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Tom tat:

Su phat trién nhanh chdng cac ngudn dién tir ndng lugng tai tao nhu mat trdi, gid c6 cdng sudt vira
va nho (goi chung 1& ngudn dién phan tan) két ndi vao Iugi dién phan phdi da dan tSi nhiéu anh
hudng dén cong tac quan ly va van hanh Iugi dién. Mot trong cac van dé dé la cong sudt phat tir cac
ngudn nay chay ngugdc vé phia cac tram trung gian (110 kV) dan ti nguy cd qué tai may bién &p va
gia téng tn thét trén IudGi dién. Bai bdo tap trung md ta hién tugng dong cdng suét ngudc, tinh toan
va phan tich trong cac kich ban khac nhau khi c6 cac nguon dién mat trdi. Giadi phap tai cau tric luéi
dién dugc dé xuét cho thy tinh kha thi trong thuc t&, gidi quyét dudc van dé giam ton that va cai
thién chat lugng dién &p cho Iudi dién. K&t qua clia bai bdo ¢ dugc tir mét udi dién trung ap cu thé
s€ la tham khao thiét thuc cho cac dan vi quan ly va van hanh ludi dién phan phai.

T khoéa:

Ludi dién phan phéi, dién mat trdi, cong sudt ngudc, ton that, tai ciu tric.

Abstract:

The rapid development of small and medium-sized renewable energy sources such as solar power,
wind turbine (collectively referred to as distributed power sources) connected to the power
distribution grid has led to many impacts on the management and operation of the grid. One of the
problems is that the power generated from these sources flows back towards intermediate stations
(110 kV), leading to the risk of transformer overload and increased losses on the grid. The paper
focuses on the reverse power flow phenomenon, calculation and analysis in different scenarios of
distributed solar photovoltaics. The proposed grid restructuring solution shows feasibility in practice,
loss reduction and voltage quality improvement to the grid. The results of the paper obtained from a
specific medium-voltage grid will be a practical reference for distribution grid management and
operation utilities.
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S6 33 23



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC PIEN LUC

(ISSN: 1859 - 4557)

1. DAT VAN BE

Phét trién cac ngudn nang luong tai tao 1a
cam két cua chinh phu Viét Nam trong
COP26, cu thé héa trong quy hoach dién
VI véi ti 1€ tham nhap lon tir 30,9 -
39,2% vao nam 2030 [1]. Sy gia tang
nhanh chéng cic ngudn dién tr ning
luong tai tao (dién gid, mat troi, dién sinh
khdi...) c6 cong suat vira va nho (goi
chung 1a ngudn dién phan tan - NDPT)
két ndi vao ludi dién phan phdi da gay
nhiéu anh huéng toi qué trinh quan ly va
van hanh [uéi dién. Su két ndi cac NDPT
vao ludi dién s& dan toi nhimg thay ddi vé
cau triic va mot s6 van dé vé k¥ thuat lién
quan nhu kha ning tai cua duong day, ton
that cong suat, chat luong dién ap, bao vé
trong luéi dién, do tin cidy cung cip
dién... Tat ca nhiing van dé k¥ thuat do
déu anh huong toi céng suat két ndi cua
NDPT vio luéi dién [2], [3].

0 phuong dién nang cao chét lugng dién
ap va giam ton that cong suét trong ludi
dién phan phéi hinh tia, viéc két ndi
NDPT véi muc cong sudt va vi tri phu
hop can duoc tinh toan [4], [5]. Tuy nhién
cac loai NDPT khac nhau c6 anh hudng
khéac nhau do khéac biét vé dic tinh phat
cong sudt tic dung va phan khang [5].
Mot sé nghién ctru ciing di tién hanh lya
chon cong suat va vi tri két ndi téi uu
nham cai thién cac diéu kién k¥ thuat va
giam ton that cong suat [6], [7].

Trong két 1ui dién phan phéi mach vong
kin van hanh hg (dam bao tinh chat hinh
tia trong van hanh), cac thiét bi phan doan
tao mach vong dugc bd sung gitta cac

Xuat tuyén hinh tia nham nang cao do tin
cay cung cip dién. Viéc chuyén mé -
dong cac thiét bi phan doan nham thay doi
cau hinh ludi dién phd hop véi ché @6 van
hanh dé giam ton that trong ludi dién [8],
[9] dac biét khi cac NDPT nam gan céc
dao chuyén mach vong [10]. Véi truong
hop ludi dién vong kin, viéc lya chon
cong suit va vi tri két ndi cia NDPT ciing
dugc xem xét nham giam thiéu ton that va
dam bao chi tiéu chat luong dién ap trén
lusi dién [11].

Nghién ctru trong nudc vé cac ngudn dién
nang lugng tai tao nhu gid, mat troi cod
cong suét 16n két ndi vao ludi truyén tai
da dé cap dén anh huong t6i diéu kién
mang tai va ton that trén lugi [12]. Ddi
v6i ludi dién phan phdi, mot sd nghién
ctru ciing dd dé cap dén tac dong dbi voi
bao vé role, dién ap [13] - [15], trao luu
cong suat nguoc 1am ting nguy co qua tai
va tang ton that [16], [17]. Trong trudng
hop cu thé cua luéi dién dia phuong, mirc
tham nhap cao ciia PV c6 thé khong gay
gia tang vé ton that. Tuy nhién anh hudng
ctia cong suat nguoc khi PV phat cyc dai
trung voi thoi diém phu tai cyuc tiéu van
can phai c6 nghién ctru cu thé va dé xuat
giai phap.

Céac phan tiép theo ctia bai bao s& phan
tich vé truong hop cac xuat tuyén trung ap
cua ludi dién Huong Khé (Ha Tinh), tinh
toan mo phong va phén tich dé& xuit giai
phap pht hop nham giam thiéu cong suat
nguoc vé tram 110 kV, giam ton thit cong
suét va cai thién chat luong dién ap cua
ludi dién.
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2. LUO1 BIEN VA VAN BE TON THAT
DO DIEN MAT TROI

Xét trudng hop tong quat, so d6 tinh toan
cia mot duong day c6 dau nbi PV duogc
thé hién trén Hinh 1, cdng suit trén doan
duong day 1-2 la:

S, =(R-P,)+i(®-Q,) (1)
1 2 3
O | Duong day | Puong day |
- Si» -
. - = i hu tai
He théng 2=t s R0,

Hinh 1. So db tinh toan cho lwéi dién don gian
Ty thude vao do Ion va chiéu caa thanh
phan Sy, dién 4p cac nht trén ludi dién s&
duogc cai thién va ton that cong suat trén
duong day c6 thé giam. Dong cong suat
s& chay nguoc 1én phia hé théng néu PV
phat cong suat 16n nhu cau cong suit caa
phu tai, va khi mac chénh léch d6 16n hon
hai lan thi c6 thé lam tang ton that cong
suit trén duong day [18].

2.1. M0 ta so d6 lwoi dién

Dé xét cy thé hon, ta xét hai xuét tuyén
373E18.8 va 374E18.8 thudc ludi dién

MC373 Phﬁczlg(;‘)ng 1
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phan phdi 35 kV Huong Khé, Ha Tinh
véi téng cdng suat dat cac bo tu bu cung
1a 1350 kVAr. Pudng truc cac xuat tuyén
st dung loai day AC-95, mét s doan la
AC-120; cac doan nhanh st dung day
AC-70 va AC-50. D4y dan cac pha duogc
bé tri trén mit phing ngang, khoang cach
pha—phalal,5m.

So db t6i gian két day co ban caa ludi
dién dugc mo ta nhu Hinh 2. Ca hai xuat
tuyén van hanh doc 1ap nhau véi cac dao
phan doan thuong m¢ la DCL 373-
9/25/04 Huong Long va LBS 373-9/96/43
Phuc DPong. Ngoai ra cac dao phan doan
khac duoc trang bj trén cac xuat tuyén déu
c6 kha ning thao tac dong cét tir xa dé
dam bao tinh linh hoat trong van hanh.

2.2. Nguon dién mat troi

Khu vyc Huong Khé ¢o cuong do bac xa
mat troi trung binh, kéo dai tir 6:00 sang
t6i 19:00 hang ngay. Thoi diém cudng do
birc xa mat troi 16n nhat, tic ngudn dién
mit troi (PV) c6 thé phéat cong suat cuc
dai, lai trng vai thoi diém phy tai xudng

NR-HL-Phiic
bong 5
LBS

n373/86/42A

Phiic Pong

155. 255.

136. I

86.30

LBS 374/132
Hoa Hail0

L

Hinh 2. So d6 t6i gian két day co’ ban xuét tuyén 373-374E18.8
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thip trong ngay (Hinh 3 [PVGIS]), va do
d6 can co phuong thirc van hanh luéi dién
phl hop dé tan dung téi da cong suat phét
tir cac nguon PV.

Cac PV két ndi tap trung chu yéu ¢ 1/3
chidu dai duong day tinh tir dau ngudn
cua Xuit tuyén 373, trong khi do xuat
tuyén 374 chi ¢6 01 PV két ndi tai vi tri
40% chiéu dai duong truc chinh (Bang 1).

Bang 1. Cong suat phu tai

6000 800
WThe6 WThgll _

5000 700 &
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5000 400 2
A o
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200 &

1000 100 3

QQQ@Q @@@@@@@&

7 AT BT 67 67T TN
Gid trong ngay
Hinh 3. Biéu db phu tai dién hinh va cwong do
bitrc xa mat troi caia khu viee Hwong Khé

cac xuat tuyén theo mua [19]

Xuit tuyén Cong suit dit PV Tai 6/2021 Tai 11/2021
(kWp) kW KVAT W KVAT
373E18.8 12654 6067 1857 3968 826
374E18.8 999 4731 1966 2833 1037

2.3. Phu tai dién

Pic diém phu tai khu vuc Huong Khé c6
tinh chit trong ddng voi phu tai mién
Trung, d6 thi phu tai dién hinh moa he va
mua doéng déu giam thap luc 12:00 trua va
c6 hai thoi diém dinh sang — chiéu. Phu
tai dinh ctia muia dong roi vao budi tdi lic
18:00, trong khi d6 & mia he tré hon la
vao 19:00.

Phu tai dién hinh cho thang 6 (mua hé) va
thang 11 (mua déng) nam 2021 duoc thé
hién nhu Hinh 3, ti 1¢ phu tai thap diém
budi trua ~50% phu tai cyc dai trong
ngay. S6 liéu phu tai cac xuat tuyén va
cong suat dat caa PV nhu trong Bang 1.

2.4. Anh hwéng chaa Dién mat troi

Pé 1am rd anh huong cia PV 1én ludi ta
s& xét cac kich ban két hop gitra PV va
phu tai. Nhu trong Hinh 3 thé hién, khi

phu tai & muc cao diém sang va trung
binh chiéu, thi PV ciing phat & mac trung
binh; khi phu tai thap diém gitra trua thi
PV phat cong suat cuc dai; ta xay dung
c4c t6 hop thé hién nhu Hinh 4.

Phuy t3i (%) —PV (W/m2)
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Hinh 4. Biéu dién cac trwong hop
trong mé phéng
Can ctr muc phu tai thap nhit cua ludi
dién (~4 MW), va muc tham nhap I6n
nhat cua PV (xuat tuyén 373 1a ~13 MW)
dong cong suat nguoc trén duong truc
ludi dién khong 1é6n hon 10 MW, nho6 hon
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khi ning tai cia day AC-95 (~18 MW).
Do vay van d& mang tai cua duong day s&
khong can xét ti khi khao sat cac truong
hop. St dung phan mém ETAP [20] mb
phong tinh toan trao luu cong suét ludi
dién cho cac trudong hop, két qua dién ap
cac nut trén ludi dién nhu Hinh 5, ton that
cong suat duogc tdng hop trong Bang 2.

Bang 2. T6n that cong suat trong cac trwong
hop md phéng

TH1 | TH2 | TH3

Cong suat nguoc

vé C31 (kW)

AP (kW) 213,8 | 199,3 | 191,1
Tile ton that (%) | 3,18 | 2,16 | 1,73
8I :I RI gI ;\ ﬁ\ R\ %\ GI t':‘I £: §I §I SI gI §I

RN
----374TH3
——373TH3

100

N=}
p¥=}
Pién ap (%)

| I Y B R | t“t
o

Hinh 5. Dién ap cac nut trén lwéi
trong cac trwong hop xét
C6 thé quan sat rd rang trong Hinh 5, dién
4p cac nat trén xuit tuyén 374 giam tir
dau cho téi cudi xuat tuyén do anh huong
cua PV 18n xuét tuyén 1a rat nho, dic biét
TH2 c6 mtc hd tro dién 4p it nhat. Trai
nguoc, Xut tuyén 373 ¢ ti 1& thAm nhap
cua PV 16n, tap trung phan dau xuat tuyén
nén lam dién ap tang cao, tor do cai thién
dién ap cho toan ludi dién. Anh huong
cua PV trén xuét tuyén 373 1a 16n nhat khi
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phu tai thip diém vao budi trwa (TH1), cai
thién dién 4p tot nhung cong sut nguoc
vé thanh cai C31 cua tram E18.8 Ién ciing
lam ting cao tén that so véi hai truong
hop con lai (Bang 2).

3. LA CHON PHUONG THUC VAN
HANH CHO LUO1 BIEN

3.1. Phwong phap xac dinh phwong
thdrc van hanh

Mot trong sé cac giai phap dugc nhic tgi
nham giam tac dong bat loi cia PV hay
cac NDPPT khac 1a cit giam cdng suat
phat. Diéu nay 1am anh huéng téi chién
lugc khai thac cac ngudn dién tai tao, von
dugc wu tién phat trién va khai tac téi da
tiém nang phat dién caa ching. Loi dung
kha ning tao mach vong lién két giira cac
Xuat tuyén trung ap hién tai, giai phap
luan chuyén cac diém m¢ - déng tao vong
trén ludi vao nhiing thoi diém phi hop c6
thé huy dong hét cong suit phat cua cac
PV cho phu tai lan can. Do chinh 1a bai
todn tai cau hinh ludi dién, tao phuong
thire két day méi véi muc tiéu ton that 1a
nho nhat. Biém mé-dong c6 thé dugc Xac
dinh dua trén céc thuat toan tim kiém
[21], [22] két hop thyc hién giai tich ludi
dién bang thuat toan tién — 10i [23]-[25].

M@ hinh bai toan:

Nh
AP, =) R.12.10° - MIN )
i=1
|, < 1 i € N
: ©)
Upin <U; <UL i e Nt

Trong d6: AP, (kW) la tong ton that cong
Suét tac dung trén luai dign;
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R =r,;.L (Q) la dién tré doan duong day
(nhanh) tha i, co dién tré don vi I
(Q/km) va chiéu dai L, (km);

I, (A) 1a dong dién trén nhanh thtr i (noi
giza hainatjvak j,k eNt), khong vuot
qué kha ning tai cua day dan |

imax ?

] =—V3;LQE @

v6i P (kW) va Q, (kVAr) la cong suat tac
dung va phan khang nhanh thu i;

U, (V) la di¢n ap nat tha j, nam trong
gidi han dién ap dugc qui dinh; sut ap cac
doan trén ludi dugc xac dinh nhu sau:

AU, = P.R +QX;
U.

]

()

X, = X%y-L (Q) la dién khang doan duong
day (nhanh) tha i, c6 dién khang don vi
Xoi (Q/km);

Nh, Nt 12 s6 nhéanh va sé nit cia ludi
dién;

Véi dic diém thuc té cua ciu tric ludi
dién dang van hanh, cdc dao phan doan
dugc thé hién trong Hinh 1 c6 thé tao
thanh céc cap dao mo - dong khi xay dung
cau tric ludi méi.

Do PV tap trung dau xuit tuyén 373 va
xuat tuyén 374 khong xuat hién coéng suat
nguoc, ta c6 thé quan tam tsi céc dao
phan doan la DCL 373-9/25/04, LBS
374/132 Hoa Hai, va LBS 373/86/42A
Phuc Bong két hop véi chuyén doi giita
hai nguon qua cac may cat dau xuat tuyén

la MC373 va MC374 dé tao nén cac
trueong hop khao sat nhu trong Bang 3.

Bang 3. Logic lwa chon két hop cac dao phan
doan khi cau hinh Iwéi (1 -déng; 0-mé)

THa.|MC|MC| LBS DCL | LBS

(a=|373|374| 373/86/42 | 373- |374/13

1,2,3) APhlc 19/25/04| 2 Hoa
Pong Hai
11110 0 1 1
21110 1 0 1
3]11]0 1 1 0
4 1011 0 1 1
51011 1 0 1
6 | 01 1 1 0

Bat d4u, nhip =48 lién
( )

Khai bao Af18 hop cac cdn hinh ()
1./~

[ Khai bio N8 hop ngndn + 13 (7) ]

y
Tionh phin bd cing sudt hedi voi
trrdng hap tii— ngudn thir 7; tinh
AP = AP;

P—

Tinh phin bd cdng suit hrdi theo
18 hap (Lj): tinh AP

V& dic tinh dién ap; xuitkdtqua
phin tich va két luin phrong 4n

¥
[ Kétthic ]
Hinh 6. Lwu d6 thuat toan xac dinh cau hinh
van hanh lwéi dién

Luu dd thuat toan cho bai toan cé thé chi
ra trong Hinh 6.
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3.2. M6 phéng, phéan tich va lwa chon
phwong an van hanh

Trong mé phong, cac inverter cua PV
duoc dat & ché do diéu chinh hé sb cong
suat (PF control), cé dinh muc phat cong
suit tac dung. Két qua duogc phan tich cho
thiy dién ap trén ludi dién déu duoc dam
bao & cac truong hop dwoc Xét, cu thé
trong Hinh 7. Trong do, truong hop cong
suat PV phéat cuc dai va phuy tai giam thap
vao budi trua, ung véi truong hop mo-
doéng dao theo TH1.3 c6 ton that cong
suat nho hon céac truong hop khac trong
nhom 1. Ton that nho nhat ciing duoc ghi
nhan tng véi truong hop TH2.3 va TH3.
Cu thé cac muc ton that nhu trong Hinh 8.

Hinh 7. Dién ap cac nut trén lwéi khi c6 xét
cac phwong an thay déi cau tric khac nhau

Két qua cho thay khi lya chon duoc cap
dao mo-dong tao thanh mach cau trac luéi
méi, vin dé cong suit nguoc co ban duoc
giai quyét va chi ¢ Pugiemcazs = 1279
KW vao giita trwa khi phy tai giam thap.
So voi so dd két day co ban, phuong thirc
van hanh khéc c6 thé xac dinh cho khung
gio tr 10:00 > 16:00: nguon cdp
373E18.8 va PV ; dao DCL 373-9/25/04
vd LBS 373/86/424 Phic Pong cing
dong ; dao LBS 374/132 Hoa Hai mo.

(ISSN: 1859 - 4557)
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Hinh 8. Téng hop ti & tdn that cong suét
cua cac phwong an

Quan sat dic tinh dién 4p cua cac xuat
tuyén trong Hinh 7, trong cac truong hop
TH1.3 va TH2.3, do xuét tuyén 373 cip
ngudn cho cho xuat tuyén 374 qua DLC
373-9/25/04 va LBS-373/86/42A Phuc
Pong nén dién ap tai cac nut dau dao
phan doan nay 1a 374 43 va 374 145 déu
c6 dién 4p cao hon céac nit khac. Trong
khi d6, ¢ TH3 thi luéi dién dugc duy tri
so dd két day co ban nén dic tinh dién ap
C4c Xxuat tuyén twong dwong voi Hinh 3.
Sy tang cao dién &p rd rét & khu vuc két
ndi PV trén xuat tuyén 373 (TH1) gilp cai
thién dién ap va giam ton that toan ludi
dién.

4. KET LUAN

Pién mit troi xuat hién trén ludi dién gop
phan Ién trong viéc cai thién chit luong
dién 4p trén lugi va giam ton that cong
suit. Tuy nhién viéc phan bd ngudn dién
mat troi noi riéng va ngudn phan tan noi
chung trén ludi dién khong dong déu co
thé dan téi nhitng tac dong bat loi, dic
biét khi cong suat cac ngudn nay qua Ion
cd thé kéo theo hién tugng cong suat
nguoc du thira tré vé tram trung gian dau
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ngudn, 1am ton that ting cao.

Két qua phan tich cua bai béo véi ludi
dién cu thé 373E18.8 va 374E18.8 cho
thdy rd cac anh huang khi PV két ndi tap
trung chi yéu tai mot khu vyc dau xuat
tuyén 373, cong suit thAm nhap cua PV
I6n hon cong sut tiéu thu caa phu tai dic
biét vao thap diém giita trua lam ting
lwong cbng suat nguoc, ting cao dién &p

nGt va ton that trén ludi. Giai phap thay
dbi cau tric ludi dién trong van hanh nho
linh hoat chuyén di trang thai céc dao
phan doan cho thay hiéu qua rd rét. Két
hop khao sat thém cac cap dao phan doan
cho céc vi tri tao mach vong tiém ning 1a
goi y tét trong thuc té quan 1y ludi dién
cia cac don vi dé sin sang cho moi
phuong an van hanh trong thuc té.

PHU LUC
Bang PL.1. T6m tat sé liéu dwong truc (AC-95) lwéi dién

Tir nut Té6i nit ro (2/km) Xo (©/km) L (km)
373_1 373_25 0,33 0,318 3,02
373_25 373_86 0,33 0,318 11,62
373 _86 373 155 0,33 0,318 11,34
373_86 373_86.30 0,33 0,318 3,21
374_1 374_43. 0,33 0,318 4,20
374_43. 374_132. 0,33 0,318 17,70
374_136. 374 _255. 0,33 0,318 10,80

Bang PL.2. Téng phu tai dit cua cac phan doan Iwéi trong Hinh 2 [19]
T nit Téi nat P (kW) Q (kVAr)

373 1 373 25 2087 892
373 25 373 _86 2789 1529
373 86 373_155 1682 867
373 86 373 _86.30 1837 1089
374 1 374 43. 1645 836
374 43. 374 132. 1839 936
374_136. 374_255. 2386 1211

Trong bang 1 s6 liéu twong (ng véi birc
Xa mat troi 1000 W/m?. Thuc té cong suit
phét cua cac PV phu thudc vao cuong do
buc xa mat troi tirng khung gio i:
P
P =P bxi .
PVi PV _dat 1000

7 (PL.1)

Véi Ppyi (kW) 1a cong suit ciia PV phat ¢
khung gio thir i twong ing véi cuong do
birc xa mat troi tai gio tha i la
Poxi (W/m?); n 1a hiéu suat chuyén dbi

quang nang thanh dién ndng (%).
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Bang PL.3. S6 ligu PV [19] Nutkét | SOlwgng | Tong cong suit
Nutkét | S6lwgng | Téong cong suat noi PV Pev_az (KWP)
ndi PV Pev. aa (KWp) 373 90 1 516
373 57 5 5518 374_63. 1 999
373 58 4 4436
373 39 2 2200
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