TNU Journal of Science and Technology 228(10): 355 - 365

A SOCP-BASED FORMULATION FOR SHORT-TERM HYDROTHERMAL SCHEDULING
OF AN IEEE 24-BUS SYSTEM CONSIDERING WATER-HEAD EFFECT

Le Toan', Pham Nang Van', Trinh Van Hoang?
ISchool of Electrical and Electronic Engineering - Hanoi University of Science and Technology
2Northern Region Load Dispatch Center, Hanoi

ARTICLE INFO ABSTRACT

Received: 06/6/2023 Short-term operational scheduling for hydrothermal systems is one of
the important problems of power system operation. The objective of

Revised: 03/7/2023  this problem is to determine the generating outputs of thermal and
Published: 04/7/2023 hydroelectric plants with the aim of minimizing the total production

cost of the power system and, at the same time, satisfying operational

KEYWORDS limits of generating units as well as technical constraints of the power

grid. This optimization problem is nonlinear and non-convex. This

Short-term Operation Scheduling  paper proposes a second-order cone programming model that is

Hydrothermal System computationally efficient to solve the problem of short-term operation

scheduling for hydrothermal systems, considering the relationship

) between the hydroelectric generation, the amount of water discharged

Second-Order Cone Programming  through the turbine and the net head. The proposed optimization model,

Water-head effect guaranteeing that the globally optimal solution is achieved, is
developed from the nonlinear programming model by transforming an
equality constraint into an inequality constraint. The evaluation of the
proposed formulation is implemented on an IEEE 24-node system with
GAMS software and CPLEX commercial solver.

Nonlinear Programming

SU DUNG MO HINH SOCP PE LAP KE HOACH VAN HANH NGAN HAN
CHO HE THONG 24 NUT IEEE HON HQOP THUY NHIET DIEN CO XET
ANH HUONG CUA PO CAO COT NUGC

Lé Toan', Pham Niing Vin®", Trinh Vin Hoang?
1Tm'o‘ng Pién — Pién ti - Dai hoc Bach khoa Ha Noi, 2Tmng tam Piéu d¢ Hé théng dién mién Bdc, Ha Ngi

THONG TIN BAI BAO TOM TAT

Ngay nhan bai:  06/6/2023 Lap ke hoach van hanh ngan han cho h¢ thong hon hop thuy nhiét dién
. o la mot trong nhiing bai toan quan trong cta van hanh hé thong dién.
Ngay hoan thi¢n:  03/7/2023 Muc dich cua bai toan nay la xac dinh cong sudt phat cua cac t6 may
Ngay ding:  04/7/2023  nhiét dién va thuy dién dé cuc tiéu tong chi phi san Xuat cua hé théng
dién, ddng thoi thoa man cac rang budc ky thuat cua té may cling nhu
TU KHOA cac rang budc Ky thuét cua ludi dién. Bai toan nay c6 dang phi tuyén va
- - khong 16i. Bai bao nay dé xuit md hinh quy hoach hinh nén bac hai dé
Lap ke hoach van hanh ngan han  giai bai toan 1ap ké& hoach van hanh cho hé théng hdn hop thuy nhiét
Hé théng hdn hop thay nhiét dien  dién co xét mdi quan hé gitra cong suit phat cua thﬁy dién, lwong nuéc
Quy hoach phi tuyén X4 qua tua_lbin va d6 cao cot nu’é_c. Moé hiqh toi vu dé xuat dam bao tim
’ . o . dugc nghiém t6i wu toan cuyc, hiéu qua vé mit tinh toan va dugc phat
(?uy hoach hinh non bac hai trién tr mo hinh quy hoach phi tuyén bang cach bién dbi rang budc
Anh hudng cua d§ cao ¢t nudC  dang thirc thanh rang budc bat dang thirc. M6 hinh dé xuit dugc danh
gia trén ludi dién truyen tai 24 nat IEEE véi phan mém GAMS va bo

cong cu CPLEX.

DOI: https://doi.org/10.34238/tnu-jst.8080

" Corresponding author. Email: van.phamnang@hust.edu.vn

http://jst.tnu.edu.vn 355 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.8080

TNU Journal of Science and Technology 228(10): 355 - 365

1. Gigi thigu

Bai toan 1ap ké hoach van hanh ngin han (Short-term Operational Sheduling — STOS) cho hé
thong hdn hop thity nhiét dién (Hydrothermal System — HTS) ¢6 muc tiéu 1 x4c dinh cong suat
phat cua nha may thuy dién va nha may nhiét di¢n trong tirng khoang thoi gian caa giai doan lap
ké hoach van hanh (thuong 24 khoang thoi gian cho 1 ngay dém) dé cuc tiéu tong chi phi van
hanh cua cac nha may nhiét dién, dong thoi dap ung nhu cau cua phu tai, cac rang budc cua to
may phat dién va ludi dién. Bai toan STOS la cong cu quan trong trong quy hoach va van hanh
cac hé thong dién [1].

Bai toan 1ap ké hoach van hanh ngan han cho hé théng hén hop thuy nhiét dién phirc tap hon
hé thdng chi c6 cac nha mdy nhiét dién [2]. Dac diém quan trong cua thuy dién 1a bi han ché vé
nang lugng so cap, d6 1a nude. Nude vé hd chira phu thuge vao diéu kién thoi tiét, mat khac ho
chira con phai Cap nuge cho ndng nghiép, giao thong va moéi sinh ha luu, san sang chéng 1i. Cac
diéu kién d6 khién cho lwong nude duoc phat hang ngay bi han ché va thuong nhé hon kha ning
phat cua thay dién, trir cac thoi ky 14, c¢6 khi nudc phai xa tran khong qua tuabin. Lugng nudc
phat hing ngay cua thiry dién dugc dinh trudc trén co s bai toan ti wu trung han va dai han cua
hé thong dién. Ngoai ra, cong suét phat ciia nha may thuy dién phu thugc dong thoi vao lugng
nudc Xa qua tuabin va do cao cot nude. Didu nay din dén bai toan STOS trong hé thong hdn hop
thity nhiét dién co tinh phi tuyén, khong 10i va phai duoc giai ddng thoi cho nhiéu khoang thoi
gian (thuong 1a 24 khoang thoi gian trong 1 ngay dém).

Bai toan STOS trong hé théng hdn hop thiy nhiét dién da dwoc nghién ctru nhiéu trong linh
vuc k§ thuat dién [3]. Trong nghién ctru [4], su phu thudc cia cong suit phat ciia nha méy thuy
dién vao d6 cao cot nude duoc bo qua va dac tinh tiéu hao nudc véi do cao cot nude tiéu chuén
dugc sir dung. Pic tinh tiéu hao nudc nay duoc tuyén tinh hoa timg doan va cong suét phét cua
thuy dién duoc xac dinh st dung mé hinh quy hoach tuyén tinh nguyén thuc hdn hop (Mixed-
Integer Linear Programming — MILP). Tuy nhién, khi thé tich nu6c trong hd chira thay ddi, chiéu
cao cot nudc bi anh hudng, su don gian hoa trén ¢ thé dan dén cac két qua khong chinh xac. Bai
bao [5] xem xét mdi quan hé giira cong suat phat cua thiy dién, do cao cot nudc va luong nudc
xa qua tuabin bang cach sir dung ba duong dic tinh khong lién tuc, tuong tng voi cac mirc nudc
thip, trung binh va cao ctia hd chira. Sau d6, cac duong dic tinh nay dwoc tuyén tinh hoa ting
doan sir dung cac bién nhi phan va mé hinh MILP duoc 4p dung dé 1ap ké hoach van hanh ti uu
ctia nha may thuy dién trong hoat dong thi truong dién. Trong nghién cttu [6], cac tac gia da xem
xét mdi quan hé giita cong suat phat cua thuy dién, lwong nudc xa qua tuabin, do cao cot nudc va
luong nudc Xa tran sir dung mo hinh tuyén tinh hoa timg doan bén chiéu. Trong mé hinh nay, d6
cao cot nude dugce tinh toan dya trén mirc nudc & thuong luu va ha luu. Cac phuong phap trong
[4]-[6] déu sir dung mo hinh tuyén tinh hoa cac rang budc, diéu niy c6 thé 1am cho cac bai toan
khong dat duoc loi giai toi wu do sai sb trong qua trinh tuyén tinh hoa [7]. M6t cach tiép can khac,
mb hinh quy hoach phi tuyén hdn hop nguyén (Mixed-Integer Nonlinear Programming — MINLP)
dd duoc 4p dung trong bai bao [8] dé lap ké hoach phat dién t6i wu cho hé thdng nhiéu thuy dién
trén cing mot dong song. M6 hinh MINLP nay c6 cac nhugc diém nhu [9]: (1) khé khan khi tim
nghiém tdi wu toan cuc; (2) khong thé két luan dwoc rang loi giai khong ton tai hodc khong thé dat
dugc trong truong hop thuat toan khong hoi tu va (3) yéu cau nhiéu thoi gian tinh toan.

Muc dich cua bai bao la xay dung mo hinh quy hoach hinh nén bac hai (SOCP) cuta bai toan
STOS cho hé théng hdn hop thuy nhiét dién co xét anh huéng caa do cao cot nude. Mo hinh
SOCP dam bao rang 1oi giai tim duoc 1a nghiém tdi wu toan cuc. Cac dong gop chinh ctia nghién
ctru bao gém: (1) xay dung md hinh SOCP cua bai toan STOS cho hé théng hdn hop thuy nhiét
dién tir mé hinh quy hoach phi tuyén (NLP) bing cach bién déi rang budc ding thic cua mdi
quan hé phi tuyén giira luu luong nuéc qua tuabin, thé tich hd chira va cong sudt phat cua to may
thuy dién thanh rang budc bat dang thic va (2) 4p dung mo hinh SOCP dé giai bai toan STOS
cho hé théng 24 nut IEEE.
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Bai bao gdm bon phan. Phan 1 gisi thigu tong quan vé bai toan 14p ké hoach van hanh ngan
han cho hé thong hon hop thuy nhiét dién va cac dong gop cua nghién cau. Phén 2 trinh bay mo
hinh NLP cua bai toan STOS cho hé thong hon hop thuy nhiét dién va mé ta phuong phap bien
dd1 m6 hinh NLP sang m6 hinh SOCP. Phan 3 ap dung tinh toan cho ludi dién truyén tai 24 nut
IEEE. Nhiing két luan va hudng nghién ciu trong tuong lai dugc mo ta trong phan 4.

2. Phuwong phap nghién ciu
2.1. M6 hinh NLP ciia bai todn STOS cho hé thong hon hep thuy nhiér dign
2.1.1. Ham muc tiéu
Ham muc tiéu cua bai toan STOS 14 cyc tiéu téng chi phi san Xuét ctia cac nha may nhiét dién:
F =min ZZCG. i ( 1)
t=1 i=1
trong do, F 1a gia tri cia ham muc tiéu; Cg; ( ) 1a chi phi san xuét bién cua té may i tai thoi diém
t ($/MWh); P, (t)1a cong suét phat ctia to may i tai thoi diém t (MW); Ng 1a tong so to may nhiét
dién va T 1a s6 khoang thoi gian (¢ day T = 24).
2.1.2. Cac rang bugc
a) Cac rang buoc ) may nhiét dién

Céc rang budc ky thuat cua to may nhiét dién duge mo ta boi biéu thirc (2) — (4). Rang budc
(2) bicu dien gi6i han cong suat tac dung cua cac to may nhiét dién. Rang budc (3) va (4) lan lugt
la gidi han tang va giam cong suat phat cua t6 may.

PA" < Py (1) < PS5 Vit "
P, (t)—Ps (t-1)<RU;; Vit ®)
P, (t-1)-P, (t)<RD; Vit (4)

trong d6: PI™ va PI™ lan luot 1a cong suat phat toi da va toi thiéu cua t6 may i (MW); RU; va
RD; lan luot 12 giGi han ting va giam cong suit phat cua té may i (MW/h).
b) Cac rang buéc thuy dién

Céc rang budc ciia nha may thuy dién dugc mo ta qua (5) — (12). Dic tinh cong suét phat cua
t6 may thuy dién dwoc biéu dién bang mot ham phi tuyén theo biéu thirc (5). Rang budc (6) mo ta
gidi han cong suit phat cia cic to may thuy dién. Rang budc (7) va (8) lan luot 1a giéi han luu
luong nude qua tuabin va gidi han lugng nudc xa. Gidi han thé tich hd chira dwoc thé hién qua
rang budc (9). Rang budc (10) mo ta phuong trinh cin bang nudc ciia cac nha may thuy dién trén
cing mdt dong song. Rang budc (11) va (12) lan luot 13 thé tich nudc cua hd chua tai thoi diém
déau va cudi chu ky theo ké hoach diéu tiét nudc.

Pen (1) = =CuVgn (1) = €2 Qn (1) + €5V (1) Qan (1) + CapVien (1) +C4Qen (1) +Coni VOt (5)
<

Pa" <P, (1) <PE™; Vhit (6)

o < Qe (1)<Qg7; Whit 7)

0<Sg, (1)<Sg; Vhit (8)

V" <V (t) VG”;aX, vh,t 9)

Van (1) =V, (t=1)+ Ay, () = Quy (1) = Sen (1) + D [Qay (t—7)+Sey (t—7) | Vh,t (10)
h'eQgyy

VGh(O):Vcirr:i; vh (11)
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Vg, (24)=VE%; vh (12)
trong do:

e ¢, —Cg lacachang sb da biét theo dic tinh van hanh clia nha may thiy dién h;

e P, (t) la cong suat phat cia nha may thuy dién h trong khoang thoi gian t (MW);

e Vg, (t) 1athé tich nuéc ciia hd chira nha mdy thiy dién h trong khoang thoi gian t (m®);

e Qg (t) la the tich nuéc qua tua-bin clia nha mdy thiy dién h trong khoang thoi gian t (m?);

e PI™ va Py" lan luot 12 cong suat phat tdi da va cong sudt phat tbi thiéu ciia nha may
thay dién h (MW);

. TN va QI lan lugt 14 thé tich nuéc thi thiéu va t6i da qua tua-bin ciia nha may thay
dién h tai mdi thoi diém (m?);

o Sg(t) latong thé tich nuéc xa tran va xa ddy clia nha may thuy dién h trong khoang thoi
gian t (m®):

e SI™ atong thé tich nudc xa tran va xa day toi da ciia nha mdy thiy dién h tai mdi thoi
diém (m?);

o VI va VI™ 1a thé tich nudc t6i thiéu va t6i da ctia ho chita nha may thay dién h (m?);

o A (t) 1a thé tich dong chay tw nhién vé hd chira clia nha mdy thity dién h trong khoang
thoi gian t (m®);

e Qg (t—7)la thé tich nuéc qua tua-bin cia nha may thiy dién 4’ phia trén chay vé thuy
dién h phia dudi trong khoang thoi gian t sau mot khoang thoi gian tré 7 (m®);

o Sy (t—7)la thé tich nudc Xa tran clia nha may thity dién /4’ phia trén chay vé thiy dién h
phia dudi trong khoang thoi gian t sau mot khoang thoi gian tré 7 (m°);

e VI 1a thé tich nudc tai dau chu ky lap ké hoach (m®);

o V& 14 thé tich nudc it nhat phai con lai tai cudi chu ky theo ké hoach diéu tiét nudc (m®).

C) Rang bugc ludi dién
Hé phuong trinh trao luu cong suét theo phwong phap dong dién mot chiéu dugc ap dung. Cac

gia thiét gan dung cua phuong phap dong dién mét chiéu bao géom: mo-dun dién ap cua tat ca cac
nat bang 1 pu; bé qua dién tré tac dung cua cac nhanh va coi d6 léch goc pha dién ap giita hai nit

lién ké nhau 1a nho.
DR (t)+ D Py ()= D Py (t)= 2 P (t); s (13)

i€Qg;s heQg jeQps reQ
P, (t)=—55 (H=o.). Vs, Vr e Q,, vt (14)
—P™ <P, (t)<P™; Vs, VreQ,,vt (15)
<6, (t)<m; VsVt (16)
5,(t)=0; s:ref, vt (17)

trong d6: Qg 1a tap hop céc ngudn dién duoc ndi véi nut s; Py, (t)1a cong suat tiéu thu cia phy
tai j tai khoang thoi gian t (MW); Qg 1a tap hop cac phu tai dwoc ndi véi nat s; P, (t) 1a dong
cong sudt tac dung truyén tai tir ntit s dén nut r trén dudng day sr trong khoang thoi gian t (MW);
o, (t)vé o, (t) lan luot 13 goc pha dién ap cac nut s va r tai thoi diém t; X, 1a dién khang doc cua
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duong day sr; P™ la gi6i han truyén tai cong suat tic dung cia duong day sr (MW) va Q_ la
tap hop cac nit duoc két ndi truc tiép Véi nut s.

Rang bugc (13) 1a can bang cong suit tic dung tai mdi nut trong hé thong. Cong suét tac dung
truyen tai trén duong ddy duge xdc dinh trong rang bugc (14) va dugc gidi han boi cong suét
truyén tai 16n nhat tuong ung theo rang budc (15). Rang budc (16) va (17) lan luot 1a gidi han
goc pha dién 4p nut va cb dinh goc pha dién ap tai nit tham chiéu bang 0.

2.2. M hinh SOCP ciia bai todn STOS cho hé thang hén hep thuy nhigr dién

Bai toan STOS trong phan 2.1 ¢6 dang NLP do rang bugc phi tuyen (5). Trong phan nay, rang
budc ding thirc nay duoc bién dbi thanh rang budc bat dang thirc dé xay dung mé hinh SOCP cua
bai toan STOS cho hé théng hdn hop thuy nhiét dién.

Hinh nén bac hai dudi dang ma tran h(x) duoc biéu dién nhu rang budc (18).

h(x)=-x"Ax+b"x+cg, (18)
VGi:
x=[Ve (1).Qen ()] (19)
1
Clh _Ecsh
A= 1 (20)
_Ecsh CZh
b=(Cy o) (21)

Ma tran A 1a ban xac dinh duong néu thoa man cac diéu kién sau:
. 1

e A>0 (khicy,=0 va c,c,, —chh >0);

e A=AT.

1
Khi d6, ma tran A c6 thira s6 héa Cholesky A2 dugc xac dinh nhu sau:

C Gy
1 2\/c,
A? = - (22)
0 C,p _ S
4c,,

Cu thé, ma tran A duoc khai trién theo Cholesky nhu sau:

C
1 — o __Sn
Ch  —5Ca Cun 0 " 1 1

2\c, !
A= 270 . 2 = A2 | A2 (23)
1 _3n C. —-23h 2
S c 2h 4 0 _ C3‘h
o 3 2h 2,/C,, C, C,p, e
Clh

Rang bugc (5) dugc bién déi vé rang budc 16i bang cach chuyén doi dang thirc thanh mot rang
buoc bat dang thirc va duoc biéu dién dudi dang ma tran nhu sau:
P (t)+x"Ax—b"x—c,, <0

E I (24)
@Peh(t)+xT(A2] A2x—b'x-c,, <0

Rang budc (24) duoc biéu didn dudi dang rang budc hinh nén bac hai (25).
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1

AX 1+, (t)

Lug (1) | |57 (25)
2
voi:
Ugy (1) =D TX+Cg, — Py, (1) =4 Vgy (1) + €5, Qg (1) + Csy — P ()
= PGh ( ) =CynVan ( )+ C5nQon ( )+ Con —Un (t) (26)
Tinh phép nhan ma tran A2x rang bugc (25) dugc bién doi thanh (27).

3hQGh
e (-2l

/ ca, 1+Ug, (t)
-— t <——= 27
CZh 4C1h QGh ( ) 2 ( )

1-ug, (t)
2

Khi d6, m6 hinh SOCP cua bai toan STOS hdn hop thuy nhiét dién bao gém ham muc tiéu (1)
, cac rang bugc (2) — (4), (6) — (17), (26) va (27).

3. Két qua tinh toan va thao luan
Mo hinh SOCP cua bai toan H1 D15 iy

STOS cho hé théng han hop thiy w 2 @

nhiét dién trinh bay trong phan 2 T]

dugc ap dung cho ludi dién 24 nat ' 1} o1 2 &
IEEE cai bién [2]. So db lusi dien o, & el JTL ©
nay dugc mé ta trén Hinh 1. Ludi 63] o17 1 ‘
dién 24 nat IEEE cdi bién c6 10nhd 2= *=7 L uleg : % o
may nhiét dién (Gl + G10), 2 nha ]

may thuy dién (H1 va H2) trén o O S
cung mot dong séng. H1 1a thuy ] i J e

dién phia trén, H2 la thuy dién phia = _ i - -
du6i. Cac két qua tinh toan dat 1] v

dugc st dung phin mém il — os
GAMS/CPLEX [10] trén may tinh ’ T

ca nhan véi vi XfE: 1}'/] AMD R;,zen 5 @ i :2

5600G 3,9 GHz va 32GB RAM. .

Thoi gian tinh toan b?ing 0,03 gidy. Hinh 1. So do6 luéi dién IEEE 24 nut

3.1. D ligu tinh todn

D) thi phu tai dwoc thé hién trong Hinh 2. Trong do, phu tdi cuc dai vao gio 19 (2120,39
MW) va phu tai cuc tiéu vao gio 4 (1251,02 MW). Théng s cua cac mdy phat nhiét dién dugc
trinh bay trong Bang 1. Trong do, chi phi san XUAt bién cia cac tO may tai tat ca cac thoi diém la
khong dbi.

Céc hé sé dic tinh van hanh duoc mé ta trong Bang 2. Cac thong sé cua nha may thuy dién
dugc trinh bay trong Bang 3. Lugng nudc ty nhién chay vé hd chira clia cac nha may thuy dién
dugc mé ta trong Bang 4. Thoi gian tr& dé nudc tir nha may thuy dién H1 chay vé nha may thuy
dién H2 1a 3 gid. Ngoai ra, lugng nudc xa tran cua nha may thuy dién duoc coi 1a bang 0. Nhan

http://jst.tnu.edu.vn 360 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 355 - 365

manh rang, nghién ciru nay gia thiét rang luong nudc du dé cung cip dén cac hd nudc; do do,
dam bao cho cac thuy di¢n H1 va H2 phat theo yéu cau cua phu tai.

2500 4

2000
1500

1000

Cong suét (MW)

500

o

1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24
Theoi gian (h)

Hinh 2. Po thi phu tdi
Bang 1. Théng so Ciia cdc té mdy nhiét dién
Prax (MW)  Pprin (MW) RU (MW/h)  RD (MW/h)  Py(MW)*  Cg ($/MWh)

Gl 152 30,4 120 120 76 13,32
G2 152 30,4 120 120 76 13,32
G3 155 54,3 155 155 0 16

G4 155 54,3 155 155 124 10,52
G5 310 108,5 280 280 248 10,52
G6 350 140,0 280 280 280 10,89
G7 350 75,0 350 350 0 20,7
G8 591 206,9 240 240 0 20,93
G9 60 12,0 60 60 0 26,11
G10 400 100,0 280 280 240 547

*Py la cong sudt phat ciia cdc t6 mdy trude giai doan |dp ké hoach vdn hanh.

Bang 2. H¢ 6 ddc tinh vén hanh cia nha may thuy dién

Cy Cy C3 Cy Cs Ce
H1 0,0042 0,42 0,03 0,9 10 (150
H2 0,003 0,31 0,027 1,44 14 L1010

Bang 3. Théng s6 cdc nha may thuy dién

Vmin Vmax Vini Vend Qmin Qmax Pmin Pma><
(10* m®) (10'md  @'m® @1W0'm’) @0'm’)  @o'm’) (MwW) (MW)
H1 80 150 100 120 5 15 0 500
H2 100 240 170 170 10 30 0 500
Bang 4. Lirong nuéc t nhién vé hé chira ciia nha may thuy dién (10* m®)
Gior H1 H2 Gior H1 H2
1 10 8,1 13 11 4
2 9 8,2 14 12 3
3 8 4 15 11 3
4 7 2 16 10 2
5 6 3 17 9 2
6 7 4 18 8 2
7 8 3 19 7 1
8 9 2 20 6 1
9 10 1 21 7 2
10 11 1 22 8 2
11 12 1 23 9 1
12 10 2 24 10 0
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3.2. Ddnh gid mé hinh SOCP dé xudt

Do chinh xéc cia mé hinh SOCP dé xuét dugc danh gia st dung hé thong hdn hop thuy nhiét
dién trong [11], [12]. H¢ thong nay gom 1 nha mdy nhi¢t dién voi nhicu t6 may phat va 4 nha
may thuy dién trén cung luu vyc song. Gia tri ham muyc tiéu ctia bai toan toi uu cho hé thong dién
nay str dung cac phuong phap khac nhau dugc trinh bay & Bang 5.

Bang 5. So sanh gia tri ham muc tiéu

Phwong phap Gia tri ham muc tiéu ($)
Thuat toan di truyén (GA) [11] 926707,0
Phuwong phap SDP [12] 925866,0
Phwong phap SOCP dé xuit 925866,0

Bang 5 cho thdy rang, gia tri ham muyc tiéu ctia phuong phap SOCP dé‘xué‘g va phuong phap
SDP béng nhau. Ngoai ra, gia tri ham myc tiéu cua phuong phap SOCP dé xuat nho hon so véi
phuong phap GA. K¢t qua nay cho thay do chinh xac ciia m6 hinh SOCP d¢€ xuat.

3.3. Két qud tinh todn

Cong suét phat tdi wu cua cac to may nhiét dién duoc trinh bay trén Hinh 3 va Bang 6. Hinh 3
va Bang 6 thé hién ring t6 may G9 ludn phat cong suit tdi thiéu, cac t6 may G1+G6 phat cong
suit khong dbi trong thoi diém t = 8+ 21,

Déi vai thuy dién H2, lugng nudc vé hd chira bang tong dong chay ty nhién cong véi luong
nuéc qua tuabin cua H1. Thoi gian tré dé nudc tir H1 vé H2 1a 3 gid. Nhu viy, luong nudc qua
tua-bin H1 v& H2 trong 3 gio dau bing 0. Cu thé, tong luong nudc vé hd chira cua thuy dién H2
mdi gio dugc trinh bay trong Hinh 4.

Hoat dong cua té may thuy dién H1 va H2 dugc thé hién trong Hinh 5 va Hinh 6. Thuy dién
H1 c6 xu hudng phat cong suét 16n vao dau chu ky tinh toan va thuy dién H2 phat cong suit 16n
vao cudi chu ky tinh toan. Thé tich nuwéc cudi chu ky cua thuy dién HI va H2 lan luot 1a 120
(10°m®) va 170 (10°m?) da d¢am bao dung theo ké hoach diéu tiét.

— 1400

-
N
o]
<]

g
(=]

800

Céng suat phat (MW

a
3

2
g

g

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Thoi gian (h)

0Gl @G2 oG3 WG4 BG5S BG6 0G7 WGE mGY9 aGlo
Hinh 3. Céng sudt phat ciia cac té may nhiét dién
Bang 6. Cong sudt phat t6i wu (MW) ciia cdc té mdy trong 24 gio

T6 may 1 2 3 4 5 6 7 8
G1 73,03 3040 3411 7152 71,54 3584 152,00 152,00
G2 152,00 131,25 80,32 30,40 30,40 7859 152,00 152,00
G3 54,30 54,30 5430 5430 54,30 54,30 5430 54,30
G4 54,30 54,30 5430 5430 54,30 54,30 5430 54,30
G5 108,50 108,50 108,50 108,50 108,50 108,50 169,06 310,00
G6 140,00 140,00 140,00 140,00 140,00 140,00 140,00 350,00
G7 7500 7500 7500 7500 7500 7500 7500 79,14
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T6 may 1 2 3 4 5 6 7 8
G8 206,90 206,90 206,90 206,90 206,90 206,90 206,90 206,90
G9 12,00 12,00 12,00 12,00 1200 12,00 12,00 12,00
G10 231,68 214,02 204,60 19585 196,26 204,85 251,42 150,61
H1 91,28 88,78 86,18 83,66 80,37 77,33 7527 7414
H2 221,68 220,41 216,02 21859 22146 22463 226,86 228,15
Tong cong suat phat  1420,67 1335,86 1272,24 1251,02 1251,02 127224 1569,10 182354
Phu tai yéu cau 1420,67 1335,86 1272,24 1251,02 1251,02 1272,24 1569,10 182354
T6 may 9 10 11 12 13 14 15 16
Gl 152,00 152,00 152,00 152,00 152,00 152,00 152,00 152,00
G2 152,00 152,00 152,00 152,00 152,00 152,00 152,00 152,00
G3 54,30 54,30 5430 5430 5430 5430 5430 5430
G4 54,30 54,30 5430 5430 5430 5430 5430 5430
G5 310,00 310,00 310,00 310,00 310,00 310,00 310,00 310,00
G6 350,00 350,00 350,00 350,00 350,00 350,00 350,00 350,00
G7 209,00 223,44 223,44 209,01 209,03 209,04 180,19 180,18
G8 206,90 206,90 206,90 206,90 206,90 206,90 206,90 206,90
G9 1200 12,00 12,00 12,00 12,00 12,00 12,00 12,00
G10 211,47 217,72 216,78 209,87 208,02 206,55 192,50 193,50
H1 73,89 7425 7516 7475 7487 7533 7493 73,77
H2 228,52 228,68 228,69 22925 23096 231,96 232,84 233,02
Tong cong suat phat  2014,38 2035,58 203558 2014,38 2014,38 2014,38 1971,97 197197
Phu tai yéu cau 2014,38 203558 203558 2014,38 2014,38 2014,38 1971,97 197197
T6 may 17 18 19 20 21 22 23 24
G1 152,00 152,00 152,00 152,00 152,00 152,00 152,00 32,00
G2 152,00 152,00 152,00 152,00 152,00 152,00 152,00 129,50
G3 54,30 54,30 5430 5430 5430 5430 5430 5430
G4 54,30 54,30 5430 5430 5430 5430 5430 5430
G5 310,00 310,00 310,00 310,00 310,00 310,00 138,84 108,50
G6 350,00 350,00 350,00 350,00 350,00 268,33 140,00 140,00
G7 266,73 268,30 268,30 223,34 151,14 7500 7500 75,00
G8 206,90 220,27 220,23 206,90 206,90 206,90 206,90 206,90
G9 1200 12,00 12,00 12,00 12,00 12,00 12,00 12,00
G10 236,01 24509 249,33 227,85 198,95 191,20 271,84 226,50
H1 71,83 69,05 6566 61,64 5741 5430 5471 5502
H2 233,12 233,08 232,28 231,25 23057 22959 236,00 241,83
Tong cong sudt phat  2099,19 2120,39 2120,39 203558 1929,57 1759,93 1547,89 133586
Phu tai yéu cau 2099,19 2120,39 2120,39 203558 1929,57 1759,93 1547,89 1335,86
14 g M
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Hinh 4. Tong heong nweéc vé ho chira thuy dién H2
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Hinh 6. Hogt déng cua thuy dién H2
4. Kétluan

Bai b4o x4y dung mé hinh quy hoach hinh nén bac hai (SOCP) dé 1ap ké hoach van hanh cho
hé thong hdn hop thuy nhiét dién c6 xét anh huong cia do cao cot nude. Mo hinh SOCP dugc
phat trién tir mo hinh NLP bang cach bién doi rang budc ding thic caa méi quan hé phi tuyén
gitta luu lwong nudc qua tuabin, thé tich hd chtra va cong sudt phat cia té may thuy dién thanh
rang budc bat dang thirc. Ludi dién truyén tai 24 nat IEEE dugc sir dung dé danh gia mé hinh dé
xuat. Két qua va thoi gian tinh toan cho thdy mo hinh dé xuat hoan toan cé thé ap dung vao cong
tac van hanh thyuc té. Hudng nghién ctru trong twong lai 1a 4p dung mé hinh nén bac hai dé xuat
dé giai bai toan lya chon thanh phan t6 may van hanh (Unit Commitment — UC) trong hé théng
hdn hop thuy nhiét dién.
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