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TOM TAT

Bai bdo nay thé hién viéc tim vi tri va cdng suat téi uu cho nguén dién tri nang trong quy hoach
phét trién dién, bao gom quy hoach md rong ludi dién truyén tai va quy hoach mé réng nguén
dién. Cac ngudn nang lugng téi tao ngay nay dang dugc phat trién trén thé gidi dé thay thé cac
ngudn nang lugng hda thach ngay cang can kiét va gay 6 nhiém. Tuy nhién, viéc phat nang lugng
clia cac loai nguédn nang lugng nay khang thé diéu khién theo chiy ma phu thudc vao diéu kién
tu nhién. D€ khac phuc khiém khuyét ma ndng lugng téi tao gay ra, hé théng nguén luu dién da
dugc nghién ctu va &p dung. Phat trién nguén trit nang dé luu trir nang lugng khi gia ré va cung
cap nguac lai cho hé théng dién khi gia cao hon trong thij trudng dién la mét trong nhing van
dé dugc chd y gan day. Tuy vay, chon vi trf thich hogp dé dat ngudn trir nang la mot thach thic
I6n. Mot s6 thuat toan da dugc nghién clu trong mot thai gian dai dé tim vi trf phu hop trong quy
hoach nguon, thuat todn heuristic da dugc st dung trong nhiing nam gan day vi tinh linh hoat va
pham vi Ung dung réng rai clia chung. Cac phuong phap heuristic, mdc du dugc cai thién theo
thdi gian dé€ tr thanh cong cu tim kiém ngay cang hiéu quéa hon, nhung van dé roi vao cuc trj dia
phuaong trong qua trinh tim kiém, s6 lugng vong ldp qua Ién khi dp dung cho hé théng dién 16n, ...,
van dang dugc cac nha khoa hoc nghién ctiu va khac phuc cho cac thuat toan heuristic. Bén canh
d6, thuat toan MFMC da dugc 4p dung dé xac dinh TCSC dé quan ly tdc nghén cling da dugc nhiéu
nha nghién ctiu quan tam nhung nd con mot sé han ché. Thuat toan MFMC sé dugc cai thién hiéu
qué hon dé loai bo tdc nghén két hop vai thuat todn heuristic trong bai bao va két qud moé phong
dugc kiém tra dé xac dinh vi tri va cong suét clia ngudn trir nang trén hé théng chudn 24 bus IEEE
cho théy tinh kha thi ctia phuong phap.

Tu khoa: Nguon trr ndng, quan ly tdc nghén, quy hoach ma rong ludi dién truyén tai, gidi thuat

mat cét toi thiéu

GIGI THIEU

Quy hoach phat trién dién va nguén trir
nang

Trong quy hoach phat trién hé théng dién c6 nhiéu
van dé giai quyét dé dat dugc mot hodc mot nhém céc
muc tiéu dit ra tiy theo bai todn nghién ctiu, trong d6
t6i vu van la phan quan trong nhit trong quy hoach.
C6 mot s6 nhom gidi phap quy hoach co ban trong
d6 quy hoach m¢& rong ngudn (GEP) la mét phan
quan trong cta quy hoach hé thong dién song song
v6i gidi phdp quy hoach md rong ludi dién truyén tai
(TEP) 12,

Xét vé goc d6 quy hoach dai han, TEP van la giai phép
can thiét d€ gidi quyét bai toan quy hoach, nhung
khéng phailuc nao TEP cingla gidi phdp t6t nhit phat
trién hé théng nhim muc tiéu gidi quyét qua tai, tic
nghén hodc 6n dinh, d6 tin ciy cta hé théng dién?3.
Nhugc diém thudng thdy nhét cua gidi phap TEP 1a
chi phi cao va dac biét c6 thé bi gidi han bdi s6 lugng
dudng day mé rong trén mot try khildp 1én tru 6 san

hodc phai dén bu gidi tda néu phai xay dudng day méi.
Mot s6 céc phuong phap tich cyc hon, tiét kiém hon
dugc stt dung d€ cai thién hé théng nhu tai cdu trac
mang dién?, diéu khién trao luu cong sudt bing cic
thiét bi FACTS® va khong thé khong ké dén nhom giai
phdp GEP véi cac vi tri nguén mé rdng va cong nghé
mdéi hiéu qua hon®’. Tuy nhién, méi phuong phip
¢6 uu va khuyét diém trong mét pham vi nhat dinh,
va khong phai phuong phédp nao ciing c6 thé thay thé
cho phuong phap khac.

Trong nhiing ndm gan day, ngudn ning lugng tai tao
dugc lién két v6i hé thong dién nhu dién gid, nang
lugng mit trdi, ... da va dang phat trién kha nhanh &7,
va phé clp rong réi trén mot s6 lugng 16n cac quoc gia
trén thé gigi. Thoi gian phét dién clia cac loai nguén
ndang lugng nay khong theo nhu céu tiéu thy dién ma
theo diéu kién ty nhién. Diéu nay dan dén c6 nhiing
thoi diém nhu ciu dién thép thi nguén dién van phét
lén luéi dién trong khi c¢6 lic nhu cau phu tai dién
cao thi cdc loai ngu6n nay lai khong thé san xudt ning
lugng.

Trich dan bai bao nay: Sang D N, Long D T, Anh TV, Thuan N T. Xac dinh vi tri va cdng suit nguén trit
nang trong hé théng dién st dung giai thuat Min-Cut cai tién. Sci. Tech. Dev. J. - Eng. Tech.; 3(1):339-

351.
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DéE giai quyét vin dé bét hgp 1y néu trén, mot trong
cac giai phdp la st dung ngudn dién tri nang ES, 1a
mot loai nguén dién can thiét d€ bom ning lugng vao
hé théng dién trong khoang thai gian nhdt dinh khi
cin b6 sung bat ky lic nao®’.

Theo nguyén ly hoat dong, ES c6 thé cung cip ning
lugng trong thoi gian qua tai do dinh tai giy ra dé
dam bao hé théng dién hoat dong 6n dinh ma khong
can nang cp hé thong dién. Ngoai ra, ES con ning
cao kha néng truyén tai ctia hé thong bang cach nang
cdng sudt phét gitp cho hé thong khong chi gidm tic
nghén ma con gidm 4p luc cho cac nguodn dién hién
hiiu, nang cao hiéu qua van hanh, nang d6 tin cay,
néng d6 duy tri va 6n dinh cta hé théng dién 10,11,
C6 nhiéu cong nghé trit ning dang st dung trong
thuong mai, co ban nhét 1 loai batteries, day 1a loai
thiét bi trii ning phd thong nhét hién nay 1%, c6 mot s6
loai khac nhau béi cht yéu la dung mai va vét liéu san
xuat dién cyc. Céc loai tr&t ndng khac bang cong nghé
flywheels va supercapacitors ciing dugc stt dung & cac
vi tri can thiét phai 6n dinh cong sudt trong thoi gian
ngdn. Ngoai ra, cac loai trit nang Pumped Hydro va
Compressed Air thudng c6 cong suat 16n va trit nang
lugng cao nén dugc dung trong hé thong dién rét tich
cyc. Méi loai cong nghé trit ning phuc vu cho nhiing
muc dich va diéu kién cu thé dugc phan loai nhu trén
Hinh 1.

Nhu véy, nhé kha nang phan b6 lai trao luu cong sudt
va giam tai cho hé thong truyén tai dién, nguoén ES c6
thé gidi quyét dugc mot s6 nhiing khiém khuyét quan
trong do sy phat trién nguén ning lugng tdi tao sinh
ra nhu da néu. Tuy nhién, vin dé dugc dit ra khi quy
hoach GEP d4i v6i ngudn ES 14 vi tri nguén 1ap dit &
dau trén hé thdng ludi dién va cong suit nguén bao
nhiéu thi dat hiéu qua.

Giai thuat MFMC

Nhu da néu, van dé quan trong nhét ctia quy hoach 1a
bai todn t6i uu cin dugc gidi quyét dé€ dat dugc muc
tiéu mong mudn. Nhiéu nghién ctiu quy hoach hé
thong dién trong thoi gian qua da dua ra cac giai thuét
khéc nhau d€ giai bai todn t3i vu nhu: phuong phép
toan hoc c6 thuat toan AC, DC; phuong phap heuris-
tic c6 PSO, GA 12,

Mbéi phuong phép c¢6 vu va khuyét diém nhung nhin
chung déu gi6i han s6 lugng muc tiéu c6 han va két
qua hoi tu véi t6i uu toan cuc cua cac bai toan phu
thu¢c kha nhiéu vao kinh nghiém trong viéc dit gia s6
gilia cac budc tinh hodc chon thong tin ddu vao. Cac
nghién ctu cling cho théy, du trong diéu kién nao thi
khéi lugng tinh todn cta céc gidi thuét la khong nho,
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va khi dp dung trén cac hé théng dién 16n thi thoi gian
mot 14n tinh todn c6 thé tinh bing ngay trd lén.

Tu nhiing nam dau 2000s, gidi thudt MFMC dugc
mot s6 nghién ctu st dung trong hé thong dién dé
xac dinh diém tic nghén trong h¢ théng dién '3, hoic
tim vi tri ddt thiét bi diéu khién cong sudt phan khéng
513

toi uu>"°, cing nhu nghién ctu cic rang budc, dd

tin cay trong quy hoach mé rong hé thong truyén tai
dién 1415,

Uu diém cta giai thuat MFMC la don gién va dic biét
1a tinh todn kha nhanh so véi cdc thuat toan t6i vu da
néu nén dugc nhiéu nha nghién ctu quan tim. Tuy
nhién, mit cat t6i thi€u tim dugc trong cic bai toan
xac dinh vi tri nghén mach, vi tri cua TCSC>13-15
la tdp hop cac nhanh ma téng kha nang truyén tai
clia mét cat (t6ng gidi han nhiét ctia dudng day) 1a
bé nhit ma chua xét dén phéin bs cong suét hién hiu
ctia cac nhanh day. Trong khi d6, viéc phan b6 céng
sudt trong hé thong dién khong chi phu thudc vao gisi
han nhiét ctia dudng day ma con phu thuc vao téng
tré (mot s6 duong day co gidi han nhiét I16n nhung
phén bs cong sudt truyén tai lai nho, ngugc lai dusng
day giéi han nhiét nho lai mang dong cong suét 16n).
Két qua 1a mit cat t6i thiéu tim dugc c6 thé khong bao
gom duong day bi qua tai trong khi nhiing dusong day
truyén tai dang bi qua tai cdn thiét phai xem xét € ma
rong hodc loai boé nghén mach.

Nhu vay, khuyét diém 16n nhét cta giai thuat MFMC
la khong xét dén phin bd cdng sudt trén hé théng dién
khi tinh todn nén khong ap dung dugc cho cac bai
todn c¢é muc tiéu lién quan dén phén bd cong suit,
nhu bai todn tinh tdi uu t6n thit dién ning thudng
dugc sti dung trong quy hoach dién.

Chinh vi véy, trong bai bdo nay nhién ciiu cii tién
giai thudt MFMC c6 xét dén trao luu cong suét clia
hé thong dién va dp dung vao bai todn t6i uu trong
tim vi tri va cong sudt ngudn ES nhu da dét ra & trén
hé théng dién 24bus IEEE-RTS.

PHUONG PHAP TOAN HOC

Giai thuat MFMC truéc day trong viéc xac
dinh vi tri cia TCSC dé quan ly nghén mach’
MFMC la mot thuat todn da dugc Ford va Fulkerson
dé ra vao nhiing ndm 1950s, theo d6 xéc dinh lat cit
¢6 dung lugng nho nhat cia mot d6 thi vo huédng, tu
d6 c6 thé tim ra cac diém thit ¢6 chai ctia d6 thi nay.
Dén nim 1997, Mechtild Stoer va Frank Wagner da
phat trién xay dung thanh giai thuit Min-Cut st dung
chuong trinh may tinh '6.

D61 voi hé thong truyén tailudi dién, xét mo hinh dién
hinh tit bai todn xdc dinh vi tri TCSC dé giai quyét
tac nghén ctia hé thong truyén tai, luu d6 gidi thuét
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UPS
Power quality

Hours

Vanadium redox

High-energy
supercapacitors

Li-ion battery

Discharge time at rated power
Minutes

Seconds

T & D grid support
Load shifting

Flow batteries: Zn-Cl, Zn-Br

Advanced lead-acid battery
NaNiCl, battery

Lead-acid battery

High-power flywheels

High-power supercapacitors

Bulk power

management

Pumped
hydro

Compressed air
Energy storage
New chemistries

NaS battery

1 kW 10 kW 100 kW

1MW 10 MW 100 MW 1 GW

System power ratings, module size

Hinh 1: Phan loai va pham vi st dung céng nghé nguén dién trir nang ®

MFMC co ban nhu trong nghién ctiu cia Duong et
al. (2013)°.

Trong do:

- [A] 13 ma tran (n x n) t6ng thong lugng (cu thé 1a
cdng sudt dinh muc ctia dudng day truyén tai) c6 thé
truyén gitta cac nat d6i véi hé théng n nut.

- n la s6 lugng nit trén hé thong.

-u, v1a ky hiéu chanatuvav.

- {s}, {t} 13 t6 hgp dinh nguén va tai.

- S(i), T(i) la mit cét thd i hudng ti ngudn, tai.

- MC(i) 1a t8 hgp phan ti tuong ing mincut budc cit
i

- MF la maxflow.

Ysj=Yasj, ¥ jt =Y aj laténg thong lugng mat cit
ngudn, tai trong mit cat thit i. Va jla nhanh thudc tap
hop mat cat thi i.

Giai thuat MFMC cai tién

Nhu da néu, mit cat tdi thiéu dugc chi ra trong giai
thuat MEMC trudc day 1a mét cat nho nhét xét trén
tong cong sudt dinh muc cac nhénh, ngudn va téng
cong sudt phu tai di qua mit cit ma chua xét dén phan
b3 cong sudt truyén trén cic dudng day. Viéc nay dan
dén qua trinh thuc thi cdc bai toan xac dinh muc tiéu
¢6 thé con thiéu s6t. Dién hinh nhu khi chon dudng
day trong mdt cdt t6i thiéu d€ giai quyét bai todn tic
nghén c6 thé bo qua céc dudng day bi qua tai nhung
lai khong dugc ndm trong mit cit ti thiéu.

Vi véy, bai bdo nay dé xudt cdi tién giai thudt MFMC
béng cach bé sung tinh todn trao luu cong sudt tdi uu
trong budc dau tién ctia luu d6 va b sung hé s6 phu
tai trong di€u kién budce cit.

Cu thé diéu kién dé chon nut thi i dua vao danh sach
bi cat trong tiing budc cit Cypqayx dugc thay thé bing

Dinax:
Dinax = Cinax + Knin
V6i Kin =71 o

v 14 hé s6 ty trong, thé hién muc do tham gia ctia yéu
t6 cong suit dugc phan bé trén cac nhanh.

Khi dua hé s6 K, vao trong giai thuat nhu Hinh 2,
tuy theo hé s6 ty trong ydugc chon lya ma muc do
tham gia ctia cac nhanh c6 c6 ty 1é phan b6 cong sudt
trén nhanh cao (ttic cdng sudt truyén trén nhanh 16n),
déc biét 1a cic tuyén dudng day dang bi qua tai, sé uu
tién dugc bd sung vao mit cat t6i thi€u. Két qua cudi
cling, mat cat tdi thiéu sé tuong ting 1a nut thét ¢d chai
bao gébm cac nhanh trong d6 c6 thé bao gom nhanh
c6 cOng sudt truyén tai 16n trén nhanh.

SU dung giai thuat MFMC cai tién xac dinh
vi tri va cong suat ES dé cuc ti€u chi phi dau
tu

Cong nghé trit ning da dugc nghién cdu ting dung
trong nhiéu ndm trudc day, tuy nhién st dung trong
thuong mai vén la bai todn cin dugc can nhic kj khi
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Input: n, {s}, {1}, [A]
i=0,

SO)={s,1:C, =2 |5,
TO)={t,}1:C, =)t

s/,CS>Ct
MC©)= {t/,CS <c,}

v

[P;] = runopf(sys)
D, =C, +K,k ={d[u,v]}
Cc ={C

’Ct}

5

K, = {k{u.v]} = {7(1—M]}
alu,v]

»”
al
y

A

v

Si+)={SMH\a,,a,#0;j=1>n}

C.=>Is,|
MCG+ )= sJ,Cs>Cl
@D=1/ ¢ <c

i=i+l;

T@+D)={T\a,.a,#0,j=1->n}

C, =2t
ey =G C
Ve <

i=i+l;

v

v

D =C +K, ={d [u,v]}

K, ={k[u,v]}={y[1_M]}

alu,v]

D, =C,+K, ={d [u,v]}

K, ={k[u,v]}={y[l—m]}

alu,v]

Hinh 2: Luu d6 giai thuat MFMC cai tién
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dau tu do vén dau tu cho cac cong nghé trii ning hién
nay con kha cao 7. Xac dinh vi triva cong sudt lap dat
ngudn ES dé cuc tiéu chi phi ddu tu 1a bai todn t6i uu
vGi ham muc tiéu nhu sau:

Ham muc tiéu
minimize CT =Y, C,-T +CREE (1)
O day:

- CT 1a chi phi phét dién ctia ngudn thi i, dugc tinh:
Cl =Yicgeit)Ait)  (2)

- Creg 1a von dau tu ctia ngudn tri nang, dugc tinh:
CReg = YicG, P¢.cre +Co  (3)

- Thoa man Cac diéu kién rang budc:

PGi — PDi — Zjebus ViVj (Gij COS 8ij +B,'j sin 5,'1')
0o 4

0Gi — Opi — ¥ jepus ViVj (Gijsin &+ Bjjcos §;;) =

0o (5

Vithis < Views SViZfi,  (6)
Siebranch S S:'ngrmnch (7)
Trong do:

¢i(1)- Chi phi phét dién ctia ngu6n dién i thoi gian t.
A;(r)- Nang lugng phat ctia ngudn dién i thoi gian t.
t - la khodng thoi gian trong mot chu ky danh gid.
P¢ - Cong sudt dit ctia ES thi i.

Cre— Sudt dau tu cta ES.

Cop - Chi phi d4u tu ES khong phu thudc.

Psi, Qci, Ppi, Opi - Cong suit ngudn va tai nut i.
0;j — D¢ 1éch goc dién 4p gitia nut i va j.

Vmin

VX — Pién ap t6i thifu va cyc dai nut i.

icbus’ "ichus
Snax - Cong sudt cuc dai cho phép ctia nhanh thi

i€branch
i.

Ap dung giai thuat MFMC cdi tién xdc dinh vi
tri va céng sudt cia ES

Cé nhiéu phuong phdp d€ giai bai todn t6i uu (1)
nhu phuong phép toan hoc hodc phuong phap meta-
heuristic ', mdi phuong phép c6 uu va nhugc diém
nhung viéc tim cuc tri toan cuc nhanh nhét trong
cdc phuong phdp van 1a vin d€ dang dugc cdc nha
khoa hoc quan tdm nghién ctiu, dic biét d6i véi cac
hé théng dién 16n.

Ap dung gidi thuat MEMC cai tién trong bai toan t5i
uu sé giéi han ddng ké khong gian tim kiém gitap viéc
tim ra cuc tri toan cuc nhanh hon, cic buéc xac dinh
vi tri va cong sudt ES thuc hién nhu sau:

Budc 1: Chay phén b6 cong sudt trén cac nhanh cta
hé théng dién (c6 thé bing phan mém Matpower 6.0
nhu néu trén).

Budc 2: Tim mat cdt toi thiéu bang giai thudn MFMC
cai tién nhu da trinh bay trén luu d6 Hinh 3.

Bui6c 3: Xéc dinh khong gian tim kiém bang viéc gisi
han vi tri ddt nguodn ES tai cac nat phu tai thudc cic

nhéanh trong mit cat t6i thi€u da xac dinh trong budc
2.

Buidc 4: Gidi bai toan t6i uu v6i ham muc tiéu (1) trong
khong gian tim kiém da gi6i han trong budc 3 va cac
rang budc da néu trong muc Ham muc tiéu

Buidc 5: Két qua bai todn sé 1a vi tri va cong sudt ES
tuong ting v6i vén ddu tu thip nhat.

THU NGHIEM VA KET QUA

So sanh MFMC truyén théng va cai tién trén
hé théng 24 bus IEEE

Khao sat hé thong dién 24 bus IEEE RTS dugc cho
trong Hinh 3'8, cho phu tai h¢ théng ting din déu
& tdt ca cac nit nhan théy khi phy tai ting dén 20%
thi hé thong bit dau bi nghén mach tai mot nhanh 6-
10 va khi cong suét phu tai dén 40% thi hé théng tic
nghén thém nhéanh tht 2 1a nhanh 11-13.

Gié st phu tai hé théngla 1,35 1an so v6i chudn RTS 19,
dit liéu phu tai nhu trong Bang 1. Khi d6, nhu da néu
thi hé thong dang qué tai nhanh 6-10. S dung giai
thuat MFMC truyén thdng va cai tién (y=175), chung
ta sé nhin dugc két qua mit cét t6i thiéu di qua cic
nhanh cho & Bang 2.

Phén b6 cong suit (bang phdm mém Matpower 6.0)
trén hé thong (xem Bang 3) nhén dugc két qua cac
nhénh 8-9 va 8-10 trong mat cit tdi thiéu theo giai
thuét truyén théng dang non tai (55% va 42%), trong
khi d6 nhanh 6-10 dang qua4 tai 111% lai bi bo sét.
Tuy nhién, theo MFMC cai tién thi nhédnh qu4 tai 6-
10 lai dugc cap nhat trong mit cat t6i thiéu, la nat thit
6 chai ctia hé théng can dugc xem xét dé cai thién hé
théng t6t hon 1°.

Xac dinh vi tri va cong suat ES trén hé théng
24 bus IEEE

Tiép tuc khao sat hé théng dién 24 bus IEEE nhu da
trinh bay trong muc 1, theo d6 hé théng da bi tic
nghén. Bai toan dat ra 1a xac dinh vi tri va cong sudt
ldp dat nguodn ES d€ gidi quyét nghén mach nhung vén
d4u tu hiéu qua nhit.

Nim buéc theo nodi dung Ap dung gidi thudt MEMC
cdi tién xdc dinh vi tri va cong sudt cia ES da néu
trén dugc trién khai thuc hién, trong d6 bude 1 va 2
da dugc thé hién trong muc So sanh MFMC truyén
thong va cdi tién trén hé thong 24 bus IEEE vo6i két
qua mit cat toi thiéu duge thé hién trong Bang 2 va
phéin bd cdng sudt trén cac nhanh dugc cho trong
Bang 3.

Budc 3 gi6i han khong gian tim kiém dugc xac dinh
la nguén ES sé lap dit tai vi tri ctia 1 trong 2 nut phu
tai thudc cdc nhanh ctia mit ct t6i thifu da tim ra t
giai thuat MFMC cai tién 1a cdc nut 4 va 6.
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Bang 1: Céng suat phu tai ting 35%

Bus Pd Qd Bus Pd Qd
(MW) (MVar) (MW) (MVar)
1 145,8 29,7 10 263,25 54
2 130,95 27 13 357,75 72,9
3 243 49,95 14 261,9 52,65
4 99,9 20,25 15 427,95 86,4
5 95,85 18,9 16 135 27
6 183,6 37,8 18 449,55 91,8
7 168,75 33,75 19 244,35 49,95
8 230,85 47,25 20 172,8 35,1
9 236,25 48,6
Bang 2: Mat cat tdi thiéu chia giai thuat MFMC

Giai thuat MFMC Truyén thong Cai tién
Két qua mat cét t6i thifu di qua cac  8-9 2-4
nhénh 8-10 2-6

4-9

6-10

Bang 3: Cong suat truyén tai trén cac nhanh min-cut

Nhénh thuéc  2-4 2-6 4-9 6-10 8-9 8-10
mit cit tdi
thiéu
Cong sudt  30% 25% 51% 111% 55% 42%
truyén tai

BuGc 4: gidi bai todn t6i vu (1) bing phan bd cong
sudt AC tuong tng véi tai dinh va vi tri nguén ES 14n
lugt dét tai nut 4 va 6. Cho cong suit ngudn ES bién
thién ting dan ting v6i moi budc tinh toan 10 MW.
Budc 5: két qua tinh todn dugc ES cé cong suit 40
MW dat tai nit 6 ctia hé thong c6 von ddu tu la thap
nhit.

Kiém chiing biang phan bé cong suat AC
Xét bai todn tdng quat trén cuing hé théng dién 24 bus
IEEE nhu da néu trén, vi khong gian tim kiém khong
¢iéi han nén l4n lugt dat nguon ES 1én tiing nat clia
hé théng va cho cong sudt bién thién tit 10 MW dén
100 MW va so sanh v6n dau tu tif trudng hop dé€ xac
dinh vi tri va cong suét ES thip nhat, tuong tng véi
bai todn nay sé c6 240 trudng hgp cin tinh toan.

St dung phan mém Matpower 6.0 chay trén nén Mat-
lab 2018 va 4p dung rang budc (6) d€ phin bs cong
sudt trén cac nhanh cho 240 trudng hop, két qua phan
b6 cong suit dugc thé hién theo 3 dang co ban nhu cac
Hinh 4 va 5 va Hinh 6, theo d6:

- Dang 1 (ES dt tai nat 1 hodc 2 nhu Hinh 4): tac
nghén cta hé thong thé hién qua biéu thic rang budc
(7) c6 xu hudng giam dan dén khi cong sudt ngudn ES
dat tit 100 MW trg 1én thi tic nghén dugc gidi quyét.
- Dang 2 (ES dit tai cdc nat 3-24 ngoai trii ndt 6 nhu
Hinh 5): phan b6 cong sudt trén hé thong gan nhu
thay d6i khong dang ké nén khong thé giai quyét tic
nghén va rang buc biéu thic (7) luén vi pham.

- Dang 3 (ES dit tai ndt 6 nhu Hinh 6): phan b6 cong
sudt trén nhanh qud tai giam nhanh khi c6 nguén ES
dat trong hé thong. Két qua la sau 4 14n thay déi cong
sudt tuong ing véi cong sudt ngudn ES la 40 MW thi
tac nghén dugc gii quyét.

Két qua phan tich dugc thé hién trén Bang 4, theo biéu
thic (3) cho thdy trudng hgp ¢ von dau tu thip nhét
12 ngudn ES dit tai nut 6 c6 cong sudt lap dat 40 MW
phu hop véi két qua gidi bai todn c6 ting dung MFMC

cai tién nhu da néu trong ndi dung 2 & trén.
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DANH GIA HIEU QUA PAU TU VA
THAO LUAN

bé dénh gia hiéu qua ctia viéc dau tu x4y dung ngudn
trii nang, trude hét can xac dinh hiéu qua do ES mang
lai. Lgi ich khi 1&p dit ngudn nay dén cho hé théng
dién c6 nhiéu goc do: 1gi ich do ning cao d¢ tin ciy
va do 6n dinh cta hé thong dién, l¢i ich do giam 4p
luc cung cdp dién cho thi trudng dién, 1gi ich do nang
cao hiéu qué van hanh hé théng dién nhd san béng
phu tai dién. Tuy nhién, 1¢i ich trudc mét can xét dén
14 hiéu qua trong viéc ddu tu tai chinh d€ xay dung ES
trong thi trudng dién.

Viéc dénh gid hiéu qua tai chinh bang nhiéu chi s6 cin
phén tich, gid tri hién tai rong NPV, sudt thu héi noi
tai IRR, thoi gian hoan vén t, , ... 20 xét don gian st
dung chi s6 thai gian thu hoi vén dau tu dugc xem xét
trong bai bdo nay va dugc tinh tii cong thic (10) sau
day.

Yol = Lo NNT,
O day:

Y! oI, = C} 1aténg von dau tu, xem (5)

(10)

Gia st lgi nhuan rong ndm nhu nhau va bang ndm n:
NNT,=Y,;B;—C3-C3  (11)
Khi d6, thoi gian hoén von sé la:

C}
- 2723 o 1

Trong d6:

B; - Lgiich thu dugc thi i ti viéc phét dién cia nguén.
Cl, €3, C3 - Cac chi phi, xem (5), (6), (7)

Trudng hgp chua lap dit ES, khi hé théng tic nghén
phai cit gidm cong sudt phu tai phi hgp d€ giam tai
cho dudng day dang qué tdi. Cu thé d€ giam qué
tai cho nhdnh 4-6, lugng cong suft phai cit giam tdi
thiéu tai nut 6 khoang 40 MW (tuong ting 20% phu
tai dinh).

Theo d6 thi phu tai dinh ngdy cua hé thong IEEE
RTS!® nhu Hinh 7, thi gian phu tai phai cit giam vao
muia dongla 15 gid/ngay (8-22 h), mtia he 15 giG/ngay
(9-23 h) va muia thu hodc mua xuan 1a 16 gio/ngay (8-
23h). Két qua téng thoi gian cong sudt phu tai bi cit
giam trong nam la: Ty, = (15+15+16+16) gid/ngay x
91,25/ngay/mua = 5.657 gid/ndm. Va tuong Ging moi
ndm mot lugng dién nang bi sa thai la: Ay,=40 MW
x 5.657 gi6/nam x 70%= 158 triéu kWh/nam.

Gia st ¢6 50% s6 phu tai quan trong chip nhan mua
dién gid thi truong khi dinh tai tuong ting trén 79 triéu
kWh/nidm. Khi d6 lip dit ES dé€ cung cip cho cic phu
tai nay. Néu ldy gia dién theo thi truong dién gi¢ cao
diém gia thdp nhit1a c = 98,8 $/MWh?2! thi doanh thu
ti nguodn ES la 7 triéu $/nam. Trong khi dé, chi phi
quan ly va vin hanh ctia ES binh quéan gin 2 $/MWh 18
tuong ting gan 158 ngan $, két qua lgi nhuén trén 6,8
triéu $/nam.
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Bang 4: Diéu kién nghén mach theo két qua phan bé céng suat

Cong sudt ES (MW)

Vi tri 1ap dét ES (nat)

1 hodc 2 3-24 (trl nut 6) 6
10 tdc nghén tdc nghén tac nghén
20 tic nghén tac nghén tac nghén
30 tdc nghén tac nghén tac nghén
40 tdc nghén tac nghén dat
50 tic nghén tic nghén dat
60 tdc nghén tdc nghén dat
70 tdc nghén tac nghén dat
80 tic nghén tic nghén dat
90 tdc nghén tdc nghén dat
100 dat tac nghén dat

100

HOURLY PEAK LOAD (%)

13 15 17

=
o
a
=
[~
w

HOUR PER DAY

—_—inter

,,,,,,,,, Summer

= — =Spring/Fa

Hinh 7: Biéu d6 dinh ti ngay cac mua

Ngoai ra, chi phi d4u tu cho ES khoang 200 - 500 ngan
$/MW 21, ES 40MW sé d4u tu trung binh 8 - 20 triéu
$, tinh ra thoi gian hoan von tli £, = 2 - 3 ndm la hoan
toan c6 thé d4u tu mang lai 1¢i nhudn cho nha dau
tu. Ngoai ra, trong tuong lai khi cong nghé vt liéu
san xudt nguén tri nang ngay cang phat trién thi gia
thanh san xuét sé ngay cang canh tranh va hiéu qua
d4u tu dugc nang 1én?2,

KET LUAN

Quy hoach m& rong hé thong dién luén la bai toan
dugc cidc nha hoach dinh chién lugc ciing nhu cac

348

nha khoa hoc quan tdm vi tinh chét quan trong va
hiéu qua ctia su viéc, ddc biét trong thoi dai cong nghé
dang phat trién manh mé lam thay déi ca vé chat 1an
thoi gian khong gian trong viéc thuc thi cdc chinh
sach. Nguon ning lugng tdi tao va cac loai nguon
phén tan khéc két hgp phat trién nhim cai thién trong
quy hoach TEP da dugc cac nha khoa hoc quan tam 8,
Bai todn ting dung ES trong hé thong dién dugc dit
ra nhu 1a mét giai phdp cai thién quy hoach hé théng
dién, kéo dai thoi diém phai ddu tu maé rong hé thong.
Diéu nay khong chi mang lai 1¢i ich vé tai chinh ma
con ¢6 tac dung san bing pha tai gitia thoi diém tai
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dinh va thoi gian thip diém phu tai gitup viéc van hanh
hé thong dién hiéu qua hon, gitp khai thac téi da cac
loai ngudén nang lugng tdi tao khac nhu néang lugng
gié va mat trdi, hiéu qua vé mat xa hoi tot hon.
Trong bai bao nay da xem xét giai thuat MFMC truyén
théng va céi tién ro nét nhim khic phuc cac khiém
khuyét co ban cta né trong ting dung bai todn giai
quyét tic nghén hé théng dién khi quy hoach. Theo
d6 ap dung kém véi bai todn t6i vu da xéc dinh dugc
vi tri va lua chon cong sudt ngudn ES can lap dat
trong hé thong dién 24 bus IEEE RTS phu hgp véi
phuong phap AC thuong st dung trong quy hoach
ngudn trude day.

Két qua tinh todn lua chon vi tri va cong sudt dugc
kiém tra va tinh todn lai nhiéu buéc bang phin mém
Matpower 6.0 va két luan viéc st dung gidi thuit
MFMC cdi tién d€ chon vi tri va cong suét ES 12 hoan
toan phu hop.

DANH MUC TU VIET TAT

ES (energy storage): Nguon trii ning.

TEP (transmission expansion planning): Quy hoach
mé rong luéi dién truyén tai.

GEP (generation expansion planning): Quy hoach
mé rong nguon dién.

MFMC (Max-Flow-Min-Cut): phuong phép mit cit
t6i thiéu.

TCSC (thyristor controlled series compensation):
Thiét bi diéu khién dién khéng dudng day.

FACTS (flexible alternating current transmission sys-
tem): Thiét bi diéu khién thong s6 van hanh hé thng
dién.

DC: bién mot chiéu.

AC: Dién xoay chiéu.

GA (genetic algorithm): Thuat toan gen.

PSO (particle swarm optimization): Thuét toan bay
dan.

NPV (net present value): Lgi nhén hién tai thuan.
IRR (internal rate of return): Suét thu hoi ndi tai.

XUNG POT LOI ICH

Nhom téc gia xin cam doan ring khong c6 bt ky xung
dot loi ich nao trong cong bo bai bao.

PONG GOP CUA CAC TAC GIA

Truong Viét Anh tham gia vao viéc dua ra y tudng viét
bai.

binh Ngoc Sang trién khai y tudng, nghién ctu xay
dung phuong phap, thuit toan dé thuc nghiém va viét
bao.

Duong Thanh Long déng gop giai thich di liéu va
kiém tra lai bai viét.

Nguyén Thanh Thuén tham gia thu thép di liéu.
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Determine the location and capacity of energy storage in the
power system using the improved Min-Cut algorithm

Ngoc Sang Dinh"?*, Thanh Long Duong?3, Viet Anh Truong?, Thanh Thuan Nguyen3

ABSTRACT

This paper aims to exhibit of optimal location and capacity of energy storage (ES) in electricity de-
velopment planning, including transmission expansion planning (TEP) and generation expansion
Use your smartphone to scan this planning (GEP). Renewable energy sources are being developed in the world in order to replace
QR code and download this article the increasingly exhausting and polluting fossil energy sources. However, the energy generation
of these types cannot be intentionally controlled but depends on natural conditions. To support
the defects that renewable energy causes, energy storage systems have been studied and applied.
Developing energy storage to charge cheap energy and provide higher prices in the electricity
market is one of the issues that have being attention recently. Although choosing the proper loca-
tion to place is a great challenge. A number of algorithms have been researched for a long time to
find suitable locations for GEP; heuristic algorithms have been used in recent years because of their
flexibility and wide range. The heuristic approaches, although being varied over time to become
more and more effective search engines, but the problem is withheld into local extremes during
searching, the number of too many loops when applied to large network systems, ..., are still being
researched and overcome by scientists for heuristic algorithms. On the other hand, the Max-Flow-
Min-Cut (MFMC) algorithm has been applied to determine thyristor controlled series compensation
(TCSCO) to manage congestion that also has been of interest to many researchers but it has some
limitations. The MFMC algorithm will be improved more effectively to eliminate congestion collab-
orate with a heuristic in the paper, and the simulation results tested to determine the position and

'Urban Infrastructure Engineering power of ES on the 24 bus IEEE system showed the algorithm's feasibility.
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	Kiểm chứng bằng phân bố công suất AC

	ĐÁNH GIÁ HIỆU QUẢ ĐẦU TƯ VÀ THẢO LUẬN
	KẾT LUẬN
	DANH MỤC TỪ VIẾT TẮT
	XUNG ĐỘT LỢI ÍCH
	ĐÓNG GÓP CỦA CÁC TÁC GIẢ
	References




