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O ABSTRACT 0O

The objective of this research work is to explain and illustrate the technology of wind
generation units and their economic status as modern solutions aiming to insure the energy
required to cover the loads of the rural communities and those for irrigation of the agrarian
lands. This paper presents an integrated technical and economical study to supply the
electrical loads required for irrigation of agrarian lands with an area of 4000[Hectares]
located in the middle region of Syria, at Alkseir region 125[Km] south-west of Homs city,
in addition to supplying other loads related to daily life activities of five thousands
population of farmers families who live in typical villages within the studied site. This
study included a stable work mechanism for the system employing an integrated energy
generation system in the form of wind energy generation units and diesel generators. At the
beginning we calculated the quantity of water needed for irrigation using both sprinklers
and dripping systems, and the following step was an analytic study for different electrical
loads along with determining the average daily power for the required loads. This paper
has presented the technical study for the wind energy generation with capacities of 100,
225, 300 and 500[KW]. Besides, this work covered the economic study of the work
system. Through this research, the choosing wind generation units is economically not only
in rural sites but also in any site with economic wind velocity.

Key Words: Wind energy, Wind generation units, Diesel generation units, Economic wind
velocities.
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sdlaa) oa ddasil 4 ladl) 3)aall (&5 6[h/day] Jale d8Ual ) e

E,,. =1000[m?]*8W /m?2]*6[h/day] = 48[KWh/day]

:llaal) ) ga¥

LU de i) o Gajiys a)lls Cishon ded o lgie IS Jadh Ailiaall 50 e dayl 353 )
trmaal el 44U 338 ()l 8[h/day] Jalxs lsall 358 o))y 400[W] 43¢ JS!

E... =4(nur.)*(5(classes) +1(room))*400[W]*8[h/day] = 76.8]KWh/ day]

819l 8,0

OIS 135 16[M] s s agals il gylall e Jiny Jiie IS ol by RaiSy iz 1)
sela) Akt auiny Jal a5 BIKM] s 4l Jalsd glsll sk raay @llid gl ala o o)
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Jee ades 35%2=T0[W] 4 de Uiy 48Ul 4 s L) essbias alaindy /50[M]/ dilue S dn e
e sl 5500 Jlead Aylaxil 4y gladll 5y08l) ()5S 14[h] Jolay
_ %* 70*14[h] = 98[KWh / day]

street

tdalal) claadlly 38)pall*
colia)inlal)l Bihall degenn o Ja Al Jlal @l (le WSS ) Jleal) I 2iLaY
[11] 7% Ly Jobes Jlea¥l oda Ji (e Bpaiasall 838l) ple (s (&0 Apalyy Alla diplas SUT il
Eceri. =1000[KWh/day] L (gsbud illy 4 slhaall 308l piiiio @iy g A<lgina) 35080 s (e
g sall Al ALaii) Calisal And gail) 4yl AU 5yl aas Uil
= ETHome + Eschool + Edispen + Edirec. + Ecult. + Enur. + Estreet + Eservi. (19)
=13585+720.0+48+20+48+76.8+98+1000=15.62459[MWh/day]

E

village

LEW Jlal (Jaall daglaie LI (Electrical energy demand) dsilaall alyeSl syml )
siaslly e (village loads) a8 Jleals (Irrigation loads)

ETotaI = Eimax + Evillage (20)
=127+15.62459=142.62459[MWh/day]
Sand) daghaial Adl) cilina)gall

13l s Jier pasieel z3sall o) chasie gl eS Ailh ) £ Lyl dila Jsad 7 Ll 28l cilalse )
izl &l clal gl 4wl £ 5aY) . (Horizontal axis wind turbine) @Y saal

sdag sall®

O Sars el L )z ASa e sl 5l Jis U Jeal) dashie e JsY) ejal) i
cuidl) o lellanind g La A alsal) L Janil) dpalss Lo shal Lgia g ) Slsal) ¢ G jpan Jsa 5%
Gl asnaV) gl A e < Lala Call

A all Jeu*
G Aoyl ady 35 (Gear box) i) (3ssia Juay (Transmission) aSyll Jis saa o)
214 21525 21 el G g S A e padiall Algal) die g

: Al gall®

Cladge i lly 2Ll Ala Clalse deshia b Laladinl Say Al Clalsall e z3la DG s

(Synchronous generators) 4ilsia <lalse (Shunt DC generators) es&ll guedll <uld il lall
(Inducting generator) 4sayas clal s
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raSailly SaLAY aUas*
(s.E.'u e\.l;.u.ub gﬂh} C\:\')j\ :\.C).u [GEpRT it LA@-A C);“ )L}.\] g_ut\ A5 ‘_,,Jr_ adaala ol e.);.u.u.\ EJL}H\ eu:.u ug\
(Electronic frequency converter) s5Sl 215 Jsaa

:G\Jﬂ\*
JSEN b zhls Aud Dlpas zhl 1 e ) ol Al deshiie Jeal deaiind) z13) ¢
Loaliall ypand) o sl (e Legee aalis ¢ sk

rallail) §0a%
il sigall e dashiall s3a elial dilead dalaill G e de s gl daghiiay damy elhe Jid
Disall e Dal 4 2 H3 (e Acshany S
el ¢ Jealall manall (s5iue o aidd Liagfy duaylad) dy5al)

:Adadllg pel) allas
=S aldas J1 @l Pl Gloldai aag cJandl Ge sl daghia CalaY Aol f <SU Jal e
csel) sl allas Sl Sl )ased)

tdmasill galy eallay*
Al W 2 Al 5)8 Jlay) Loy ¢aSally salall clasgs al gl dashie Jlay) & <DL dega ()
Agleal) sheals adalsd gas ae dslhaall Jlaaly) ddaal dalell

7l A8l cufalgal §a8l) gz i) AAISH dmayal) Auafyll

(ol 2l DA Gaill e e daailine Led @dal (o Lyl dila il 80l sasly ol A ¢
Agal) JSLiall dlial) Jglall ala) Liay ccilalsall o3g) Jaall dashiie delia & Laal) oLl sy ol
Jasill & ecle puall o3g] 4y o samsall anl Gslaty Alad) clejud) daf (o Jead) die dialdy caile culS
Aea) Lile o ady Al A0l el e byt s ciliuall (saial dhaat el 3l JUaeY) Cagas )
Giladgis dpald) 2leY) DA Z ) il clal gl 5508l 7 1) 28K ks mag (1)dSall L Jeal ol 5
sl ) Galimy cqaill 36lS Jadi bl el o) ) 5Ly saay o [7,13]5006 i) 55 oIS o3a
A yaall asulls Jaill

81



Al Jiall Clangy Lol A8Ua alasinY Gl Al Al

T Al (ool ikl 3 el pumlY Al Jlasly i) gsine Jloa
Tt o
0.1
jF 0.08 A
—. 0.06

[$/KWh

0.04 + —
0.02 + —
0

1996 1998 2000 2002 2004 2006 2008 2010 2012

L

csdbadly @il cilida Jal ge bl A8Ual oSl g ) AR s (1) JSad)

FRAIEAR W)

: 4381 du)ati-1

san5 JS 100, 225, 300 and 500[KW] e Wsin) 3 =yl 4l clalsal oz 3lai 320 pladiad o
bl Clalsall cp A5Ea o) Ay g A geal) JalS Ldaithy Jucaiio JSi p i A6La) Cilangl) (e 258
Jlaa) 23l Jpall adg Clasy addied Coge Jgya) AASH @) ZL) Al salse paad ) Jeagl
ainal) gabaBY) aaall of Lz Lyl A8la il e 33 Ald) 5080 (e ST Al pead) Gl 585 Ladie Ayl
¢ [13]ddseall U8 (e dlladd) SN deUainl) (e 20% Aads Jiey Jiall adg chlaagd ciluhal) (dlef
100[KW] £l 48la 5al g alasinl) Eduadill uhpall (V) asiie . Candl 138 3 Gl adining

: [14] 100[KW] aslsill 5ass! didl) cliualgal

(Horizontal axis) & jsae 53 sl

20[m] (Rotor diameter) 4S,all 35l ks
46[r.p.m] (Rotor speed) sl de yu
Clock-wise delll (jlie aa sl dga
3[Blades] dagyall g3 2ae
Fiber glass dagyall g3 s 3ol
23[m] sl sme i)

(Cut-in wind speed) u, = 4.5[m/sec.] 4JsY! deull
(Cut-out wind speed) u,; = 25[m/sec.] saacy) dc yull
(Rated wind speed)u, =13[m/sec.] Lzl dc yull
Half-yearly Ll
3000[Kg] (st sy Jandl dashaia s
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Induction Agall 73 e
100[KW] o)) de i)
400[V, AC] oAl e
50[Hz] 23l
COS (¢) =0.85 iyl Jale

1012[r.p.m] G de i) Jal o olysal) Ay
1:22 Aoyl ad) A

- [3](4) Usaalls i g indl g g Ay el Ailaiall Ll o] s gial) )

18 | 2008 | 1o | Jsll | T | s | obua | DU | ol | 3T | Lla | 280 | el

51| 65 6.3 8 |65 |61] 68 |66 |67 |57]|51]|53]| i,

[m/sec.]

da I U] ol A Busiag /UL [ L Al al g dperesil depudl (A d2lia
A Dapally aey Alabeal) o3gd alall JSaI ) el apal 5aY) asd) gl sl
u, =b u, +b, u2 +b, u? (21)
Y laall A8l Lapaaill dejull ALBL adlly Gugyaall adsall ZLyll deju hugie ad caua
[9]:4uu
u, =4+6[m/sec.] < u, =1.5+2)u,
u, =6+10[m/sec.] < u, =(2+1.5)u,
iz Aoy Jawgidd 4 ol lasly
«u,=53=u,=104 ¢ u,=6.6=u, =1254¢ u,=8 =u, =14
iy by b, by gl ad aaas S cValeall dles Jaus ABLW adll e Y alee SN S,
) Sl (21)Asled) dipa
u, =1.9575u,, +0.0625u’ +0.01085 u;’

£(2) ISl ea e A8L) ABY (e 3 L Sl
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Al Jiall Clangy Lol A8Ua alasinY Gl Al Al

e Apsad hsll dikid) 3 del)) omhY A Jlaly ) aaine Jleal
16
§'=14
5 12
== 10
L
2 6
g 4
E 2
O T T T T T T T T T
0 1 2 3 4 5 6 62365 7 8 9 10
[m/sec] E oA [rpt it

Bl 4oyl ALY Ldacugl) 2L cile puis (2) S8

ddl) laalgall 3 UKD WS Jaled Al # Ll 48U 5 gl dpapanail) deyudl Jaf (g5 bl JSED (e
Uy =7[m/sec.] dalad il (e paall adsall ~ Ll de yud dALlGal il slay) Sas ¢ U, =13[m/sec.]
[15]48Nally any ddaw siall & Ll Ao yud Aol Al Jal e g mdas e olysall s gl o

U,, _ Z_z 0.14
(u—n)—(zl) (22)

sl a8 sall 7 Ll de pud 3 sad) Jaus giall dagdll: Uy, = 6.225 [m/sec.] s
w8l 54l pad Apapanaill de ol ALEA (pa5p0l) @dsall =Ll de pust U, = 7 [M/SEC ]
)l pdsal Z Ll e saie 3l g LVl z, =10 [m]
Aapanaill el Jlaall &Lyl 48l sl sdl (ysall e g iyl 7, [M]

!

VA
5 225) = (ﬁ)‘““ = 7, =23.12[m]

EXP [—(“g)k] - EXP[—(“Cf)k]

u
CF-= T -BXPI()'] (23)
CH =)
C C
wld dale:c=1.12u,, =7.84[m/sec.] :ua
Jal Jale:k =0.94u,, = 2.487[m/sec.]
EXP[_(E)ZAS?] _ EXP[_(£)2.487] o
CF — 784 784 _ EXP[—( )2.487] — 229%
( 13 Y2487 _( 4.5 )24 7.84
7.84 7.84
Al 4RI s
[15]4a80all ast L)l d8ls Cilalge 220 il )
0.8*E;,, =8760*C.F*N*P,, (24)

Glaagl) aae:N tdus
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100[KW] Zasis s siiall Ll 28la 5l e A Ui P
: s
0.8*142.62459 =8760*0.229* N *100 = N = 208[units]

rlangll JSI o Al de Uil iy 100[KW] sal5e JS delainl liely

R, =20.8[MW]
3l Glasg (e dggllaall deUainy) Jullg
P, =0.20 Load
R, =20.8[MW]=0.80 Load = P, =5.2[MW] (25)

1(5)Jsaally daiase 100[KW] # Lol dilla adgi sy o ial o1y 48 o

100[KW] dsUsiuly 71 48U 5alga aldas ¢ Ja¥ dplady) 481SH: (5)J gand)

L) Al | [$]Aamla) 48D |~ L A8l salse pUsi 6 lial No

35 35000 dappdl £ 1

7 7000 Al Jib sma 2
15 15000 o 3
10 10000 Algal) 4
10 10000 S silly e al) 5
15 15000 il 3 p2im 6

8 8000 Jall Cayjlas 7
100 100000

izl 8l il ga g senal A Al 42K
C, =208*100000 = 20800000[$]

1l adg clangl Al A4S
Jalas Aexdial) sasgll delaind o) <Py =5.2[MW] e by LS Jiall adg clasg delaind o
tlansll SN daall aad 500[KW]
* 3
Ny = w =11[units]
500[KW]
A AalS) Jallyy 78300[$] Jalas Jall adsi sas sl (o)l A4lS) Apull) 28K o
C,, = 78300*11=861300[$]

tdpal) Al Chlasgs = Ll Adla colal g 4,000 22K

CT = CTW + CTD (26)
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C, =20800000+ 861300 = 21661300 [$]

15 yuicial) A1)
tasall A L)l Al lalge U8 e a5 of (S ) 8508 Jausgia

E. =C.F*R, *t, (27)
E,, = 0.229*20.8[MW]* 24[h/day] = 114.3168[MWh/ day]
OAll Jiai 328l oda (L)l Adla lalgal aall dad Jalad Jjoall Slasg danilsy 8125al) A0S 3508 )
Jale 5laeVl 329 any 2Ll dla lalge U8 (g i 85080 Jassging By dosllaall 405l 5,080 oy
Upeall 2ad (e 4% s L3 eeglshall eVl Jaall dad o) cJaad) dashial Jeal) daley Jlaadl il
[9] Ayl A plaiall dgalinad) Jand) e shaial dsally K1)
Ey, =0.04*E, (28)
E, = 0.04*142.62459 [MWh/ day]*365 [day /Y] = 2427 [MWh/Y]
taladly ol laadd Jasll (40 Jasigia o)
T, =— (29)

2427 [MWh/Y]
T 52[MW]

= 477[h/Y]

:Aalatly) dufpali-2
LA PR
ulu) A 08 558 8 Canll (Blas (e AN AAISH S o)) AAIS 08 aa
15 pdial) ddlgy)*
tbile ety Jhoall — =Ll Culan g HUail 5 yall 46K ()
194l AQlC
aas il ¢ [16] (60 = 80 )% 2535 xic 0.2 [lite/KWh] Jsas Loy 3585l Bleiad ()
HOPE | IRE P
F, =0.2*2427*10° = 485400 [liter /Y]

lasSall acd Slae Wl 389 any Sllgiuall 24l 4

Fo =F *Piar (30)

F, =485400*0.17 =82636 [$/Y]

tdmal) cilangt dilual) Adls
ALK A et Al 46K e 206 A Jalad Jiaall Clasg dilua Lpsie) 1)

F_=861300%0.02 =17266[$/Y]

il Al clangl Libually Jadal) il
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ulu) ~ Ll Clasg 4K (e 200 Jaled 2Ll Al sy Al Jids el L
W, =20800000*0.02 = 416000 [$/Y]
: 3000 5 pial) AQNY*
R.=F +F, +W_ (31)
=82636+17266+416000=515862 [$/Y]

TA, ] 4siad) dai
L) 48Kl /R, spsial)l AN pes Juals gl adgl Aashie Jee (e Aailil) dysidl 44K
L7130 axy 535 / C, [ (s5ind) 5 S Jalaay Lgilany dygine 488 ) Lehysat any / F /
C,=1+D+IT+0T (32)

sl Jaza: 1=6% 0Or 8%  :éus
Blayl: D=1.26% or 0.88%
Jans dypa: 1T=0.96% or 1.28%
Ol Ay OT=0.5%
t Al
C. =872% = i=6%
C,, =10.6% = i=8%
T17] A8Dally  awtd 20K 4 gad) 46K A Wl
A =R +F *C_, (33)
=515862+0.0872*21661300=2404727.36 [$/Y]
=515862+0.1066*21661300=2824956.58 [$/Y]

t1Ce ] (ool gl i) AR g ¢l gsl) ) Adls
Uans el ailly Llaad) Jleal (o Lpsllaal)l Jlea¥) 23a5 ol (e 28Ul 15 2o shaial 405e<H )00 ()
dabaa)) dasdl 4l Jleals o (Bl adal ddans sleul e Jsanl) ((15)ibledl e [ Ey, /
DAL o (LY g Cllal Jale 34T aay) (19)Asbadl 30 [ Eage/
E =E. + Ejiage [KWh/Y] (34)
E =70.0+15.604*10°[KWh/ day]*365[day / Y] = 31245460[KWh /Y]

f el ol gLl o~ 1) 441 4t

Ce =2 (33)
240472736 [$/Y]

= 7.7 [Cent/ KWh] = 3.85[S.P/ KWh], i = 6%

© ~ 31245460 [KWh/Y]
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_ 2824956.58[$/Y]
31245460 [KWh/Y]

=9 [Cent / KWh] = 4.50[S.P/KWh], i =8%

il laagl Jal e aialn (Ko 100[KW] Ll &la adg sasgd Giladl oluall claYl o)
LKL HleY) e clasgll o 3yuially Al 42N Audy 33§ 2y 225, 300 and 500[KW] e i)

A(6)Js2ally daimsa o LyeSll 7 1)
A Lol e Claag calidal ol gl g L) AR (6)J gl

[Cent] 38l Basl 5 L) A8l A gill Bas g AeUatial
[KW]
iI=8 % iI=6 %
9 7.7 100
7.765 6.62 225
6.57 5.61 300
6.65 5.68 500

t@lbuagilly clalitiuy)

Gy Ll A8la g Clang alastiuly Aubal) gainse daglaiall dpgllaall Al Jleal) s of*
Dyiees MalSia il aUat Jiay 20% 48 5Lie dunety Jiaall 253 langg 80% 48 jLiia

J<5 100, 225, 300 and 500[KW] delainy) <y ~ Lyl dills cilalsal z3la sae aladiul*
dae @85 4he Jae Ala I deasill A8l laasll G 43R ehaly dysllaal) Algead) 4005 4y Jiinse
Agyial 44, HUail

langll e A4S JAY) LAY i Jiall adg lang ae 300[KW] Ll adgs cilasg alasi*
. 5.61[Cent/KWh] 4slyeSll 508 saal ) 44 Cialy Cua L)

Clansl) Ao Usin 535kl 52U Canns = Ll 48l clalge alasinly 460 eS8yl 2 L) 4K alassy*
cadl 138 Caes 0.056 [$/KWhH] dedll 1) 1996 ale 1 [$/KWH] dedll (s dxiadl

Ghliall 8 Lt ud e(galail illa 53 Wajlialy ¢ hainly 335 =Lyl g sy alasin) Lpeal of*

AlaB) - L) Ao 4 dag alge (51 8 Ll Laily iyl

F U
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