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Toém tit - Bai bao nghién ciru Iya chon céc giai phap du ndi nha
may dién gi6 ngodi khoi vao hé théng dién Viét Nam, véi hai giai
phap du ndi hién nay |4 truyén tai dién xoay chiéu (HVAC) va truyén
tai dién mot chiéu (HVDC). Bai b4o da thyc hién tinh todn phén tich
anh huong ciia nha may dién gié ngoai khoi dén hé thdng dién dua
Va0 cAc tiéu chudn k¥ thuat yéu ciu dam bao khi thuc hién déu ndi
v6i hai giai phap truyén tai trén. Ngoai céc tinh toan trao luu cong
suAt va phan tich anh hudng dén hé théng dién bang hai giai phép déu
ndi, bai béo da thuc hién phan tich kinh té tdng mirc dau tu cho hai
giai phap d4u ndi cho nha may Dién Gié Ngoai Khoi (PGNK) Trung
Nam cdng suit 800MW dang dé xuét bd sung Quy hoach nhiam lya
chon giai phap d4u ndi cho nha may dién gié ngoai khoi dam bao vé
mit k§ thudt va kinh t& cho dir &n. Két qua cho thdy, phuong 4n déu
nbi bang HDVC dam bao dugc cac yéu t6 vé ki thuat va kinh té.

Tir khoa - Di¢n gi6 ngoai khoi; chuyén ddi ngudn &p; chuyén doi
nguon dong; truyén tai dién xoay chiéu; hé thong dién

1. Pit van dé

Hién nay, Viét Nam chua cé du an dién gi6 ngoai khoi
(PGNK) nao di vao van hanh. Tuy nhién, véi téc do phét
trién cong nghé, nhu cau ning luong ting cao va tiém niang
gi6 ngoai khoi duoc danh gi rat tot, kha ning s& xuat hién
dién gié ngoai khoi tir ndm 2025 va ting truong nhanh
chéng sau giai doan 2030. Theo “Quy hoach Phét trién
Dién lyc Qudc gia thoi ky 2021-2030 tim nhin dén nam
2045” (Quy hoach bién VIII) da dugc Thu tudéng Chinh
phu phé duyét tai Quyét dinh 500/TTg-CN [1]. Trong dé,
dén nam 2030 s& dwa vao van hanh 6 GW dién gi6 ngoai
khoi va dinh huéng dén nam 2050 dat 70 GW — 91,5 GW
(tong tlem nang ky thut la 600 GW). Cac khu vuc gio cao
va ¢0 tiém nang Kinh té tot chi nam ¢ Nam Trung B¢ (Binh
Thuén, Ninh Thuin, Khanh Hoda) voi tong tiém nang
khoang 136 GW (tdc do gi6 trén 7-9m/s), cac khu vuc con
lai & Tra Vinh, Ha Tinh va Quang Ninh c6 toc d¢ gio thap
hon (chi 6-7m/s) nén khd canh tranh véi gi6 gan bo.

Véi du bao trong twong lai gan, c4c nha may dién gi6
ngoai khoi s& phét trién hon nita va nhidu nha may cé
khoang cach két ndi dén hé thong dién Qudc gia 16n hon
50 km. Do d6, viéc lua chon ti uu hoa giai phap ddu ndi
cac nha méy dién gi6 ngoai khoi véi hé théng dién Qubc
gia (Iya chon d4u néi bang HVAC hoic HVDC) va anh
huong dén 6n dinh hé thdng dién Qudc gia khi cac nha may

Abstract - The paper is about the connection solution of offshore
wind power plant to Vietnam electrical system, with two current
connection solutions: AC power transmission (HVAC) and DC
power transmission (HVDC). The paper calculated and analyzed
the effect of offshore wind power plants on the power system
based on technical standards. Besides the capacity flow
calculation and analysis about the effect to power system based
on two connection solutions based on the project of offshore wind
Trung Nam 800MW, the paper analyzed the total estimation of
two connection solutions to select the connection solution which
is the best in both technology and economy fields. The result
shows that the HVDC solution is better in terms of technology
and economy.

Key words - Offshore wind; Voltage Source Converter; Line
Communicated Converter; High Voltage Direct Current;
electrical system

DGNK dau ndi 1&n hé thong dién 12 mot van dé quan trong
can dugc nghién ctu tinh toén trong giai doan sap tdi.
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Hinh 1. Dy bao quy m6 phat trién tong cong sudt hang nam ciia
nha may DGNK lap ddt hang nam tai Viét Nam — Kich bdn tang
trucng thap [6]

Trong bai bao [2] trinh bay anh hudng ctia nha may dién
gi6 DFIG dén sy 6n dinh cua hé thong dién Nam Bo khi céc
sur ¢b xay ra trén phan mém PSS/E. Bai béo [3] trinh bay kha
nang tham gia hd trg 6n dinh dién 4p cta trang trai dién gi6 va
co ché hd trg trong thi trudong dich vu phu trg. Chi phi co hoi
khi giam cong suat tAc dung dé phat cong suat phan khang
duoc str dung nham khuyén khich nha méy dién gié tham gia
khi hé thong can. Viéc du bao cong suat phat ciia nha méy
dién gi6 ciing thu hit dugc nhidu nghién ciru. Bai béo [4] trinh
bay cAc phuong phap du béo cong suat phat du trén md hinh
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toan tri tué nhan tao cai tién. Nha may dién gié Tuy Phong
duoc str dung nhu mot truong hop cu thé dé chimg minh sy
wu viét cia md hinh ton dugc dé xuat. Kha ning vuot qua su
¢b hé thong khi dién ap thép cling duge quan tdm va trinh bay
trong bai bao [5] véi dé xuat Phuong phép diéu khién dién ap
tai diém két ndi nam trén ngudng dién &p thap cho dén khi ché
d6 1am viéc binh thuong duge khoi phuc.

Tuy nhién, chua c6 mot nghién ctru cu thé vé cach tinh
toan lwa chon phuong én déu ndi cho mét du an dién gio
ngoai khoi. Chinh vi vay, bai bao tap trung phan tich cac
phuong an dau ndi tir 46 dua ra cac budc dé danh gia du an
vé mit kinh té va k¥ thuét.

2. Giai phap cong nghé truyén tai cong sudt nha may
PGNK Ién h¢ théng dién

Hién nay, lya chon giai phap truyén tai cong, suét cho nha
may DGNK Ién hé thong dién (14 ludi dién truyen tai, két ndi
gilra CaC tram blen ap dién gi6 ngoai khoi dén dlem trén bo
goi 1 diém du ndi (DP — delivery point)) bao gém 02 céng
nghé chinh 14 sir dung dién cao &p xoay chiéu (HVAC - High
Voltage Alternating Current) va dién cao a4p mét chiéu
(HVDC - High Voltage Direct Current) thdng qua cac van
dién tir cdng sut co diéu khién (Thiristor, GTO, IGBT).

Offshore
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Hinh 2. So d@6 néi dién co ban ciia nha may PGNK [10]
2.1. Gidi phap déiu néi bang HVAC

Tai tram bién 4p gom cong suét (s& dugc'thié’t ké dat &
vi tri toi vu cua nh:§1 may dién gio), mé}y bién &p s& nang
dién ap duogc yéu cau dé dam bao truyén tai HVAC (trén
66 kV, vi du 220kV hodc 500kV).

Offshore

MVAC collection network

33 kV or 66 kV

Hinh 3. So d6 truyén tai bang HVAC ciia nha may DGNK [10]
2.2. Gidi phap déu noi b&ng HVDC

Déi voi giai phap két ndi gom cong suét tir c4c tua bin
gio dén tram bién 4p gom cong sudt (mang MV) hién nay
d6i voi cac nha may DGNK van sir dung dién 4p AC.

Tai tram bién 4p gom cOng suét s& thyuc hién chuyén doi
AC/DC bing b chinh luu va duge truyén tai bang HVDC
v6i dién &p khoang * 150 kV hoic + 320 kV dén tram bién
ap nghich luu tai diém cap bd. Tai tram bién 4p nghich luu
s& chuyén d6i DC/AC va diu ndi vao hé thng dién.

Céc cap HVDC s& truyén tai cong sudt trir tram chinh
luu dén tram nghich luu. Cép truyén tai HVYDC duoc thuc
hién béi mot cap, dan dén giam chi phi cap s& thap hon so
vé6i truyén tai HVAC. Tuy nhién, chi phi cap HVDC thip

hon HVAC nhung tong chi phi dau tu c6 thé tang Ién do
chi phi tram chuyén doi AC/DC giai phap HVDC s& cao
hon nhiéu so véi HVAC.

Dffshore

HVDC transmissi jon network

+/- 150 kV or +/- 320 kV

Hinh 4. So' d6 truyén tai bang HVDC ciia nha may PGNK [10]
2.3. Lwa chon cong nghé truyén tii HVDC cho nha may
DGNK

Céc cong nghé truyén tai dién mot chiéu hién nay gdm:

- HVDC Classic: Chuyén d6i nguon dong (LCC-Line
commutated Converter), st dung cac van Thyristor.

- HVDC plus: Chuyén dbi ngudén ap (LCC -Voltage
Source Converter) su dung IGBT (Insulated Gate Bibolar
Transistor). Cong ngh¢ chuyén doi ngudn ap c6 kha nang
truyén tai cdng suat nhé hon so vai cdng nghé HVDC Classic.

- So sénh gi6i han truyén tai cong sudt:

+ Cong nghé nguon dong truyén théng (HVDC-LCC)
cho c6 dién ap dén 1000kV cdng suat dén 6000MW/ mach.

+ Cong nghé ngudn ap (HVDC-VSC) c6 dién ap truyen
tai thap hon, hién nay dat khoang 320kV va cong suit
truyén tai ¢én 1200MW/mach.

So sanh hai loai cong ngh¢ ngudn dong, nguon &p vé do tin
cdy, ton that, chi phi dau tu, cap dién ap truyén tai nhu Bang 1.

Bdng 1. Bang so sanh cong nghé nguén dong truyén théng va
nguon ap

HVDC-LCC HVDC-VSC

- Str dung thyristor - Str dung transistor

- Sir dung truyén tai ngudn cong|- Str dung truyén tai ngudn cong
suét 16n, dién &p cao suét nho, dién ap thip hon

- Kha nang qua tai cao - Kha nang qua tai thép

- Van hanh trong hé théng manh |- Van hanh trong hé théng yeu

- Cén cac bo loc song hai AC —|- Mirc song hai yéu, khong can
DC cac bo loc

- Didu khién cong suat phan|- Bidu chinh cong suét phan khang
khang sir dung thiét bj bl cong| nhé vao cac bo bién dbi IGBT
sudt phan khang (tu bli, SVC,|- Nhu ciu dién tich 1ip dat béng
STATCOM,...) khoang 60% so véi cong nghé LCC

- Yéu ciu dién tich 1ap dit rong|- Str dung may bién ap truyén
hon d& I4p cac bo loc AC, DC | théng

- Sir dung may bién ap chuyén|- Tén thit chuyén déi cao do can
dbdi - continuous DC Voltage| ning lwong 16n & cac bd chuyén
stress dbi trong mach IGBT

- Tén thét chuyén ddi thap - Chi phi dau tu cao hon LCC
Chi phi dau tu thip khoang 10-15%

Viée lya chon cdng nghé chuyen d6i phu thudc yéu cau
truyén tai dién, khoang cach truyen tai gitra hai dau:

- Luwéi truyén tai lién mién giira cac ving: Véi nhu cau
truyén tai cong suat I6n, dién ap cao, cdng nghé LCC ¢ wu thé.

- Pién gi6 trén bién: Cong sudt vira, dién ap truyen tdi
thap, cong nghé VSC 0 wu thé va hién nay cac dy an dién
gié ngoai khoi truyén tai dién mot chiéu thuong sir dung
cbng nghé VSC.

V6i céc uu diém ctia cong nghé VSC, dé truyén tai cong
suat cho cac nha may dién gié ngoai khoi ddi véi giai phap
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truyén tai bang cong nghé mot chiéu, bai bao s& sir dung
cong nghé HVYDC-VSC dé dua vao tinh toan.

3. So sanh lya chon gidi phap diu ndi nha may PGNK
I1én hé thong dién

Ngoai viéc céc giai phap truyén tai dau ndi nha may
dién gi6 ngoai khoi Ién hé thong dién dam bao cac yeu to
ve mat k§ thut thi phan tich kinh te tai chinh la van de
chinh quyét dinh lya chon giai phdp dau ndi cho nha may
dién gid ngoai khoi.

Tong chi phi dau tu hé thong truyén tai HVDC hodc
HVAC duogc xay dung bai cdng thirc tong thé sau [14]:

C=CC+LC 1)
Trong d6, CC (Capital cost): chi phi von dau tu;
LC (Losses Cost): chi phi ton that hé thong truyén tai.

Chi phi von dau tw CC bao gém: TCC (Terminal
Capital Cost) la chi phi von déu tu thi€t bi dau cudi nhu
MBA hay bd chuyén doi..., va RCC (Route Capital Cost)
1a chi phi von dau tu truyén tai:

CC=TCC+RCC 2

Chi phi TCC chia ra thanh OPPC (Offshore platform
and plant cost — chi phi dau tu tram va bé platform ngoai
khoi), va chi phi OPC (onshore plant cost — chi phi cho
tram trén bo):

TCC = OPPC + OPC (3)

Chi phi RCC bao gbm: CBC (Cable cost — chi phi cép)
va QC (compensation cost — chi phi bu):

RCC =CBC +QC (4)

Trong chi phi ton tht LC bao gém TLC (Terminal
Losses Cost) la chi phi ton that cac thiet bi dau cu6i vaRLC
(Route Losses Cost) la chi phi ton that truyén tai:

LC=TLC +RLC (5)

Chi phi vén va chi phi ton that cua 2 phuong &n VSC-
HVDC va HVAC bai bao dua vao phan tich kinh te tai
chinh bao gom chi phi cho c4c thiét bi chinh nhu Bang 2.

Bing 2. Chi phi vén va chi phi téng thét cia hai phwong én

Chi phi tén thét

Chi phi vén du tw - CC

hé théng - LC

-Tram bién ép va bé d& ngoai
khoi, cé&c thiét bi di kém;

-Tén thdt MBA ngoai
khoi;

HVAC |-Cép ngdm va hé théng bu;  |[-Tén thdt truyén tai
-Tram bién ap trén bo, cac| trén cap;
thiét bi di kém -Tén that MBA trén bo.
-Tram chuyén d6i va bé do ngoai|-Ton tht bo chuyén doi
khoi, bao gom van chuyén doi,| AC/DC; .
HVDC- méy bié? ap vabo loc; -T(:)n !‘.hé.it truyén tai
VSC -Cap ngam; trén cap;

-Tram chuyén déj trén bo bao
gom van chuyén doi, may
bién ap va b loc.

-Tbn that by chuyén ddi
DCIAC.

Theo [1], chi phi du tu cho ting hang muc dwoc xay
dung bai cac cdng thire sau:
< Chi phi dau tu tram va b¢ platform ngoai khoi (OPPC)

va chi phi dau tu tram trén bo (OPC):

OPPChyac = FCuyac
+[1+dc(ny — 2)] - (fer + per) “np - Ser

= 5+ 0,0455,

(6)

OPCyyac = 0,026218;%7%13 (7)
OPPCyypc = FCyypc + [1 +dc(ne — 2)] - c. " n¢ * Ss¢

=25+ 0.11S; (8)

OPChypc = 0,08148S; 9)

% Chi phi dau tur hé thong b cong suat phan khang (QC):

Pe= [Sc? = Qupy? = J5c* = (%)

= \/(\/E-anssn)z - G-Vnz 21 fC - lc)2 (10)
QChyvac = Qosr - OFC + Qo - ONC
=0,02- V% 2nf,C-1,
% Chi phi dau tu cap ngam truyén tai (CBC):
CBCyyac = tc 1. -nc, (12)
% Chi phi ton that hé théng (LC):
LCyvac = TLCoffuvac + RLChyac + TLConnvac
0,994,

nee " n

(11)

2
=0,00911S; + 1,51767 - ( ) 1o+ lp e,

0,99457\ %
+0,00911 - [0,9945T - (TVT) 1ol ncc] (13)
LCyvpc = TLCorruvac + RLCyyac + TLConuvac
0,9828S;

2
=0,0261 4. Sl
0,02610S; + 3,0353 (ncc_vn ) re - lg - nc,

+0,02747 - [0,9828ST - (%)2 1ol ncc] (14)

Trong do6:

St: Cong suat truyén tai trén duong day (MW);

tc  Chiphi dau tu 1km cép truyén tai;

l:  Chiéu dai tuyén cép (km);

nc:: SO lwong mach cap;

Vi Dién &p AC/ DC van hanh (kV);

fo: Tan sb ludi (Hz);

C: Dung dan cua cép (F/km);

re: Dién tro cép (Q/km);

FChvoc, FCrvac: Chi phi ¢b dinh dau tu tram offshore
HVDC, HVAC;

dc:  H¢ so chi phi bién doi khi c6 trén 02 MBA/ Bo
chuyén doi;

nr, Ne: SO lugng may MBA/ B chuyén doi trén moi
platform;

fcr:  Chi phi bién ddi dau tu bé platform tram bién &p
ngoai khoi;

G Chiphibién doi dau tw b¢ platform tram chuyén

dé6i ngoai khoi;

pcr:  Chi phi bién doi dau tu tram bién &p ngoai khoi;

SsT, Ssc: CONQ suat may bién ap, cong suét bo chuyén doi.

4. Mb hinh héa thiét bj

4.1. M6 hinh ciia HVDC trong tinh toan
Hé théng HVDC bao gom céc thiét bi chinh:
- B0 chinh luu (Rectifier side).
- B9 nghich luu (Inverter side).
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- May bién &p (Transformer).

- buong day DC (DC Transmission line/Cable).

Tuong tmg véi cac thiét bi chinh cua hé théng HVDC
bai béo sir dung cAc md hinh diéu khién CDCAB1 [9], md
hinh CDAB1 Ia mé hinh duong day mot chiéu don cyc cac
b chinh Iuu va b nghich déu ¢ cau hinh nhur nhau va duoc
diéu khién thdng qua h¢ thong diéu khién Master. Ngoai cac
tinh nang chung, mé hinh nay con bao gém b inverter diéu
khién dién &p cho cap DC c6 chiéu dai lon ciing nhu mot sd
chirc nang diéu khién dong lyc va/hodc nhét thoi

Theo Hinh 5 h¢ thong diéu khién Master c6 thé diéu
khlen cdng suét hodc diéu khién dong dién cua hé thong
truyen tai HVDC thong qua yéu cau vé cdng suat cta hé
thong dién AC:

- Hé thong Master s& giri tin hiéu 100 (yéu ciu vé cong
sudt hoic dong dién DC) dén khéi diéu khién
VDCOL.Khéi diéu khién VDCOL c6 nhiém vu kiém soat
dong dién hoidc cdng suét diéu khién khdng duoc vuot qua
gi6i han hodc qud tai duong day HVDC.

- Tin hiéu sau khi qua VDCOL s& giri dén khdi diéu
khién CCA lam nhiém vu diéu chinh dong dién va dién &p
cua hé théng HVDC.

- So @6 khéi CFC ¢6 nhiém vuy chinh la dién khién 6n
dinh dong dién DC, dich pha va chiu trach nhiém guri xung
diéu khién dén cac Van diéu khién.

Rectificr Side Inverter Side

» \m()\

100 ‘ RDER

Hinh 5. So d6 ciia hé thong HVDC két néi véi hé thong xoay
chiéu [9]

Including Modulation Control

- DELT_PO_FREQ IOMAX_MASTER
OWER ™ -
S 1

-
Power Order
PORDER 'O
DELT_PO_DA

TMASTER_HIGH

Abelute Value of d Yol
ARS (Stae 25 ABS (S

Hinh 6. Bg diéu khién Master — Piéu khién cbng suat [9]

Céc m6 hinh diéu khién tin s6, didu khién giam dao dong
va diéu khién cong suat khan cip duoc mé ta trong Hinh 6.
Theo Hinh 6 b diéu khién Master hay diéu khién cong suét
s& lam viéc duya trén yéu cu vé do léch cua tan sé hé thdng
dién HVAC. Néu tan s hé théng HVAC nho hon tan sb
danh dinh (f,om) Nghia Ia hé thong HVAC can huy dong cong
suat tac dung, thi bo diéu khién Masster s& diéu khién ting
cong suat cho hoat dong cua bo Inverter va nguoc lai néu tin
s trong tram bién d6i 16n hon tin s6 danh dinh.

5. Tinh toan lwa chon gidi phap d4u ndi cho nha may
dién gi6 ngoai khoi tinh Ninh Thuén

Bai bao dua vao thuc hién tl'noh toan voi mot du an dién
gi6 ngoai khoi da trinh ho so B6 sung quy hoach tai tinh
Ninh Thuan.

Tén du an: Nha may dién gié ngoai khoi Trung Nam;

Cong suat: 800MW;

Vi tri: Nam ngoai khoi tinh Ninh Thuan (cach bo
khoang 50 hai ly);

Nam van hanh: 2030;

_ Phuong &n dau ndi: Dau ndi truyén tai C()ng suat vé tram
bién ap 500kV Ninh Son (duong day dau noi dai khoang
145km).

Phuong phap lya chon duoc thuc hién qua ba budc:
(i) d¢ xuat Phuong an dau noi, (ii) danh gia 6n dinh va
(iii) tinh toén céc chi tiéu kinh té.

[
l

Hinh 7. Ban dé: lu’é’i dién 500/220kV tinh Ninh Thudn va
phuwong an dau noi nha may PGNK Trung Nam [2-3]
5.1. Phwong &n diu néi nha may dién gi6 ngoai khoi
Trung Nam

Bai bao dé xuét 02 phuong &n déu ndi cho nha méy di¢n
gio ngoai khoi véi gid thiét dua vao tinh toan la cac tua bin
gi6 dau ndi vé& tram gom codng sudt ciia nhd may véi cap
dién ap 66kV AC.

< Phuong an 1: Du ndi bang HVAC véi clp dién 4p
500kV nhu Hinh 8, khoi luvgng dau tu nhu sau:

- Xay dung tram ndi 66/500kV gom cdng suat nha may
(tram GIS) véfi quy mé MBA 500/66kV-900MVA va 02
ngan xuat tuyén;

- Mach kép cap ngdm déu ndi HVAC 500KV, sir dung
cap 1 pha XLPE-2500 chiéu dai 145km;

- M6 rong 02 ngan xuét tuyén 500kV tai tram bién &p
500kV Ninh Son.

500KV, 145km, 2x3x2500mm?

SOOMVA

66/500kV
TBA 500kV Ninh Son 6/500

NMBG NK Trung Nam
BOOMW

Hinh 85. So d6 dau néi phwong an 1
¢ Phwong &n 2: Diu néi bing HVDC véi cip dién 4p
pht hop d€ truyen tai B00MW la £320kV va sir dung cong
ngh¢ VSC (pht hop truyen tdi 1-1,2GW) nhu Hinh 9. Khoi
luong dau tu nhu sau:
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- Xy dung tram ndi £320kV gom cdng sudt c4c turbin
va 01 bd chuyén do6i Converter cdng suat 800MW.

- Cap ngam déu ndéi HVDC 500kV sir dung cap Cu
XLPE-1800 chiéu dai 145km.

- Ldp dit 01 by chuyén doi Converter cong suét
800MW tai tram bién ap 500kV Ninh Son.

+320KV, 145km, 1x1800mm*

P
+3Z0/S00KV, + YBG Be/=320kY
B0OMW B00M)

| nverter) Reuion)

TBA 500KV Ninh Son NMBG NK Trung Nam

00N

320KV, 145km, 1x1800mm”

Hinh 9. So d6 ddu néi phirong an 2

Bai bdo m6 hinh hoéa hé théng luéi dién 500kV, 220kV
Viét Nam nam 2030 bang chwong trinh PSS/E — Version 34
[9]. Céc thong sé lién quan ludi dién dwoc md hinh héa va
xay dung phi hop voi Quy hoach Bién VIII dén nam 2030.
Két qua tinh toén trao luu cong suét cho thay, ca 2 phuong
an déu dam bao kha nang dau ndi, truyén tai va giai phong
cong suét cho nha méy dién gié Trung Nam Ién hé théng dién
Qudc gia. Pbi v6i két qua ton that cong suét trén duong day
truyén tai HVAC cao hon so véi duong day truyén tai HVDC.

Bing 3. Tén that cong sudt truyén tdi ciia nha may PGNK

Trung Nam
Phwong an Ponvi |Tén thit truyén tai
Phuong an 1 (HVAC) MW 8.6
Phuong an 2 (HVDC) MW 3.9
Chénh Iéch (PAL-PA2) MW 4.7

5.2. Phan tich én dinh dong ciia n"ha may dién gi6 ngoai
khoi Trung Nam dén hé thong dién

Bai bao st dung Module Dynamics trong phin mém
PSS/E [10-12] dé tinh toan cho truong hop sy ¢ 3 pha trén
thanh céi 500kV Ninh Son. Vi tri su ¢6 3 pha tai tram
500kV Ninh Son, phia tru6c MBA 1ip dat bo chuyén ddi
Converter, su ¢ tai thoi diém t = 1s va duy tri trong 200ms.
Tai thoi diém xay ra sy ¢, may cit s& co lap MBA va bo
chuyén dbi Converter, khi d6 nha may DGNK Trung Nam
s& tach ra khoi HTD va sau 200ms tir thoi diém su c6 may
cit s& dong 1ap lai ¢é dwa nha may DGNK Trung Nam vao
HTD. Trong truong hop khao sat, cac tinh toan déu xem
xét nha may PGNK Trung Nam van ndi ludi sau sy ¢
nhiam déanh gia tdc dong cua nha may dén ludi dién ra sao
sau khi nha may dién gié ngimg cung cap trong thoi gian
su ¢d. Trong Hinh 11-14, duong c6 bién d6 dao dong 16m
biéu thi duong day AC, dudng con lai 1a DC.

£320kV, 145km, 1x1800mm”

P
{ 1| +320/500kv, < VSC 66/£320kV
f LT BoOMW S00MW
(Inverter) (Retifier)
—

TBA 500kV Ninh Son NMBG NK Trung Nam

BOOMW

£320KV, 145km, 1x1800mm*

Hinh 10. Vj tri su ¢6 3 pha thuc hién khdo sét én dinh

Hinh 11 thé hién luong cong suit phat tir nha may
DGNK Trung Nam trong thoi gian mé phdéng. Tai thoi
diém t = 1s sy ¢b xay ra dén dén lugng cong suat tac dung
phat ra giam sut dot ngot vé khoang OMW, sau khi loai trir
su co ngan mach luong cong suat nay dan phuyc hdi vé cong
sudt phat ban diu 800MW. Két qua cho thdy déi véi
phuong 4n 2, cong sudt nha may tré vé 6n dinh 1a 800MW

sau khi phuc hoi sy c¢6. Déi v6i phuong an 1 thoi gian on
dinh sau khi phuc hoi khoang 3s.

Cong Suat tac dung cua NMDG (pu)

i
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s |
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Time (seconds)

E 16 - P OFFSHOREWIND | 2030_DC_500kY 1= 7 GrFSHORE WG | 503 _AC 5oy

Hinh 11. Biéu do phét cong sudt nha may DGNK Trung Nam
cia 2 phwong &n dau noi khi xay ra s cé

Hinh 12 thé hién dao dong cong suit phan khang sau
khi phuc hoi sau su ¢d. V&i phuwong an dau néi HVDC, mirc
dao dong cong suét phan khang it hon va thoi gian 6n dinh
cling nhanh hon so véi véi phuong an ddu néi HVAC. Sau
khi khoi phuc loai trir sy ¢d, lwong cdng suit phan khang
phét ra tir nha may c6 sy dao dong nhiam 6n dinh dién &p
ctia hé théng sau khi su cb xay ra.

Cong Suat phan khang cua NMDG (pu)
6

a

Lo - wow

Reaxive Power (pu)

o 05 1 s z 25 3 55 4 a5 5
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Hinh 12. Biéu dé phdt céng sualphan khang nha may DGNK
Trung Nam cia 2 phirong dn déu néi khi xdy ra sw cé

Hinh 13 thé hién su dao dong dién 4p tai thanh cai
500kV cia tram gom 500KV ngoai khoi (d6i voi phuong
an 1) va thanh cai 320kV cua tram gom HVDC ngoai khoi
(d6i véi phuong an 2). Két qua tinh toan cho thay, sau 0,2s
loai trir sy c6 dién ap phuc hoi vé voi dién ap van hanh ban
dau, mic du ¢ sy dao dong nhung van ndm trong pham vi
an toan, dam bao van hanh hé théng.

Dao dong tan so tren thanh cai 500kV NMDG (Hz)

a 0 7 s z P 3 75 5 ws 5
Time (seconds)

= 12 . FREQ 5550 [DGNK_NTHUANIS00.00] - 2030_DC_500KY
5 12 FREQ 5550 [DGMK_NTHUAN3S00.00) - 2030_AC_S00KY

Hinh ;3. Biéu d6 dao dong dién ap tai thanh cdi tram gom cong
sudt nha may DGNK Trung Nam cua 2 phiwong dan ddu noi
(doi phwong an 1 la thanh cai 500kV va doi véi phuong an 2 la
thanh cai 320kV) khi xay ra sy co

Hinh 14 thé hién sy dao dong tan sd tai thanh cai 500kV
cua tram gom 500kV ngoai khoi (d6i v6i phuong 4n 1) va
thanh cai 320kV cuia tram gom HVDC ngoai khoi (dbi véi
phuong 4n 2), tin s6 tai thanh cai 500kV (52,7 Hz) da vuot
muc cho phép van hanh cén cir theo Thong tw 30/2019/TT-
BCT [13] (muc cho phép 1a 52 Hz). Déi v6i phuong an 2,
tan sb tai thanh cai 320kV va céc tram bién ap trong khu
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vuc déu dam bao trong dai cho phép.
Hinh 14. Biéu d6 dao dgng tan s6 nha may DGNK Trung Nam
cia 2 phwong an dau noi khi xay ra su co

Dien ap tren thanh cai 500kV tai NMDG (pu)

z s 3
Time (seconds)

- o VOLT S DG NTHANGE00 00 2030 DG Soue
RN THUANS540.00]

5.3. Tinh toén tong Chl phl ddu tw cac phwong 4n

Duya vao cac phuong trinh tinh toan chi phi cho timg
hang muc tai muc 3, cac s6 liéu chi phi dau tu va thdng so
thiét bi duoc liét ké ¢ phu luc, bai bao tinh toan téng chi
phi dau tu cho cac phuong 4n HVAC va HVDC [14]. Két
qua so0 sanh duoc thé hién & bang dudi day:

Bdng 4. Chi phi dau t hé théng HVAC va HVDC
Don vi: Ty VND

Hang muc HVAC HVDC-VSC
gf';'srf’:r'eda“ W ram | 3pp0y 1 ac | 2.356,6 |OPPCHvoe | 5.922,6
Chi phi dau tu tram
onshore OPChvac | 107,9 | OPChvoc | 1.768,1
Chi phi dau tu hé
théng bil AC QChvac [2.470,7| QChvbc 0.0
Chi phi dau tw cap| cpe . 111.285,2] CBChvoc | 5.670,4
ngam
Chi phi tdn thét LChvac off| 794,6 |LCrvoc off| 341,7
Téng chi phi Chvac |17.014,9| Chvoc |[13.702,7

Téng chi phi du tu hé thdng HVDC thap hon 3,3 nghin
ty VND so v6i hé théng HVAC. Véi céc két qua tinh toan
trao luu cong suat va phan tich chi phi dau tu cho thy, nha
may DGNK Trung Nam sir dung giai phap dau ndi bang
truyen tai dién mot chiéu HVDC s& dam bao cac yéu cau
vé ky thuat va giam chi phi dau tu cho du én.

6. Két luan

Véi céc tiéu chi va phuong phép luan vé giai phap ddu
n01 nha may dién gi6 ngoai khoi, bai bao da ap dung dé
xuit 02 phuong an dau ndi gom dau ndi bang truyén tai
dién xoay chidu HVAC va diu nbi bang truyén tai dién mot
chidu HVDC-VSC cho nha méay PGNK Trung Nam cong
suat 800MW, bang phin mém PSS/E Version 34, hién
dang tién hanh bo sung quy hoach du &n véi vi tri nha may
cach bo 50 hai ly, tong chiéu dai tuyén cap déu ndi la
145km v&i diém tiép nhan cong suat |2 tram bién 4p 500kV
Ninh Son.

Cén ctr theo quy dinh trong Thong tu 30/2019 cua Bo
Cong Thu’ong [13] vé gi6i han vé dién 4p va tan so tai diém
dau ndi cac nha may dién. Cac két qua tinh toan 6n dinh hé
thdng ctia nha méy dién gié ngoai khoi Trung Nam khi dau
ndi vao ludi dién bang dién 4p mot chiéu HVDC cho thay,
hé théng dién van dam bao van hanh 6n dinh, dap ng céc
tiéu chi k¥ thuat theo quy dinh hién hanh. Déi véi phuong
an 1 (giai phap déu ndi bing HVAC) két qua tinh toan cho
thy tan s tai thanh cai 500kV tram gom ngoai khoi cao

nhét 1&n dén 52,7 Hz, vuot mirc cho phép van hanh (mirc
cho phép la 52 Hz).

Ngoai ra, di v6i phuong an dau ndi bang HVDC cé
tong muc dau tu xay dung thip hon khoang 3,3 nghin ty
VND 50 v6i hé thdng HVAC. Vi cac két qua tinh toan trao
luu cOng suét va phan tich chi phi dau tu cho thy, nha may
DGNK Trung Nam sir dung giai phép dau ndi bang truyen
tai dién mot chiéu HVDC s& dam bao cac yéu ciu vé ky
thuat va giam chi phi dau tu cho du an.

Cin ctr vao cac két qua tinh toan va cac phuong phép
luan d3 trinh bay trong bai béo, trong giai doan tgi cac nha
méy dién gi6 ngoai khoi di vao van hanh déu ndi Ién h¢
thong dién 1a mot didu tit yéu. Kién nghi cd thé ap dung
cac tinh toan nay cho cac du an dién gi6 ngoai khoi tuong
tu trong thoi gian toi.

Loi cam on: Nghién cliru nay dugc téli tro boi Bo Gido duc va
Dao tao, Viét Nam voi dé tai cd ma so: CT2022.07.DNA.02.
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