Energfa Solar Fotovoltaica

Capitulo 3

Sistema eléctrico de potencia
objeto de estudio

3.1 Planta fotovoltaica.
En la siguiente figura se muestra el esquema de un sistema eléctrico de potencia compuesto

por una planta fotovoltaica de 1 MW y su conexion a la red eléctrica. El sistema eléctrico consta,
por tanto, de:

« FILTRO.
+ LINEA SUBTERRANEA DE BT.
* TRANSFORMADOR 0.42/20 kV.
» LINEA SUBTERRANEA DE MT.
« LINEA AEREA DE MT.

* TRANSFORMADOR 66/20 kV.

* CARGAS.
0 CARGA 1.
0 CARGA 2.

0 CARGA 3.
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RED DE POTENCIA
INFINITA

3 MVA
@ 66/20 kV
! Dy11

— — 20kV

LiNEA AEREA MT

PLANTA
FOTOVOLTAICA
(INVERSORES) 4 km
LINEA
SUBTERRANEA CAPACIDAD DE TRANSPORTE:
500 kW R ) MW
. LINEA
£ Z '_m—zzﬁ 1000 kVa SUBTERRANEA
m Dyl1 T
0.42 20 k|
500 kW PCC
FILTRO ‘ 2 km
225 m

LINEA AEREA MT

2km

CARGA
0.8 MW
fdp = 0.87

Figura. Esquema de planta fotovoltaica conectada a red eléctrica.
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3.2 Calculos.

3.2.1 Filtro.

P=50CkW

P=y/3V -l _-cosp

- P _ 500000 _ ..
V3V, -cosp /3-420-095

di _Vpc

d 2

Al _Vic
A2

_Vprimario (t) = L-

Ai=10%I,. - {i. =760A} - Ai=01-760=76

N S {foun =10kHZ} — At=0.0001
PWM
Vo -At
. =% - {V,. =640v} = L=04mH
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3.2.2 Linea subterranea de BT.

Se consideraran 8 lineas de 225 metros cada una. Estaran formadas por tres cables
: 2 2
unipolares de 240 mm” para las fases y 150 mm” para el neutro, ambos de cobre. Para la
simulacién, no serd necesario tener en cuenta el conductor neutro.

La denominacién de cada linea subterranea de BT es la siguiente:

XZ10,6/1kV 3(1 x 240) + 1x150 k Cu

Calculos de la resistencia e inductancia de cada linea:

P =500kW
P=y/3V, -1 -cosp
| = P _ 500000 __. .
V3V, -cosp +/3-420-095
8LINEAS: 7—20 =95A
ro 102 _ C1.02 _ 102 _groigsQ
Kis'S KS.240 44-240 m

X =025-R = L:%:7.686-10"8H/m

Caida de tension en cada linea:

AU | pen (V) =v/3-LONG:| -(R-cosp + X -seng) =
=/325095-(9.65910° 0.9+ 2.14510° -0.436 =4V

AY 100=—% 100=095%

U 42C
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3.2.3 Transformador 0.420/20 kV.

S=1000kVA 20/0.420kV Dyll
P, =1700W, |, =0.0131,
P, =10500V
E.=6%
m=M=82.48; =i - N, =8248-50=4124
420 N,
V3
S=4/3V,
I, = S, _100040 =137464A
V3V, /3420
3
I, = > 100010° o006
V3V, /3:20000
Ensayalevacio:
|,=0.013137464=1787A
P, =V, l,-COSp, — COSP, =_1700 (3022
420
—— 1787
V3
420
RFe:V—Z: V: _ N3 _g69

|, 1,-cosg, 178703922
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Flujo magnéticalevacio:

| = 06m:r =007m; S=0.0154m?

l :l— - ¢ 1. =500 (Nucleadehierro); -0= O'i =6200842H
U-S Y 500-4-7710™" -:0.0154
ILIO = 4'77'10_7 E

Ni=0.¢ = o, <Nalo 501787

= =0.0144Wb
O 6200842

Ensayalecortocircuto :

g =V 10026 v, =242 25y
Y, 100

2N

V.. =MV, =8248-2>2=1200v

ccF T \/§

P, 10500

Pcc:\/é'vcc | "COSP,. = COSP. = - -
et " 1w ~COSP 4 \/§'V1ch'|1NL /312002886

serp . =0.9845

V. 1200-0.175
Rcc - Cos¢cc - 2886

IlNF
NE

=126 Q

Vaer com :120;35%%845

V3

X =7090Q

cc |
INF

Trabajo Fin de Master 176 Juan Antonio Rodriguez Gonzalez



‘l-:l'gg Energfa Solar Fotovoltaica

. . R, 6.3
RCC Rl 2 Ri RZ R2 m2 2 82482

X_ =X, + X, X, = X,=2%=35450 . L, =0.1128H
2

X,=22=22"2 - 521mQ _ L,=1658uH

X

Component: GENTRAFOQ
Aftributes l Cha:au:teristin:]

o= [17.67 Foo 00184 g [345 ™ Fleg core

Prirnary .

Vip= |0.2425 Rp= 000026 (o= [1BSBES )Q.E v «| | BMS

Secondary

C
Vis= |20 Re= [6.3 L= 01128/ [Dlag -

[ 3-wind.
Group Mao: |0 Label |0.42/20
Comrient: |
Cutput ™ Hie
" Current " Woltage i CurréMalt " PowerkEnergyp [~

'ﬁ@" Ok Cancel Help

Figura. Ventana del transformador en ATP-EMTP.
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3.2.4 Linea subterranea de MT.

Tres cables unipolares de 150 mm’® de aluminio de aislamiento XLPE (R) con cubierta
exterior (Z1) enterrados bajo tubo a un metro de profundidad. Obturacién al paso de agua (OL),
cuerda compacta (K) y apantallamiento de hilos de cobre de 16 mm® (H16). Longitud: 2 km.

Denominacion de la linea subterranea de MT seria:

RHZ1-OL 18/30 kV 3x150K Al + H16
Calculos:

V,=20kV  LONG. =2km
P=1MW  cosg = 09
110°

=Y -32A
J32010° .09

P=+/3V, I, -cosp =1 =

Imax Adm=315A [TablalX.PRYSMIAN
Factoredecorreccion;Im ax Adm= 315088 1.111 = 305A

ResistenciaR
R = 103 _ 103 20.2453
Ki'S 28150 km
Reactancia X
—CatalagoGeneralCable: X, = 0.123g =L :O'LZP’:B.915-1O‘41
km 10077 km

—Tresbolillo
L(H /km)= 210" -In(128-%j

Catalogo GeneralCable: C= 0.179E—F
14
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Caida de tension en la linea subterranea de MT:

LONG = 2km
AU ., (V) =+/332 -2.(0.245-08+0.123-06) =29.9V <100V (05%)

AU 100= 299 100=015%
U 20000

3.2.5 Linea aérea de MT.

Calculos de la resistencia e inductancia de la linea aérea de MT:

V, =20kV  LONG =6km
P=3MW cosp =09

310°

P=J3.1,V,.cosp - | =—  =0622A
-t " J/32010° 09

LA110

ImaxAdm=3134A

S=1162mn?t

R=0.3066Q/km
_ D —4 __ —4 H —_ —_
L=| 005+ 046:In— [10*=272510". {D =1904mm r = 567mm}

r m
X, =0.0856—~
kmr
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Caida de tension de la linea aérea de MT:
LONCG. =6 kir

e=/ 369622 -(0.306610.9 + 0.08560.436) =31252V

€ 100231252
0.000

\Y,

x100=156%

3.2.6 Transformador 66/20 kV.

S=3000kVA 66/20kV Dy11

P, =5100W, |, =0.0151,

P, =31500V

E.=8%
66000 N

= =5715 =—L , N,=57151 21

50000= 2715 m=y M 5.7151088=6218
V3

S=4/3V,

e S _300010° _,54a

J3v, /366000

S, _ 300010° _

= =86.6A
V3V, /3:20000

I =
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Ensaytdevacic:

l,=0.01586.6=13A

B, =V, -1, -cosp, - cosg, =ﬂ:01132
20000
— 13
3
20000
Re. Voo V2 V3 =7846565Q
lee 1,-cOSp, 1.3-0.1132

Flujo magnéticalevacio:

| = 0.8m:r = 009m:; S=0.0254m?

l :l— — 4 M4, =500 (Nucleodehierro); 0= O'i =5012754H
M-S Y 500-4-710" -0.0254
:uo =477 .10_7 -
m
. N, - 1.
Ni=0-¢® = d,=—2"2= ©0-13 =0.0129Wb
O 5012754
Ensayalecortocircuto :
vV .
£, =—2%.100=8 -V, :Wzleoov
2N
Ve =MV, =52993V
P
Pcc :\/§'V1ch -l INL -COS¢CC = Cos¢cc = < 31500 1313

\/?3'V1ch -l INL

serp.. =0.9913

" /3520032624
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Vi 5299301313 _
R, = ™ COSp,, =" =45920
V3
V 5299.3.0.9913
X, =~ =202 I 0- 34677 Q
cc IlNF Ser¢CC 2624 3 6
J3

R.=R+R; R=R="c=22060; R=2 _R=22%_

LR =2""2-070Q
2 m? 2 B71%

. X
X=X+ Xz Xy = X, ="-£=1733850 - L, =0552H

X, =22 =173385_ 530850 . 1, =0.0169H
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3.2.7 Cargas.

3.2.7.1 Carga 1.

P =08MW

V, =20kV

cosp =087
Conexidnen estrella

_ 0810°
- J32010° 087

P:\/_B'VL'IL'COS¢ = =26.545A

1 6
P=3R:1? - R= PZ: 0810 ~=378Q
31? 326545

Z =R+ jX; tgg=0567
Q

tgp=—

g¢ b

Q=P-tgg = 0.810° -0.567=453600VAr

Q _ 453600

= > =21444Q
31 326545

Q=3X 12 = X, =

X, _ 21444

= = =0.6826H
2-r-f 2150
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3.2.7.2 Carga 2.

P=02MW

V, =20kV

cosp =087
Conexionen estrella

0.2:10°

P=3V, I, cos¢p - I, = = 664A
Lot b J32010° 087
6
P=3R2 . R= P2= 0'2102 =1514Q
312 3664
Z =R+ jX; tgg=0567
Q
tgg=—
g¢ b
Q=P -tgg= 0210° -0.567=0.1134 MVAr
113400
=3X, 12 = X, = Q _ =857.35Q
Q LF 312 3664
_ X, _85735_ ...
2.mr-f 2150
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3.2.7.3 Carga 3.

P=15MW

V, =20kV

cosp =087
Conexionen estrella

1510°

P=y/3V, -l -cosg — |, = =4977A
-t -~ /32010° -087
1 6
P=3R:1? - R= PZ: 1'5102=202§2
312 34977
Z =R+ jX; tgg=0567
Q
tgg=—
9¢ =
Q=P-tg¢ = 1510° -0.567=0.8505 MVAr
850500
—3X, 12 = X, =—2 = ~11445Q
Q T b3 34977
_ X 11445 oo
2.m-f 2750
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3.2.7.4 Carga 4.

P=08MW

V, =20kV

cosp =098
Conexionen estrella

P=y/3V_ -l -cosp — | = 0810°  _)356m
J32010° -098
106
P=3RI2 - R=—_ =980 _ 400
312 32356
Z =R+ jX; tg¢=0.203Q
Q
tgg=—
9¢ =
Q=P-tgg = 0810° -0.203=162400VAr
162400
S3X 02 = X, = = =9752Q
Q T " 312 32356
= X - 9792 _390an
2.m-f  2.7150
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3.3 Programacion en ATP-EMPT del transistor IGBT.

MODEL | GBT

| NPUT

Gat e

QUTPUT

Ri gbt

VAR

Ron[ 1. . 31]
Rof f[1..19]
Ri gbt

tup

toff

n

m

up

down

dt

INIT

Ron[ 1] : =1000
Ron[ 2] : =530
Ron[ 3] : =260
Ron[ 4] : =170
Ron[ 5] : =100
Ron|[ 6] : =65
Ron[ 7] : =39
Ron[ 8] : =26
Ron[ 9] : =18
Ron[ 10] : =14
Ron[ 11] : =11
Ron[ 12] : =9
Ron[ 13] : =7
Ron[ 14]:=5.6
Ron[ 15]:=4.6
Ron[ 16] : =3. 9
Ron[17]:=3.2
Ron[ 18] : =2. 3
Ron[19]:=1.4
Ron[ 20] : =1. 18
Ron[ 21] : =0. 86
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Ron[ 22] :
Ron[ 23] :
Ron[ 24] :
Ron[ 25] :
Ron[ 26] :
Ron[ 27] :
Ron[ 28] :
Ron[ 29] :
Ron[ 30] :
Ron[ 31] :

Roff[1]:
Roff[2]:
Rof f [ 3] :
Rof f[ 4] :
Rof f[ 5] :
Rof f[ 6] :
Rof f[ 7] :
Rof f[ 8] :
Rof f[ 9] :

Energfa Solar Fotovoltaica

=0. 61
=0. 43
=0. 36
=0. 27
=0. 18
=0. 09
=0. 06
=0. 03
=0. 02
=0. 01

=0. 24
=1.01
=2.18
=3. 87
=6. 43
=10. 08
=18. 34
=27. 62
=41.71

Rof f [ 10] : =56. 23
Rof f[ 11] : =83. 67

Rof f [ 12]
Rof f [ 13]
Rof f [ 14]
Rof f [ 15]
Rof f [ 16]
Rof f[ 17]

Rof f [ 18] : =1822. 76
Rof f [ 19] : =100000000

:=101.
1 =117.
:=193.
1 =312.
. =487.
1 =743.

09
34
11
26
38
86

R gbt : =100000000

tup: =0
toff:=0
up: =0
down: =0
ENDI NI T
EXEC

dt:=tinmestep

| F Gate>0 AND up=0 THEN

t up: =t

up:

=1

down: =0

ENDI F
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n:=(t-tup)/dt+1
I F Gate>0 AND up=1 THEN
| F n<=31 THEN
Ri gbt : =Ron[ n]
ELSE
Ri gbt : =Ron[ 31]
ENDI F
ENDI F
| F Gat e<=0 AND up=1 THEN
toff:=t
down: =1
up: =0
ENDI F
m=(t-toff)/dt+1
| F Gat e<=0 AND down=1 THEN
| F k=19 THEN
Ri gbt:=Roff[m
ELSE
Ri gbt : =Rof f [ 19]
ENDI F
ENDI F
ENDEXEC

ENDMODEL
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