TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC DIEN LUC
(ISSN: 1859 — 4557)

PHAN TICH LAN TRUYEN SONG HAI TRONG LUGI DIEN PHAN PHOI
CO TiCH HOP DIEN MAT TROI PHAN TAN

ANALYSIS OF HARMONIC PROPAGATION IN MEDIUM VOLTAGE DISTRIBUTION
NETWORKS WITH INTEGRATION OF DISTRIBUTED SOLAR PHOTOVOLTAICS

Nguyén Phic Huy
TruGng Dai hoc Dién Iuc
Ngay nhan bai: 16/02/2024, Ngay chap nhan dang: 08/4/2024, Phan bién: PGS. TS. Pham Van Hoa

Tém tit:

Bai bdo d& phan tich nguy co xuét hién cac diém cdng hudng tan s6 béc cao trong Iudi dién phan
phoi trung ap cd tich hgp cac ngudn dién mat trdi (PV). M6 hinh mé phéng va tinh toan Iudi dién
phan phdi da dugc xdy dung cho mdt Iudi dién cu thé trén phan mém ETAP. SI dung cdng cu
Harmonic analysis phan tich mdt s6 trudng hgp van hanh cu thé cho thiy séng hai dic tinh cua
dong dién phat sinh tir cac inverter clia cac PV lan truyén khap IuGi dién lam tdng cao bién dd dién
ap hai bac 5 va 7. Anh hudng lan truyén séng hai I16n han khi PV két ndi vé phia cudi ludi, va déc
biét a trong ch& dd PV phat I6n ma phu tai tiéu thu thdp diém thi lan truyén séng hai gdy anh
hudng cang I6n hon.

T khéa:
Dién mat troi, song hai, lan truyén song hai, Iugi dién phan phoi, ETAP.

Abstract:

The paper conducted an analysis of the risk of high-order frequency resonance in the medium-
voltage distribution network with integration of solar photovoltaics (PV). The model of an identified
distribution network was simulated and calculated in ETAP. Applying Harmonic analysis tool in ETAP
to analyse specific operational cases showed that characteristic harmonic current generated from the
PVs' inverters propagating throughout the grid caused harmonic voltages to rise in amplitude at 5th
and 7th order. The harmonic propagation effect is greater when the PV is connected towards the
end of the grid, and especially in PVs" high power generation mode where the load is low
consumption, harmonic propagation has a much greater effect.

Keywords:
Solar photovoltaics, harmonic, harmonic propagation, distribution networks, ETAP.

1. MO DAU theo Quy hoach dién VIII ti trong ngudn
Phat dién tir c4c ngudn ning lugng tai tao  niang lugng tai tao (gi6, mat troi, sinh
dang 1a xu hudng chu dao trén thé gigi,  khdi) tang 30,9-39.2% vao nam 2030 [1].
tién toi giam thiéu sy phu thudc vao cdc Sy phat trién cac ngudn dién moi tir ning
nguodn ning luong hda thach. O Viét Nam  luwong tai tao dem lai nhiéu loi ich bén
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vitng vé méi truong, giam ap luc ddi voi
cac ngudn dién truyén théng (thuy dién,
nhiét dién,...) ciing kéo theo nhiéu anh
huong téi hé thong dién.

Trong phan khuc ludi dién phan phéi, cac
ngudn dién sir dung ning lwong tai tao
nhu dién gio, dién mat troi, dién sinh
khéi... c6 cdng suat nho duoc két ndi gan
hon voi phu tai dién, ching duoc goi
chung 1a nguon dién phan tan (DG) [2].
Sy phan bd rai rac cta cac ngudn nay
trong ludi dién dan téi sy phan bd va
chiéu cdng suat thay doi, kéo theo nhiing
thay ddi vé ton that, kha ning tai va cac
van d& vé chit lugng dién nang [2]-[4].
Déi véi cac DG két ndi qua cac bo bién
d6i dién tir cong suat nhu dién gio, dién
mat troi s€ bom song hai dong di¢n vao
trong ludi dién [5]. Gidi han vé mirc phat
sinh song hai tai cac nuat trén ludi dién sé
dan toi su gidi han vé cdng suat phat caa
DG [6], va do d6 muc do nhiéu song hai
thuong dwoc quy dinh trong cac tiéu
chuan va qui dinh cu thé [7], [8]. Ngoai
ra, song hai lan truyén trong luéi dién co
thé tang cao & nhiéu vi tri, dac biét khi
luéi dién c6 két ndi cac bo tu bu cong suét
phan khang thi muc ting co thé 16n do
xuat hién cong huong ¢ nhiéu tan sb [9].

Bai bao sé trinh bay phuong phap mo
hinh hoéa ludi dién trong nghién ciru séng
hai, tién hanh nghién ctru phuong thuc lan
truyén cta song hai trong ludi dién phan
phdi trung ap c6 tich hop dién mat troi.
Véi ludi dién thyuc té dugc sir dung trong
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nghién ctu vai ti 1& tich hop PV nhit
dinh, cac van dé vé lan truyén séng hai va
dién ap hai tai cac nat trén ludi dién sé
duogc phan tich ky.

2. SONG HAI TU PV VA LAN TRUYEN
SONG HAI TRONG LUOl BIEN

2.1. M6 hinh héa trong mdé phéng
2.1.1. M6 hinh héa Iwdi dién

Luéi dién phan phéi trong nghién ctu bao
gom ngudn hé théng dién, duong day
phan phdi, tram bién ap phan phéi, phu tai
dién... So d6 thay thé ciia ngudn hé thong
1a so d6 Thevenin ngudn &p ndi tiép tong
tré twong duong. Puong day va may bién
ap duoc thay thé bang cac so do thong sb
tap trung hinh =, trong khi ddi véi phu tai
dién, da sb cac nghién ctu déu chi ra md
hinh phu tai tuyén tinh cua CIGRE la phu
hop nhét cho bai toan phan tich séng hai
[10], [11]. C4c phan ti trong so dd 1a dién
tro dic trung cho qua trinh phat nong, that
thoat dudi dang nhiét do hiéu ung Joule,
dién cam va di¢n dung dic trung cho qua
trinh tir hoa va trao d6i dién niang. Dién
tro dugc mo ta 1a khong doi theo tan sd,
tuy nhién vdi may phat dién hoiac may
bién &p van c6 thé xét t6i sy thay doi theo
tan so theo quan hé Ry, =R/h V6i R 12
gia tri dién tré & tan sb co ban. Trong khi
do cam khéng vq dung khang co
thay doi theo tan s6 nhu X, =hX, va

X

- :%, trong d6 h 13 bac song hai, X,
va X. la gia tri cam khang va dung khang

& tan sb co ban cua ludi dién.
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2.1.2. Nguén phét sinh séng hai

Song hai trén ludi dién cd thé duoc sinh
ra tir nhiéu nguon khac nhau bai céc phan
tir phi tuyén va phu tai phi tuyén. Trong
do, ddi véi cac PV két ndi véi ludi dién
théng qua cac bo bién d6i DC/AC s& lam
phat sinh séng hai dong dién bom vao
luéi do dic tinh ¢d hitu caa cac thiét bi
dién tir cong suat. Trén thi trudng hién
nay, cac bo bién ddi dugc sir dung trong
két ndi PV voi lué6i dién 1a bo nghich luu
ngudn &p (VSI) sir dung cac van ban dan
IGBT. Cac VSI lam viéc véi ché d¢ diéu
khién theo dong dién 1a chu yéu, do d6 s&
anh huong truc tiép téi dong dién hai bom
vao ludi [12]. Cac cau hinh bo bién doi st
dung cha yéu la loai hai mac (two-level)
va ba muc (three-level) dién ap, qué trinh
dong mé cac van duoc thyc hién bang ky
thuat PWM. Véi bo bién d6i 6 xung (6
pulse converter) phé bién, song dong dién
dau ra s& bao gém céc thanh phan hai c6
cac bach=6n £ 1 (n=1, 2, 3...) [12] —
[14]. Két qua thuc nghiém trong [12]
cling chi ra rang phan Ién song hai xuat
hién labac 5, 7, 11, 13,... Véi cac bo bién
ddi c6 PWM véi tan sb séng mang 16n, sé
xung déng cat tang 1én s& lam song hai c6
bac cao tap trung xung quanh gia tri la boi
s6 cua tan s6 song mang [15].

Véi tinh chat cua luéi dién dung trong

nghién ctru nay, chwa co ngudn dit liéu do

dac thyc té mirc do phat sinh séng hai caa
dién mat troi tai cac diém két ndi chung
(PCC), tuy nhién két qua kiém dinh séng
hai cua Inverter dugc su dung trén ludi
[16] va catalogue cta nhiéu hdng cung
cap thiét bi thi tong d6 méo song hai cua
bo bién d6i khong qua 3%, vi vay trong
moé phong ngudn song hai dong dién tir
PV c6 pho hai dién hinh cua inverter 6
xung nhu Hinh 1.
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Hinh 1. Dang phé séng hai dau ra bo bién déi
6 xung

2.2. M6 hinh lan truyén séng hai
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Hinh 2. M6 hinh co ban trong nghién cieu
lan truyén séng hai

Véi tinh chit cua ludi dién phan phdi chu
yéu hinh tia hoic kin van hanh ho, so db
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minh hoa cho phuong phap thé hién nhu
trén Hinh 2 voi ngudn luéi dién 1A sin
chuan, phu tai tuyén tinh va PV phét sinh
song hai.

Song hai dong di¢n thr PV duoc bom vao
luoi dién s& duoc truyén nguoc vé phia
nguon (1,,,.) va xudi xuong phia tai
(1 i) cubi ludi dién, gy ra song hai dién
&p. Moi quan hé gitra cac thanh phan
dong dién trong Hinh 2 dugc md ta nhu

(1).

+1

IPV = I pv.ng pv.tai

th + Zdl

=1
v.tai PV
P Z

, @

z

trong d6: Z,,va Z,,la tong tro cua cac
doan duong day; Z,, la tong tro cua
MBA phén phéi va Z, la tong tré phu
tai;va Z,=Z, +Z,+Z,,+Z,,+Z

tai "

T (1) c6 thé thdy, néu tong tro cua hé
théng 1a khong doi (Z, =const) va
khong xét anh huéng cua tong tro PV
(Z,,), song hai phat sinh tir PV s& lan
truyén phu thuoc chu yéu vao két cau
duong day va khoang céch két néi PV
(thc Z,,va Z,,), may bién ap (tac Z,,)
va cong suat phu tai dién (tic Z,,,) .

Pbi véi thanh phan séng hai dong dién
trén cac nhanh, mirc d6 lan truyén co thé
danh gia thong qua hé sé lan truyén vé
dong dién hai (T, (h)) tir cac PV nhu sau:
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1 (h)
Th=-<—"5
S, ()
trong d6 li(h) va lpyj(h) 1a dong dién hai
bac h tai nhanh i duoc sinh ra do lan
truyén song hai bac h tir cac PVj.

(2)

3. TINH TOAN MO PHONG VA PHAN
TiCH KET QUA

3.1. Xuét tuyén 378- E17.2 Son La

Xuat tuyén 378-E17.2 Son La thudc
quyén quan ly cua Pién lyc Mai Son,
Cong ty Pién lyc Son La. Tong chiéu dai
toan bo xuat tuyén 1a 217 km, véi hon 200
tram bién 4p phan phdi 35/0,4 kV. Day
dan duoc sir dyung trén ludi 1a day nhém
I6i thép voi cac cap day duong truc la
AC-95, duong nhanh la AC-70 va AC-50.
Trén ludi dién co dau ndi cac bo tu bu
cdng suat phan khang 3 pha vai cac gam
cong suat 150 kVAr va 300 kVAr dé cai
thién dién &p va ton that [16]. So db rut
gon cuia Xuat tuyén voi cac dudng truc va
nhanh c6 thé hién cac vi tri két ndi PV
theo qui hoach duoc thé hién nhu Hinh 3.

Biéu d6 phu tai ngay hang thang trong
niam 2020 cta xuat tuyén (Hinh 4) c6 hai
thoi diém cuc dai sang - tdi. Cong suat
I6n nhat c6 thé dat 21 MW vio cao diém
t6i, trong khi khoang thoi gian gitra trua
cdng suat giam thap. Tinh hinh bl cong
suit phan khéang trong cac tram bién ap
phan phdi ciing duoc quan tam, dam bao
hé s6 cong suat dat mac yéu cau tir 0,9
tro 1én.
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Hinh 4. Phu tai xuat tuyén 378-E17.2 (nam 2020)
O thoi diém khao sat, cac ngudn dién mat
troi (PV) két ndi 1én xuat tuyén 378-E17.2
cO téng codng suat dat ~15000 kWp véi
cong suat mdi tram tir 630 kWp téi 1980
kWp phan phd kha dong déu trén ludi.
Déi vai khu vuc Son La, cuong do buc xa
mit troi 16n nhét 1a trong thang 7 va thang
8 v6i hon 1 kW/m? [17]. Khi d6, voi muac
phat 16n nhit cua PV muc tham nhap 1én

t6i ~60%, trong khi xét & diéu kién bic xa
mat troi thap thi ti 16 d6 khoang 17%.

3.2. M6 ta kich ban nghién ciru

Véi dic diém ludi dién nhu trén két hop
véi cuong do birc xa mat troi (Ir) theo cac
thoi diém trong ngay, cac kich ban md
phong dugc xay dung twong (rng nhu sau:
= TH1: Pyimaxsing=12 MW; Ir,=700 W/m?;
" TH2: Pyimaxcnice=21MW; Iry=700 W/m?;
" TH3: Pyiminew=6 MW Irnax=1000 W/m?;
» TH4: Pyiminss=6 MW Irpnin=200 W/mZ.

Xuit tuyén dugc moé phong trén phan
mém ETAP véi module Harmonic
Analysis trong phéan tich. Ky thuat quét
tan s6 duoc st dung dé xac dinh duoc dic
tinh tong tro - tan sb tai cac nat ¢d nguy
co cong huong 1a cac vi tri dau ndi tu ba
cong suat phan khang. Két qua mé phong
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dugc st dung dé tinh todn hé sb lan
truyén song hai dong dién cac nhanh do
dong dién hai tir cac PV trén ludi gay ra.
3.3. Két qua m6 phéng va phan tich
3.3.1. Phén tich cdc diém céng huéng

Tir Hinh 4 ¢6 thé thdy c6 nhiéu diém bu
cong suat phan khang rai khip lugi dién
nhung tap trung nhiéu & nia cudi xuat
tuyén. Dé khao sét, ta lva chon cac diém
dau ndi tu bu va xét trong cac TH1 va
TH3 voi sy thay d6i nhiéu vé phu tai va
bac xa mat troi. RS rang thay c6 nhiéu
diém cong huong ¢ nhiéu tan so khac
nhau. Véi sy xuét hién cua céac tu dién,
diém cong huong c6 xu hudng dich
chuyén vé phia tan s thip hon; d6 Ién
téng tro cong huong gan nhu khdng thay
d6i ¢ pham vi song hai bac thap (tr bac
~5 t6i ~7), hoac giam di & pham vi cac
s6ng hai bac cao. Do tinh chat cua duong
day phan phdi c6 X/R = 2+4 nén vj tri tu
dién lam dich chuyén khong nhiéu diém
cong huong (tic ¢d thé dat nhiéu noi ma
khong anh hudng téi cong hudng).

Céc diém cong huong xuat hién phu thuoc
nhiéu vao phu tai cua luéi dién, ma it phu
thugc vao ché do cong suit phét cua PV.
Khi cong suit phuy tai trén ludi dién giam,
diém cong huong c6 xu hudng dich
chuyén 18n cac tan sé I6n hon, nhu cong
huong ¢ tan sé hai bac ~5 trong TH2 (tai
21 MW) duoc dich chuyén tsi cong
huong & tan sé hai bac ~7 & cac muc tai
thip hon 6 MW va 12 MW (Hinh 6).

Téng tr& ()
=
L=1
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Hinh 5. Dic tinh téng tré-tan sé tai nat 92 trong cac
trwong hop cé tu bu (cap), va khéng c6 tu bu (nocap)

D& thay cong huong song song xuat hién
quanh c4c tan so tuong ng véi song hai
c6 bac 5, 7, 19, 21, 33, 37. Trong s6 do,
diém cong huong gan song hai bac 5, 7
can phai chi y vi s& c6 su gia ting tuong
rng cua thanh phan song hai dién ap.

Téng trdr ()
[ I *)
= A (=3 wn
= o (=] =

n
o

Hinh 6. Dac tinh téng tré - tan sé tai nat 92
trong cac trwong hop mod phéng

3.3.2. Lan truyén séng hai trong xuat
tuyén

Séng hai dugc san sinh tir cac Inverter cua
PV s& lan truyén dén cac diém trén ludi
dién, anh huong toi ludi dién phia sau
diém két ndi va hudng nguoc tro lai vé
phia dau xuat tuyén [18]. Bé thdy rd hon
su lan truyén va anh hudng, ta di xét
truong hop nang né nhat khi céac inverter
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cua PV phat sinh cac séng hai cung loai
va tring pha nhau. Tién hanh chay
Harmonic Analysis, trich xuat di liéu va
phan tich cho timg trudng hop cu thé véi
hé s6 lan truyén dong dién hai dugc tinh
nhu (2).

(a) Dong dién hai (dong co ban 1,=43,43A)

’ ===-Tir 90-92 —Tur 116-123

——T192-232 - Nhénh PV104

Dong dién (A)
(¥
=

20
1,0
5 7 1113 171923252931353741434749
Bic hai
(b) Hé s6 lan truyén séng hai dong dién

25 === Tir 90-92 — Tt 116-123

20 —a—Tir 192232  :-c--- Nhanh PV104 il
g LS
=
© 10

0,5

5 7 1113171923 252931353741434749
Bic hai

Hinh 7. Séng hai dong dién cac nhanh trong TH1

Hinh 7 cho két qua sau khi tinh toan hé sé
lan truyén song hai dong dién tir PV téi
cac doan duong day. Lya chon doan dau
nhanh két ndi nhiéu PV (nhéanh PV104 —
sau nut 104 c6 04 PV két ndi), cac doan
phia dau ludi dién, giita ludi dién, va phia
cudi sau cac PV. Quan sat trén Hinh 7 c6
thé thdy, véi nhanh PV104, anh huong
cua song hai dong dién phat sinh tir PV
t6i song hai dong dién dau nhanh 1a rat rd

rét, vai hé sé lan truyén soéng hai bac 5
Xap xi bang 1. Ti 1¢ gia ting twong tu khi
song hai dong dién bac 5 truyén nguoc vé
phia ngudn (nhanh tir nat 90-92), so V&i
khi lan truyén vé cudi luégi. Tuy ring mic
do lan truyén co ti & 16n ¢ cac song bai
bac cao dac biét ¢ 23, 35, 43 nhung do
bién d6 dong dién hai twong ung 12 rat
nho nén anh huong téi tong d6 méo
(THD) la khong déng ké.

Két qua tinh toan twong tu cho céc trudng
hop khac, dic biét truong hop nang né
nhat khi PV ¢6 mac phét 16n va phu tai
cua Xuat tuyén nho (TH3) cho thay ti &
méo dang séng hai trong xuét tuyén trung
&p trong nghién ctru nay déu nim trong
gioi han cho phép (<5%) nhu Hinh 8.
Viéc &p dung cac giai phap dé giam thiéu
song hai trén ludi do d6 1a khong can thiét
trong truong hop nay.
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b192 1 4
b232 4 &

I
Hinh 8. Téng do méo séng hai dién ap cac nat truc
chinh

4. KET LUAN

Trong luéi dién trung ap cd két ndi ngudn
dién mat troi phan tan, song hai dong dién
do ching sinh ra lan truyén trén ludi dién
gdy ra méo dang séng dién ap. Do tinh
chat cua ludi dién trung &p trong nghién
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ctu ndy, cac diém cong huong song song
xuat hién va 1am gia tang dién 4p hai bac
5vabac 7.

Két qua cua bai bao cho thiy rang, tu bl
trung 4p xuat hién khong lam thay doi
nhiéu cong hudng trén xuat tuyén trung
ap, nguy co khuéch dai dién 4p hai do lan
truyén song hai la thdp. Mac do lan
truyén song hai dong dién bac cao l6n
nhung do bién d6 dong dién hai rat nho
nén anh huéng ciing khéng nhiéu. Do do,
viéc dam bao diéu kién ti 16 méo dang
s6ng hai phét sinh cua cac PV khi néi ludi
(<3% theo qui dinh) vé co ban c6 thé dam
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bao do méo dang song dong dién va dién
ap trén ludi ¢ trong gidi han cho pheép.
Mic du giai phap loai trir s6ng hai c6 thé
chua can xét téi nhung ciing can tinh téi
c4c giai phap nhu ning cp day dan, giam
ti 1¢ két ndi PV cudi lusi nham dam bao
chat lwong dién ap khu vuc cudi xuat
tuyén (dong thoi dam bao do méo dang
s6ng thap).

LO1 CAM ON

Cong trinh nghién ciu nay da duwoc
Truong Pai hoc Dién luc tai tro thong
qua dé tai nghién ciu khoa hoc cdp
truong nam 2023.

(2]

(3]

(4]

5]

(6]

[7]

(8]

9]

(10]

TAI LIEU THAM KHAO

Thu tudng Chinh pha, “Quyét dinh s6 500/QD-TTg ngay 15/3/ Phé duyét Quy hoach phat trién
dién luc qudc gia thdi ky 2021 - 2030, tam nhin dén nam 2050, 2023.

Math H.J. Bollen, Fainan Hassan, Integration of Distributed Generation in the Power System, John
Wiley & Son, Hoboken, New Jersey, Canada, 2011.

W.L. Hsieh, C.H. Lin, C.S. Chen, C.T. Hsu, T.T. Ku, C.T. Tsai and C.Y. Ho, “Impact of PV generation
to voltage variation and power losses of distribution systems,” in IEEE 4th International Conference
on Electric Utility Deregulation and Restructuring and Power Technologies (DRPT), 2011.

S.M. Ismael, “State of the art of hosting capacity in modern power system with distributed
generation,” Renewable Energy, tap 130, pp. 1002-1020, 2019.

Kamran Zeb, and others, A comprehensive review on inverter topologies and control strategies for
grid connected photovoltaic system, Renewable and Sustainable Energy Reviews 94 (2018) 1120-
1141.

Ibrahim Cagri Barutcua, Engin Karatepeb, Mutlu Boztepe, “Impact of harmonic limits on PV
penetration levels in unbalanced distribution networks considering load and irradiance uncertainty”,
Electrical Power and Energy Systems, 118 (2020) 105780.

IEEE, "IEEE Recommended Practice and Requirements for Harmonic Control in Electric Power
Systems," in IEEE Std 519-2014 (Revision of IEEE Std 519-1992) , vol., no., pp.1-29, 11 June 2014.

30/2019/TT-BCT, “Stra d6i b6 sung mét s6 diéu thong tu’ s6 39/2015/TT-BCT ngay 18/11/2015 clia
BO trudng B6 Cong Thuang quy dinh hé théng dién phan phdi,” B6 Cong Thuong, 2019.

M. Tortoreli, "Harmonic distortion propagation in distribution systems with utility interactive
photovoltaic systems," A. Goetzberger et al. (eds.), Seventh E.C. Photovoltaic Solar Energy
Conference, Brussels and Luxembourg , 1987, 4 trang (182-186).

SO 34

73



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC DIEN LUC
(ISSN: 1859 — 4557)

[11]

[12]

(13]

(14]

[15]

[16]

[17]
(18]

[19]

[20]

V.F. Corasaniti, R. Bianchi and F. Viollaz, "Comparison load models in harmonic flows," 16th
International Conference and Exhibition on Electricity Distribution, 2001. Part 1: Contributions.
CIRED. (IEE Conf. Publ No. 482), vol.2, 2001, pp. 5.

Nguyé&n Phuc Huy, Déng Viét Hung, “Nghién cfu su lan truyén séng hai trong ludi dién trén mién

tan s6”, Tap chi Khoa hoc va cong nghé nang lugng, s6 16, 2018, 36-43.

Kamran Zeb, Wagar Uddin, and etc., "A comprehensive review on inverter topologies and control
strategies for grid connected photovoltaic system,” Renewable and Sustainable Energy Reviews,
Volume 94, 2018, Pages 1120-1141

Amirnaser Yazdani, Reza Iravani, Voltage-Sourced Converters in Power Systems, Wiley-IEEE Press,
2010.

A. Chidurala, T. Saha and N. Mithulananthan, "Harmonic characterization of grid connected PV
systems & validation with field measurements," 2015 IEEE Power & Energy Society General
Meeting, 2015, pp. 1-5.

CIGRE WGB4.67, AC side harmonics and appropriate harmonic limits for VSC HVDC, Technical
Brochures, 2019.

“H0 sa ky thudt ludi dién trung ap Mai Son, Son La”, Cong ty Dién luc Son La, 2020-2021.

V.N. Lugng, “Quy hoach phét trién dién luc tinh Son La giai doan 2016-2025 cd xét t&i ndm 2035,
Ha N&i, 2016.

Arangarajan Vinayagam, Asma Aziz, Balasubramaniyam PM, Jaideep Chandran, Veerapandiyan
Veerasamy, Ameen Gargoom, Harmonics assessment and mitigation in a photovoltaic integrated
network, Sustainable Energy, Grids and Networks, Volume 20, 2019, 100264.

Renukadevi V., B. Jayanand, Harmonic and Reactive Power Compensation of Grid Connected
Photovoltaic System, Procedia Technology, Volume 21, 2015, Pages 438-442

Gidi thiéu tac gia:

Téc gid Nguyén Phlc Huy t6t nghiép dai hoc va nhan bng Thac si tai Pai hoc Bach
khoa Ha N&i vao cac ndm 2003 va 2010, nhén bang Tién si nganh hé théng dién va
tw dong hda hé thdng dién tai Trudng Dai hoc Dién luc Hoa Bac, Bic Kinh, Trung
Québc ndm 2015.

Linh vuc nghién cfu: chéat lugng dién nang, IuGi dién phan phoi théng minh, (ng
dung dién tr cong suat, do tin cay cta hé thong dién.

74

SO 34


file:///D:/NCKH/PV%20and%20harmonic/j.segan.2019.100264_Harmonics%20assessment%20and%20mitigation%20in%20a%20photovoltaic%20integrated%20systems.pdf
file:///D:/NCKH/PV%20and%20harmonic/Harmonic%20and%20Reactive%20Power%20Compensation%20of%20Grid%20Connected%20PV.pdf

TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC DIEN LUC I
(ISSN: 1859 — 4557)

SO0 34 75



