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Tém tit:

Hién nay, cac ngudn nang lugng tai tao ngay cang dudc tich hgp vao hé théng dién. M6t s6 lo ngai
réng viéc tich hgp ndy cd thé 13 nguyén nhan dan dén tan ra hé thdng dién. Nhiéu bai bio d& nghién
clru anh hudng clia cac ngudn ndng lugng tai tao d6i véi su mat 6n dinh tan sb. Bai bdo nay thuc
hién su’ so sanh anh hudng cla cac ngudn truyén théng va ngudn tai tao dén su sup dd hé théng
dién cé nguyén nhén tir sy mat &n dinh gdc rotor may phat dién va sy sup d6 dién ap bang phan
mém PSS/E. Bai bao cling dé xudt cac bién phap ngan chan su cd tan ra HTD vdi su tich hgp ngay
cang nhiéu cac ngudn nang lugng tai tao.

T khéa:
Tich hgp nha may ndng lugng tai tao, nha may dién mat trdi, nha may dién gio, tan ra hé théng
dién, mo6 phdng dong hé thong dién.

Abstract:

Nowadays, the integration of renewable power plant into power system is currently increased. Some
concerns that the integration may be cause of power system blackout. Some papers have discussed
the influences of renewable energy power plants to the phenomenon of frequency instability. The
paper compared the influence of traditional power plant and renewable power plant to power system
blackout caused by angle instability and voltage collapse by using dynamic simulation of PSS/E
software. The paper also proposed remedial methods to prevent power system blackout with highly
penetration of renewable power plants.
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1. GIOI THIEU CHUNG dang ké, céng nghé hoan thién va do d6
V6i sy thiéu hut ning luong hda thach  ngay cang dugc tich hop vao hé théng
ngay cang ting, cing véi xu huéng niang  dién (HTD) cang nhidu. Mot sé ngudi cho
lugng gi6 va mat troi da trd nénré hon  rang su tich hop cac nha may dién gio,
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mat troi la mot trong nhirng nguyén nhéan
dan dén su cung cip dién thiéu tin cay,
hoac tan ra HTD. Dic biét la sau su kién
tan 13 HTD ngay 17/8/2022 tai California
do "su gian doan" cuia C4c ngudn ning
lwong tai tao, su két hop caa mot dot ning
néng khic nghiét do bién dbi khi hau, quy
hoach sai 1am va thiéu ngudn phat dién
linh hoat ciing nhu thiéu su luu trir dién
[1]. Hay su kién mat dién tir ngay 10 dén
27/2/2021 tai Texas, ciing c6 nguyén nhan
tir sy thiéu hut nguon niang luong gid va
mat troi gay ra su ¢ mat dién 1on, két
hop véi yéu té bdo to lam hu hong hé
thdng co so ha tang, gian doan ngudn
cung khi d6t (mot sé thiét bj bi dong bang
do thoi tiét lanh) da dan dén hau hét tinh
trang thiéu dién va dan dén tan ra HTD
cua bang Texas [1].

Tac gia [2] nghién cau anh hudng cua
ngudn dién mat troi dén su 6n dinh véi
kich dong nhé va 6n dinh tan sé véi cac
muc do tich hop ngudn ning lugng mat
troi khac nhau bang phuong phap mé
phong dong. Trong d6 khang dinh céc
ngudn niang lwong mat troi véi cac bod
bién tan c6 diéu khién tién tién s& dong
gop vao sy nang cao on dinh véi kich
dong nho.

Lasantha Meegahapola va cong su [3],
ching to6 rang véi sy c6 mat ngay cang
ting ctia CAC Nguon nang luong tai tao voi
c4c bo bién ddi cong suat, s& c6 anh
huéng dén céc dang on dinh hé théng
dién do sy giam hing sé quén tinh, van dé
v6i du trir cong suat phan khéang, kha
nang vuot qua sy ¢b cua tan s tai cac nha
may nang lugng tai tao, do d6 cac nha
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hoach dinh va van hanh hé théng dién can
c6 nhitng chién luge dé dam bao 6n dinh
tan s6 hé thong dién.

Andreas Ulbig va cong su [4] khang dinh
c4c ngudn ning luong tai tao co anh
hudng 16n dén 6n dinh tan sé hé thdng
dién va d& xuit nhitg diéu khién nhanh
trong hé théng tu dong diéu chinh cong
suat tac dung, diéu chinh tan s6 dé nang
cao 6n dinh tan sb.

Tuy nhién, it c&c nghién ctru danh gia anh
huéng cua ngudn niang luong tai tao dén
mot sy ¢d nghiém trong nhu tan rd HTD,
khi c6 mit ddy di cdc mo hinh dong, hé
thdng bao vé role, tu dong diéu ap dudi
tai. Do do, bai bdo nay di vao phan tich
anh hudng cua cac nha may dién mat troi,
dién gi6 dén sy tan rd hé thong dién do
mét 6n dinh goc rotor do dao dong va mat
on dinh dién ap. Coéng cu md phong la
phan mém PSS/E. Nhiing két qua nghién
ctru va d& xuit s& 1a nhirng tham khao cho
HTD Viét Nam khi tich hgp ngay cang
nhiéu cac ngudn ning lwong tai tao, trong
khi van xay ra nhiing su c6 mat dién trong
nhitng ngay gan day.

2. MO HINH HE THONG MO PHONG
2.1. Md hinh hé théng dién

Bai béo sir dung ludi dién chuan Nordic
32 [5] gom 32 nat, géom 4 ving, ving
Mién Béc véi viéc du thira cAc may phat
dién (MPD) thuy dién. Vung Trung tam
Vv6i tap trung phu tai va mot sé nha may
nhiét dién, viing Mién Nam (4061, 4062,
4063) voi mot s6 nha may nhiét dién, va
vung Ngoai tuong duong (nut 4071,
4072) két ni véi vang Mién Bic.
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Trong do, 20 nha may véi 22 MPD (may
phat nhiét dién: g6, g7, 914, g15 916, g17,
g18; may phat thuy dién: g1, g2, g3, g4,
913 g16, gl17, g18 g5, g8, g9, g10, gi1,
gl12, g19, g20, g13), 22 tai, nut PQ la 14,
n(t trung gian 1a 7, 11 nat ¢6 bu ¢é dinh
(1022, 1041, 1043, 1044, 1045, 4012 (bu
khang dién -100 MVAr), 4041, 4043,
4046, 4071 (bu khang dién -200 MVAT),
01 nha may bu dong bo (4062), 9 may
bién ap véi bo diéu ap dudi tai (41-4041,
42-4042, 43-4042, 46-4046, 47-4047, 51-
4051, 61-4061, 62-4062, 63-4063, 1044-
4044 hai MBA, 1045-4045 hai MBA). Hé
théng c6 nhiéu duong day truyén tai dai,
truyén tai céng suat tr Mién Bic dén
mién Trung tam, dugc chinh sira dé tao ra
cac kich ban van hanh gan t&i han.
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Mo hinh d6ng may phat thay dién cuc 16i
GENSAL, may phéat nhiét dién cuc an

GENROU, hé théng diéu toc turbin
HYGOV, hé théng kich tir SEXS, hé
théng 6n dinh cong suit STABS2, hé
théng gidi han kich tr MAXEX2, bo tu
dong diéu chinh dién ap dudi tai OTCTIT
[4].

2.2. Cac mo6 hinh nha may dién gi6
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Hinh 2. Cac loai m6 hinh turbin gié khac nhau
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C6 rat nhiéu loai mé hinh nha may dién
gi6 gan voi cac loai turbin khac nhau,
dugc liét ké trong hinh dudi day. Trong
bai bao, tac gia sé sir dung moé hinh nha
may dién gi6 loai dong bo, nam cham
vinh ctru — FCWT [5], [6], [7].

Loai MPD nay c6 nhitng wu diém chinh
Sau:

e Bién dang song hai thap, do d6 chi can
cac bo loc dang thu dong cong sut nho;

e Kha ning diéu chinh hiéu suat cao;

e Hiéu suat chuyén doi cao;

e Phan ung nhanh véi cac diéu kién bat
thuong, bao gém ca nhiéu loan, chang han
nhu ngén mach trén HTD;

e Kha ning diéu khién ca cong suat tac
dung va phan khang.

Céac turbin gi6 dugc twong duong hoda
thanh mét turbin, md hinh loai 4, tén mo
hinh la: WT4E1 (Electrical Control for
Type 4 Wind Generator) cho phan diéu
khién va WT4G1 (Wind Generator Model
with Power Converter for Type 4) cho md
hinh phan MPP [5], [6], [7].
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Hinh 4. Tich hgp médun nha may PV vao PSS/E
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2.3. Cac mdé hinh nha may dién mat
tr&i

Bai b&o sir dung md hinh nha may PV,
duoc tuong duong hoa theo [5], [6]. MO
hinh d6ng st dung dé mé phong gom:

e PVGU: M6dun bo bién dbi/may phat;

e PVEU: Mddun diéu khién dién;

e PANEL: Puong cong tuyén tinh cua
dac tinh dau ra cta tam pin;

e IRRAD: Tuyén tinh héa buc xa mait
troi.

3. KET QUA MO PHONG

Mot kich ban tan ra HTD do dao dong va
sup d6 dién ap duoc gidi thiéu trong phan
nay. Bai bao mé phong ba trueong hop cho
mdi kich ban véi luéi dién gom cac nguon
dién truyén théng (nha may nhiét dién,
thuy dién) va truong hop c6 mat cua nha
may dién gié, mat troi tai nat 1022.

3.1. Kich ban swcé

Kich ban 1 dugc d& xuat nhu sau: Cét
MPD tai n0t 4047 tai vung Trung tdm phu
tai tai thoi diém t=5 s, su cb nay lam thiéu
hut 540 MW va 152 MVAr cong suat tai
trung tam phy tai. Diéu nay 1am ting cong
Suit truyén tai tir cac vung khac dén ving
trung tam.

Tur két qua moé phong cho truong hop co
ban thdy rang hé théng mét on dinh do
dao dong goc rotor va sup d6 dién é&p tai
200 s. D6 la két qua cua nhiéu yéu té nhur:
su mét can bang cong suat tac dung, phan
khang va co tac dong cua thiét bi bao vé
qua kich thich va sy tac dong cac hé
thong tu dong diéu ap dudi tai.
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Khi thay thé MPD thay dién tai nat 1022
bang nha may dién mit troi, dién gié c6
cong suit twong duong. Két qua md
phong duoc thé hién cing voi trudng hop
co ban trong cac Hinh 5, Hinh 6, Hinh 7.

Céc két qua md phong cho thiy khdng co
su khéc nhau nhiéu vé thoi gian xay ra tan
rd HTD dbi voi truong hop thay thé MPD
thiy dién tai nat 1022 (céng suat 180
MW) boéi nha may PV, nha may gioé co
cong suat twong duong.

HTD bét dau dao dong manh va chia tach
cach nhau gitra truong hop co ban va khi
thay thé bang nha may mat troi va gio 1a
khoang gan 10 s, ddi véi mot sy ¢d tan ré
hé théng dién 16n coi nhu khong kip co
nhimg tac dong ngan chan can thiét. Sy
khac biét mot chat 1a do MPD 1022 thuy
dién c6 hang sé quan tinh H=3 s, trong
khi cac MPD mat troi, gié vai mé hinh
loai 4 chi c6 bo bién doi.

Angle of generator: G1012 for different cases: Base, solar plant at 1022 and wind plant at 1022
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Hinh 5. G6c rotor MPD 1012 cho cac trwong hop khac nhau
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Hinh 6. Sw bién déng dién &p tai nut 41 cho cac trwéng hop khac nhau
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Tan so cua MPD 1013
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Goc rotor MPD 1012 va 4062 voi cac truong hop khac nhau
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Speed cua MPD 1012 voi cac truong hop khac nhau
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Hinh 10. Sw bién déng téc dé MPP 1012 cho cac trwéng hop khac nhau

3.2. Kich ban swcé 2

Kich ban 2 dugc dé xuat nhu sau: tai t=5 s,
sy cd xay ra lam cat duong day 4011-
4021 1am giam kha nang truyén tai trong
ving mién Bic, sau d6 0,1 s ¢O su ¢
tai nha may 1022, 1am mat 250 MW va
150 MVAr. biéu nay lam thiéu hut cong
suat truyén dén vang trung tam.

Tir két qua md phong cho truong hop co
ban thay riang hé théng mat 6n dinh va
sup d6 dién 4p tai khoang 80 s. Két qua
cia sy mat can bang cong suit phan
khang, su tac dong cua hé théng tu dong
bao vé kich tir lam giam cong suat phan
khang dau ra cia cac MPD. Trong khi d6
hé théng tu dong didu 4p dudi tai cua cac
MBA tiép tuc tac dong doi hoi cong suét
phan khang tir ludi vé dé giir dién ap céac
nut diéu chinh nhu yéu cau.

Khi thay thé MPD thuy dién tai nat 1022
bang nha may dién mat troi, dién gio co
cong suit twong dwong. Két qua md

phong dugc thé hién cing véi truong hop
co ban trong cac Hinh 8, 9, 10. Céac két
qua mod phong (Hinh 5, 6, 7) cho thdy c6
su khac biét vé thoi gian dan dén sup do
dién &p ¢ cac truong hop khac nhau. Trong
do truong hop nha may dién mat troi sup
d6 dién 4p ¢ khoang 25 s, va truong hop
nha may dién gi6 sup d6 dién &p ¢ khoang
20 s khi thay MPD thuy dién tai nat 1022
(cong suat 180MW) bai nha méay PV, nha
may gi6 c6 cong suat tuong duong.

Su khéc biét vé thoi gian tan rd HTD
trong truong hop nay la do cac nha may
dién mat troi/gié trong truong hop nay co
kha ning han ché trong viéc diéu chinh
cong suat phan khang cua cac md hinh
MPD gié va mit troi. Hon nita, su ¢6 nay
la nguy hiém hon truong hop 1, cac MPD
bi tac d6ng boi hé thdng céc thiét bi bao
vé kich tir da tac dong som hon dé giam
cdng suat phan khang nhiéu sau khi cét
MPDP1022. Piéu nay di din dén tan ra
HTD.
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Déi voi cac HTD tich hop nhiéu ngudn
ning luong tai tao, dé ngin chin tan ra
HTD rat can cac bién phap sau day [12]:

= Tiét kiém dién ning va diéu khién phu
tai linh hoat: dac biét 1a giam nhu ciu &
thoi gian cao diém.

= Tang cuong du bao phu tai, du bao
ngudn phat tai tao, dong thoi phdi hop,
diéu khién cac nguon truyén théng va tai
tao dé dam bao can bang phét tai theo thoi
gian thuc.

= Ap dung mot sb hinh thirc luu trit ning
luong, nhu thity dién tich niang, hé thong
pin luu trir céng suat 16n (BESS), xe dién,
luu trit diéu hoa khong khi/ luu trir da
trong cac tda nha, hé théng sac théng
minh theo sy thay d6i ngudén phéat ning
luong tai tao.

= Cé&c bai hoc kinh nghiém tur nhiing sai
lam trong qua khtr phai dugc nghién ctu
lai, két hop vao cac kich ban méi ciing
nhu st dyng nhitng kinh nghi¢ém da duc
két duoc dé gip phat trién cong nghé mai
va cai tién cho cac hé thong diéu khién,
giam sat va bao vé HTD.

4. KET LUAN

Bai bao da phan tich va m6é phong hai
kich ban tan ra HTD — mét truong hop
nguyén nhan do dao dong cdng suit, va
mot trudng hop do sup d6 dién ap, véi
truong hop co ban va khi ¢6 mat nha may
dién mit troi, dién gi6. Cac két qua cho
thdy c6 su khéc biét vé thoi gian dan dén
tan rd twong ung vai cac nguyén nhan tan
ra HTD khi c6 mat cac nha may nang
lugng tai tao. Ban than cac nha may nang
lwong tai tao trong md phong ngan han cé
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thé coi nhu twong duong voi nha may
dién truyén théng, tuy nhién cua thiéu hut
hang s6 quan tinh do sir dung cac bo
bién d6i dién tr va kha ning diéu chinh
cong suat phan khang han ché cua cac nha
may nang lugng tai tao la nhirng nguyén
nhan dan dén tinh chat 6n dinh kém hon.

Tan rd HTD c6 nhiéu nguyén nhéan, nhung
cha yéu 1a sy thiéu hut cac ngudn cong
suat dy phong trong diéu kién thoi tiét
khic nghiét hiém c6, sy thiéu phdi hop
trong van hanh, diéu do va nhing ké
hoach an ninh phong ngtra. Khi tich hop
ngay cang nhiéu cac ngudn ning lugng tai
tao, su can thiét phai phdi hop diéu do, co
nhirng giai phdp van hanh, tng dung
nhiéu hon cac thiét bi 6n dinh tan sb, bl
cong suit phan khang nhu cac ngudn
BESS, hé thdng truyén tai xoay chiéu linh
hoat FACTS, hoic hé thdng truyén tai
mot chiéu HVDC.

5. PHU LUC

Théng sé cua MPD mat tri tai nit 1022
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1022: PVGU1
0,02 | TIQCmd, (s) | 1,2 HVRC, (pu)
CURHVRCR-
0,02 | TIpCmd, (s 2
P () )
0,4 | VLVPLL, (pu) | 2 Rlp_LVPL,
0,9 | VLVPL2 (pu) | 0,02 | T_LVPL,(5s)
111 GLVPL_— LVPL
gain
1022: PVEU1
0,15 Tfv -0,5 dPMN (pu)
18 Kpv 0,05 T_POWER
5 Kiv 0,1 KQi
111
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0,05 Kpp 0,9 VMINCL 20 T4, (s) 0 T9,s
0.1 Kip 11 VMAXCL 800 14, W/m? 0 19, /m?
0 Kf 120 KVi 25 T5,s 0 T10,s
2 2
0,08 Tf 0,05 Tv 700 15, W/m 0 110, W/m
0,47 QMX 0,05 Tp Thong sé ctia MPD gid
-0,47 QMN 17 ImaxTD 1022: WT4G1
11 IPMAX | 111 Iphl 0,02 | TIQCmd,s |12| HVRC (pu)
0 TRV 111 ghl 0,02 | TipCmd,s | 2 |CURHVRCR (pu)
05 | dPMX(pu) | 10 PMAX 04 | VLVPLL (pu) | 2 RIp_LVPL
0,9 | VLVPL2 (pu) |0,02 T LVPL,s
1022: PANELU1 1,11 GLVPL
0,16 P200, PDCmax at 200 W/m?, pu
0,38 P400, PDCmax at 400 W/m?, pu 1022: WT4E1
059 |  P600, PDCmax at 600 W/m?, pu 0.15 v 05| dPMN (pu)
. 18 Kpv 0,05 T_POWER
0,85 P800, PDCmax at 800 W/m*, pu - -
5 Kiv 0,1 KQi
2
1 P1000, PDCmax at 1000 W/m*<, pu 0,05 Kpp 0.9 VMINCL
0,1 Kip 1,1 VMAXCL
1022: IRRADU1 0 Kf 120 KVi
5 T1,(s) 0 T6, s 0,08 Tf 0,05 Tv
1000 11, W/m? 0 16, , W/m? 047 QMX 0,05 Tp
10 T2, (s) 0 T7,s -0,47 QMN 1,7 ImaxTD
900 12, W/m? 0 17, W/m? 11 IPMAX  [1,11 Iphl
15 T3, (s) 0 T8,s 0 TRV 1,11 Ighl
850 13, , W/im? 0 18, W/m? 05 | dPMX (pu)
TAI LIEU THAM KHAO
[1] Amory B. Lovins, M.V. Ramana, Three Myths About Renewable Energy and the Grid, Debunked ,
https://e360.yale.edu/features/three-myths-about-renewable-energy-and-the-grid-debunked
[2] Daniel Remon, Antoni M. Cantarellas, Juan Manuel Mauricio, Pedro Rodriguez, “Power System
Stability Analysis under Increasing Penetration of Photovoltaic Power Plants with Synchronous
Power Controllers” IET Renewable Power Generation, 1 March 2017.
[8] Lasantha Meegahapola, Alfeu Sguarezi, Jack Stanley Bryant, Mingchen Gu, Eliomar R. Conde D.
and Rafael B.A. Cunha, “Power System Stability with Power-Electronic Converter Interfaced
112 S6 32



https://e360.yale.edu/features/three-myths-about-renewable-energy-and-the-grid-debunked
https://e360.yale.edu/features/three-myths-about-renewable-energy-and-the-grid-debunked

(4]

(5]

(6]

(7]

(8]

(0]

(10]

[11]

[12]

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

Renewable Power Generation: Present Issues and Future Trends”, Energies 2020, 13, 3441;
doi:10.3390/en13133441.

Andreas Ulbig, Theodor S. Borsche and Goran Andersson,” Impact of Low Rotational Inertia on
Power System Stability and Operation”, Power Systems Laboratory, ETH Zurich: online at:
https://www.researchgate.net/publication/259441097

Thierry VAN CUTSEM, Lampros PAPANGELIS Description, “Modeling and Simulation Results of a
Test System for Voltage Stability Analysis” University of Liege, Belgium, 2013.

Thong s6 dong cla cac mo hinh turbin gid, https://www.esig.energy/wiki-main-page/generic-
models-individual-turbines/#Generic_Type_IV_Model_.28Phase_II.29

WECC REMTF, WECC Guide for Representation of Photovoltaic Systems In Large-Scale Load Flow
Simulations, August 2010, [Online]. Available:

https://www.wecc.biz/Reliability/ WECC%20PV%20Plant%20Power%?20Flow%?20Modeling%20Gui
delines%20-%20August%202010.pdf

E. Muljadi, A. Ellis, et al, “Equivalencing the Collector System of a Large Wind Power Plant”, IEEE
Power Engineering Society Annual Conference, Montreal, Quebec, June 12-16, 2006.

Tran Qudc Tudn, lecture note: “Smart charging strategies of electric vehicles and Smart buiding”,
Ho Chi Minh city, 19-20 December 2022.

Tran Quoc Tudn, lecture note: “Microgirds: Smart control, and energy management”, Ho Chi
Minh city, 19-20 December 2022.

D. Novosel, "System Blackouts: Description and Prevention," in IEEE PSRC System Protection RC,
WG C6 "Wide Area Protection and Control", Cigre TF38.02.24 Defense Plans November 2003.
Nguyén DBang Toan, “Nghién clfu anh hudng clia thiét bi bdo vé role dén su tan rd hé thdng dién
I&n”, Tap chi Khoa hoc va cong nghé nang lugng - Dai hoc Dién luc, nam 2017.

Gigi thiéu tac gia:

Téc gid Nguyén Déng Toan t8t nghiép dai hoc nganh hé thdng dién tai Dai hoc Béach
khoa Ha N6i nam 2001; nhan bang Thac si nganh quan ly hé théng dién (EPSM) tai

= AIT - Thai Lan ndm 2004, Tién si tai Grenoble - INP - Phap ndm 2008. Hién nay tac
i gia cong tac tai Khoa Cong nghé nang lugng - Trudng Dai hoc Dién luc.
1_4 Linh vuc nghién cttu: 8n dinh hé théng dién, HVDC/FACTS, nang lugng mdi.
o~
A 1
S6 32 113


https://www.esig.energy/wiki-main-page/generic-models-individual-turbines/#Generic_Type_IV_Model_.28Phase_II.29
https://www.esig.energy/wiki-main-page/generic-models-individual-turbines/#Generic_Type_IV_Model_.28Phase_II.29
https://www.wecc.biz/Reliability/WECC%20PV%20Plant%20Power%20Flow%20Modeling%20Guidelines%20-%20August%202010.pdf
https://www.wecc.biz/Reliability/WECC%20PV%20Plant%20Power%20Flow%20Modeling%20Guidelines%20-%20August%202010.pdf

