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This paper presents the problem of expanding the operating capacity
of a battery energy storage system (BESS) on a distribution grid
connected to a solar energy source for about 24 hours. During the 24-
hour period the survey was divided into sub-periods of peak hours,
standard hours and off-peak hours. The goal is to find the node and
the optimal capacity to install its BESS in each interval to minimize
the cost of purchasing electricity and the cost of energy loss. The
cuckoo search algorithm (Cuckoo Search Algorithm - CSA) is applied
to optimize the location and expand the operating capacity of BESS.
The efficiency of the proposed problem has been tested on the 33-
node LDPP. The test results show that the proposed method is capable
of reducing energy costs as well as contributing to the reduction of
peak load during 24 hours.
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Bai b4o nay trinh bay van dé m& rong cong suat hoat dong cua hé
théng luu trir ning luong pin (Battery Energy Storage System -
BESS) trén ludi dién phan phéi co két ndi ngudn niang lwong mit troi
trong khoang 24 gio. Trong khoang thoi gian 24 gio khao sat dugc
chia thanh cac khoang thoi gian nho 1a gio cao diém, gio tiéu chuan
va gio thip diém. Muyc tiéu 1a tim ra nat va cong suat tbi vu dé lap dat
BESS cua né trong mdi khoang thoi gian dé giam thiéu chi phi mua
dién va chi phi tén that nang lwong. Thuat toan cuckoo search
(Cuckoo Search Algorithm) dugc ap dung dé t6i wu vi tri va mo rong
cdng suat van hanh cua BESS. Hiéu qua cua bai toan dé& xuit di dugc
kiém tra trén ludi dién phan phdi 33 nat. Két qua kiém nghiém cho
thiy, phuong phép dé xuét c6 kha nang giam chi phi ning lugng
cling nhu gop phan giam phu tai cao diém trong thoi gian 24 gio.
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1. Giéi thiéu

Ngay nay, ludi dién phan phéi (LDPP) phai chii dong khai thac t6i da tiém nang cua hé théng
nang lugng tai tao (RES) nham nang cao hiéu qua ciing nhu cac van dé moi truong [1]. Viéc két
noi cac ngudn dién phan tan (DG) vao LDPP hién tai chua dap ung duogc nhu cau kinh té ciing
nhu vé k§ thuat [2]. V6i cac wu diém nhu cai thién tinh linh hoat va tinh 6n dinh, giam tac dong
ctia dao dong tao ra boi cac DG tai tao, dac biét 1a cac ngudn niang lwong mit troi nén BESS rat
hap dan va ngay cang duoc cong nhan la can thiét dbi véi LDPP [3]. Pin Li-ion la loai pin noi bat
nhat trong s cac loai BESS vi kich thuéc nho gon, trong lugng thap, dé trién khai, tiét kiem va
thoi gian dap (g nhanh hon so vai c&c loai BESS khac [4], [5]. Bai toAn m¢é rong pham vi hoat
dong cuia BESS dé lap dat vi tri va kich thudc caa BESS trong LDPP 1a mét bai toan phuc tap
[6]. Néu BESS dugc lap dat phi hop thi nd thuc sy phat huy duoc hiéu qua, nguoc lai s& gay anh
huong dang ké vé hiéu qua kinh té, ki thuat trong LDPP [7].

Sy hién dién cua cac RES trong hé thong dién dan dén nhitng thach thire nhu do tin cay, bao
mat va van dé 6n dinh. BESS la cong cu hiru ich d giam thiéu nhiing thach thirc nay ciing nhu
viéc thi truong dién van hanh trong thoi gian t6i caa Viét Nam. Lac nay, BESS sé linh hoat, kiém
soat va cai thién hoat dong cua LDPP. Nhitng nam qua, BESS da duoc st dung cho LDPP con
han ché do cong nghé va gia thanh. Hién nay, véi nhitng tién bo trong cdng nghé, viéc nghién
ctru va sir dung BESS duoc chd trong ciing nhu tang tich hop cidc RES trén LDPP. BESS thuc
hién rat hiéu qua viéc chuyén dich thoi gian, lam tron RES khi tham gia vao LDPP. BESS rit
quan trong d6i vai cac RES lién tuc nhu PV, WT, song bién, thay triéu... Vi vay, lap ké hoach
mé rong BESS 1a mot van dé nghién ciu trong LDPP duoc cho 1a cap thiét. Viéc 1ap ké hoach
ma& rong BESS trong LDPP duoc thuc hién vai hai muc tiéu chinh nhu ¢ Hinh 1 [8].

KE HOACH MO RQONG BESS
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Hinh 1. Ké hogch mé réng BESS

Céch tiép can phd bién dé giai quyét cac van dé t6i wu lap dat BESS la sir dung tinh theo kinh
nghiém va mang no-ron nhan tao thong qua cac tinh ning don gian va dé thuc hién. Hau hét cac
thuat toan nay déu cho két qua cuc tri dia phuong va téc do hoi tu cham [9]. Trong [10] dé xuat
mot giai phap giam ton that nang lugng khi c6 BESS tham gia trong LDPP. Trong [11] dé xuat
mat chién lugc mo tdi vu hoa dé phan tich vi tri tdi uu cia BESS c6 thé anh huéng & cac mire do
khac nhau trong LDPP. Trong [12] dé xuat mot ki thuat dé téi wu vi tri va kich thudc cia BESS
trong LDPP nho khong can bang. Phuong phép nay cho thay khdi luong tinh toan la rat lon.
Trong [13] trinh bay mot phuong phap méi t6i wu van hanh BESS nham giam thleu ton that dién
nang ¢ LDPP st dung giai thuat gen (GA). Trong [14] dé xuat mot phuong phap tbi vu vi tri va
kich thudc cua BESS nham giam t6n that cong suat. Bai bao nay da cai tlen thuat toan COA
(ICOA) nham giai quyét van dé t6i wu. Trong [15] d& xuat mot phurong phap t6i wu vi tri va kich
thudc c6 xét dén tudi tho ciia BESS véi sy tham gia DGs 1a nang luong mat troi va ning luong
gi6. Céc nghién ciu [15] - [16] chi d& cap dén su anh hudng hoic van dé tdi wu vi tri, dung lugng
ctia BESS trong LDPP véi muc tiéu giam thiéu ton that cong suat hay ton that niang lugng ma
chua d& cap dén van dé chi phi nang luong. Trong [17]-[18] dé xuét toi wu vi tri, kich thudc va
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sac/xa hang ngay ctua BESS c6 dién &p thap vai pin quang dién (PV) dua trén ham chi phi. Trong
[19] chi dé xuat t6i wu kich thuéc cua BESS la san bang dinh, can bang tai va quan 1y hé thong.
Trong [20] d& xuat ti vu kich thuéc cia DG va BESS la dong thoi. Viéc 1ap ké hoach van hanh
LDPP hang gio dugc thuc hi¢n voi muc tiéu la giam thiéu ton that nang lugng va chi phi néng
luong. Cac nghién ctru nay dé cap dén van dé chi phi ning lugng nhung chua cho thay vé loi
nhuan chi phi mua dién & mdi thoi diém ciing nhu giam dao dong vé niang luong. Trong [21], cac
tac gia da dé xuat vi tri va cong suat van hanh cia BESS nham giam chi phi nang luong. Tuy
nhién, bai bao nay chua dé cip dén cac RES khi tham gia vao LDPP.

Hién nay, CSA ing dung dé téi wu vi tri va céng suat van hanh cua BESS trong mdi khoang
thoi gian da duoc ap dung thanh cong va hon han céc thuat toan khac [21]. CSA la mot thuat toan
manh mé& vai co ché tim kiém kham pha va khai thac dua trén budc di ngdu nhién. CSA 1a mot
trong nhirng thuat toan dwugc tng dung thanh cong dé tim ra giai phap téi wu trong tai cau hinh
LDPP [22], diéu phdi giita cac nguon phat [23], xac dinh vi tri DG [22], tbi wu vi tri va céng suat
van hanh BESS [21]. Giam tén that dién ning khi lip dat BESS trong LDPP 1a khong dang ké do
ning luong nap va xa la khong ddi trong mét thoi gian nhat dinh. Vi vay, mé rong pham vi hoat
dong cua BESS can phai xem xét ham chi phi lién quan dén gia dien & mdi thoi diém, giam dao
dong vé ning lugng cung cip dé thay loi ich that sy cia BESS. Bai bao nay dé xuat mg rong
pham vi cong suat hoat dong ctia BESS trén LDPP c6 tham gia PV nham giam chi phi mua dién
trong mot ngay va giam dao dong nang lugng cung cip trong LDPP.

2. M6 hinh bai toan nghién cau
PS(t) = PG(t) - PL(t) 1)
We (1) = Jf; Pa(0) dr;
WL(D) = f; Ps(T) dr;

Ws(t) = [, Ps(v) d; )

N P H¢ thoag B0 Tai
‘ oo didu tids nang haomy

Py () ‘
Hinh 2. Hé thong don gian c6 sir dung BESS

M6t mé hinh 1y tuong hoa cua hé théng ¢ su tham gia cia BESS don gian dugc trinh bay
trong Hinh 2. Hé thong bao gém ngudn, tai, BESS va hé théng c6 diéu hoa nguon cong suat.
Trong do, cong suat duoc gia dinh 12 1y tuong va bo qua tén that. Nang lugng ¢ thé dugc tiéu thy
truc tiép béi tai hodc dugc luu trit dé sir dung, duoc thé hién nhu cong thirc (1). PS(t) duoc xac dinh
bang s6 du cong suit trong (1). Nang lugng duoc xéac dinh bang cach tich hop cdng suit nhu trong
(2). Trong do: PG (t) 1a cong suat do ngudn tao ra va no dugc gia dinh 1a hoan toan cd thé kiém soét
duogc; PL(t) la cong suat do tai tiéu thu. No 1a duge xac dinh doc lap bai tai (khong diéu khién
duoc); PS(t) 1a dau vao ngudn thiét bi luu trir. Wy (t) 14 ning lugng luu trit cia BESS [24].

Thaoi gian sac: Et+1 = Et + Pt* 3 Thaoi gian xa: Et+1 = Et - Pt 4)

Dung luong ciia BESS dugc do bang ca mic cong suat toi da (kW) va kha nang luu trir ning
luong (kWh). BESS ¢6 2 truong hop: Giai doan sac va xa dugc thé hién trong cong thic (3) va
(4). Trong d6: Et (kWh) 14 nang luong tich trir trong BESS tai thoi diém t, Pt (kW) 1a dién ning
nap hoic xa tai thoi diém t, khoang thoi gian t 1a 1 gio, va n 1a higu suat caa BESS [25]. Trong thi
truong dién phi diéu tiét, cong ty phan phdi chiu trach nhiém mua dién dé phuc vu khéch hang
cuia minh. Do chénh léch gia gitra cac thoi diém, cong ty phan phdi ¢é thé mua dién ré hon trong
cac thoi ky khi nhu cau dién thap dé sac BESS, dé ning luong gié ré c6 thé duoc sir dung hoic
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ban sau nay khi gia dién cao. Hinh 3 cho thay gia ning luong trung binh cho mdi gio ciia mot

nguon trén TTD. Cac bién trang thai dwoc biéu dién boi (5). Trong thoi gian sac, P, = — P va

P, = P* khi BESS xa. Do d6, loi ich cta chénh léch gia nang luong cé thé duoc biéu thi nhu

cong thuc (6). Trong do C; 1a gia nang lugng cua gio thir i va T; 1a loi ich thu dugc cua chénh
Iéch gia nang lugng.

P=Pf— P~ véii=1...24 (5)

T, = %i(P" — P).G (6)

D.0&6
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Hinh 3. Gid nang hrong cho méi gio

Vao gio cao diém, dé dap ung nhu cau dién ning cao, nhidu nha may dién véi nhidu ngudn
nang luong so cap khac nhau, tham chi c6 nhitng nguén c6 gia cao duoc kich hoat. Biéu nay dan
dén hiéu qua thap vé mat kinh té va van hanh ciaa LDPP. Vi vay, viéc ldp dit BESS trong LDPP
la mét trong nhitng gidi phap tiét kiém chi phi hiéu qua. BESS ¢6 thé luu trit nang luong vao gio
thap diém va cung cap cho LDPP vao gid cao diém. Ngoai ra, vi tri phi hop ciia BESS ciing c6
thé giup giam chi phi ton that dién nang cuia LDPP. Ham muc tiéu (OF) cho téi wu hoa vi tri va

cong suat van hanh cua BESS trong khoang thol gian 24 gi¢ duogc xac dinh nhu sau:
, OF(S) - 1= (P§,1 + PlOSS,l)Cl (7)
Trong do, Ps; la cong suat dugc mua tir hé thong ¢ khoang thoi gian thir i. Py 12 cOng suat
ton that cia LDPP tai khoang thoi gian thi i. C; 1a gia dién tai khoang thir i. S 1a giai phép cho vi
tri va cong suat van hanh cia BESS. N6 duoc thé hién nhu sau: S = [ X4, Xy, ..., Xp5 ] (8)
Trong d6, bién thir nhit dai dién cho vi tri caa BESS, trong khi cac bién con lai dai dién cho
cong suat cia BESS trong mdi khoang thoi gian. Cac bién nay dwoc biéu thi bang phan trim
cong suat dinh mirc cia BESS. Tir cong suat caa BESS trong mdi khoang thoi gian, dung lugng

luru trit cua BESS twong tng véi vecto S ¢6 thé dugc tinh nhu sau:

BESScapacity (S) = max(|cumulative_sum(x, ..., X5)[) 9)
Trong d6, cumulative sum 1a ham tra vé mot chudi cac tong mot phan cia vecto cua
[x2, ..., x5]. Gid tri ctia S trong 24 gio cua BESS la {50; 100; -50; -100; 50; 100; -50; -100; 50;
100; -50; -100; 50; 100; -50; - 100; 50; 100; -50; -100; 50; 100; -50; -100}. Cong SUAt dinh muc
ciia BESS duoc gia dinh 1a 1MW va gié tri am dai dién cho cong suat tao ra va gia tri duong dai
dién cho cong suat tich dién cta BESS. Dé van hanh BESS cho trang thai trén, dung luong luu
trit cua BESS phai dat 150% cdng suat dinh mirc tuong &ng véi 1,5 MWh [21]. Bé nang cao hieu
qua cia BESS, dung lugng luu trlr cia BESS trong giai doan khdo sat bang khong. Piéu nay gilp
duy tri giai doan ban dau dén cudi ciing cua BESS sau khoang thoi gian 24 gio va dam bao BESS
c6 thé hoat dong cho ké hoach cuia ngay tiép theo. Do do, bai toan tdi wu héa vi tri va cong suat
van hanh caa BESS can théa man céc rang budc dudi day: Y Pgessi =0 (10)
Trong d6, Pggss,; 12 cOng sut tich lity cua BESS trong khoang th i. Dé théa man rang bugc
nay, dbi vi mdi vecto nghiém duoc xem xét, tong lily cia BESS trong mdi khoang duoc tinh.
Sau d6, tich cua gia tri tuyét ddi cua gia tri ndy véi hé sé phat s& dwoc thém vao gia tri ham muc
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tiéu dé phan anh céac rang bugc anh huéng dén vecto nghiém nay. Vi vay, gié tri phat cho rang
bugc nay s& bang khong. Néu tong cong suat cua né Ién hon hodc nhé hon 0, gia tri phat phu
thugc vao mirc do vi pham ddi véi rang bugc nay sé duoc thém vao gié tri phi hop cia vecto giai
phap. Ngoai ra, viéc lap dat BESS khong dwoc anh huong tiéu cuc dén dién ap va dong dién cua
LDPP. Do d6, cac han ché dudi diy cin duoc xem Xét.
Vi > Vjgw Vay; < Vhigh ;1=1,2, ..., npys
{ Ij < Ij,ralte ;J =12, ..., Npranch

Trong do, V; la di¢n ap tai nat thir i. Vioy, Va Vijgn 12 gidi han dién ap ngudng dudi va ngudng
trén. I; va [ ra¢e 12 dong dién hi¢n tai va dong di¢n giéi han cua nhanh thi j. n_bus va n_branch la
s6 nut va nhanh trong LDPP. Su két hop ctia ham muc tiéu va céc rang budc duoc thé hién trong
ham thich nghi nhu sau:

F= OF + p.[max(Viow — Vmin, 0) + max(Vimax — Vhigh, 0) + max(Klpay — Klpate) +
|22, Pagss;i|] o ) (12)

Trong d0, Vipin VA Vinax 1a dién ap toi thiéu va toi da trong LDPP. Kl .« V& Kl ¢ 1 hé SO
mang tai tc do va t6i da cua LDPP va p 1a hé s6 phat.

(11)

3. Mé rong hoat dgng cia hé théng lwu trir Pin ning lwgng trén hé thong dién phan phoi co
ket noi nang lwgng mit troi nham giam chi phi nédng lwgng trong khoang thai gian 24 gio

MGi giai phap bao gém cac bién dai dién cho vi tri cia BESS va cac bién khac dai dién cho
cong suat cua BESS trong mdi khoang thoi gian. Trong nghién ctu nay, sé lwong BESS duoc
gidi han 1a mot va khoang thoi gian duoc khao sat bao gom 24 gio. Do d6, mdi giai phép ung
vién duoc biéu thi ¢ cdng thic (8). Trong dé, cac bién tir x, dén x,s dwoc biéu thi bang phan
trim cong suat dinh mic cua BESS. Bing cach st dung ki thuat biéu thic ndy, tat ca cac bién
déu la s6 nguyén. Qua trinh tim kiém giai phap tét nhat cho van dé t6i wu héa vi tri va kha ning
van hanh caa BESS bang CSA [21] duoc mo ta chi tiét hon nhu sau:

Buwoc 1: Khoi tao

Khi bat ddu CSA, tap hop giai phap dwoc tao ra mét cach ngau nhién nhu cong thic (13).
Trong do, n 1a kich thudc cua tap hop gidi phap. x4y, and xp;gp 12 gidi han cua cac bién.

S; = round (xlow + rand. (Xpigh — xlow)) ;i=1,2,..,n (13)

Déi vai bién duoc xac dinh cho vj tri cia BESS, gidi han dudi va trén 1a 2 va la nat cao nhat
trong LDPP; trong khi giéi han cia cac bién con lai nam trong khoang [-100; 100]. Trong do, gia
tri am dai dién cho trang thai xa, gia tri duong dai dién cho trang thai sac cua BESS. Tap hop giai
phép dugc danh gia bang gia tri phil hop bang cach st dung (12) va giai phap tét nhat (Sgpest)
duoc tim thay.

Buoc 2: Cap nhat tap hop giai phap dua trén k§ thuat Levy

bé kham pha khong gian tim kiém, tap hop méi duoc tao ra nhu cong thie (14). Trong do, ¢
1a hé s6 phan phdi trong [0, 2]. Sau dé, dan sé6 méi duge danh gia bang ham thich nghi sir dung
cong thuc (14). Cac giai phap moi dugc so sanh véi cac giai phap tuong tng hién tai va ching
dugc thay thé cho cac giai phap hién tai néu ham thich nghi cua ching tét hon cac giai phéap
tuong ng. O cudi budc nay, S gbest cling dugc cap nhat.

SPe¥ = round(S; + (S; — gbest). Levy (¢));i=1,2,..,n (14)

Buéc 3: Cap nhat quan thé giai phap dua trén co ché phat hién trang ngoai khong gian tim
kiém. Dé khai thac khdng gian tim kiém, tap hop méi thir hai dugc tao ra nhu sau:

SP®Y = round(S; + rand(0,1). (S; — Sk)®M(i,:));i=1,2,..,n (15)

Trong do, S; va Sy 12 gidi phap duoc chon ngau nhién trong tong thé. Biéu tuong cua @ la viét
tat cua san pham khon ngoan. M(i,:) 1a hang tha i cia ma trdn M duoc tinh bang M = rand (n,
25)> Pa. Trong do6, Pa 1 yéu té dot bién thuong dwoc chon dén 0,25.
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Sau d6, dan sé méi duoc danh gia bang ham thich nghi (12). Dya trén sy so sanh giita c4c giai
phap méi va hién tai, dan sé va Sgpest dugc cap nhat mot 1an nita twong tw nhu giai doan cudi cua
budc 2.

Buéc 4: Kiém tra. Qua trinh cap nhat tap hop giai phép ¢ bude 2 va budc 3 thyc hién lién tuc
cho dén khi so lan lap dat gia tri 16n nhét dit trudc (iterpay). Khi d6, Sgpest duoc coi la cau tra
161 cho van dé.

4. Kiém tra két qua md phéng

Van dé t6i wu hoa vi tri va cong suat van hanh cua BESS thong qua phan mém Matlab 2016a
va chay trén PC ¢6 RAM 4GHz va CPU core i5 2,4 GHz. LDPP 33 nut dugc st dung kiém tra dé
tim vi tri va mé rong cong suat van hanh ti wu cua BESS. Tai tai mdi nat caa hai LDPP thu
nghiém duoc gia dinh la tai trung binh trong mét gio. Gia thiét rang tai mdi nit cia hé thong cd
ba loai phu tai gom phu tdi thwong mai, dan dung va cong nghiép. Thoi gian xa va thoi gian sac
cua BESS trén moi don vi cong suat duoc gia dinh 1a bang nhau va cong suat xa hodc sac danh
dinh cua BESS mdi gio dugc gia dinh bang 1 MW. Gia tri cua hé s6 phat trong ham thich nghi
dugc chon 1a 1000. Pinh nghia vé s6 gio sir dung dién va gia dién tuong tng duoc lya chon dya
trén thong tin caa Tap doan Dién lyc Viét Nam nhu trong Bang 1, &p dung cho ludi dién 33 nut.
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Hinh 4. Luéi dién mau |EEE- 33 nit Hinh 5. Cong suat phat cia PV
Bang 1. S gio sir dung dién va gid twong img
Théng s6 Gid cao diém Gid binh thwong Gio thap diém
Gio 9:00 dén 11:00 4:00 dén 9:00 22:00 dén 4:00
17:00 dén 20:00 11:00 dén 17:00
20:00 dén 22:00
Gia dién ($/kWh) 0,1289 0,0700 0,0454

LDPP 33 nut ¢6 cap dién &p 12,66 kV bao gom 37 nhanh va 33 nat. Thong sé nhanh va nit
ciia LDPP duoc tham khao [24]. Tong cong suat cua hé théng 1a 3,72 + j2,3MVA. So db don
tuyén cua hé thong duoc cho ¢ Hinh 4. Dong dién dinh mirc gia dinh cua cac nhanh 1a 255A [25].
Loai tai va ty 1¢ loai tai dwoc tham khao trong [21]. Vi PV duoc két ndi vao LDPP ¢ nit 6, 18
va 22 ¢6 cdng suét phat nhu Hinh 5.

Sau khi thyc hién tim kiém bang CSA, vi tri t6i wu cua BESS la ndt thir 11 voi cong suat toi
vu ciia BESS trong khoang thoi gian 24 gio tinh bang phan trim cong suét dinh mirc cuia BESS 1a
{35; 50; 55; 60; 30; -5; 21; 25; -51; -70; -40; -10; -80; -55; 20; 10; -100; -60; -45; -5; -15; 50; 80;
100}. CoOng suat thu dugc cua BESS trong khoang thai gian 24 gio dwoc thé hién trong Hinh 5.
Tir Hinh 5 cho thay cong suat cia BESS tai mdi khoang thoi gian khong vuot qué gidi han dinh
muc va tong cong suat trong khoang thoi gian khao sat bang khong. Két qua nay dam bao rang
BESS c6 thé van hanh cho ké hoach ngay hom sau. Dé tinh toan kha nang luwu trit cua BESS,
truéc hét phai xéac dinh tong tich Ity ciia cong suét toi wu ciia BESS trong khoang thoi gian 24
gio. Khi do, phan tir l6n nhat cua mang tong tich lily da dugc Iay gid tri tuyét dbi dugc coi la
phan Iuu trir. Do d6, tong tich lily ctia cAc phan tir ciia cong suat tdi wu cua BESS cho LDPP 18
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nat la {35; 85; 140; 200; 230; 225; 246; 221; 219; 150; 110; 100; 20; -35; -15; -5; -105; -165; -
215; -230; -180; -100; 00} va gié tri I6n nhat cta n6 1a 271. Do do6, dung lwong luu trir cia BESS
can thiét dé van hanh la 2,71 MWh.
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Hinh 8. Nang lirong mua trude va sau khi dat BESS cho LPPP 33 niit ¢6 3 PV

Két qua tinh toan do CSA thu duoc cho LDPP 33 nut c6 két néi 3 PV duogc thé hién trong
Bang 2. Tur Bang 2, chi phi mua dién nang da giam tir 3971,4943$ xudng 3246,8923$. Sau khi
lip dat BESS, chi phi mua dién da giam 724,6020$ twong &tng véi 5,88% cho ngay khao sat.
Hinh 6 cho thiy cong suat da mua cua hé thong trude va sau khi lip dit BESS. Hinh 6 cho thay
trong gio cao diém, BESS duoc xa ra dé cung cp dién cho hé thong. Cu thé, vao cac khoang thoi
gian thir 10 va 11 tuong ung véi khoang thoi gian tir 9 gio dén 11 gio la {-51; -70; -40}% va tur
17 gio dén va 20 gio twong ng la {-100; -60; -45; -5}% cong suat dinh mtrc cung cip cho hé
théng. Hinh 7 cho thay sau 17 vong lap thi giai thuat CSA cho két qua hoi tu. Lugng dung luong
nay duoc luu trit chu yéu trong gio tiéu chuan va thap diém. Ngoai ra, két qua Hinh 8 cho thay
t6n that nang lwong va chi phi t6n that nang lwong trong gio cao dlem cling da giam sau khi lap
dat va van hanh BESS. Khi lap dat van hanh BESS cho LDPP c6 két ndi PV cho thay viéc lap dat
va van hanh BESS khong anh huong xau dén cdu hinh dién ap va dong dién cia hé thong ma
tham chi duoc cai thién tot hon.

Bang 2. Két qud toi wu BESS ciia LDPP 33 nit c6 két néi PV
Vitri BESS Chiphi mua Chiphitiét Tén thatning Chiphitén Vmin (pu)

Trangthai iy (Mw)  dien(8)  kiém (§)  lwong (KWh) _ that (§) \/lrate
Ban dau - - 3971,4943 - 1506,884 137,777 -
BESS Vmin=0,9556
Khong PV 2 1,77  3667,8305  303,6638 1506,4889 137,1419 | JIrate=0 9245
BESS Vmin=0,9724
6 PV 11 2,71  3246,8923  724,6020 865,3432 7043894 | JIrate=0,8312

5. Két luan

Trong bai b4o nay, mé rong cong suit hoat dong cua BESS trong 24 gio trén LDPP c6 két ndi
PV nhiam giam chi phi ning lugng. Ham muc tiéu 1a tim ra n(t va cong suat van hanh téi vu cua
BESS trong mdi khoang thoi gian dé giam thiéu chi phi mua dién. Thoi gian 24 gio khao sat dugc,
c6 gio cao diém, gio tidu chuan va gio thap diém dé mang lai gia tri vé kinh té do chénh léch gia
dién nay. Thuat toan CSA duoc &p dung dé t6i wu vi tri va mé rong cong suét van hanh cua BESS.
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Hiéu qua ciia bai toan duoc Kiém tra trén LDPP 33 nit cho thay phuong phap dé xuat c6 kha ning
giam chi phi nang luong ciing nhu gdp phan giam phu tai cao diém trong thoi gian 24 gio.
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