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Unit commitment is one of the most critical problems in power system
operation. The objective of the unit commitment problem is to
determine the start-up and shut-down schedule of generating units for a
given planning horizon with the aim of maximizing social welfare
while satisfying the load demand and meeting the technical and
security constraints. This paper proposes a model based on Mixed-
Integer Linear Programming (MILP) as a way of dealing with the unit
commitment problem of thermal-wind-BESS integrated systems
considering network power loss. This MILP based-formulation is
developed from the Mixed-Integer Nonlinear Programming (MINLP)
model by linearizing the power loss. The proposed model is validated
using the power transmission system of the IEEE RTS 24-bus. The
calculation results reveal that the power loss makes a considerable
impact on the commitment of production units, the actual power output
of the committed generating units and scheduled storage power.
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Lya chon t6 may védn hanh
(UC)

Tich trit nang luwong dang pin
(BESS)

Ton that cong suat

XAap xi tuyén tinh

Quy hoach tuyén tinh nguyén
thuc hdn hop (MILP)

Lya chon t6 may van hanh la mét trong cac bai toan quan trong nhat cta
van hanh hé théng dién. Muc dich ctia bai toan Iya chon t6 may véan hanh
1a x4c dinh trang thai van hanh cta cac t6 may trong mot khoang thoi
gian dé dap ng nhu cau cua phu tai, thoa méan cac rang budc ky thuat va
rang budc an toan cua hé thong, dong thoi cuc dai tong loi ich xd hoi
trong khoang thoi gian xét. Bai bio nay dé xuat mé hinh quy hoach tuyén
tinh nguyén thuc hdn hop (MILP) dé gii bai toan Iya chon t6 may van
hanh cho hé thong hdn hop nhiét dién, dién gio va tich trir nang luong
dang pin c6 xét ton that cong sudt cia ludi dién. Mo hinh MILP dugc
phét trién tir mo hinh quy hoach phi tuyén nguyén thuc hdn hop (MINLP)
bang cach sir dung k¥ thuat tuyén tinh hoa ton that cong suat cua ludi
dién. Ludi dién truyén tai 24 nat IEEE duoc ap dung dé danh gia mo hinh
dé xuit. Két qua tinh toan cho thy ring ton that cong suit cua ludi dién
c¢6 anh huong dang ké dén trang thai van hanh, cong suét phat cia cac td
may va su hoat dong cua tich tr&r nang lwong dang pin.
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1. Gigi thigu

Bai toan Iya chon thanh phan t6 may van hanh (UC) ¢6 muc dich 1a xac dinh trang thai van
hanh cua cac to may trong mot khoang thoi gian nhat dinh (thudng 1a mot ngay) va cong suat
phat cua cic t6 may van hanh dé t6i da hoa tong loi ich xa hoi trong hoat dong thi truong dién,
ddng thoi théa man nhu cau cong suat ciia phu tai, cac rang budc ky thuat cua té may, cac rang
budc ky thuat cua ludi dién va rang budc an toan cua hé théng [1].

Trong bai toan UC truyén thong, d6i tuong nghién ciru thuong chi 1a cac to may nhiét dién.
Dic diém cua cac té may nhiét dién la d¢ linh hoat tuong dbi thap, thoi gian lam viéc/nghi t6i
thiéu 16n, cong suat phat tdi thiéu I6n, chi phi khoi dong va gia thanh san Xuat dién ning cao
[2],[3]. Tuy nhién, mic do thdm nhap ngay cang cao cua cac nguon ndng luong tai tao va su Iip
dat cac hé thong tich trit nang luong (BESS) doi hoi cac nghién cru méi ve bai toan UC [4], [3].
Ngoai ra, ton that cong suit tac dung cua ludi dién thuong bang (1 + 5)% tong cong suat phu tai
toan hé théng va co anh hudng dén 10i giai cua bai toan UC. Cac nghién ctru hién tai vé bai toan
UC duogc md ta nhu dudi day.

Xét vé& dbi tuong nghién ciru, bai bao [2] trinh bay bai toan UC cho hé théng chi ¢6 cac nha
mAy nhiét dién va khong xét ludi dién. Cac tac gia trong nghién ciru [6] da dé& xuit mé hinh bai
toan UC cho hé théng chi c6 nhiét dién va co xét rang budc ludi dién. Bai bao [7] phat trién mod
hinh bai toan UC c6 xét rang budc su ¢d N-1 cho hé théng hdn hop nhiét dién va dién gio. Bai
toan UC cho hé théng hdn hop nhiét dién va dién gié co xét tinh bt dinh duoc mé ta trong
nghién ctiu [8]. Tuy nhién, cac nghién ctiu [5], [6] chua xét anh huong cua ton that cong suat
trong ludi dién dén 10i giai cua bai toan UC.

Xét vé phuong phap giai, mot sb ky thuat giai da dugc dé xuat dé giai bai toan UC nhu n6i
long Lagrangian (LR) [9], thuat toan di truyén (GA) [10] va quy hoach tuyén tinh nguyén thuc
hdn hop (MILP) [11] - [13]. Pic diém cua mot s6 phuong phap g1a1 nhu sau:

e Phuong phap néi long Lagrangian (LR) st dung 1y thuyét ddi ngau trong quy hoach phi
tuyén giai dugc bai toan UC ¢6 leh cd Icm Va c6 do Iinh hOat cao. Tuy nhien phuong phap nay
la ky thuat glal quan trong nhat va du()c ap dung pho bién tur nhung nam 1970.

e Phuong phap dua trén thuét toan di truyén di dwoc 4p dung thanh cong dé giai cac bai toan
t6i wru hoa phirc tap. Tuy nhién, nhuge diém chinh ciia phuong phap nay Ia hiéu suat tinh toan
tuong d6i thip khi ap dung cho cac hé thdng dién c6 kich c& Ién va doi hoi su hiéu biét rat
chuyén séu vé mit toan hoc.

e Phuong phép dya trén quy hoach tuyen tinh nguyén thyc hdn hop (MILP) ngay cang pho
bién, dugc tich hop trong nhleu bo giai va dé tiép can voi ngudi ding. MILP cung cap nghiém tdi
uu toan cuc va hoi tu sau So buac 1ap hitu han. Céc b giai thuong mai cho phuong phap MILP
dwa trén thuat toan nhanh cit nhw CPLEX, LINDO, OSL va XPRESS-MP va cac bd giai ngudn
mo nhu MINTO, ABACUS, MIPO va BC-OPT véi kha nang giai hiéu qua cac bai toan cé quy
mb 16n di dugc ap dung thanh cong dé giai bai toan UC. Do d6, hién nay, phuong phap MILP
dugc ap dung rong rai nhit dé giai bai toan UC.

Muc dich cta bai béo nay 1a xay dung mo hinh MILP cho bai toan UC cta hé thdng hdn hop nhiét
dién, dién gi6 va BESS co xét ton that cong suat cua ludi dién. Cac dong gop chinh cua nghién ctu
bao gom: (1) Phat trién k§ thuat tuyén tinh hoa ton that cong suat ludi dién; (2) D xuit mé hinh
MILP cho bai toan UC trong hé thong hdn hop nhiét dién, dién gio va BESS c6 xét ton that cong suét
va (3) Phan tich anh huong cua ton that cong suat ludi dién dén loi giai ciia bai toan UC.

Bai bao gdm bén phan. Phan 2 trinh bay mé hinh quy hoach phi tuyén nguyén thuc hdn hop
(MINLP) cua bai toan UC. K§ thuat tuyén tinh hoa cac rang budc ludi dién va md hinh MILP cua
bai toan ciing dugc mo ta trong phan nay. Phan 3 trinh bay sy 4p dung cia mé hinh MILP dé xuat
cho lué6i dién truyén tai 24 nat IEEE. Nhirng két luan va hudéng nghién ctru trong twong lai duoc
trinh bay trong Phan 4.
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2. Phuwong phap nghién ciu
2.1. M6 hinh MINLP cua bai toan UC xét rang budc lwdi dién

M6 hinh UC trong bai bao nay xem x¢ét sy tham gia chao gia cua ca don vi phat dién va don vi
mua dién. Khi d6, ham muc tiéu cua bai toan UC la t6i da hoa tong loi ich xa hoi (SW), trong do
c6 xét dén thanh phan chi phi c6 dinh, chi phi khoi dong va chi phi dirng cua cac t6 may nhiét
dién. Bong thoi, bai toan UC bao gom cac rang budc lién quan dén nha may nhiét dién, dién gio,
BESS, ludi dién va rang budc an toan.

2.1.1. Ham muc tiéu
Ham muc tiéu cua bai toan UC dugc mo ta nhu sau:
Ny . Clu, (t)+CMy, (t)+C*z (t)

W = 25 N 00 00 ET X

Trong dq: ) )

e T latong so giai doan cua chu ky 1ap ké hoach van hanh (& day T = 24);

e jvailan luot 1 chi s cta cac phu tai va té may phat;

e tla chi s6 cua cac khoang thoi gian; ’ ’

e nvam lan luot 1a chi s6 cta cac block cong suat tiéu thu va cong suat phat;

® Jy(nt) lagia chao mua cua phu tdi j tng véi block n trong khoang thoi gian t ($/MWh);

e P,(nt) lacong suét tiéu thu cua phu tai j tng véi block n trong khoang thoi gian t (MW);

e ( latap cac phu tai tham gia thi truong;

o Q. latip cac t6 may tham gia thi truong;

e Nyla sd block chao gia ctia phu tai j;

e N, lasdblock chao gia ctia to may i;

e Jy(mt) 1a gid chao ban cua té may i tng véi block m trong khoang thoi gian t ($/MWh);

e P, (mt) la cong suat phat cia to méy i tng véi block m trong khoang thoi gian t (MW);

e C°,C% va C™ lan luot 1a chi phi c6 dinh, chi phi khéi dong va chi phi dimg té may ($);

e u(t)la bién nhi phan 0/1, bang 1 khi té may i van hanh trong khoang thoi gian t va bang 0
khi t6 may nghi; ’ ‘ q ‘ ‘

ey (t) la bien nhi phan 0/1, bang 1 khi t6 may i khoi dong & dau khoang thoi gian t va bang
0 khi t6 may khong khoi dong; v ‘ ‘

e 7z (t) labien nhi phan 0/1, bang 1 khi t6 may i dirng & dau khoang thoi gian t va bang 0 khi
to may khong dung.
2.1.2. Cac rang bugc
2.1.2.1. Gidi han céng sudt phat

Cong suit phat cua cc to may khong thé nho hon tri s6 cong suét téi thiéu (PGT‘” ) va 16n hon

tri s6 cong sudt phat toi da (P“-1ax ) Rang budc ky thuat nay dugc mo ta nhu sau:
Py, ZPG, (m,t) <PI™u, (t); Vit ()

Gi(m,t)sPG”i1ax (mt); Vvitm ®3)
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2.1.2.2. Gidi han tang/giam céng sudt phat
Qua trinh tang cong suét phat trong giai doan khoi dong to may duoc quyét dinh bai gidi han
tdng cong suat phat khi khaoi dong:

Py (1) =Py (t=1) <Ry, (t-1)+ Ry, (t); Vit (4)
trong d6, RVva R™ lan luot 1a gidi han ting cong suat phat (MW/h) va gi6i han ting cong suat
phat khi khoi dong cua to may i (MW/h). ,

Trong khoang thoi gian dau tién cta chu ky 1ap ké hoach van hanh, rang budc (4) tré thanh:

Ps (1)—P5 (0) <Ry, (0)+RMy; (1); Vi (5)
trong do, P (0) va u;(0) lan luot 1a cong suat phat va trang thai ctia t6 may i trong khoang thoi
gian cubi ciing ciia ngy van hanh trugc.

Tuong tu, qua trinh giam cong suat phat dugc gidgi han nhu sau:
Py (t=1)— Py (t) <Ry, (t)+RPz (t); Vit (6)

P (0)— Py (1) <RPu, (1)+RPz (1); Vi (7
trong d6, R°va R*®lan luot 14 gii han giam cong suat phat (MW/h) va giéi han giam cong suat
phat khi dirng cia to may i (MW/h).
2.1.2.3. Rang bugc thoi gian lam viécInghi téi thiéu

Rang budc thoi gian 1am viéc tdi thiéu (T," ) dugc mo ta nhu sau :

i[l—ui(t)}:o; Gi:min{T,[Ti”—TiU(O)] ui(O)}; Vi (8)

() 2T () ViVE=G 41T —TC 41 ©)
i[ui(n)—yi ()]=0; Vivt=T-TY+2.T (10)

trong do, G; va T, (0) lan Iuot 14 s6 gio ma té may i phai 1am viéc va sb gio ma t6 may i da lam
Viéc, xét tai thoi diém dau caa chu ky 1ap ké hoach mai.
Tuong ty, rang budc thai gian nghi toi thiéu (T,° ) dugc mo ta nhu sau:

tiui ()=0; F=min{T,[T°-T°(0)][1-u (0)]}; vi (11)

t+%Tl-ui (N)]2TPz(t); Vivt=F+1L.T-T°+1 (12)
i[l—ui(n)—zi ()]=0; Vivt=T-T°+2.T (13)

trong d6, F; va T.°(0)lan lugt 1a s gid' ma to may i phai nghi va sb gio ma t6 may i da nghi, xét
tai thoi diém dau cua chu ky 1ap ké hoach mai.
2.1.2.4. Rang bugc cdc bién nhi phdn
Dbé dam bao tinh logic trong van hanh thuc té, cac rang budc dudi day can duoc thoa man:
yi(t) =z (t)=u (t)—-u (t-1); v, (t)+z ()<L u(t),y(t),z(t)e{01}; Vit (14)
2.1.2.5. Rang bugc cua BESS

Rang budc hoat dong cia BESS thtr k dugc mo ta nhu sau:
0< Pa ch (t) < PBrEar):(h; 0< Pa dis (t) < PBTa:i(is; vkt (15)
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PBk ch (t)_vk (t) PBTa():(h < 0’ PBk dis (t)+vk (t) PBnl:a;is < PBmka)d(is; Vk,t (16)
¢ 1

Ege (1) = Eg (t-1) *{7751 Pacon (1) =5 Pacais (1 _1)} vkt (17)
Bk

Eae' < Eg (1) <Eg™; VKt Eg (0)=Eg (24); VK (18)

trong do: ‘ ' .,

® Py (t) va Py (t)lan luot la cong suat sac va xa cua BESS thir k tai thoi diem t;

e P™ va P™ lan luot la cong sudt sac va xa t6i da cua BESS thir k tai thoi diém t;

e v, (t)labién nhi phan 0/1, néu BESS sac ¢ thoi diem t thi v, (t) =1va néu xa thi v, (t)=0;

e E, (t)la mic ning lugng cua BESS thir k tai thoi diem t;

e EMva E™Ian lugt 1a mirc ning lwong t6i thiéu va téi da cua BESS thir k;

e ;¥ va 7% lan lugt 1a hidu suat sac va xa cua BESS thi k;

e E,(0)va Eg (24)lan lugt la mirc ning lwong cua BESS thi K tai dau va cudi cua chu ky
lap ké hoach.
2.1.2.6. Rang bugc du trit cong suat

Rang budc duy trit cong suét duoc md ta nhu sau:

DU (t)PE™ 2 Z Py (t)+ P (t); Wt (19)

ieQg jeQp
trong d6 P, (t) 1a dy trit cong suit yéu cau cia h¢ thong tai thoi diém t va dwoc lay bang 10%
tong cong suat phuy tai cua toan hé thong.
2.1.2.7. Rang budc luoi dién
Véi gia thiét mo-dun dién &p tai cac nut cua ludi dién bang 1 pu, dong cong suit tic dung trén
duong day (s,r) tai nt s va r lan lugt dugc mé ta nhu sau [4]:
P, =9, —(9,C0s, +b, sins, ); P, =g, —(9,c0s5, —b, sind, ) (20)
trong do, &, =6,-65, va y, =g, + jb,, ¥, 1a téng dan doc cua dudng day (s,r).
Ton that cong sudt trén nhanh (s,r) duoc xac dinh nhu sau:
AP, =P, +P, =2g, (1-cosd, ) (21)
Rang budc can bang cong suit nit dwoc viét cho nat s tai thoi diém t nhu (22).

2 PO+ 2 P (D+ D Paca ()= 2 Py (t)—kg Pocan (1) = D_ P, (1); Wt,s (22)

ieQq, WeQyy, keQg, j€Qps reQ,
trong do, Q. 1a tap cadc nha may nhiét dién ndi voi nit s; Q. 12 tap cac nha may dién gid ndi voi
nat s; Qg 1a tap cac BESS ndi véi nit s; Q14 tap cac phu tai ndi véi nat s; O, 1a tap cac nat két
ndi truc tiép voi nat s. ’ ‘
Rang budc gidi han cong suat truyen tai trén duong day (s,r) dugc mo ta nhur sau:
max {P, (t); P, (t)} <P/™; Vv(s,r).t (23)

2.2. Tuyén tinh héa cdc rang bujc lwdi dién va mé hinh MILP ciia bai toan UC
Bai toan UC (1)-(23) c6 dang MINLP do cac rang budc phi tuyén (22)-(23). Trong phan nay,
cac rang budc nay dugc tuyén tinh hoa dé xay dung mé hinh MILP cua bai toan UC.

Trong Ché d6 xac lap, chénh léch goc pha dién ap gitra hai nat lién k& nhau 1a rat nho. Ap
dung khai trién chuoi Taylor va bo qua thanh phan bac cao, biéu thuc (20) va (21) tro thanh:

Srsr Srsr

5. ) 5.\
F)ST =gsr %_b 5 ; PI’S =gSr %—Fb 5 ; APST zgsr (5sr)2 (24)
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Phuong phép tuyén tinh hoa ting (5, ):r
doan cho ham binh phuong d6 Iéch goc
pha dién ap (5, ) st dung 2L khéi tuyén
tinh nhu trong Hinh 1 [4]. Do (5, )’la a, (L) @ (1)
ham ddi xung nén Qé giam khéi luong _ _
tinh toan, ta chi can sir dung L phan S | 7 ] )
doan tuyén tinh. Cac gia tri duong cua = W
5, dugc thé hién qua bién méi &, va
dugc xac dinh boi phuong trinh (25).

5, (2L) o S(L+1) 8.(1) l 8. (L)

Hinh 1. Ky thudt tuyén tinh héa tirng doan

Nhu vay, ham (8, )" di dwoc tuyén tinh hoa bang L phan doan véi do dai 1an lugt 5 3. (1),
5.(2),.., 8, (L), mdi phan doan c6 d¢ doc tuong tmg 13 a,, (1), &, (2) 1.yt (L) -

L L

=[5, =5 & = ;5; (M (4 )2 = ;asr (Nog (1) (25)
Biéu thuc (25) c6 dau tri tuyét ddi va dugc tuyén tinh hoa sir dung hai bién 5 va &, nhu sau:
Oy =6.+40,; 8,=0,—-0,=0,—0,; 6,20, 6,20 (26)

Céc rang budc dudi day dam bao sy lién ké ciia cac phan doan tuyén tinh:
w, (1)as<s, (1), 1=1,..,L-1 (27)
Se(h<wy (1-1)As, 1=2,..,L (28)
w, (I-1)>w, (I); 1=2,..,L-1 (29)
0<6,(1)<As; 1=1,..,L (30)
w, (1)e{0;1}; 1=1..,L-1 (31)

trong do:
e A5 1a do dai 16n nhat ciia mdi phan doan tuyén tinh (radian).
e w, (1) 1abién nhi phan 0/1, bang 1 khi d¢ lon block tuyén tinh tht | éng véi do léch goc
pha gitra hai nut (s,r) dat gia tri bang AS , va nguoc lai.
Gi4 tri do dbc cua cac phan doan tuyén tinh duoc xac dinh nhu sau:
(1a5)° ~[(1a5) - A5
a, ()=
Ao

~(21-1)As (32)
Tur két qua trén, ta co:

6, =X, (1, ()= (2 -1(a0) 85 ()0, ()] (33)

Sir dung (33), phuong trinh ca‘m bang cong suét nat (22) du0’C tuyén tinh héa nhu sau:

2 Pai (D)4 20 Pou () 2 Pacas ()= 20 Py ()= 2 Pacn (

€00, WeDy, K<t je00 K<t ”
ZQ:{ gsrz ~1)(a8)[ 55 (1)+55 (1)]-b, {;&;U)—Z}@r(l)}}; vt,s 9
Rang budc geicrl han cong suét truyén tai (23) duogc tuyén_tinh héa t_hémh biéu thuc (35).
ZL:{ gy (21-1 }[ (Lt)+o, (Lt) ] <Pr™; V(s,r) (35)
Khi 6, md hinhI:MILP ctia bai toan UC c6 xét rang budc ludi dién bao gom ham muyc tiéu (1),
cac rang budc (2)-(19), (27)-(31) va (34)-(35).
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3. Két qua tinh todn va thio luin

Mo hinh MILP cita bai todn UC Y-
trinh bay trong muc 2.2 duogc ap dung ‘
cho ludi dién 24 nut IEEE (Hinh 2).

Luéi dién nay c6 12 nha may nhiét 2
dién (G1+G12), 3 nha may dién gié :
(W1, W2, W3) va 2 hé thong tich trir o
nang luong dang pin (BESSI, @ ew
BESS2). Dit liéu ciia luéi dién 24 nat > oo
IEEE dugc cung cap chi tiét trong tai @ o=
lidu [14]. Cac két qua tinh toan dat ®
dugc s dung phin  mém

GAMS/CPLEX [15] trén méy tinh c4 N : —=

nhan Intel i5 CPU 1,6 GHz vi RAM S G- 8

8 GB. S0 phan doan tuyén tinh hoa 62 o1 e o2 G0 D7 BESSL

ton thét duoc sir dung 1a 20. Hinh 2. So d6 luoi dién IEEE 24 nut

Trang thai van hanh cta cac t6 may nhiét dién (G1 = G12) khi c6/khong xét ton that cong suat
cua ludi dién lan luot dugc trinh bay trong Bang 1. Tir Bang 1, ta thay rang:

e Céc t6 may van hanh trong toan bo chu ky: G1, G2, G4, G6, G7, G8 va G12;

e Céc t6 may khong van hanh trong toan bd chu ky: G10;

e Céc t6 may co khoang thoi gian van hanh va thoi gian nghi: G3, G5, G9 va G11.

Bang 1. Trang thdi vdn hanh t6i wu ciia cdc t6 mdy nhiét dién khi cé/khéng xét ton that
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So sanh két qua tinh todn ¢ Bang 1 (tri s6 trong dau ngoic don 1a trang thai van hanh thay doi
khi khong xét ton that), ta thay rang ton that cong suat cia ludi c6 dnh hudéng dén trang thai van
hanh cta t6 may. Trong cac gio 22 va 23, néu khoéng xét ton that cong suat thi to6 may G3 lam
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viéc; tuy nhién, t6 may nay nghi khi c6 xét ton that. Tuong tu, trong cac gio 22, 23 va 24, t6 may
G9 nghi khi khong xét t6n that va 1am viéc khi co xét ton that.

Trang thai hoat dong cua cac h¢ thong tich trlt nang luong (BESS) khi c6/khong xét ton that
cong suét cua ludi dién, bao gom cong suat sac, cong suat xa va mirc ning luong dugc trinh bay
trong Bang 2. Tir Bang 2, ta thay rang, BESS c6 xu huéng sac vao gio cong suat phuy tai thip va
xa khi cong suit phu tai ting cao. Vi dung luong cua BESS1 16n hon BESS2 nén cong suat
sac/xa cia BESS1 Ion hon ciia BESS2. Bong thoi, ton that cong suét ciing c6 anh huong dang ké
dén hoat dong cua BESS. Trong gio 10 va xét BESSI, cong suat xa lan luot bang 13,9 MW va 60
MW khi c6/khong xét ton that.

Bang 2. Su hoat dong ciia BESS khi xét ton that (TT) va khéng xét ton that (KTT)

BESS1 BESS2
Gio Cong sudt xa Congsuitsac Ning lwong | Cong suat xa Cong suit sac Ning lwong
(MW) (MW) (MWh) (MW) (MW) (MWh)
TT KTT TT KTT TT KTT | TT KITT TT KITT TT KTT
1 0 0 0 0 40 40 0 0 0 0 20 20
2 0 0 0 0 40 40 0 0 0 0 20 20
3 0 0 -5,3 0 44,8 40 0 0 1,7 0 26,9 20
4 0 0 -369 -57,8 779 920 0 0 -30 -30 539 47
5 0 0 -534 -37,7 126 126 0 0 -30 -17,8 80,9 63
6 0 0 -60 -60 180 180 0 0 -101 -30 90 90
7 0 0 0 0 180 180 0 0 0 0 90 90
8 0 0 0 0 180 180 0 0 0 0 90 90
9 23,7 499 0 0 153,7 1246 | O 16,8 0 0 90 71,3
10 139 60 0 0 138,2 579 | 6,7 30 0 0 825 379
11 0 6,8 0 0 138,2 50,4 0 0 0 0 825 379
12 0 12,9 0 0 138,2 359 0 1,8 0 0 825 36
13 0 0 0 0 138,2 359 0 0 0 0 825 36
14 0 0 0 0 138,2 359 0 0 0 0 825 36
15 0 0 0 -60  138,2 89,9 0 0 0 -30 825 63
16 0 0 0 -60 1382 1439 | O 0 0 30 825 90
17 39 0 0 0 1339 1439 | 53 0 0 0 76,7 90
18 429 157 0 0 86,1 126,6 | 30 30 0 0 433 56,7
19 447 38,2 0 0 36,5 842 | 30 12 0 0 10 433
20 149 578 0 0 20 20 0 30 0 0 10 10
21 0 0 0 0 20 20 0 0 0 0 10 10
22 0 0 0 0 20 20 0 0 0 0 10 10
23 0 0 0 0 20 20 0 0 0 0 10 10
24 0 0 =222 -22.2 40 40 0 0 -111 -111 20 20
80 o
% 1500 % 50 W
‘:E;:thOO :“‘: 30
500 - 10
° 1 23 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 2;
! 1 2 3 4 5 6 78 9 1011 12 ll']‘ 14 15 16 17 18 19 20 21 22 ‘.“i. 24 Thot gian ()
Thai gian (h)
Hinh 3. Cong sudt phat t6i wu Hinh 4. Ton thdt cong sudt ciia i dién

cua cdc t6 mdy nhiét dién khi ¢é xét ton that
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Cong sudt phat t6i wu cua cac nha may nhiét dién khi co xét ton that (G1+G12) va ton that
cong suat cia ludi dién lan luot dugc md ta trén Hinh 3 va Hinh 4. Hinh 3 thé hién rang to may
G1, G12 ludn phat voi cong sut toi da, to may G10 khong van hanh, cac to may con lai thay doi
cong sudt phat trong chu ky tinh todn. Két qua tinh toan trén Hinh 4 cho thay rang, tén that cong
suét cua ludi dién 24 nat IEEE bang tir (1% + 1,5%) tong cong suét phy tai toan hé thng.

4. Két luan

Bai bao dé xuat mo6 hinh quy hoach tuyén tinh nguyén thuce hdn hop (MILP) dé giai bai toan
lya chon thanh phan t6 may van hanh (UC) trong h¢ thong dién tich hop nhiét dién, dién gié va
hé thong tich trir ning luong dang pin (BESS) c6 xét ton thit cong suit cua ludi dién. M6 hinh
MILP nay duoc xay dung tir md hinh quy hoach phi tuyén nguyén thuc hdn hop (MINLP) bang
céch tuyén tinh héa cac rang budc ludi dién. M6 hinh MILP dé xuat duoc danh gia sir dung ludi
dién 24 nut IEEE véi 12 nha may nhiét di€n, 3 nha may dién gié va 2 hé théng tich trlr nang
luong Két qua tinh toan cho thdy rang mic du ton that cong suat ctia ludi dién chi chiém (1% ~+

1,5%) tong cong suat phu tai nhung c6 anh hudng rd rét dén trang thai van hanh va cong sut
phat t6i ru cta cac nha may dién trong hé théng; céng suit xa/nap va muc ning luong ciia BESS.
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