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PAU NOI NHA MAY DPIEN MAT TROI CONG SUAT LON
SELECTION OF DEVICES TO SUPPORT POWER SYSTEM STABILITY WHEN
CONNECTED WITH LARGE-SCALE PHOTOVOLTAIC POWER PLANTS
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Tom tat - Bai bao nghién civu cac tac dong clia nha may dién (NMD)
maét troi cé cong suét I&n tai khu vue tinh Dk Lak (quy hoach nam
2025). Thwc hién mé hinh hoéa cac thiét bi dién, BESS, STATCOM,
md hinh toan hoc clia pin mat trdi, cau tric lwdi dién trén phan mém
PSS/E phu hop v&i quy hoach dién nam 2025. Thye hién gia dinh
cac kich ban nguy hiém bang cach thay dbi cirong d6 bic xa mat
tréi, md phéng cac sy ¢ ngan mach 3 pha trén dwo’ng day truyén
tai c6 dau ndi v&i nha may dién mat troi. Cac két qua nghién ctu
tap trung vao sy dao dong cua tan sb va dién ap theo cac kich ban
nguy hiém. D& nang cao hon sy 6n dinh ctia hé théng dién, bai bao
dé xuat ing dung cac thiét bi STATCOM, BESS lap dét tai thanh
céi 220 kV nha may dién mat trdi, ddng thdi so sanh va lwa chon
thiét b BESS @& hd tro 6n dinh hé thdng dién khi nha may dién mét
tréi cong suét I&n d4u ndi vao hé thdng.

Twr khéa - dién mat troi; BESS; MPPT; cwong do bire xa mat trov;
STATCOM; hé thong dién.

1. Pat vin dé

Nghién ctru két ndi dién mat troi v6i hé thong dién hién
hiru dang 13 vin dé quan tim cua nhidu qudc gia trén thé
gidi, trong d6 co Viét Nam. Hién tai, trén thé gisi da co
nhiéu cdng trinh nghién ciru vé tic dong cta cac nha may
dién mit troi cong suat 16n ddi véi ludi dién, ching han
nhu [1], [2]. Tai Viét Nam hién nay van chua c6 cac nha
méy dién mat troi co cong suit va quy mo 16n, nén mai chi
¢b céc cong trinh nghién ctru nhirg anh huong dén ludi
dién lién quan dén dién mit troi cong sudt nho, lap méi, tac
dong dén cac lu6i dién phan phéi. Khi ty trong dién mat
troi ting dan, can c6 cac nghién ctru sdu hon vé sy anh
huéng cua dién mat troi cong sut 16n dbi véi ludi dién
Viét Nam. Trong bdi canh d6, bai bao tién hanh nghién ciru
céc tac dong cuia nha may di€n mat troi cd cong suét 16n
khu vuc tinh Dik Lik (quy hoach dén nam 2025).

Theo Tong so do dién VII (TSD VII) hiéu chinh, tinh
dén nam 2025 co céu ngudn dién st dung ning luong tai
tao rat 16n, chiém dén 12,5%, trong d6 dién mat troi chiém
ty trong cao nhit [3]. Chi riéng d6i véi tinh Pék Lik, quy
hoach ngudn dién mit trdi khu vue huyén Ea SOp cua tinh
1én dén gan 1.400 MW tinh dén nim 2025. Cong suét dién
mat troi 16n anh huong dén chét lugng dién ning cta khu
vie déu ndi, nhat 1a khi bi gian doan boi birc xa mat troi.
Ngoai ra, su c¢b ngan mach trén ludi dién c6 dau nbi voi
nguoén dién mat troi cong suat l6n cling gay ra nhiing anh
hudng tuong tu dén tan sb, 6n dinh hé thong dién phai quan
tam. Dé giai quyét van dé nay, hién tai c6 rat nhiéu thiét bi
hd trg, tuy nhién theo [4] thi thiét bi bu STATCOM phu
hop v6i 6n dinh hé thdng dién Viét Nam, ngodi ra, voi dic
tinh cta thiét bi BESS c¢6 kha nang nap va xa nang luong
khi can thiét nén rt phi hop dé hd tro hé thong khi c6 tich

Abstract - This paper investigates the impacts of a large-scale
photovoltaic power plant in Dak Lak province (planning for 2025).
The model of electrical devices, BESS, STATCOM, mathematical
models of photovoltaic grid structure have been implemented based
on PSS/E software with the power planning for 2025. The risk
scenarios by changing intensity of the solar radiation, simulating the
three-phase short-circuit on the transmission lines connected to the
solar power plant have been presented. The research results focus
on frequency and voltage oscillation in dangerous scenarios. To
enhance stability of the power system, the paper suggests installing
STATCOM, BESS devices at the 220 kV busbar of the solar power
plant, to compare their advantages, and to select the BESS device
in supporting stability of the power system when a large-scale power
plant is connected to the system.
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ngudn nang luong tai tao. Do do6, bai béo dé xuat sir dung
thiét bj BESS (Battery Energy Storage System - Hé thong
Pin tich nang) so sanh vai viéc st dung STATCOM théng
qua danh gia uu diém cua ting loai thiét bi ddi véi cac tac
dong phuc hdi tan s6 ciing nhu 6n dinh hé thong. Phan mém
PSS/E-33 dugc st dung trong qua trinh md phong, phan
tich giai quyét van dé nay.

2. Mb hinh hoa thiét bi
2.1. Pin mdt troi

Pin mit troi (viét tit [a PV cell) co ddc tinh V-1 dic biét,
chiu anh hudng khi thay doi tré khang tai, cuong do birc xa
va nhiét do. Céac PV cell c6 cong suat cuc dai khi nd vén
hanh tai di€ém ndi gitra dac tinh nguén dong va nguodn ap.
Thuét toan chon diém lam viéc cuc dai (Maximum Power
Point Tracking — MPPT) dam bao PV cell ¢6 thé van hanh
¢ diém c6 cong suadt cyuc dai.
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Hinh 1. M6 hinh thiét bi PV

PV cell 1a mo hinh ngudn dong, Iy, phét ra dong dién
do hiéu trng quang dién va dong dién bio hoa nguoc. Io la
dong qua didt. Trong md hinh con c6 Rs 1a dién tro nbi tiép
chinh, dién tr& cua cell, dién tré day dan, dién tro bé mat;
Rsh 12 dién trd song song tao ra hién tugng dong ro theo ria
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ctia PV cell va dong ro doc theo vét nirt nho va cac hat. Mdi
quan h¢ vat ly giita dong dién va dién ap duogc thé hién theo
cong thirc bén dudi [5]:

q(V+RgI)
LT — 1)

V + Rl
1=Iph— I, (e nKT

TRy 1)

Trong do6: | 1a dong dién ra cua cell;

V la dién ap cua cell;

I,n1a dong dién phét ra tir hién twong quang dién;

I, 14 dong dién bio hoa cua didt;

q la dién tich cua electron;

k 12 hang s6 Boltzman;

T 1a nhiét &6 moi truong, n 1a hé s6 1y tuong.
2.2. Thudt todn chon diém lam viéc cwe dai (MPPT)

~ Muc ti€u cua viéc dung MPPT trong nha may PV la dé

t0i da hoa cong suat dau ra cua pin PV va nang cao hi¢u
suat lam viéc cua viéc bién doi nang luong. Cac cong nghé
MPPT dugc gioi thi¢u trong tai liéu [6] va ca 2 thudt toan
xac dinh diém lam viéc c6 cong suat 1on nhat Incremental
Conductance (INC — thuét toan dién dan gia ting) va
Perturbation & Observation (P&O — thuat toan nhi¢u loan
va quan sat) ciing da dugc md hinh héa. Tuy nhién, theo
[7] mé hinh INC dugc ding dé md phong dong vi day la
phuong phap khic phuc nhiing nhugc diém cuia phuong
phép P&O nhur s& cho két qua tot nhat khi thoi tiét thay do6i
nhanh. Vi vy, bai bao st dung thuat toan INC dé mo
phéng.~Nguyén ly Iam viéc ctia thuat toan 1a so sanh gia tri
dién dan tirc thoi (I/V) véi gia tri dién dan gia tang INC
(dI/dV). Tai diém cong suat cuc dai INC (dI/dV) bang véi
dién dan tic thoi (I/V), nghia la dd doc cua duong cong
cong suat bang 0. Khi di¢n dan gia ting bé hon hoac lon
hon dién dan tire thoi thi dién ap dau ra cua PV hodc tang
1én hodc giam xudng (Hinh 2).
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Hinh 2. Cdu triic mé hinh PV néi luéi c6 MPPT
2.3. M6 hinh Battery Energy Storage System — BESS

‘Trong vai truong hop do cuong d6 birc xa thay dm
ngin mach trén ludi PV, . dan dén dao dong cong suét
anh huong dén tan s6 gay mat cén bang hé théng budc phai
sa thai cac phu tai lién quan, gay ra sy mat on dinh hé thong
dién. Thiét bi BESS c6 thé ding dé nang cao 6n dinh hé
thong khi can thiét, vi n6 c6 thé hap thy cong sut tir ludi
hozc ddy cong suat 1én hé thong trong trudng hop khan cép.
Néu cong suét thiét bi BESS l1a di1 dé hap thy hodc day toan
b cong suit can thiét cua hé thong trong trudng hop khéan
cép thi s& gilip giam thiéu sy mat 6n dinh vé tan sd.
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Hinh 3. M6 hinh thiét bi BESS
2.3.1. M0 hinh trao luu céng sudt thiét bi BESS

BESS sir dung trong PSS/E ¢6 tén goi la CBEST. NG
duge mo hinh hdéa nhu mot may phat thong thuong voi tro
khang ngudn 16n. Do try khang ngudn 16n nén sy tham gia
ctia n6 khong anh huong dén viée phan tich trao luu cng
suit & ché do xac lap.

2.3.2. M0 hinh dong thiét bi BESS

M0 hinh dong CBEST dai dién vai dic tinh dong ctia thiét
bi BESS. N6 m6 phong gidi han ctia trao luu cong suat pin
(Prmax VA —Prax) va giGi han dong dién AC ctia bd chuyén doi
converter (lacmax Va -lacmax). NO ciing tinh téng nang luong ra
(Eout) ctia pin bang cach nhan cong suét ra (Pou) v6i thoi gian,
co xét den hiéu suat cua viéc Iuu trir va ton thit nang luong.
Cong suat ra duong thé hién pin dang xa, khi cong suat raam
thé hién pin dang sac. M6 hinh nay the hién cong suat dinh
mirc du 16n dép g tat ca cac yéu cau vé nang luong trong
qua trinh mo phong, vi vay n6 c6 thé sac va xa vao bat ky thoi
gian nao, khong x4c dinh va ¢ bat ky mirc nao.

MAX VAR(L)

F{cq_ucncy 1 Transport Auxiliary ~ To
Deviation (pu) — 7o Delay Ke ™ Power Signal —> PAUX
at Bus ICON(I) < (MW)

MIN

Hinh 4. M6 hinh thiét bi diéu khién BESS

2.4. M6 hinh thiét bj STATCOM

Nguyén ly tao cong sut bu bang bo nghich luu dién ap
dugc the trén Hinh 5. X 1a di¢n clia mdy bien ap. Bo nghich
luu ap s€ duoc dieu khién dé tao dién ap 3 pha cung tan s6
ctia dién ap hé thong. M6i ap pha tao nén boi bo nghich luu
ap s& cung pha v6i dién ap h¢ thong va dién ap tao thanh
d6 mac lién ket vao h¢ thong lu6i dién nhd' may bién ap
lién két, dién khang X thudng c6 gia tri nho.
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Hinh 5. M6 hinh STATCOM va so do twong dirong

M6 hinh ham truyén diéu khién STATCOM dugc thé
hién bén dudi:
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Hinh 6. So' d6 khéi ham truyén ciia STATCOM
Trong so &6 ham truyén & Hinh 6, cac thong s6 gom:
V: dién 4p tai thanh cai can diéu khién;

V7: dién ap tai STATCOM (tai bo nghich luu);
Limit Max =
Limit Min = [V1| - Xtlumaxe: gidi han duéi cuc tiéu.

[V1| + Xtlcmaxe: gidi han trén cuc dai;

3. Khio sat van dé va cac giai phap nang cao 6n dinh

Bai b4o md hinh hoa hé théng ludi dién 500 kV,
220 kV Viét Nam nim 2025 bang chuong trinh PSS/E —
Version 33 [8]. Céc thong s6 lién quan ludi dién duoc md
hinh hoéa va xay dung pht hop v6i quy hoach phat trién
dién luc tinh Pik Lik va TSP VII hiéu chinh dén niam
2025. Trong d6, Nha may dién mdt troi Buoén Don (Solar
Budn Don) 1.000 MW (Cose = 0,95) s& déu ndi vé6i tram
bién 4p 220 kV Kréng Buk (Hinh 7-8) qua duong day mach
kép 220 kV dai khodng 20 km. Mo phong céc van dé nghiém
trong c6 thé anh hudng dén 6n dinh hé thong nhu sau:

+ Vén dé 1: May che anh huong dén cudng do birc xa.
+ Véan dé 2: Sy ¢ ngin mach trén duong day 220 kV
Kréng Buk - Chu Sé vai thoi gian ton tai sy c6 0,2 S.
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Hinh 8. Trao luu cong sudt hé théng dién khu vuc

Tuong ng véi cac kich ban nghién ctru, bai bao dua
cdc thiét bi STATCOM hogc BESS vao van hanh dé xem
xét tinh dép (mg cta hai loai thiét bi nay d6i véi muc tiéu
nang cao on dinh hé théng. On dinh h¢ thong dién & day
dugc xem xét va danh gia trén céac tiéu chi dap Gng thoi
gian tré vé trang thai xac lp ciia tin sb va dién ap sau khi
loai trir sy ¢b. Cau hinh ludi dién xem xét véi 3 truong hop:

e Khong lap thiét bi FACTS.

e Lip STATCOM trén thanh cai 220 kV TBA 220 kV
Solar Buén Bon. Cong suat STATCOM +£500 MVAr.

e Lip BESS trén thanh cai 220 kV TBA 220 kV Solar
Buén Bon. Cong suat 500 MW/+500 MV Ar
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900.00 [~

600.00 |-

11:00:00

/230.622 Mvar
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300.00

0.00

-300.00
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Solar BuonDuon: Total Active Power in MW

——————= Solar BuonDuon: Total Reactive Power in Mvar

18:24:00 23:00:00

Hinh 9. Vdn hanh ciia Solar Buén Pén trong 1 ngay dién hinh
3.1.1. May che anh hwéng dén cuong dé birc xa mdt troi
Mot dam may che phu 16n (100% dién tich nha may) cd
thé thay d6i do roi nang lugng mat troi va lam thay doi 1on
vé cong sut ra cia nha may PV. Viéc mat mot luong 16n
cong sut PV trong mot thoi gian ngén c6 thé tac dong déng
ké dén hé thdng, gy ra cac dao dong tin sb va dién ap trén
ludi. Mic du khéng c¢6 ghi nhan tir dit liéu qua khir vé hién
tuong nay, tuy nhién bai béo ciing xem xét va tinh toan déi
véi cac truong hgp nay theo cac hudng nghiém trong hay
tiéu cuc nhat. Trong d6 xem xét thoi gian dam méy che phu
duy tri trong thoi gian dén 1 phit. Trong thoi gian may che,
luong birc xa mit troi giam manh tir 1.000 W/m? xuéng
0 W/m? va phuc hdi tré lai sau do.

1200

5
IRRADIANCE

1000 PV-MW
PV-MVAr

Irradiance (W/m2) and PV output

-200 r r r r r r
o] 10 20 30 40 50 60 70

Time (sec)
Hinh 10. Cuong dé birc xa mdt troi thay doi frong 1 phiit do
tac dong cua mdy che tuwong ung voi cong suat phat cua PV
Hinh 10 thé hién sy giam birc xa mit troi tir 1.000 W/m?
xuong 0 W/m? trong vong 1 phdt kéo theo cong suat dau ra
cling bi thay doi.
Hinh 11 thé hién su dao dong cua tan so tai thanh cai
tram 220 kV Krong Buk. Truong hgp cuong do bliic xa mat
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troi thay doi, tan s6 hé théng xay ra dao dong, nhan thay
{mg dung thiét bi BESS da giam sy dao dong véi 2 truong
hop khong tng dung thiét bi FACTS va tmg dung thiét bi
STATCOM.

0.1

Without-FACTS
STATCOM
° ~—— BESS

Frequency (Hz)
o
P

-0.25

-0.3
o

c c : : : 1
10 20 30 40 50 60 70
Time (sec)

Hinh 11. Dao déng tan s6 tai thanh cdi 220 kV Krong Buk

———— Without-FACTS
STATCOM
226 - BESS

Voltage (KV)

c c : : c c
10 20 30 40 50 60 70
Time (sec)

Hinh 12. Dao déng dién ap tai thanh cai 220 kV Krong Buk

———— Without-FACTS
STATCOM -
— BESS

Hinh 13. Dao déng dién ap tai thanh cai 220 kV
tram Solar Buén Pon
Hinh 12 — 13 thé hién su dao dong dién ap tai thanh cai
220 kV tram 220 kV Krong Buk va Nha may Solar Budn
Don. Truong hop tmg dung thiét bi STATCOM va BESS
chét luwong dién ap dugc cai thién va én dinh hon so véi
khong c6 thiét bi FACTS.

———— STATCOM-Qout (MVAr)

150 |~ TN BESS-Discharge (MW) fi
5 y, . BESS-Qout (MVA?)
§' 1004, / \
2 \“ /
W s0 —‘ Vv
o /
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Z  of
o
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100 WM e

150 c c c c c c
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Hinh 14. Bdp itng céng sudt phén khdng ciia STATCOM
va van hanh cia BESS (xd)

Vi cac két qua mo phong trén, co thé nhan thay rang,
trudng hop cuong do bic xa mat trdi thay doi dot ngot da
gdy ra su gian doan vé phat cong suat ctia nha may dién mat
troi. Hinh 11 — 14 1a céc so sénh cua 3 truong hop c6 va
khéng co lap dat thiét bi hd tro. Két qua mo phong cho thay,
trong qua trinh dao dong, thiét bj BESS 6n dinh tin s rat
t6t, d6 léch tan so thap. Trong khi d6, STATCOM khong
tham gia vao viéc on dinh tan s6 ndy. Piéu nay c6 nghia rang,
khi hé thong bi mat cong sudt tac dung thi thiét bi BESS da

tham gia hd trg bu dép mot phan luong cong suét nay. Trong
khi 6, STATCOM chi véi chirc ning phat/thu cong suat
phén khéng s& khong tham gia hd trg cong sut tac dung. D6i
v6i 6n dinh dién 4p, tai thoi diém buc xa giam vé 0,
STATCOM giir dién ap kha t6t. Tuy nhién giai doan tro vé
xac 1ap, BESS diéu khién bién do dién ap tro vé xéac lap voi
dap ung thoi gian nhanh hon so véi STATCOM.
3.1.2. Sw ¢6 ngdn mach

Xem xét truong hop cit loai trir sy ¢d 3 pha trén 1 mach
duong day 220 kV Krong Buk - Chu Sé véi thoi gian ton
tai su ¢b 0,2 s. Diém sy ¢b nam gan TBA 220 kV Krong
Buk. Truong hop nay birc xa mat troi dang tinh toan ¢ murc
1.000 W/m?,

1400

PV-MW

1200 PV-MVAr

1000

PV Output
o
[=}
o

Time tsee)
Hinh 15. Bdp iing céng sudt phat ciia Solar Buén Pén

Hinh 15 thé hién cong suit phat ciia nha may dién mat
troi khi xdy ra su ¢6 trén hé thng dién. Trong thoi gian sy
¢d, cong sudt ciia nha may c6 su dao dong va giam thip,
tuy nhién, sau khi loai trir s ¢6 thi cong suét tac dung cua
nha may phuc hdi ngay 1ap tirc nhung céng suat phan khang
phat vin dao dong kéo dai khoang 2 s.

———— Without-FACTS
STATCOM
~ BESS T

Voltage of 220KV KrongBuk SIS(kV)

1 1.5 2 2.5 3
Time (sec)

Hinh 16. Dao déng dién dp tai thanh cai 220 kV Krong Buk

Céc tinh toan cho thiy, khi su ¢b cong suit phat cua
Nha may Solar Bu6n Pon giam xudng thap, s& dugc phuc
héi khi su ¢6 dugc loai trir. Hinh 15 thé hién dap Gmg cong
sudt ctia nha may. Hinh 16 thé hién dao dong dién ap tai
thanh cai 220 kV Krong Buk. Trong thoi gian sy co coéng
sut phat ctia nha may c6 sy dao dong, sau khi sy cb duoc
loai trir thi cong sudt nha may trd vé on dinh. Sy phuc hdi
cong sut ciia Nha may Solar Buon Don khong gidng nhur
c4c nha may dién quay va né phuc hdi nhanh hon. Véi luéi
dién c6 tham gia cia STATCOM hoac BESS, sy dao dong
cua hé théng dugc cai thién nhidu hon. Theo két qua mod
phong, BESS kiém soat 6n dinh tot hon so v6i STATCOM
xét trén tiéu chi dap ung tan sd cuia hé théng (Hinh 17) va
dao dong goc rotor ciia cac to may phat gan khu vuc nha
may (Hinh 19), do ngoai hd trg vé cong sudt phan khéng
(Hinh 18) thi BESS con hd trg cong suit tac dung. i lai,
vé dién 4p, thiét bi STATCOM linh hoat hon va én dinh t6t
hon thiét bi BESS trong thoi gian sy ¢b (Hinh 16), wu diém
nay la do STATCOM dép tng thoi gian cung cap dén gia
tri cong suét cuc dai rat nhanh. Giai doan sau su cd BESS
va STATCOM c6 thé danh gia 1a nhu nhau.
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Hinh 17. Dao déng tan s6 tai thanh cdi 220 kV Krong Buk

STATCOM-Qout(MVAr)
BESS-Charging(MW)
BESS-Qout(MVAr) i

STATCOM and BESS Output

o 1 2 s = Tlmeé(sec) 6 7 & s io
Hinh 18. Ddp iing céng sudt phan khing ciia STATCOM
va van hanh ciia BESS (nap)
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Hinh 19. Dao déng géc rotor may phdt Buén Kudp-H1

4. Két luan

Bai bao thyc hién xay dung cac mo hinh thiét bi PV,
STATCOM, BESS trén phan mém PSS/E-33 v¢i khdo sét
phan tich 6n dinh hé thong qua cac truong hop su cd
nghiém trong trong qua trinh van hanh. Cac két qua phan
tich thdy rang, Nha may Solar Budn Pén tao ra cac anh
huéng vé dién 4p cling nhu tan s6 dén hé thdng, tuy nhién
su dao dong ndy van nim trong pham vi cho phép cua
Thong tu 25/2016/TT — BCT [9]. Nhung véi muc tiéu nang

cao chit lvong dién nang, ting do 6n dinh cua hé théng
dién, bai bao xem xét 2 giai phap tich hop vao hé théng PV
1a sir dung thiét bj STATCOM hoic BESS.

Dé nang cao 6n dinh vé tan sb va dién ap khi tich hop
ngudn dién mit troi cong suat 16n thi thiét bi BESS ¢6 uu
diém hon so voi STATCOM. Vi vdy, bai bao kién nghi ing
dung thiét bi BESS cho viéc h tro 6n dinh tan sb va dién ap
cho hé théng dién co6 két néi NMD mat troi cong suét 1on.

Do dic tinh cuia thiét bi BESS 1 c¢6 kha nang nap va xa
nang lugng khi can thiét, vi vay BESS rét phu hop véi viée
hd tro nha mdy dién mit troi cong suit 16n cling nhu hé
thong. Ngoai su 6n dinh, BESS c6 thé h5 trg vé chay phu
dinh (san bang d6 thi phy ta1) — giam ton that truyén tai,
tang kha ning phat cong suit (cung cap du phong quay).
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