ma;HJ'
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Vet
v . Synchronous
L G(s) 1 Generator
Controlled Rectifier
Voltage Bridge
Regulator f PT
| Excitation Power
Transfonmer ='m] “r

4 ,
31N 3.23 URAINIIATUAVULY static

3.2.4 ATUATHZAIAGS (Economic)
Cost component Wivaaniilu

- (Ju8INY (investment cost)

- MIduAuNILAZM I (O & M)

- 718 (Taxes)

3.2.4.1 Guasmu duduiudldiwsulng ssdftsznaufidwadeel

- TG & Control costs i‘fuayjﬁnﬂs:mﬂ, mrlwaussinit Taswalusm
agluz $300/kW-$600/kW

- Water conveying system costs ifuagﬁ‘um:mn, ms'lvm, VLTI Uz
snmihszine

- Transmission line costs Tﬂuﬁ"]‘lﬂﬁﬂmagﬂ‘izmm $70,000/km W@N
em)Lﬂ%‘iuu.LuJm'L@'fﬁuag;ﬁ'uzvqui‘uh:mﬁua:mnémmaomn‘rﬁﬁo

- ﬁmﬂs:nauné’nﬁ'u‘] Usznavusiie weir, intake, tailrace, powerhouse,
substation, site work and road access

- Engineering costs 'j‘Jrua;J;ﬁ‘wmﬂua:mm*ﬁ’uaﬁ’awaatwia:hhtim

Q' J =y i H‘I = L} )
- Interest costs vzAvVuMmuRUNI Tavn2lluddnegszrnin 6%-

10% vDIUmU

3.4.4.2 N1TAUHRNITUALNITIITITNE (O & M)

- ﬁaomsaumuqumsﬁﬁmwaaTsaﬁ'n'mﬁm?aﬁaaﬂu Tapralug
fAtgano1lszune $50,000 - $80,000/year

- Annual maintenance costs laen2lURenUsEnm 0.5-1% TAIIUNU

mnuadail
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- Additional maintenance costs maﬁmﬁaﬂ%’uﬂ‘ga 139818 power line
lapynlufidndszanm 3-5% vaaiiunuaas power line dal
- Annual insurance costs JfN13zaNT4 0.25 -1% YaATUNUNINLA

- General/Administration costs ﬁmag‘lmm 0-20% 2al3nlugin O&M

R

3.2.43 mn
- Land lease rates Iﬂﬂﬁ"ﬂﬂﬁﬁ’nﬁ&lﬁaﬁo $2,000/year
- Annual property taxes launaluaziidn 0.5%-1.5% maaﬁunuﬁwm

: d . ;
usanalAouulss leeugonun
- Annual water license fees Hf1UT=u4 $3,450/MW 283UU1ALT99NT

VINTU $1,036/GWh Taandaufingele

ﬂaqﬁ'ud*mé’umu'lwﬁ'la;jﬁﬂs:mm $0.05 - $0.06/kW laenialUud sHP

A ] a '

» S (Y [ L » -~ ﬂ. el 1 ! -3
Project siaalfi3unulaiifiu $2,000kw Iefiaigudirag tedunuilsiisanndu A

? u 4

1 1 o b ! ‘a' l! *
FNHﬂﬁx‘]ﬂ"lﬂﬂwﬂ"luleﬂ"llﬂﬁﬂ'lI.W&J'ﬂuﬂ'lLI

A =t » .y L = ar
191N 3.1 LRAITILRLELAATY ‘]']JBJ‘S'\ﬂ']NHRM:Iu (FIUNIDTYRNTS)

Approximate 4.5 MW 6.0 MW B.OMW | 27.0 MW
Cost Item Range Project Project Project Project
Head| 30-500m 510 m 30m 460 m 45m
Design Flow] 1-100 m3/s 1.1 m3/s 26.5m3/s | 2.1m3/s | 75.0m3/s
% of Total
Weir / Intake(s) 2-5% 0.4 0.5 0.5 0.7
Water Conveying System 10 - 30% 2.3 3.6 3.3 4.2
Turbine Generator and Controls|  20-30% 22 4.3 3.5 9.5
Power House & Tail Race 5-10% 0.5 0.6 0.6 3.6
Substation 2-4% 0.3 04 0.4 1.1
Access Roads 0-5% 0.0 0.5 0.1 0.2
Powerlines 5-15% 0.4(Skm) |0.7(10km)| 1.1(15 km)| 4.2 (60 km)
BC Hydro Interconnection 3-8% <07 0.7 0.8 1.0
Contingency 5-15% 1.0 1.7 1.5 3.7
Development & Owner’s Costs| 2 - 5% 0.4 0.5 0.5 0.9
Permitting and Licensing 5-10% 1.0 1.1 1.2 1.3
Engineering 5-10% 0.8 1.3 1.2 2.8
Interest During Construction 5-10% 0.8 1.3 1.2 2.7
Total Capital Cost 10.8 17.2 15.9 358
Specific Capital Cost 32,400/kW | $2,860/kW | $1,990kW | $1,330kW
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4.5 MW 6.0 MW 8.0 MW 27.0 MW
Project Summary High Head Low Head High Head Low Head
Capacity Factor 65% 60% 60% 30%
Head 510m 30m 460 m 45m
Design Flow 1.1 m3/s 26.5 m3/s 2.1 m3/s 75.0 m3/s
Total En;éy Sales} 25.6 GWh/yr 31.5 GWh/yr 42.0 GWh/yr | 118.3 GWhiyr
Powerline Cost| $ 400,0001 % 700,000 | § 1,100,000 | § 4,200,000
Total Capital Cost{ $ 10,821,600 { § 17,166,600 | § 15,907,860 | § 55,847,900
Annual Taxes & License Fees
Land Lease $1,000 $1,000 $1,000 $2,000
Property Taxes $108,000 £172,000 $159,000 $358,000
Water License $42,000 $53,000 371,000 $216,000
Contingency $23,000 $34,000 $35,000 $86,000
Total Annual Taxes $174,000 $260,000 $266,000 $662,000
Annual O & M Expenses
Powerline Maint, $20,000 $35,000 $55,000 $126,000
T/G Maint. $65,000 $103,000 $95,000 $215,000
Operating Labour $70,000 $70,000 $70,000 $140,000
Insurance Premiums $43,000 $69,000 $64,000 $143,000
General & Admin $20,000 £28,000 $28,000 $62,000
Contingency $33,000 $46,000 $47,000 $103,000
Total Annual O&M Costs $251,000 $351,000 $359,000 $789,000
Annual Debt Payments $811,000 $1,287,000 $1,192,000 $2,687,000
Total Annual Expeditures]  $1,236,000 $1,898,000 $1,817,000 $4,138,000
Break Even Power Sales Price;  $0.048/kWh $0.060/kWh $0.043/kWh | $0.035kWh
Price for 20% ROE (Before tax)]  $0.065/kWh $0.081/kWh $0.058/kWh | S$0.047/kWh

ﬁm - yilaRa Small Hydro Generation Building Block Profile (2003)
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(vn/o.)

772 11568 1544 1931

270 405 540 976

695 1043 1391 1739

348 522 695 869

1392 2088 2783 3479

195 292 380 487

3056 458 611 763

2443 3664 4885 6107

283 425 567 709

1701 2551 3401 4252

271 406 541 676

13563 2029 2706 3382

A A L3 [
AN ﬂuu’m&‘mﬂwmmuumﬂ‘s:mﬁ'lﬂu W.¢. 2542

2896

1014

2608

1304

5219

731

1145

9160

1063

6378

1015

5073

61

3861

1351

3477

1739

6959

974

1527

12210

1417

8504

1353

6764
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Plant
Cost
Wind SHP Biomass
1.Invesment 85 % 80 % 70 %
208 M 10 % 10 % 20 %
3.Fuel - - 5%
4.0ther 5% 10 % 5%
Unit Cost (Baht/kWh) 5.00 2.21 2.63

,g' S ey G [ ('3 = o
N RDTUUITIUARINU ?W’]ﬂx‘lﬂiﬂ.&ﬂﬂ'ﬂﬂﬂﬂﬂﬂ (2006)

L3 ar & o )
guu at&TﬂHWNGOWHLtHJﬂTﬂﬂﬂ‘lﬂU

M3 thendaulsainaing (2007)



unn 4

ayduaunamemadenisinalulad

J’ e [ 3 - d' =4 -3 L%
TuunfhaziisuanisagUnadiuinafiaifangasfiaunaninindanls
malulagfinrsldlunisndanssugiWfrvoalsadnsWdandsountadondle
o . L 3 - » [ ) & “ bt
ynsdnsludmesdrmnaila uszdweamsgmaad aciinisaeddagioaiy
J LY [ (% P-] ﬂ' » a =2
cost component iJasduvaslsanT WA Iwa UM aienfi lavinnmsfinmn

4.1 aminania
4.1.1 Tsodnsinfnasoman
- i ¥
wwanwinnisidonla
mnﬁagaﬁ'l.ﬁmmuatﬁmﬁue‘ﬁﬁuﬁwé‘o, wIaanudia IWw uasny
et = - -3 o A J
ALY Urznauium e Tsvnsaiwnaia susndiguaiwIinianiianldlaadit

W &

G2AwA1a89  (Prime Mover) raiuaumInfenlfluwuuiiinanagin

" e -y aa ' d; o - ’ P o - :‘ Lo
wwnuuas  ifissnnddssindanfifinin SAwnfuaufiannndt  afisufidinin
] o . d‘ 1 " o A = ﬂl [ o J’ . & o L [
wiinu  lasevfiannndy  dafisufanuiifiiinu  uenanhualelintwaniaeng
daiflasluilaniu

= ° “a » . .

wiasnuialWiy  (Generator) a7 mFanld Doubly fed induction

d' |l ) ‘J a 3 [} J L 3 ]
generator iflgdnniansanaansaiufinnuTauszaua 9lusnfiniandt ims
ﬁmvlﬁuﬁﬂﬁaﬂﬁﬂqﬂnirﬁﬂ’lU'luﬁ'll.Lﬂ:UBaﬁule‘f uazil partial scale frequency converter ¥in

v o v = . - A o ol -
wihflTaroauLanaseInNain Wi iuanuinenag - S lElanuaiunson
° & - 3 & o ] ° » [ g A
wamguiasiue:  Maduanmuluszwinerewldidueswd  dsznauiunsf
\uuuy induction generator YMlWTedluiFasvesmnigainmfine udus numu
wazlaseaalidudan

n15A7UAN (Control) AaTidanldrzuuduinfenuuuirafifssuuuaiia

o o - . [ & a 2 v & -
msanuguindIady slip  power) 1 1a3a9dnTauléns 2 Tnua Aalnaa

supersynchronous uazlnue subsynchronous



64

o a °y (3
4.1.2 Tseanslrinnassirzwienan
r- L7
URININISIRON 1T
mniagaﬁ‘l@mwmumﬁmﬁ'ueﬁﬁuﬁwé’a, p3pdnndalWWn uazns
O = *» rF-y o - [ 2. ;
AU UssnounumMsinTEdnIa wnadia sunsniiiauauwimansidanlalaaedi
@2aun189 (Prime Mover) lun1sidaniaTesnawmin mansoRansanle
[¥) [ :‘ (% :’ o % Y d e :’ {
MNTTAUANFIRNI SATINTIMaTIN ¥ianwamainaausaToanvuin lund
ﬁimrmmns:ﬁummgwaaﬁ'dﬁw
. ﬁs:ﬁ'umwgaﬁ‘:ﬂw'mn'h 250 L39S

FInRanFNIMRILNaa W

- ﬁ's:ﬁummgaﬁ'n{w:wm 70 - 250 LUAT
sunsadanldniuinsuds, foiuinnesln ewaumanzandsil
~lunsd@fiFonisimiwinnsuds szuvezdesedisanmslnay aaiﬁqa
wzfiasanisinsveninaass dszimvoanmiubhwsudaazdd
~lunsdfidenldiaiwinmasin ssuvesdnaddanmsinavaniien
- ﬁszﬁuquaﬁ'mfwiaum’w 70 LURY
munndenliiaiuinesesve’, Aoiwhasu, Aoiwiuuulue

[ [ :’ [ 1
apa, NanuwnIzilde MUAMURINERUAIN

oo A [ - Aa
- luns@fdanlenavuiiasasinad azmanziuszuunioams naval
Talg
- lunsdifidenlEnautiiantaiw asmansnuszuundnindfsuwulag

:
A A

ATMT AT Uay LWﬂ:ﬁmmEﬂMu"u‘lum‘s'lfmugan'i'muﬂau

- lunsdifiRenlatmmiuuuluwaesaa szeailidasinisinaveaiif
ginaNe Wz Uszintnnwazaaasninildnuisas lwasinintu Wesneanuiu
navuLyy luwasua el .

- lunsdinidonlanavuinuuunszidne w18 uszunfidaimsnnainga
uae g fszaunugadn g doundn 40 Luas wTwan lAMITWIALAZIIAIM IR

4 s & v &
a3 ia i (Generator) ausalglaniuwuy Doubly-fed

. . . & Yok L
induction generator WazUUY Salient pole synchronous generator YNunIuatnuMaL
WwmslFauuuy Variable speed #30 Constant speed duduuuy Variable speed
\danlt Doubly-fed induction generator uasdniuuuy Constant speed \Ranld Salient
pole synchronous generator
mMseuaN  (Control) a3aduila Wi uuy  Doubly-fed  induction
maaduad

o Y o a P a ' i .
generator Msidanltizvutuefanuvuimefiduauvuaiia @mluSesves Salient pole



65
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42 MIAMIATESAARAT
4.2.1 Investment cost
Wind
Cost component :
*Wind turbine
Foundation
Planning
Grid Connection & Electrical Connection
Other
*Wind turbine : 40 — 50 Bath/Watt
fin : Myl dhandaussaneng

Small Hydro
Cost component :

*Construction
Turbine-Generator & Control
Electrical equipment

Building

66

74.57 %
10.17 %
3.73 %
3.39 %
8.14 %

60 %
26 %
10 %

5%

*Unit construction cost (>2MW) : 44,164 Baht/kW

A 1 = 1]
717 : MW EheaRauiadsznalng

Biomass

Cost component :
afelavuarssuy
MITAMIURZM VAL BLNAS
EPLIYR (3UFUTY)
WA IVANNENIZ

iU siLEe

naawn
- PUIA 15 GWTY.  TIA7 23 AU
- WA 20 AWTN. 3197 30 AIULIN

- TUIA 41 AWTY. 3191 60 RIRLIN

40 %
30 %
15 %
10 %

5%
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Aavulath ;
- waanssuR W luga9 500-1,000 kW 5781 5,730,000 LN
- HAensua WA luE9 1,000-1,200 kW 3191 6,730,000 LN

Tapfi - w¥asraua 15 away. Il UN IR RN ANEan Tz U IWHA
Tut79 500-1,000 kW
L : s *» ) Lo L3 & r A )
- pUAIUNA 20 SWTY. BRI MFFINAUMTIR RN INRaN Tz uF TR

Tug79 1,000-1,200 kW
Han quﬁaﬁnﬁwé’amuuﬁw‘s:mﬂ'l'nu NSENTHWEINU W.A. 2542

4.2.2 Maintenance cost

Wind
1.50 % 299 investment cost ( 4134 2 Tusn )

Escalation rate of maintenance cost per year : 2 - 5 % 989 investment cost

Small Hydro
0.5 - 1 % 283 investment cost

Escalation rate of maintenance cost per year : 4 % 183 investment cost

Bicmass
10 % V84 investment cost

Escalation rate of maintenance cost per year ;: 3 % 289 investment cost
4.2.3 Operating cost (Fuel & Transportation Cost)

Wind
'l red g ‘lv. 1 ' . A o e & =
AU LTV IUTIUAUTBLNRILISATDVURILTDLARY

Small Hydro
v_ B ] ¥ [ A’ 3 ¥ ) A’ s
lualganalududnTainisuaz s uua sainae



Biomass

*Fuel cost, *Transportation cost

*ﬂﬂ'u%aLwﬁa(Fuel cost)

- ANATUTAUTAINNRY

- fnanuTanv U YAkl
- dranuTaur oI duE e Al
- ANANUTERYaINNITN

- danuiouradnzantau

- danuiauzenaulutsu

- fanuSauvamarnthduan
- Manudauvadldiu

- AU SanvaININSDY

*1MANYURI (Transportation cost)
fafiszuzma 50 nu.

- Wnay

- TURIENAIUAY

- mFauddoaay

- Wt

AnfiTEnENne 800 Nu.

- nzanthay

- wulphdw

- nmphauddan

A bl - ) et
nan : ﬂuﬁﬂ%?ﬂﬁﬂﬂﬂ’lul.mdﬂle‘nﬂ‘lﬂf.l NIENTHHRIITU W7, 2542

13.00
7.00
7.40

10.20

17.00

11.90
7.20

15.99
7.99

MJ/kg
MJ/kg
MJ/kg
MJ/kg
MJ/kg
MJ/kg
MJ/kg
MJ/kg
MJ/kg

PN
6N
31
81
A7
36N
187
M
87

3191 150 LIN/Ou

5997 150 LIN/Ou

191 150 LIn/en

3181 150 UIN/au

3767 600 LIn/au

3197 600 LIV/A%

167 600 UIN/A%

0.35
0.05
0.15
0.85
0.55
0.10
0.05
0.50
0.14

unmn.
wn/nn.
umn/nn.
mn/nn.
un/nn.
uanmn.
un/nn.
un/nn.
unmn.
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4.2.4 Unit cost

Wind

Unit cost :
Small Hydro
Unit cost :
Biomass

Unit cost :

3.6 — 6.0 Baht/kwWh

2.4 — 2.8 Baht/kWh

2.6 — 3.7 Baht/kWh

69

A [ ¥ e A‘ d'v A‘ L)
AIWN 4.1 daTaTuda Wi e nwn. musnamnguam‘lwﬂmizmﬂ VSPP

Peak Off Peak fFT
fdalWifhan VSPP (m_ﬂﬂa (ml'nﬂa (U Aaniag)
nUY) PUIL)
nevEn | vedaads
2671 TOU (89T111B&9) 2.9278 1.1154
%ua;liﬁuﬁmmmﬂ'ﬁ’lwﬁw
. _ | veddneds 0.8544 0.8614
garmiind lfiWudazsp
P dady

N naaé'ﬂﬂua:q'sﬁm'lwﬂﬂ

425 Financin'g structure
Wind

- Debt/Equity Ratio

- Interest rate

~ Adder cost

Small Hydro
- Debt/Equity Ratio

- Interest rate

- Adder cost

70/30

less than 4%

2.50 Baht/kWh

70/30

less than 4%

0.40 Baht/kWh




Biomass

- Debt/Equity Ratio 70/30

- Interest rate : less than 4%
- Adder cost : 0.30 Baht/kWh

Au1 - mIMAdhenaurstszinating

4.2.6 Depreciation of the generator
The most common system is 5.28% may be considered

fu1 : ENVIS Center 2006-2007
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srgaztdganasisn1sigeuldsunsa

. [ ar var g & .
Thsunsuniensdeanomwwasnuanlaaavindulaslslysunsy Visual
i A N a ™ o o aW v [V Y] & ; { o
Basic 6.0 LﬁaGmﬂan:uQ’lmm‘lumsmmmmwaamuﬂ'lmqnnmuau natiNamIvinLa
d. s a L= a A E] ; i
finuacgmansuzraInIiusuimInzauvaudasAuf lutszinalng

[
. L

A o [ % = 5 a i
FIUUUFIRAIN WA ULATHFARATVAINTARAINIRUAN T viuaNean
=l e :
Wanzay daad
- annadia
- AWANNIUTYAINIALAY
NTIWNTIRAAMAINUTBININURY (Power curve)
Total Energy (Et) , Capacity Factor (Cf)
PINULUSIRRININUATHIM T DINITRAINIRUAN T ¥laTieiad

1

o € = - € o o & A
(S PV PASEY EﬁN’]Tl‘lu’]Nﬂﬂizgﬂﬂtﬂu'[ﬂﬂm‘mﬂ’]ﬂLﬂﬂ:ﬂﬂﬂUn']WWﬂN'Iuﬁu T3

wanMIrueaR
[ ourasen /
Fmudangmans iz saniuay “munsadenldnngudays
3
Aavjammﬁmu/
“faysnnuihisudmiuann (>30 days) *Vm (mean)
| N !
Wiebull Rayleigh
Distribution Distribution

v ¥

Calculate k and ¢
Z k uss ¢ [/:
!

k=2
Et wuaz Cf

Calculate k and ¢

51U 5.1 wannisrsuraslusunsy
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5.1 n1aiensdanaianlaslfupysraainieand
fusouLseanta 2 5%
1. Weibull distribution
2. Rayleigh distribution

5.1.1 Weibull distribution
HuitmIflesumsnaniuussldinagnin s lulunn sdia st
ANBATWHIHTURY mm:ﬁw%’umsﬁﬁﬁagamwm‘%aam’i']mumn‘] lunisienzyd
fnpmuwndsnuasinsudugasimamdminiiined k uas ¢
Li'ja k = Weibull shape factor
¢ = scale factor
Taofien k uss c x'fua:%uagiﬁumsm:mummﬁmwaaﬁuﬁfu
M k uszel ¢ ﬁiﬁﬁuagﬁﬂﬂﬁa:ﬁagﬂmu%%ﬁmﬁ'ué‘wia‘lﬂff
1. Graphical method
Standard deviation method

Moment method

el

Maximum likefihood method

5. Energy pattern factor method
Falufiflazifon3% Graphical method anllulysunsa asernnsmivinimienasiien
Indidpnuanudueduaz Wiwsfsuunsudndranfioatas 58013 Graphical method
flassiiansuns cumulative  distribution function TR ERBLTRIUSTTRTPIL s RE (S ATR YO

RINAVaINITU logarithm fadalUf

_(K)"
1-F(V)=e \¢ (5.1)
Take the logarithm Hagad919709n 3395160

In{—Infl- FW)}} = kIn(¥,) - kInc (5.2)

Taofi FO)inazdudvsfugasninuiinzifiuinnufessziidunlateonin
anaanfihnua

TINREANTINAMURIAUTIZNIN In,) (un X) uaz Ind-Infl~ FO)unu v) 9:ld
nrmfiaudwduassoanuudavinnas fitting curve Wldaunsduasseanuagluz
y=mx+b \HeRTUNRUNTA (5.2) 61 k a5 (Slope) uaz — & Inc i
IWAAUNY Y winsasRvadrun R Baduinies usraufiesvinnas fiting curve ax@adrin

NIFTATHLINUBIANNDFZFUURENIA16719 LN e v N RaanIw
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E, =TP,(e" —e™™) (5.8)
k k
- v, V.
lauf X, =(—2—J X, = (—3-) (5.9)
c c
Lfiﬂ " . cut-in velocity
V, : rated velocity
v, : cut-out velocity
P . rated power
T : duration time
n ; slope
v, : anuafidunidng g
5.3.4 Capacity factor

dHudweninmmvussfiniBeandaadluiuinug  imsndariasini

panun lguntaus Ml RunuRnafinawusuaiuaIscniale  lap  Capacity
L e = [ 2] [ - J [ ] = L [] o~ d‘

factor vaanuandfie w1 daveamdinuivusufiniasenunldaiidansinud

o & & w &

AnafNIuaufItuNRa e
C,=—L (5.10)

Tauun®  Capacity factor  azfialuamumansamndandswiniieetilasdidl
Capacity factor 'F';mm:au'lunwnﬁmﬁwé’ﬂﬂﬂwaqﬁqﬁuﬂm:ﬁﬁmg‘iﬁ 025 - 0.4 ™
souifaaniusuudadien Capacity factor 1nN7 0.4 uRAIIIMINAAWSIWIWTAT
Uszininngs
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NMAaRWIN
Code Program Visual Basic 6.0

Option Explicit

Public t As Single

Public v1, v2, v3, n, ratedpower, eal As Single
Public vm, km, cm As Single

Dim k, c As Single

Dim strConn As String

Dim Conn As New ADODB.Connection

Dim rs As New ADODB.Recordset

Private Sub Command_backdistribution_Click()
Frame_distribution.Enabled = False
Option_weibull.Enabled = False
Option_rayleigh.Enabled = False
Frame_windturbine.Enabled = True
Option_datawindturbine.Enabled = True
Option_newwindturbine.Enabled = True

End Sub

Private Sub Command_backrayleigh_Click()
Frame_rayleigh.Enabled = False
Option_newplace.Enabled = False
Option_selectplace.Enabled = False
Label_krayleigh.Enabled = False
Label_crayleigh.Enabled = False
Label_mpers1.Enabled = False
L.abel_mpers2.Enabled = False
Label_vm1rayleigh.Enabled = False
Label_vmZ2rayleigh.Enabled = False
Adodc2.Enabled = False
Frame_distribution.Enabled = True
Option_weibull.Enabled = True
Option_rayleigh.Enabled = True

End Sub
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Private Sub Command_backweibull_Click()
Frame_weibull.Enabled = False
Option_knowkc.Enabled = Faise
Option_unknowkc.Enabled = False
Frame_distribution.Enabled = True
Option_weibull. Enabled = True
Option_rayleigh.Enabled = True

End Sub

Private Sub Command_backwindturbine_Click(index As Integer)
Frame_windturbine.Enabled = False
Option_datawindturbine.Enabled = False
Option_newwindturbine.Enabled = False
Frame_duration.Enabled = True
Label_duration.Enabled = True

End Sub

Private Sub Command_caculateinputkc_Click()
k = Text_k.Text
¢ = Text_c.Text
eal = (t * ratedpower) / ((v2 * n) - (v1 A n))
Dim i, a As Single
a=0
Fori=v1 To v2 Step 0.001
a=a+1
Next
Dim vi(25000), b As Single
b=v1
Fori=0Toa
vii) = b
b=b+ 0.001
Next
Dim eb As Single
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eb = (t * ratedpower) * ((2.71828 * (-(v2 / ¢) ~ k)) - (2.71828 *

(+(v3/¢) " K)))
Dim ealoop(25000) As Single
Fori=0Toa

ealoop(i) = ((vi(i) * n) - (v1 A n)) *(k/c) ™ ((vi(i)/c)* (k-1))*
(((2.71828 * (-(vi{i) / c) * k)))) * 0.001
Next
Dim sum As Single
sum =0
Fori=0Toa _
sum = sum + ealoop(i)

Next
Text_Et.Text = (sum * eal) + eb
Dim j As Variant, result As Variant
j = Text_Et.Text / (t * ratedpower)
result = Round(j, 5)
Text_Cif.Text = result
Frame_inputkc.Enabiled = False
Frame_graphrayleigh.Visible = False
Label_k.Enabled = False
Label_c.Enabled = False
Frame_graphweibull.Enabled = True
Frame_graphweibull.Visible = True
Frame_resultetcf.Enabled = True
MSChart1.Visible = True
Label1.Visible = True
Label3.Visible = True
Label6.Visible = True
Label_Et.Enabled = True
Label Cf.Enabled = True

'‘Graph

Dim vig(249) As Single
Dim bg, vg1, Row As Single
MSChart1.chartType = VtChChartType2dLine



End Sub

MSChart1.RowCount = 250
MSChart1.ColumnCount = 1
vgl =0
bg = vg1
Fori=0To 249

vig(i) = bg

bg = bg + 0.1

For Row =1 To 250
MSChart1.Row = Row
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MSChart1.Data = (k / c) * ((vig(i) / ¢) » (k - 1)) * (2.71828 » (-1 *

((vig(i) / c) * k)))
i=i+1

Next Row

Private Sub Command_backdatawindturbine_Click(Index As Integer)

End Sub

Frame_datawindturbine.Enabled = False
Adodc1.Enabled = Faise
Label_datawindturbinename.Enabled = False
Label_datacutin.Enabled = False

Label dataratedv.Enabled = False
Label_datacutout.Enabled = False
Label_dataslope.Enabled = False
Label_dataratedpower.Enabled = False
Frame_windturbine.Enabled = True
Option_datawindturbine . Enabled = True

Option_newwindturbine.Enabled = True

Private Sub Command_enterdatawindturbine_Click(Index As Integer)

vl = Text_datacutin. Text

v2 = Text_dataratedv.Text



v3 = Text_datacutout.Text

n = Text_dataslope.Text

ratedpower = Text_dataratedpower.Text
Frame_datawindturbine.Enabled = False
Adodc1.Enabled = False
Label_datawindturbinename.Enabled = False
Label_datacutin.Enabled = False
Label_dataratedv.Enabled = False
Label_datacutout.Enabled = False
Label_dataslope.Enabled = False

Label dataratedpower.Enabled = False
Frame_distribution.Enabled = True
Option_weibull.Enabled = True
Option_rayleigh.Enabled = True
Option_weibull.Value = True

End Sub

Private Sub Command_enterdistribution_Click(index As Integer)

If Option_weibull.Value = True Then
Frame_distribution.Enabled = False
Frame_rayleigh.Visible = False
Frame_rayleigh.Enabled = False
Frame_weibuli.Visible = True
Frame_weibull.Enabled = True
Option_knowkc.Enabled = True
Option_unknowkc.Enabled = True
Option_knowkec. Value = True

Elself Option_rayleigh.Value = True Then
Frame_distribution.Enabled = False
Frame_weibull.Visible = False
Frame_weibull.Enabled = False
Frame_rayleigh.Visible = True
Frame_rayleigh.Enabled = True

Option_newplace.Value = True
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Adodc2.Enabled = True
Option_newplace.Enabled = True
Option_seiectplace.Enabled = True
Label_krayleigh.Enabled = True
Label_crayleigh.Enabled = True
Label_mpers1.Enabled = True

Label_mpers2.Enabled = True

End If
Option_weibull.Enabled = False
Option_rayleigh.Enabled = False
End Sub

Private Sub Command_enterduration_Click()
t = TextBox_duration, Text
Frame_duration.Enabled = False
Label_duration.Enabled = False
Frame_windturbine.Enabled = True
Option_datawindturbine.Enabled = True
Option_newwindturbine.Enabled = True
Option_datawindturbine.Value = True

End Sub

Private Sub Command_backinputkc_Click()
rame_inputkc.Enabled = Faise
Label_k.Enabled = False
Label_c.Enabled = False
Frame_weibull.Enabled = True
Option_knowkc.Enabled = True
Option_unknowkc.Enabled = True

End Sub

Private Sub Command_backnewwindturbine_Click(Index As Integer)
Frame_newwindturbine.Enabled = False

Label _newwindturbinename.Enabled = False
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Label newcutin Enabled = False
Label_newratedv.Enabled = False
Labei_newcutout.Enabled = False
Label_newslope.Enabled = False
Label_newratedpower.Enabled = False
Frame_windturbine.Enabied = True
Option_datawindturbine.Enabled = True
Option_newwindturbine.Enabled = True

End Sub

Private Sub Command_calculaterayleigh_Click(Index As Integer)
eal = (t * ratedpower) / ((v2 * n) - (v1 * n))
Dim i, a As Single
a=0
For i =v1 To v2 Step 0.001
aza+1
Next
Dim vi{25000), b As Single
b=wv1
Fori=0Toa
vi(i) = b
b=b+ 0.001
Next
Dim eb As Single
eb = (t * ratedpower) * ((2.71828 * (-(v2 / cm) » km)) - (2.71828 *
(-(v3/ cm) * km)))
Dim ealoop(25000) As Single
Fori=0Toa
ealoop(i) = {{vi(i) » n) - (v1 A n)) * (km / cm) * ((vi(i) / cm) *
(km - 1)) ™ (({2.71828 * (~(vi(i) / cm) * km)))) * 0.001
Next
Dim sum As Single
sum=90

Fori=0Toa



sum = sum + ealoop(i)
Next
Text Et.Text = (sum * eal) + eb
Dim j As Variant, result As Variant
j = Text_Et.Text / (t * ratedpower)
result = Round(j, 5)
Text_Cf.Text = result
Frame_rayieigh.Enabled = False
Frame_graphweibull.Visible = False
Option_newplace.Enabled = False
Option_selectplace.Enabled = False
Label_krayleigh.Enabled = False
Label_crayleigh.Enabled = False
Label _mpers1.Enabled = False
Label_mpers2.Enabled = False
Label_vm1rayleigh.Enabled = False
Label_vmZ2rayleigh.Enabled = False
Adodc2.Enabled = False
Frame_graphrayleigh.Visible = True
Frame_resultetcf.Enabled = True
MSChart2.Visible = True
Frame_graphrayleigh.Enabled = True
Label2.Visible = True
Label4.Visible = True
Label5.Visible = True
Label_Et.Enabled = True
Label_Cf.Enabled = True

'‘Graph

Dim vig(249) As Single
Dim bg, vg1, Row As Single

MSChart2.chartType = VtChChartType2dLine

MSChart2. RowCount = 250
MSChart2.ColumnCount = 1
vgl =10
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bg = vg1
Fori=0 To 249
vig(i) = bg
bg = bg + 0.1
Next
i=0

For Row = 1 To 250
MSChart2.Row = Row
MSChart2.Data = (1.57 * (vig(i) / vm A 2)) * (2.71828 A
(-1 * (0.78539 * ({vig(i) / vm) * 2))))
i=i+1
Next Row
End Sub

Private Sub Command_enterweibull_Click()

if (Option_unknowkc.Value = True) Then
Form2.Show
Frame_weibull.Enabled = False
Frame_inputkc.Enabled = True

Eiself (Option_knowkc.Value = True) Then
Frame_weibull. Enabled = False
Frame_inputkc.Enabled = True

End If

Option_knowkc.Enabled = False

Option_unknowkc.Enabled = False

Label_k.Enabled = True

Label_c.Enabled = True

End Sub

Private Sub Command_enterwindturbine_Click(Index As Integer)
If Option_datawindturbine.Value = True Then
Frame_windturbine.Enabled = False
Frame_newwindturbine.Visible = False

Frame_newwindturbine.Enabled = Faise
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Frame_datawindturbine.Visible = True
Frame_datawindturbine.Enabled = True
Adodc1.Enabled = True
Label_datawindturbinename.Enabled = True
Label_datacutin.Enabled = True
Label_dataratedv.Enabled = True
Label_datacutout.Enabled = True
Label_dataslope.Enabled = True
Label_dataratedpower.Enabled = True
Elself Option_newwindturbine.Value = True Then
Frame_windturbine.Enabled = False
Frame_datawindturbine.Visible = False
Frame_datawindturbine.Enabled = False
Frame_newwindturbine.Visible = True
Frame_newwindturbine.Enabled = True
Label_newwindturbinename.Enabled = True
Label_newcutin.Enabled = True
Label_newratedv.Enabled = True
Label_newcutout.Enabjed = True
Label_newslope.Enabled = True
Label_newratedpower.Enabled = True

End if

Option_datawindturbine.Enabled = False

Option_newwindturbine.Enabled = False

End Sub

Private Sub Command_exitresultefcf_Click()

Dim response As Variant

response = MsgBox("Do you want to exit program?”, vbYesNo +
vbQuestion, "Exit")

If response = vbYes Then

Unload MDIForm1

End If

End Sub
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Private Sub Command_hintdistribution_Click()

End Sub

Form3.Show

Private Sub Command_hintduration_Click()

End Sub

Form4.Show

Private Sub Command_savenewwindturbine_Click(!ndex As Integer)

Dim IngRows As Long
Dim sqlAdd As String
strConn = "Provider=Microsoft.Jet. OLEDB.4.0;Data Source=" &

App.Path & "

End Sub

\dbproject.mdb;Persist Security Info=False"
With Conn
If .State = adStateOpen Then Close
.ConnectionString = strConn
.Open
End With
sqlAdd = "Insert into wind_turbine
(w_name,w_cut_in, w_rated, w_cut_out, w_ve_power, w_re_power) "
sqlAdd = sqlAdd & " values (" & Text_newwindturbinename.Text & ™ ,
"™ & Text_newcutin.Text & ™, " & Text_newratedv.Text & ",
"™ & Text_newcutout.Text & ™, ™ & Text_newslope.Text & ",
™ & Text_newratedpower.Text & ™)"
Conn.Execute sqlAdd, IngRows
If (IngRows = 1) Then
MsgBox ("Insert record successfully.”)
Else
MsgBox (“Insert record failed.")
End If

Conn.Close



Private Sub Command_enternewwindturbine_Click(Index As Integer)

End Sub

vl = Text_newcutin. Text

v2 = Text_newratedv.Text

v3 = Text_newcutout. Text

n = Text_newslope.Text

ratedpower = Text_newratedpower.Text
Frame_newwindturbine.Enabled = False
Label_newwindturbinename.Enabled = False
Label_newcutin.Enabled = Faise

Label newratedv.Enabled = False
Label_newcutout.Enabled = False
Label_newslope.Enabled = False
Label_newratedpower.Enabled = False
Frame_distribution.Enabled = True
Option_weibull.Enabled = True
Option_rayleigh.Enabled = True

Option_weibull.Value = True

Private Sub Command_backresultetcf Click()

Frame_graphweibull.Enabled = False
Frame_graphrayleigh.Enabled = Faise
Frame_resultetcf.Enabled = False
MSChart1.Visible = False
MSChart2.Visible = False
Label_Et.Enabled = False
Label_Cf.Enabled = False
Label1.Visible = False

Label2.Visible = False

Label3.Visible = False

Label4.Visible = False

Label5.Visible = False

Label6.Visible = False

Frame_distribution.Enabled = True
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Option_weibull.Enabled = True
Option_rayleigh.Enabled = True

Private Sub menu_exit_Click()

End

Private Sub menu_new_Click{)

Unload Form1

Form1.Show

Private Sub Command_SaveRayleigh_Click(Index As Integer)

Dim IngRows As Long
Dim sqlAdd As String
strConn = "Provider=Microsoft.Jet.OLEDB.4.0;Data Source= " &

App.Path & "

\dbproject2.mdb;
Persist Security Info=False"
With Conn
If .State = adStateOpen Then Close
.ConnectionString = strConn
.Open
End With
sqlAdd = "Insert into WindSpeed {Name,WindSpeed) "
sqlAdd = sglAdd & " values ( " & Text_newnameplace.Text & ™,
" & Text_newwindspeedvm.Text & ™)"
Conn.Execute sqlAdd, ingRows
If (IngRows = 1) Then
MsgBox ("Insert record successfully."}
Else
MsgBox ("Insert record failed.")

End If
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Conn.Close

End Sub

Private Sub Command_TableVm_Click(index As Integer)
Form6.Show
End Sub

Private Sub Form_Load()

Label_duration.Enabled = True

End Sub

Private Sub Option_newpiace_Click()

If Option_newplace.Value = True Then
Text_newnameplace.Enabled = True
Text_newwindspeedvm.Enabled = True
Label_mpers1.Enabled = True
Label_vm1rayleigh.Enabled = True
Text_nameplace.Enabled = False
Text_windspeedvm.Enabled = False
Label_mpers2.Enabled = False
Adodc2.Enabled = False
Label_vmZrayleigh.Enabled = False

End If

End Sub

Private Sub Option_selectplace_Click()

if Option_selectplace.Vaiue = True Then
Text_newnameplace.Enabled = False
Text_newwindspeedvm.Enabled = False
Label_mpers1.Enabled = False
Label_vm1rayleigh.Enabled = False
Text_nameplace.Enabled = True
Text_windspeedvm.Enabled = True

Label_mpers2.Enabled = True



End Sub
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Adodc2.Enabled = True
Label_vmZ2rayleigh.Enabled = True
End If

Private Sub Text_newwindspeedvm_Change()

End Sub

If Option_newplace.Value = True Then
vm = Text_newwindspeedvm.Text

if vm = "" Then vm = 0

cm = {2 *vm)/ 1.772453851

Elself Option_selectplace.Value = True Then
vm = Text_windspeedvm.Text

Iif vm ="" Then vm = 0

cm = (2 *vm)/ 1.772453851

End If

km=2

Text_krayleigh. Text = km
Text_crayleigh.Text = cm

Private Sub Text_windspeedvm_Change()

End Sub

If Option_newplace.Value = True Then
vm = Text_newwindspeedvm.Text
if vm =" Then vm = 0
cm = (2 * vm) / 1.772453851
Elself Option_selectplace.Vaiue = True Then
vm = Text_windspeedvm. Text
if vm ="" Then vm = 0
cm = (2 * vm) / 1.772453851
End If
km = 2
Text_krayleigh.Text = km

Text_crayleigh.Text = cm
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