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Tém tit

Vén d 16n nhat khi sir dung nguén nang luong dién 1a nguén nhién li€u hoda thach dang dan can kiét.
Chinh vi thé, cac ngudn nang luong tai tao da duoc st dung rat nhicu va dac biét ngudn nang luong mat
troi 14 nguon nang lugng dé sir dung va chi phi dau tu thap. Hé thong dién dang van hanh cé su két ndi
gilta nha may nang luong mat trdi dang dugc quan tam dén chat lugng dién ning va cung cap dién lién
tuc. Hién nay, cac bai toan vé nha may dién mat troi két noi vao Iudi dién phan phoi da dugc dat ra
nham giai quyet dugce toi wu hoa cong suat va on dinh h¢ thong dién 1a van dé rat khé khén va can nhicu
thoi gian giai quyéet. Nghién ctiru nay s€ st dung mo hinh toan pin quang di¢n, phuong phap ghép t€ bao
quang dién co xét dén tac dong birc xa, nhiét d6 anh hudng khi két ndi nha may dién nang lugng mat
tro1 vao ludi dién phan phoi.

Tir khod: Nha may dién mat troi, Hé thong dién, Nang heong tdi tao, Pé sut dp, Ton thdt cong sudt.
Abstract

The biggest problem of electrical energy is the depletion of fossil fuels. Therefore, renewable energy
sources are used a lot and especially solar energy is an easy-to-use energy source and a minimal
investment cost. The operating power system with the connection between the solar power plant is
concerned about power quality and uninterrupted power supply. Currently, the problems of solar power
plants connected to the distribution grid have been set to solve capacity optimization and power system
stability is a very difficult problem and needs a lot of time to solve. In this study, the mathematical
model of the photovoltaic cells and the method of the photovoltaic cells grafting is used for assessing
the distribution grid with the connection between the solar power plant with the consideration of
account the radiation and temperature effects. The tool used is the software Etap to evaluate voltage
drop and power loss and it is tested on a practical distribution grid.

Keywords: Solar power plant, Power system, Renewable energy, Drop voltage, Power loss.

1. Giéi thiéu 13 vai trd quan trong va trd thanh yéu tb
Ngay nay tinh hinh dan sd ngay cang  khoéng thé thiéu trong cudc séng. Tuy nhién
ting va cong nghiép phat trién khong  trong khi nhu cdu st dung dang ngay cang
ngimg vi thé ning luong dién cang thé hién  ting thi cdc ngudn ning luong dién dang
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duogc st dung nhu nguyén li¢u hoa thach
(dau mo, than d4,...) dang can kiét va khan
hiém, mat khac lai anh huéng méi trudng.
DPéi véi nguén nang luong tai tao, dat bi¢t
la dién gid va di€én mat troi phat trién rat
I6n trong nhitng nim gin day do duoc
hudng cac ché do chinh sach hd tro gia cua
Chinh phu.

Hién nay, ngudn ning luong mit troi
v6i nhiéu dang 4p méi hay trang trai véi
cong sudt 1on nhé dang duoc khai thac &
nhiéu tinh thanh Viét Nam. Ning luong
mit troi dugc coi 13 ngudn ning lugng ré,
vo tan, 12 nguodn niang luong sach khong
gdy 6 nhiém moi truong. Tuy nhién, hé
théng ning lwong mat trdi ciing ¢6 nhimg
han ché nhu phu thudc vao cudng do birc
xa mit trdi, cach ghép cac tAm pin quang
dién, hién tugng che khuat dén pin nang
luong mat troi [1], [2]. Viéc két ndi cac
ngudn dién ning lugng tai tao vao co cu
ngudn dién chung ciia h¢ théng dién 1a mot
xu hudng tich cuc [3], [4]. Do d6, can phai
c¢6 cac nghién ciru va danh gia vé 6n dinh
cho hé thng dién khi sy két ndi nay dugc
thuc hién nham dam bao muc tiéu ning cao
6n dinh va an ninh hé théng dién [5], [6].

2. Phuong phap nghién ciru

2.1. M6 hinh todn pin quang dién

Trong pin quang dién, hai tham sd
quan trong cua nd 1a dong dién ngin mach,
Isc va dién ap hd mach, V..

a) Dong dién ngan
mach, I

b) Bién ap hé mach,
Vo

Hinh 1. Hai tham sé quan treng cia pin
quang dién [7].
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Mo ta toan hoc cua pin quang dién
nhu sau:

Qv
|=|SC—|0><(ekT - J (1)
Voc:k—Txln[li+l] 2
q Iy

Trong d6, I: Cuong d6 dong dién cua
pin quang dién (A);

V: Dién 4p cia pin quang dién (V);

ls: Cudng d6 dong dién ngin mach
cua pin quang dién (A);

Voe: Dién dap hd mach cia pin quang
dién (V);

lo: Dong dién nguogc cua diode, c6 gia
tri rit nho (khoang 10™2A/cm?);

q: Dbién tich electron, q = 1,602.10°
lQ(C)’

k: Héng s6 Boltzman, k = 1,381 x 10°
BIK);

T: Nhiét d6 tuyét dbi °K).
Trong diéu kién 25°C, ta cé:

I =1 =1, (% -1) ®)

Ve =0, 0257In(|i +1J (4)

0
Trong thyc té, pin quang dién ludn cd
tdn hao, dic trung cho cac t6n hao nay la
cac thong s6 Rs va R,. M6 hinh toan cua
pin quang dién c6 xét dén cac anh hudng
ctia Rs va R, duoc biéu dién nhu sau:

=l —'D{EXF{W}A}_(V;RSJ ©)

Céc dac tinh cua pin quang di€n c6 xét
dén cac anh huong ciia Rs va R, thé hién
Hinh 3.
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Hinh 3. Dgc tinh ciia pin quang dién co
xét dén cé&c anh hwong ciia Rs va Rp [7].

T
0.2 0.7

2.2. Module pin quang dién

Mot pin quang dién c6 di¢n ap va dong
dién lam viéc rat nho. Mot pin quang dién
c6 dién ap lam vi¢c khoang 0,5 VDC.

Dién 4p ctiia module pin quang di¢n co
thé duogc xac dinh nhu sau:

Vmodule = n(vd - IRS ) (6)

Trong d6: Vimodule: Pién dp ctiia module
pin quang dién (V);

n: SO pin quang dién duoc ghép cia
module pin quang dién;

Vy: Dién ap cua diode (V);

Rs: Gia tri dién tré ndi tiép (Q).

Cac duong ddc tinh ciia mot module pin
quang dién sau khi dugc ghép néi nhu sau:

L
‘E 4 cells
:u Mic ndi tiép cac
£
<
2
8 36 cells x 0,6V = 21,6V
&
(U Pién dp (V) 21,6
0,6V cho cell
Hinh 4. Dac tinh ciia module pin quang
di¢n [7].
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2.3. Ghép cdc té bao quang dién

2.3.1. Phwong phdp ghép nbi tiép
nhiéu module pin quang dién

Cach két hop ndi tiép nhiéu module
pin quang dién duoc sir dung dé nang tong
dién ap, dong dién khong ddi cia hé thong
pin quang dién.

V=V;+Vy+V3+...+V, (7)

(8)
2.3.2. Phuong phap ghép song song
nhiéu module pin quang dién
Phuong phap két hop song song nhiéu
module pin quang dién duoc sir dung dé
nang cuong do dong dién, dién 4p khong
do6i cua hé thong pin quang dién.

V=V=V,=V=.=V (9
=1+, +1; +..+ 1 (10)

2.3.3. Phwong phdp ghép hén hop
nhiéu module pin quang dién

Céch ghép hon hop nhiéu module pin
quang dién duoc st dung dé nang ca dién
ap va cudng do dong dién cua hé thdng pin
quang di¢n.

Phuong phap nay thudng thdy & cac hé
thng ¢ cong suat vira va 16n.

2.4. Pic tuyén V-I ciia pin quang di¢n

Cuong do buc xa cang lon thi cong
suat thu dugc cta pin quang dién cang 16n
va dong dién ngin mach, I cang 16n thé
hién Hinh 5.

Nhiét d pin quang di¢n cang cao thi
V¢ cang thap thé hién Hinh 6.
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Nhiét dd PV. 25°C
000 W/m?

6 LS00 w/m?

S00 W/

400 W/m?=

Cuomg g dang dién (4)

|

20
Pién ap (V)

Hinh 5. Quan hé giita V va I theo nhiét dp
[7]1.

3. Phat tuyén 475 tinh Ca Mau va
nha may dién mat troi 5 MW

Tuyén 475 Ca Mau xuit phat tir tram
110 kV Ca Mau trai dai khu vuc phuong 8,
TP Ca Mau bao gom 139 tram bién ap 16n
nho trong d6 c¢6 83 tram bién 4p cong cong
va 56 tram bién 4p chuyén ding. So d6 mé
phong ludi dién dugc thé hién Hinh 7.

Tinh Ca Mau c6 buc xa nhiét va sb gio
ning trong nim lan luot khoang 2200
KWh/m? va 2073,7 gio [8], 1a dia diém thich
hop cho céc du 4n vé ning lugng mit troi.

¥}

o 10 30

Cadtmz 46 chidu sangz. 1 KWAan?

& [7S0C sQocas0C
4 \\_\
|
) Bién ap (V)
Hinh 6. Anh hwéng ciia cwong dé birc xa
[71.

Dy 4n duoc xdy dung trén dia ban voi tong
cong suat lap dat 5 MW, véi 5 diy pin
quang dién dugc ghép song song vdi nhau
dugc thé hién theo Hinh 8. dugc két ndi véi
ludi dién 22 kV tinh Ca Mau tai nat 5 (try
51). Nha may hoat dong vao cudi nim
2020. Viéc ndi ludi ciia ngudn ning lugng
tai tao s& gdy mot sb anh huong dén ché do
van hanh cua ludi dién. Ngoai van dé thay
d6i trao Iuu cong suit, do sut ap, hé s cong
suat, song hai...cling tac dong anh huong
nhét dinh dén hé thdng dién dia phuong.

Cudne 46 dong dién(A)

b

o]
L¢] 10 20

Hinh 7. So' d6 tuyén 475 tinh Ca Mau
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Hinh 8. So do hé thong ning lwong mit troi 5 MW

4. Két qua va thio luin

4.1. Két qua ton thit cong suit, dién
ap trudc va sau khi c6 du an S MW

Két qua mo phong dugc bang phan
mém Etap, chimg t6 tinh wu viét trong viéc
phéan tich HTD va c6 tinh minh hoa, d& hiéu
nén rat hitu dung trong viéc giang day va
nghién ctru. Két qua cho thay rang sy tham
gia ctia hé thong pin quang dién phat cong

sudt v6i cong suat tir 1 MW dén 5 MW vao
ludi dién giup giam dugc tong ton that trén
ludi dién truyén tai tai nut trude va sau khi
gan hé théng pin quang dién trinh bay theo
Bang 1. Khi h¢ thong pin quang dién phat
cong suat vao ludi dién cang 16n thi do sut
ap tai diém phat cang giam, gitip cho dién
ap ludi dién cac nut cua ludi dugce cai thign
trinh bay theo Bang 2.

Bang 1. Ton that cong suit trén lwéi tai nat sé 5 trude va sau c6 du an 5 MW

Ténthit | AP (VA) | AP (KVA) | AP (KVA) | AP (KVA) | AP (kVA)
cong sudt | 1MwWp 2MWp 3MWp AMWp 5MWp
COGaNdy | 505 ign3 | 33.4+j124,1 | 33042382 | 34,6+j426,8 | 363+542.8
an tai nut 5

thg%r?a” 40,5+j29,5 | 40,5+j29,5 | 405+j295 | 40,5+j29,5 | 40,5+j29,5
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Bang 2. Ton that dién 4p tai nat khi gin pin quang dién

Ton thatcong | AP (kVA) | AP (kVA) | AP (KVA) | AP (kVA) | AP (kVA)
suét 1IMWp 2MWp 3MWp 4MWp SMWp
Cogarr]'u(:‘-;a”ta' 35,2+j62,3 | 33,4+j124,1 | 33,0+j238,2 | 34,6+426,8 | 36,3+j542,8
Khong gin du an | 40,5+29,5 | 40,5+j29,5 | 40,5+j29,5 | 40,5+j29,5 | 40,5+j29,5

4.2. Két qua t6i wu héa vi tri dit dy
an pin quang dién

Mo hinh luéi dién da dugc mo phong
bang phan mém Etap Gng véi mdi nut khac
nhau cua ludi dién khi ddt cac pin quang
dién c6 cong sudt phat khac nhau thi s& c6
dugc ton that cong sudt khac nhau theo
Bang 3. Pit cong suat phat dy an dién mit
troi tr | MW dén 3 MW thi vi tri dat toi uu

12 tai nat s6 8, cong suét phat tr 4 MW dén
5 MW thi dat tai nit 7 s& c6 gia tri ton that
cong suét 1a thép nhét. Dya vao dit liéu dé
quy hoach cong sudt cua cac dy an dién
mit trdi cod cong sudt twong Umg trong
tuong lai hodc diéu chinh cong suat phat
cua hé théng dién mat troi hién hitu dé co
thé t6i wu ton that cong suat va dién ap cia
ludi dién.

Bang 3. Két qua diit cong suit phat dw an dién troi

Nt AP (kVA) | AP (kVA) | AP (kVA) | AP (kVA) AP (KVA)
1IMWp 2MWp 3MWp AMWp 5MWp
2 37,3+j64,5 | 36,6+j127,3 | 36,9+j242,1 | 39,0+j231,0 | 40,4+546,6
3 36,8+j64,0 | 35,8+j126,6 | 36,1+j241,3 | 38,3+j430,3 | 40,2+j546,4
4 37,2+j64,4 | 36,4+j127,1 | 36,6+j241,9 | 38,7+j430,7 | 40,4+546,6
5 36,9+j64,1 | 35,9+126,7 | 36,1+j241,3 | 38,0+j430,1 | 39,7+j546,0
6 35,2+j62,3 | 33,4+j124,1 | 33,0+j238,2 | 34,6+j426,8 | 36,3+j542,8
7 29,8+j56,8 | 26,0+j116,6 | 24,5+j229,8 | 26,7+j419,0 | 29,4+j535,9
8 29,7+j56,7 | 25,9+j116,6 | 24,4+j229,7 | 26,8+j419,0 | 29,5+j536,0
9 29,8+j56,7 | 26,5+j117,0 | 26,0+j231,1 | 30,1+j422,0 | 34,0+j539,8
Khong gan dir an | 40,5+j29,5| 40,5+j29,5 | 40,5+j29,5 | 40,5+j29,5 40,5+j29,5

5. Két luin

Nghién ctru ndy di giai quyét dugc cac
bai toan vé gia ting cong suit ngudn phat
khi yéu cau phu tai ngdy mét ting cao khi
dua hé théng dién nang luong mat troi vao
van hanh. Két qua da thé hién t6i wu duoc

51

ton that thap nhat c6 thé, mo phong tai cac
nut khac trén truc chinh ludi dé c6 thé tim
dugc vi tri két nbi du an tuong mg nhung
c6 ton that thip hon. Str dung phan mém
Etap s& gitip giai quyét cac bai toan phan bd
cong suat trong hé thong dién, cho phép
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xay dung mot cach tryc quan va d& hiéu. duoc viéc chuyén ddi 6 lidu thuc vao phén
Etap giup ta c6 thé xdy dyng md hinh mé  mém va da ap dung giang day hiéu qua. Tur
phong, phan tich cac qua trinh lam viéc cia  d6, ¢6 thé nhan rong Gng dung phan mém
mot hé théng bat ky v6i cac muc dich  ndy trong qué trinh hoc tip, nghién ctu, thi
nghién ctru khac nhau. Nghién cru cho thly ~ nghiém trong céac truong dai hoc.
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