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TOM TAT

Hé thdng luu tri nang lugng trong ludi dién truyén tai dang trd thanh mot Iinh vuc nghién ctiu va ting dung ngay cang quan trong. Bai béo nay dé xudt mot
phuong phép lai méi, nd dua ra mot dinh hudng xac dinh vi tri 13p dat hé théng luu trit nang lugng (ESS) phu hop. Diéu do gidp cai thién kha néng on dinh clia ludi
dién, giam thiéu su gian doan va su 6, ting cuting tinh linh hoat va dap (ng t6t hon véi nhu cau st dung ning luong cla cac khach hang trudc khi can quy hoach mé
rong truyén tai dién (TEP). Phuang phap nay két hop lai gii thudt Min Cut (MC) v6i thudt todn di truyén (GA). Trudc tién, MC dugc ci tién bang mot hinh thiic phat dé
giam thiéu khong gian tim kiém cho bai toan t6i uu ma khong lam mét di nghiém toan cuc. Tiép theo, thudt todn GA duoc ap dung dé giai bai toan tdi uu trong khong
gian da duoc gidi han dé tim ra vi tri va cdng sudt ESS phl hop nhét 6 thé. Nghién ctiu dugc thit nghiém va cho ra két qué kha thi trén hé thong dién IEEE 24-bus. Két
qué nghién ctu cho thdy phuong phap dé xudt giam déng ké khi lugng tinh toan so véi cac bai toan trudc day va tir d6 rdt ngan thai gian tinh todn gitip cac nha dau tu
dua ra quyét dinh dau tu hé thong ESS kip thdi va canh tranh.

Tirkhoa: Thudt todn Mincut, thudt todn di truyén, bd luu trit ndng lugng, quy hoach IuGi truyén tdi, thi trudng dién.

ABSTRACT

Energy storage systems (ESS) within the transmission system have emerged as a critical area of research and application. This paper presents a novel hybrid
approach that offers a framework for determining optimal locations and power for deploying ESS. The primary objective is to enhance grid stability, minimize
disruptions and failures, bolster flexibility, and effectively meet the energy demands of consumers prior to the need for transmission expansion planning (TEP). The
proposed methodology combines the Min Cut (MC) algorithm with the genetic algorithm (GA). Initially, the MC algorithm is improved through the incorporation of a
penalty mechanism, aimed at reducing the search space for the optimization problem while preserving global optimality. Subsequently, the GA algorithm is employed
to solve the optimization problem within the constrained search space, thereby identifying the most suitable local and power for the ESS. The research findings are
evaluated on the IEEE 24-bus power system and demonstrate promising feasibility. Notably, the proposed approach significantly reduces computational complexity
when compared to previous separate methodologies, consequently diminishing computation time and facilitating timely and competitive investment decisions
pertaining to ESS systems.
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1. GIGI THIEU yéu cho céng cudc phat trién kinh té va xa hoi. Tuy nhién,

Quy hoach TEP va GEP da duoc trinh bay trong nghién khong phai ltiic nao giai phap xu ly qua tai hodc tdc nghén,
ctu [1, 2], theo d6 TEP van 1a giai phap chinh vé lau dai gé  1a cac ,bié” phap Chirlh trong quy hoach TEP, cing hoan
phat trién mang Iusi ning lugng, dap Ung nhu ciu thigt hao dé dat dugc d6 on dinh va do tin cay [3]. Vi véy, cac
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bién phap quy hoach t6i uu va kinh té hon thudng dugc st
dung dé cai thién hé théng dién, chdng han nhu téi cdu
tric lugi dién co xét dén ngudn dién [4], diéu khién dong
cong suat dién bang thiét bi chuyén tai dong dién linh hoat
(FACTS) [5], hodc giai phéap xay dung cac ngudn néng luong
tai tao mai [6, 7]. Két qua, nhirng phuong phap nay cling c6
nhiéu uu diém nhung ciing phat sinh cadc nhugc diém & cac
muc d6 khac nhau va ching khéng thé thay thé cho nhau
mét cach hoan hao.

Trong giai doan phat trién manh mé clia ngudn niang
lugng tdi tao thoi gian viia qua, dac biét sau sy khing
hoang nang luong nam 2022 do giGi han nguén cung khi
dot tir mot s6 quéc gia, thi nang lugng tir mat trai va gié da
phat trién nhanh chéng & nhiéu nudc trén thé gidi [6, 7].
Toan cau da b sung hon 50 GW cong suat hang nam ké tur
nam 2014. Riéng nam 2018 dién gi6 dat 591GW, tang 9,6%
50 vGi nam 2017 [8]. Nhung hau qua cGia nguén nang lugng
tai tao dé lai theo mot khia canh van hanh hé théng dién
trong thi trudng dién canh tranh la khéng hé nho, nhu su
khéng chdc chén, su mat 8n dinh, sy mat an ninh, ....

Trong khi nhu cau phu tai dién ngay cang tang dé phuc
vu cho phat trién kinh té xa hoi, két hap véi su phat trién
clia nguén nang lugng tai tao nhu viia néu co thé day ludi
dién di dén qua tai cuc bd, hay con goi la tic nghén truyén
tai tai mot thai diém nao dé. Co nhiéu cach dé gidi quyét
cac tdc nghén hé théng dién [9-12], m& rong lugi dién la
cach kinh dién nhat chi yéu danh cho quy hoach dai han,
diéu chuyén phan bé cong suat bang céc thiét bi FACTS va
trong bai bdo nay hudng dén phuong phap quy hoach
nguén ESS [5, 13]. Phuong phap ma& rong ludi dién truyén
tai thudng co kinh phi kha 1&n va can cac diéu kién kha kho
khan khac nhu: dén bu gidi tda, thay ddi diéu kién séng
ngudi dan noi duong day dién di qua. Trong khi d6, mac du
von dau tu hién nay khong thap nhung ESS kha linh déng
vi tri Idp dat va mang lai hiéu qua kép: giai quyét tac nghén
(nhu bai bao dé xuat) va cai thién su khéng chac chan ma
nguodn nang lugng tai tao gay ra.

Van dé xac dinh vi tri va cdng sudt ESS thich hgp dé giai
quyét tdc nghén cuc bd cho hé théng dién hién c6 nhiéu
phuang phap, trong s6 d6 c6 thé ké dén nhu mé hinh toan
AC va DC, thuat toan meta-heuristic nhu: bay dan (PSO), GA
[2, 14]. Theo cac nghién ctu thai gian gan day, mét bai toan
t6i uu co thé dé xuat phat trién theo chiéu hudng hiéu qua
hon nhu sau:

Thuét toan téi uu hoa ¢é dién dugc st dung nhiéu trudc
day: la mot ky thuat phan tich thudng dugce st dung va két
qua thudng la cac gidi phap téi uu toan cuc cho phién ban
phd quat clia bai toan s6 nguyén ban dau, trong dé di liéu
ban dau la cac s6 nguyén, dugc thay thé bang cac bién lién
tuc. Khoéi lugng tinh toan trong cac thuat toan nay thudng
rat 16n va phuang phap nay cé thé can thiép vao van dé hoi
tu trong mét s6 trudng hop, nhu trong [15, 16];

Giai thuat MC: khdac véi cac thuat toan khac, né luon cho
két qua kha chinh xac, khéi lugng tinh toan tuong déi thap,
nhung d6i khi roi vao cuc tri dia phuong do chua xét dén
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phan bé cong suat. Vi vay, mét sé nghién ctu st dung né
dé tim vi tri t6i uu 13p dat FACTS [5, 17], giai quyét nat c6
chai trong hé théng dién [17], cling nhu cac nghién ctu vé
dé én dinh va dé tin cdy trong quy hoach mé rong truyén
tai[18, 19].

Cac thuat toan meta-heuristic: la cac thuat toan lay cam
hiing t su t6i uu héa trong cac quy luat tu nhién. Chang
dugc mad rong cho céac thi tuc tim kiém cu thé va c6 thé
dugc st dung trong hau hét moi truding hop, va day la mot
gidi phap dac biét thich hgp cho cac bai toan phc tap véi
nhiéu rang budc khéng chac chédn. Cac thuat toan thudng
dugc st dung dé xac dinh két qua t6i uu hodc khéng t6i uu
cla cac van dé chung, ngay ca déi véi cac hé théng I6n
tuong ung lién quan dén né luc tinh toan 1én [201.

Mac du ¢6 cac uu diém nhat dinh nhung xac suat hoi tu
va khéi lugng tinh toan I6n cta thuat todn meta-heuristic la
méi quan tdm cla cac nha nghién ctu va day la co hoi dé
dé xuat ap dung moét phuong phap lai ghép trong bai bao
nay. Su lai tao nay dan dén mét thuat toan két hgp hai giai
doan. Dau tién, cai tién thuat toan MC dé phu hop véi muc
tiéu cda van dé t6i uu hoda, dugc goi la "giGi han khdng gian
tim ki€m". Giai doan ti€p theo, dugc goi la "T6i uu héa giai
phap", st dung thuat toan GA dé tim ra két qua ti uu toan
cuc trong khong gian thu hep cta giai doan truéc. Qua
trinh nay dugc thiét ké hoan hao dé khic phuc nhugc diém
cla thuat toan meta-heuristic nhu vira dé cap.

Ké&t qua mo phong trén hé théng IEEE 24 bus cho quy
trinh 5 budc ching minh tinh hiéu qua cda bién phap dé
xuat trong viéc tim ra vi tri va cdng suat téi uu dé I3p dat
ESS. Nhitng déng gép chinh cla bai bao la:

i) D& xuat thay déi nguyén ly giai thuat MC va lai tao véi
thuat toan GA dé tao ra mét phucng phap téi uu mdi trong
quy hoach ma réng luéi dién truyén tai;

ii) P& xuat mé hinh dau tu ESS dé gidi quyét tic nghén
ngén han va ing dung phuong phap t8i uu mai dé tim vi tri
va cong suat ESS;

iii) S&¢ dung hé théng dién mau cla IEEE 24-bus tich hop
ESS dé thi nghiém trong nghién ctu nay.

2. MO HINH TOAN
2.1. Mé hinh ESS trong hé théng dién

Mot trong céc loai hinh nguén dién cha déng nhu ESS
¢6 thé cung cap dién khi hé théng dién bi tdc nghén & phu
tai cao diém va ddm bao hé théng dién van hanh én dinh
ma khéng can ma réng hé théng dién truyén tai. Mat khac,
ESS con nang cao kha nang truyén tai cia hé théng bang
cach dua thém cong suat lén lusi nham gidm un tac va ap
luc 1én cac nguén dién hién cd, ddm bao an ninh hé théng
dién [13, 21]. Trong thi trudng thuong mai gan day véi cac
céng nghé luu trit nang lugng khac nhau, pin van la thiét bj
luu trt phd bién nhat hién nay [21]. Ngoai ra, dé giai quyét
van dé thi€u hut céng suat trong thai gian ngén con co cac
loai cong nghé khac nhu banh da, siéu tu dién. Luu trir
nang lugng bang Hydrogen, khi nén la nhiing cong nghé
c6 cong suat I6n hon, kha nang luu tri nang lugng cao hon
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nén linh hoat hon trong hé théng dién. Cac diéu kién ung
dung cu thé tuong Ung vdi tiing loai cdng nghé dugc phan
loai nhu hinh 1.

Cho dén nay, vén dau tu ESS vé co ban dudng nhu van
quéa cao khéng thé mang lai Igi nhuan cho nha dau tu doc
lap. Vi vay, thudng ESS chi dugc xay dung dé phuc vu cac
muc dich can thiét cu thé nao d6 ma khéng cé gidi phap
thay thé khac [22-24]. Mot trong s6 d6 |a 6n dinh hé théng
dién bai nhiéu tur cac loai nguén nang lugng tai tao. D6 la
két qua ESS thudng dugc xay dung dong bd vai cac du én
nang lugng tai tao. M6t trong nhitng tac dung chinh cda
ching dugc st dung nhu mét nguén ning lugng dé bu
dép cho su thi€u hut. ESS 1a loai nang lugng c6 thé cung
cdp dién khi can thiét va luu trit nang luogng khi qua nhu
cau [13, 21]. Chi phi dau tu ESS trong thi trudng c6 thé dugc
tinh gan ddng nhu biéu thic (1).

C]-ESS = Z Piess. Cess T Co M
{€Gess
Trong d6:

PSS - Cong suat dinh muc cda ESS (MW).
Cess - VON dau tu ngudn ESS (USD).
C, - Chi phi c6 dinh nguén ESS (USD).

UPS area

T & D grid support Bulk power

I Pumped hydro

Compressed air

Hours

Flow batteries: Zn-Cl, Zn-Br
Vanadium redox New chemistrics
NasS battery
Advanced lead-acid battery [
[ NaNiCI2 battery
_ Li-ion battery |
H Lead-acid battery |
T
[ NiCd |
I
[ NiMH |

High-energy
supercapacitors

Discharge time at rated power
Minutes

Seconds

| High-power flywheels |

| High-power supcrcapacitors |
kW  10kW 100kW IMW
System power ratings

10MW 100MW 1GW

Hinh 1. Phan loai cac loai ngudn ESSs [6]
2.2. M hinh cai tién thuat toan MC

(i) Giai thudt mat cdt téi thiéu géc (Basic MC Algorithm -
BMCQ)

Vao nhirng nam 1950, bai toan tim tac nghén cta d6 thj
vO hudng dugc Ford va Fulkerson dé xuat bang céch xac
dinh lat cat nho nhat cda d6 thi vé hudng dé. Giai phap nay
la tién dé cho gidi thuat MC. Mechtild Stoer va Frank
Wagner da phat trién thuat toan nay dé ap dung cho cac
chuong trinh may tinh vao ndm 1997 va goi né la thuat
toan Min-Cut [25]. Mé hinh nay cling dugc st dung dé xac
dinh vi tri t6i uu cta TCSC nham gidi quyét van dé tac
nghén trong HTD [5]. So d6 thuat todan MC co ban duoc
hién thi trong hinh 2.

Dién giai:

Mét ma tran (n x n) trong lugng [A] (trong lugng trong
trudng hgp nay la céng sudt dinh mic cac dudng day
truyén tai dién).

Website: https://jst-haui.vn

nla sé dinh.

Ysj= Yag, Xjt = Xaj - téng trong lugng bén phia
nguén dién, bén phia phu tai, cia mat cat thi i tuong Ung
nhanh thij.

S(i), T(i) - i mat cat hudng nguodn, hudng tai tuong Ung.

u, v - cac nut tuong ung.

{s}, {t} - tdp hop dinh hudng nguén, tai.

MC(i) - m&t cit t6i thiéu clia budc thui.

MF - cuc dai phan bé cong suat.

(ii) Gidi thudt cai tién min cut bdng két hop yéu t6 phat
(Penalty MC Algorithm - PMC)

Gidi thuat BMC nhu néu trén bi han ché do khong xét
dén phan b6 cong suat truyén tai trén duong day dién
trong qua trinh tim ra vung tac nghén trén hé théng dién.
Do d6 nhanh dién dugc chon thay thé hay xay dung maéi dé
gidi quyét tdc nghén c6 thé la nhanh dién con non tai vai
kha ning dan dién van c6 thé ting cao hon. K&t qua nay
dan dén c6 thé chua t6i uu theo muc tiéu cla bai toan. Cu
thé 1a muc tiéu cla viéc gidi quyét tdc nghén khi phu tai
tang lén phai dugc uu tién cac tuyén dudng day dién co ty
I& cong suat truyén tai cao trong qua trinh van hanh. Trong
khi d6, BMC vi khéng xét dén kha nang mang tai clia cac
dudng day dién nén co thé bd qua cac dudng day truyén
tai c6 phan bo cong suat 16n, trong khi day la nhing vi tri
xung yéu can khac phuc hon cac dudng day cé cong suat
mang tai thap hon. Vi ly do do, cai tién BMC dé gidi thuat co
thé quan tdm han dén cac nhanh mang coéng suat tai I6n
hon vao mit cét téi thiéu cudi cing dé nang cao hiéu qua
bai toan giai quyét tdc nghén.

Gidi thuat PMC vé co ban van la phuong phap GRAPH
nhu BMC dé tim ra mdt mat cit trong dé téng trong lugng
cac nhanh 1a nho nhat gitta nguén dién va phu tai dién. Tuy
nhién, diém khac biét I16n dé la yéu t6 phat truyén tai. Gia
tri trong lugng clia mot nhanh sé dugc b sung thém mét
lugng goi la phat truyén tai dién. Nghia la khi dudng day
mang tai cang cao thi phat cang I16n va trong lugng cla
nhanh dé cang cao, va ngugc lai. Phat truyén tai dién (p),
dugc tinh trong méi vong lap phan bé cong suat dua theo
ty 1& gilta cong suat dién truyén tai P trén nhanh thi i so
vGi cdng suat dinh muc PF cla cung nhanh dé, nhu biéu
thuc (2).

P
=
Ty trong trong lugng clia mat cat trong budc 2 va 5 clia

luu d6 BMC trén sé thay ddi trong méi budc 13p mét lugng
nhu (3).

G = A(1-p)) 3)

Céc trong lugng clia mat cat dugc thay thé bang céc
biéu thiic (4) va (5).

sj(new) = s; + G; (4)

Pj (2)
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A trong biéu thuc (3) 1a hé s6 ty 1é xét dén muic d6 déng
gép cla phan bé cong suat trén cac duong day dién dén
két qua hdi tu cda giai thuat PMC. Khi hé s6 A dugc chon
qud 16n, cac dudng day dién qud tai sé cang dugc uu tién
nhung vai trd mat cat t8i thiéu bi gidm di, diéu d6 dan dén
két qua c6 thé loai viing tdc nghén ra khoi nghiém. Trong
khi d6 néu hé s6 d6 qua nhd, vai trd cla cac dudng day
dién phan bo cong suat cao khéng con tac dung dan dén
két qua khong khac gi véi giai thuat BMC. Thong thudng,
hé s6 nay dugc chon tuang Ging gan véi cong suat truyén
tai dinh muic clia cac dudng day truyén tai dién.

-
M6 hinh hé théng dién i
thinh dir liéu MC o
Dat mat cit dau tién:
- s: tiip nguon (2)
-t tip tai
/\ Ding
> MIN CUT? (3)
@
Cit hwéng ngudn Cat hurémg tai
Céc nhanh két noi Cac nhanh két not
vdi nguon Vo1 tai
Rut niat cé nhénh | 3 16 Byt g
i n‘u mhnnm e, ene.em Rit nit ¢6 nhinh trong hrgng lim
nor von nguon: Fr TS
- Thay thé bang cic nhinh ndi tiép) BAYIEE. go g
T - Thay the bang cic nhanh noi ticp (5)
voi niat bj rut. S
- Mt tip ngudn méi (s) duge thiét Vi nit bi rit £
lip o Y - Mot tdp tai moi (1) duge thict lap

Hinh 2. Luu d6 giai thuat BMC[5]

Véi cai tién bé sung hinh phat truyén tai dién trong giai
thuat PMC nhu vira néu, su dong gép cla dong céng suét
dién trén méi dudng day dién vao ty trong trong lugng clia
mbi mat cit, nhu trong biéu thuc (4) va (5). Theo d6 cho
thay khi cong suét truyén tai cang 1én, theo biéu thic (6),
thi trong lugng cang nhd nén théng thudng dudng day
truyén tai dién c6 phan bo cong suat I6n dé sé dugc uu tién
chon trong mat cét t6i thiu. K&t qua la muc tiéu xac dinh
vung tdc nghén sé cang chinh xac hon so véi phuong phap
trugc day.

[P] = runopf(sys) (6)
2.3. Ham muc tiéu

(i) Ham muc tiéu

Mot s6 nghién ciu gan day vé quy hoach TEP da xem
xét viéc 1dp dat ESS. Tuy nhién, né van chua phé bién trén
thi trudng thuong mai vi vén dau tu cta ESS van con tuong
déi cao [26]. Vi vay, bai toan téi uu hoa vi tri va cong suat
cla cac ESS trong quy hoach TEP dé dat dugc chi phi hop ly
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khi dau tu nguén ESS mdéi va chi phi dau tu dudng day dién
phai xdy dung mdi hodc cai tao nang cap nang luc truyén
tai dién dugc thé hién bai ham muc tiéu sau:

minCT=ZCiL+ZCjESS+chAA @)

ieL jEESS 1eB

& day, CF Ia chi phi dau tu nang cap dudng day truyén
tai thu i, US$, va CP2 1a chi phi do t8n hao dién nidng trén
dudng day truyén tai tha |, USS, thudc tap hop B, la tap hop
dudng day truyén tai ciia hé thong dién, chi phi nay trong
mot chu ky xem xét T dugc tinh theo céng thuc:

CA =\ AP™* LLF.T 8)

Véi A la gia dién binh quan, US$/kWh; AP™?* |a tén hao
cbng suat cy dai trén nhanh |, W; va LLF 1a ty s6 t6n hao.

Cac rang budc vé van hanh va gidi han truyén tai ctia hé
théng dién thé trén cac biéu thuc (9) - (12) gém:

PGi - PDi - Z VlV] (G” Cos 811 + B” sin 811) =0 (9)

jEbus
QGi - QDi - Z VIV] (Gl] sin 81] + Bl] Cos 81]) =0 (10)
jEbus
ViZhis < Viebus < Vidhus (1
SiEbranch = Sinéla))lfanch (12)

G day,

t - mét chu ky danh gia (nam).

¢; (t) - chi phi nguén dién tha i & chu ky t, USS.

Pei, Qgi» Poir Qpi - €Ong sudt nguodn dién va phu tai, MW
va MVAr.

SIX nch - €ONg suat dinh muc cia nhanh thi i, MVA.

8; - goc léch dién ap nat.

min VImax _ dién ap t6i thiéu va cuc dai cia nat, kV.
(i) Phuong phdp lai hai budc (MCGA)

Bai todn t6i uu (7) vai nhiéu phuong phap giai da dugc
nghién clu trudc day bang nhiéu phuong phap trong dé
c6 thuat toan heuristic, meta-heuristic hay toan hoc [14].
Cac lgi thé va bat Igi clia tling phuang phap khéng giéng
nhau, nhung tat ca nhiing van dé ma cac nha khoa hoc va
quy hoach quan tdm nhat déu lién quan dén viéc tim cuc tri
toan cuc cta bai toan nhanh nhat, dac biét doi véi cac hé
thong dién lon.

Trong sé cac thuat toan dugc st dung gan day, GA la
mét trong cac phudng phéap tiéu chuin dugc st dung
trong lap trinh quy hoach TEP &€ gidi bai toan t&i vi n6é daon
gian. Tuy nhién, dic diém cta né 1a khéi lugng tinh toan
qua I8n trong mét s6 trudng hgp tuang tu nhu hau hét cac
phuong phap meta-heuristic khac va déi khi két qua cua
bai toan c6 thé bi méc ket & cac cuc tri cuc bo.

Vi vay, phuang phép lai dugc dé xuat trong bai bao nay
nham giai quyét van dé cuc tri toan cuc cda bai toan quy
hoach TEP. Su két hgp hai giai doan d6 13, thi nhat dung
gidi thuat PMC d€ gi6i han khéng tim kiém nham gidm s6
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luong thao tac, va thit hai 1a si dung thuat toan GA dé tim
cuc tri cho bai toan t6i uu trong khéng gian da dugc thu
nho & budc dau.

So dé trong hinh 3 mé ta van dé lai nhu da dé cap & trén
theo trinh tu ndm budc:

1) M6 hinh dit liéu hé théng dién.

2) Phan b6 céng suat téi uu ctia hé théng dién dang van
hanh.

3) Tim tadp mat cat nho nhat bang giai thuat PMC.

4) Gidi han khong gian tim kiém cén cr vao mat cat nho
nhat dugc xac dinh trong budc 2.

5) Gidi bai toan téi uu (7) biang thuat toan GA trong
khong gian khéng gian thu nhé & budc 3.

6) Cubi cung la danh gia vi tri va céng suat cla cac
nguén ESS.
3. MO PHONG TREN LUGI DIEN MAU 24 NUT (IEEE)

(i) D@ liéu thu nghiém

Hé théng dién IEEE RTS 24-bus tiéu chuin dugc st dung
dé kiém tra tinh kha thi cla phuong phap dugc dé xuat
trong bai bdo nay. Théng sé ky thuat thong lé hé théng nay
¢ 36 nhanh va 10 nguon dién, dir liéu ctia hé thong dién
nay c6 thé dugc tim thdy trong céc tai liéu [27, 28], dugc
thé hién bang 1, 2 va trong hinh 4.

Bang 1. Cong suat nguon dién

Generator Bus P, (MW) Q,(MVar)
G1 1 192 62.375
G2 2 192 62.375
@3 7 300 75
G4 13 591 207
G5 15 215 66.313
G6 16 155 54.313
G7 18 400 100
G8 21 400 100
@9 22 300 60
G10 23 660 248.563
Bang 2. Cong suat phu tai cuc dai
Load Bus P4 (MW) Qq4(MVar)
L1 1 108 22
12 2 97 20
13 3 180 37
L4 6 136 28
L5 7 125 25
L6 8 171 35
L7 10 195 40
L8 13 265 54
L9 14 194 39
L10 18 333 68
L11 19 181 37
L12 20 128 26
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Dé tao vi tri tdc nghén trong hé théng dé thir nghiém,
bai bao gia thiét cac kich ban céng suat phu tai va nguén
phat cing tang nhu nhau tai tat ca cac nut. Sau khi phan bé
cdng suat t6i uu bang cong cu Matpower dugc xay dung
san trén nén tang Matlab, két qua cac diém mang tai cao
trong hé théng 24 bus dugc thé hién & bang 3. Theo dé, vdi
ty 1é nay tang |én tur 1,1 dén 1,5 thi phan b céng suét cling
tang dan Ién va noi c6 cdng suat cao tap trung vao vi tri cac
nhanh 6-10, 7-8, va 14-16. Va ty lé tang tai lén dén 1,6
(tuang Uing 160%) thi hé théng bat dau xay ra nghén mach
tai cdc nhanh 6-10 va 7-8.

Bang 3. Tac nghén hé thdng theo ty Ié phu tai va ngudn dién

1.1 | Nhanh mang tdi cao nhat 6-10
hodc qua tai
Ty & mang tai (%) 97%
1.2 | Nhdnh mang tai cao nhat 6-10
hodc qua tai
Ty & mang tai (%) 99%
1.3 | Nhdnh mang tai cao nhat 6-10
B hodc qua tai
2
§ Ty & mang tai (%) 100%
§ 1.4 | Nhénh mang ti cao nhét 6-10 | 14-16
e hodc qua tai
£ Ty 16 mang tai (%) 100% | 100%
S y Ié mang
8 | 1.5 |Nhdnhmangtdicaonhat | 6-10 | 7-8 |14-16
<. hodc qua tai
=
Ty 1& mang tai (%) 100% | 100% | 100%
1.6 | Nhanh mang tai cao nhat 6-10 | 7-8
hodc qua tai
Ty 1é mang tai (%) 133% | 104%
1.7 | Nhanh mang tai cao nhat 6-10 | 7-8 | 89 |8-10
hodc qua tai
Ty 1é mang tai (%) 120% | 116% | 111% |108%

Vé nguodn ESS, chon loai trir nang bang cong nghé
Compressed Air thuan Igi dé xay dung cho moi khu vuc, vi
tri, ciing nhu c6ng suat yéu cau I6n dap ung dugc nhu cau
can thiét, dic biét c6 thé 1dp ghép tur cdc modul dé nang
céng suat theo tung thai ky véi kinh phi dau tu tuang doi
hgp ly [9, 26]. M6t trong nhing dic diém dang chi y cda
c6ng nghé trit ndng 1a ¢ thé san bang phu tai gitia thai
gian thdp diém va cao diém trong hé théng dién nhu thé
hién trong [9, 10].

Phuang phap quy hoach & day, thay vi phai c6 cac bién
phap TEP dé dadm bdo cung cdp dién cho nhu cu tat ca cac
phu tai trong thdi gian dinh tai, nguén trit ning c6 thé
cung cap nang lugng trong thai gian qua tai do dinh tai
gay ra dé dam bao hé théng dién hoat dong én dinh ma
khong can TEP.
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Bure (i) Thuc thi
Ba kich ban sé dugc xem xét dé so sanh va danh gia.
Kich ban thd nhat st dung giai thuat BMC két hgp vai GA

M@ hinh hé théng dién

(1)

thinh di ligu MC

1 Chay phin b6 OPF (BMC-QA), né la kich ban dqn gidn dé gidi quyét mot sé bai
::::r;;;;%ui‘m @ toan tac nghé trong hé, thong dién. Kich ban thu hai la lai
PMC véi GA nhu dé xuat trong bai bao nay (PMC-GA). Kich

4*““\ Ping & ban nay sé dugc xem xét danh gia hiéu qua sau khi thur
nghiém. Kich ban thi ba dung phuong phap phan tich

déanh gia s& nguyén sau khi phan bé céng suat t8i uu AC dé

tim ra vi tri I3p d&t ESS (AC+). Kich ban nay da dugc thé hién

Cit hurimg nguon Cat huéng tai tai [11].

vl e Hai kich ban dau tién tuong Ung sau budc theo quy
T mi“hé‘.j‘m?g e R e nhé“: o trinh cai tién va dé xuat tai hinh 3, dugc thuc thi trén ngon
Rt s s o1 v o a6k bt | ng{r matlab trong d6 c6 (ng dung mot s6 cong cu trong
B e i ) ars i mit b i E’ o Matpower 6.0 dugc bién soan san. Phan I6n cac ndi dung
jip L gidi thuat PMC va GA dugc lap trinh dé thuc thi theo noi

é{u dung da dugc trinh bay trong phan 2.
[ Dai véi thuat toan GA, phuong phép giai bai toan t6i uu

tham khdo theo [29] va d( liéu dap dung trong truong hop
lugi dién IEEE 24 bus tham khdo [29, 30]. Tém tat mét sé

Xic lap khéng gian tim kiém theo @
tap hg MIN-CUT

v ¢ n . .
Thge th GA trang Kbing g bi © th’éng s6 dau vao chg vi fh-‘ nay gém: khéi tao vé{ 20 b’ién
b s6 ngau nhién ban dau; t6i da 50 bién s trong quan thé; ty
[ ownes ‘h ] - [é lai tao la 0,8; phuong phap lua chon lai tao la “Roulette
— Wheel”; ty & dot bién 0,2.
Két qua dugc thé hién trong cac bang 4, 5.
Hinh 3. Luu d6 gidi thudt lai PMC va GA Bang 4. Két qua Mincut thyc thi trén hé thong IEEE 24-bus
Trudng hop MIN-CUT
-z Branchs
Bus 17
Bus 21 Bus 22 BMC 8'9, 8_10
] PMC 6-2; 6-10; 8-7; 8-9; 8-10
B“;S o Béng 5. Phan bé cong suat trén cac nhanh thudc min-cut
@—\_ 14 RN i . .
Bus 18 + Bus 19 Bus 20| Nhanh Ty 1é (%)
6-2 51
6-10 104
SN Bus 13 87 133
S 89 25
8-10 14
Bang 6. Két qua ngudn ESSs theo cac kich ban
Senario Bus Power (MW)
1 Bus 10 1 BMC-GA Nul Nul
Pee’ 2 PMC-GA 6 10
30
3 AC+ 6 40
Bus 8
- (iii) Thdo ludn

Bang 4 cho thdy su khéc biét clia cdc mat cét téi thiéu

khi c6 su tham gia cla gia tri phat cong suat dién mang tai

sz  trén dudng day dién. S6 lugng nhanh dugc chon lya trong
mat cit t6i thiéu nhiéu hon khi xét dén yéu t6 phat trong

truong hop PMC, 5 nhanh so véi chi 2 nhanh trong trudng

Hinh 4. So d u6i dién chusn 24-bus IEEE hgp BMC. Diéu d6 dan dén giai thuat BMC ¢ gidi han
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khéng gian tim kiém thu hep hon, nhung viéc qua rat gon
nay dan dén doi khi loai bd cac két qua cé thé 1a nghiém
cUa bai toan can giai.

That vay, bang 5 cho thdy phan bé cong suat cla cac
nhanh trong cadc mat cit t8i thiéu da tim dugc. Theo dé, cac
nhanh qua tai 8-7 va 10-6 (véi hé s6 qua tai 1a 104% va
133%) da bi loai khoi mat cét téi thiéu trong gidi thuat BMC,
trong khi cac nhanh c6 phan bé cong suat trén dé rat thap,
chdng han nhu cac nhanh 9-8 hodc 10-8 chi hoat déng &
khodng 25% va 14% kha nang tdi tuong Ung, lai dugc bao
gbm trong mat cat téi thi€u cda gidi thuat BMC. Két qua la
céc ca hoi kha thi c6 thé dan dén la nghiém cda bai toan da
bi loai ra khoi khéng gian tim kiém, diéu dé dan dén trong
kich ban BMC-GA khéng tim ra nghiém nhu da thé hién
trén bang 6.

Ngugc lai, véi gidi thuat cai ti€én PMC nhd ¢ xem xét
dén hé s6 phat mang tai cong suat dién nén cac nhanh
mang tai cao, dac biét cadc nhanh qua tai 8-7 va 10-6 da bi
loai trong giadi that BMC néi trén, lai dugc gil lai trong
khéng gian tim ki€ém nhu trong bang 4. D& tur d6 két qua
gidi bai toan GA trong khéng gian gidi han nay da tim dugc
vi tri va cong sudt t6i uu cla cac ngudn ESSs nhu trong
bang 6, d6 1a cong suat 1T0MW tai nit 6 va 30MW tai nut 8.

So sanh vai kich ban AC+ trén bang 6 nhan thay c6 mét
su trung hop vé vi tri [ap dat nguén ESS tai bus 6. Vi kich
ban PMC-GA chi can cong suat 1T0MW trong khi AC+ la
40MW, 16n hon 30MW so véi kich ban PMC-GA. Tuy nhién,
thay vi phai dau tu thém 30MW tai bus 6 thi PMC-GA lai
chon dau tu lugng cong suat nay tai bus 8. Viéc dau tu hai
vi tri ¢6 thé dan dén gia tang vén dau tu ban dau ngudn
ESS, nhung xét géc dd van hanh hé théng dién thi phan tan
nguén ESS ¢ thé mang lai Igi ich nhiéu han nhd xac suat
cung cdp nang lugng nhiéu hon. Hon nira, khi phan tan
nguén ESS cling gidm cong suat tén hao cuc dai trén cac
dudng day truyén tai clia hé théng dién xuéng con 109MW
o0 V&i tén hao cao hon 114MW cla phuong an AC+. Cudi
cung, mac du kich ban PMC-GA ¢6 nhiéu vi tri dat ESS hon
nhung téng dung lugng céng suat clia cdc ngudn ESSs la
khéng déi so véi kich badn AC+ nén hoan toan phu hgp.

Trong khi d6, khi lai hai thuat toan PMC vai GA, khoi
lugng tinh toan giam di rat I6n nhd PMC lugc bd di phan
I6n cac nhéanh chac chan khéng phai la nghiém cta bai
toadn GA. Cu thé trong vi du trén hé théng 24 bus néu trén,
nh& PMC ma s6 nhanh dugc xem xét tinh toan chi con lai 5
nhanh, nhu trén bang 4, trong khi phai khdo sat cad 36
nhanh ddi véi kich ban khong gidi han khéng gian tim kiém
trudc dé. Trong khi d6, khoi lugng phép toan dugc tinh
theo ham ma cda s6 nhanh khdo sat, nén vdgi 7 1an s6
nhanh nhé hon lam gidm di dang ké lugng 16n phép tinh
trong qua trinh tinh toadn bai todn GA, dac biét la véi cac hé
théng dién c6 s6 luong nhanh cao.

4, KET LUAN

Xay dung nguén ESS dang la van dé dugc quan tam cua
toan xa hoi, dac biét la cac nha quan ly van hanh hé théng
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dién va cac nha dau tu tai chinh, dé giadi quyét su khéng
chéc chan cling nhu cac hau qua trong van hanh hé théng
dién cla su phat trién ting cao ngudn ning lugng tai tao.
Vi vdy, quy hoach TEP va GEP ngay nay luon dat van dé tim
ki€ém vi tri va céng suét t6i uu cho ngudn ESS dé dam bao
cac diéu kién hoat dong va lgi ich nhat cho tat ca cac bén,
ké c3 |gi ich x& hoi.

K&t qua nghién ctru va dé xuat phuong phap lai trinh
bay cu thé trong bai bao nay mang lai hiéu qua la kha cao.
Viéc két hgp gilra thuat MC va thuat toan GA da cai thién
két qua tinh toan trong bai todn quy hoach TEP va GEP,
Nngoai ra viéc dé xuat dua thém yéu t6 phat truyén tai vao ty
trong mat cat téi thiu vao ham muc tiéu ciing lam gidm
thiéu dang ké khéng gian tim kiém cho cac giai doan sau
ma khong lam thay d&i két qua nghiém clia bai toan téi uu
trong bai todn quy hoach TEP va GEP.

Phuong phép dé xuat da thé nghiém trén hé théng
dién chudn IEEE 24-bus, mét trong cac hé théng dién ma
dir liéu thusng dung dé méd phong kiém tra trong cac
nghién cdu vé hé théng dién. K&t qua ching minh dugc
phuong phap lai dugc dé xuat co két qua tuang déng hodc
t6t hon so véi nghién ctu trudc day, nhung hiéu qua hon
nhiéu vé qua trinh va sé lugng phai thuc thi bai toan.

VGi hiéu qua clia phuong phap dé xuat nhu da néu, viéc
tim vi tri lap dat cho cac ngudn ESSs vaGi cOng suat toi uu cd
thé gitp cho cac nha quan ly xay dung quy hoach TEP va
GEP hiéu qua han, khai thac tot nhat nguén nang luong tai
tao. Mat khéac, phuong phap dé xuit c6 thé giup hoach
dinh thi truong dién hiéu qud hon khi dinh huéng duoc
nhing ngudn ESSs va ngudn nang lugng téi tao khi tham
gia vao thi truding. Xa hon nita, né con c6 thé giup nha dau
tu tai chinh yén tam hoach dinh va dau tu cac nguén ESSs.
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