TNU Journal of Science and Technology 230(02): 284 - 294

DAY-AHEAD UNIT COMMITMENT FOR COMBINED-CYCLE GAS TURBINE
AND COAL-FIRED THERMAL INTEGRATED POWER SYSTEMS

Pham Nang Van'’, Le Toan? Do Minh Hong*, Dao Long Vu*
ISchool of Electrical and Electronic Engineering - Hanoi University of Science and Technology
2National Power System and Market Operator Company (NSMO)

ARTICLE INFO ABSTRACT

Received: 15/01/2025 The increasing penetration of renewables requires increased adaptability.
Consequently, combined-cycle gas turbines are expected to play a crucial

Revised:  28/02/2025 role in the energy transition by occupying a larger share of power generation.
Published:  28/02/2025 Short-term scheduling of combined-cycle power units is a complex
optimization problem, as these units may operate in various configurations

depending on the number and status of the combustion and steam turbines.

KEYWORDS This paper presents a mixed-integer linear programming model to deal with

Combined-cycle gas turbine the unit commitment problem for power systems integrated with coal-fired
and combined-cycle power plants. The proposed optimization model aims to

Unit commitment minimize the total production costs of the power system while including

Mixed-integer linear constraints for coal-fired thermal units, combined-cycle gas turbine units
programming with various operating modes, and the power grid. The suggested
Locational marginal price optimization framework is evaluated on the modified IEEE 8-bus system

using the commercial solver CPLEX with the GAMS programming
language. The calculation results with different scenarios show that the total
operational cost and the locational marginal price of the combined-cycle
plant-integrated power systems are lower in comparison with systems with
only coal-fired plants.

Congestion

LAP KE HOACH VAN HANH NGAY TOI CHO HE THONG PIEN HON HQP
NHIET PIEN THAN VA TUABIN KHi CHU TRINH HON HQP

Pham Niing Vin'", Lé Toan?, Pd Minh Hong", Pao Long Vii'
YTruong Pién — Pién tir -’Dai hoc Bach khoa Ha Noi )
2Céng ty Van hanh hé théng dién va thi trong dién Quéc gia (NSMO)

THONG TIN BAIBAO TOM TAT

Ngay nhdn bai: 15/01/2025 Muc d6 tham gia dang ké ciia ngudn ning lwong tai tao doi hoi dé linh hoat
ngay cang cao cua hé thong dién. Do do, cac nha may tuabin khi chu trinh

Ngay hoan thign:  28/02/2025 hgn hop s& dan chiém ty trong 16n trong co cAu ngudn dién va déng mot vai
Ngay diing: 28/02/2025 tro quan trong trong myc tiéu chuyén dich nang [uqng: Lap lich van hanh cho

cac td may tuabin khi chu trinh hon hgp véi nhiéu ché do van hanh tré thanh
\ . mot bai toan t6i wu hoéa phuc tap do cac té may nay c6 nhiéu cdu hinh dya
TU KHOA trén s6 lugng tuabin khi va tuabin hoi. Bai bao nay trinh bay mé hinh quy
Tuabin khi chu trinh h&n hop hoach tuyélj tinh véi s6 nguyén ciia bai toan Iya chon t6 mdy vén hanh trong
hé thong hon hop nhiét dién than va tuabin khi chu trinh hon hop. Ham muc
. _ tiéu ctia md hinh d& xuét 1a cyc tiéu téng chi phi san xuét cia hé théng, déng
Quy hoach tuyen tinh V&i SO thei thoa man cac rang budc cua td may nhiét dién than, tuabin khi chu trinh

Lwya chon t6 may van hanh

nguyén hén hop véi nhiéu ché d6 van hanh va ludi dién. M6 hinh t6i wu dé xuat dugc
Gia bién nut danh gia trén luéi dién 8 nut IEEE cai bién sir dung bo giai thuong mai
Nghan mach CPLEX véi ngon ngtr lap trinh GAMS. K&t qua tinh toan cho thay rang tong

chi phi san xuat va gia dién cua hé théng c6 t6 may tuabin khi chu trinh hdn
hop nho hon so véi hé thong chi c6 nha may nhiét dién than.

DOI: https://doi.org/10.34238/tnu-jst.11897

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

http://jst.tnu.edu.vn 284 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.11897

TNU Journal of Science and Technology 230(02): 284 - 294

1. Gioi thigu

Trong béi canh nhu ciu ning lwong ngay cang tang, viéc dam bao ngudn cung cap dién 6n dinh va
bén vimg dang tr¢ thanh thach thuc 16n cho nhiéu quéc gia, bao gom ca Viét Nam. Hi¢n tai, hé thong
dién quoc gia van phy thudc cha yéu vao cac nha may nhiét di¢n than, mot nguon ning lugng c6 chi
phi thap nhung gdy ra luong khi thai nha kinh dang ké, dan dén cac van d¢ nghiém trong vé 6 nhiém
mbi truong va bién ddi khi hau. Trudc thyc trang nay, viéc chuyén dbi sang cdc gial phap nang luong
sach dang dan trg thanh xu hudng tat yéu. Mot trong nhiig huéng di tiém nang 1 khuyén khich sy
tham gia ctia cac nha may tuabin khi chu trinh hdn hgp (CCGT) vao hé thng dién [1]. Cac nha may
nay khong chi gitp lam giam luong khi thai, ma con ¢ hiéu suat va do linh hoat cao hon so véi nha
may nhiét dién than truyén thng [2]. Véi su tham gia cia CCGT vao hé thong dién, mo hinh lya
chon t may véan hanh (UC) trd nén phiic tap hon do CCGT c¢6 nhiéu ché d6 van hanh tiy thude vao
c4u hinh cia CCGT [3]. Mét s6 nghién ciru Vé bai toan UC duoc trinh bay nhu dudi day.

Nghién ctu [4] trinh bay phuwong phap thir tu vu tién (PL) dé giai bai toan UC. Tuy nhién phuong
phép nay kém linh hoat va khong xét nhiéu rang budc. Bai bao [5] trinh bay mé hinh 1ap ké hoach van
hanh ngin han trong hé théng chi ¢6 to may nhiét dién than. Tuy nhién, mé hinh UC trong bai bao [5]
khong xét ludi dién. Nghién ctu [6] trinh bay mo hinh quy hoach tuyén tinh véi s6 nguyén (MILP) dé
giai bai toan UC trong hé thdng chi ¢6 t6 méay nhiét dién than, dong thoi co xét rang ludi dién. Bai béo
[7] & xuit m6 hinh quy hoach hinh nén bac hai nguyén thuc hdn hop (MISOCP) dé giai bai toan UC
chi co nhiét dién than. M6 hinh nay sir dung néi long hinh nén dé bién ddi hé phuong trinh trao luu
cong suat xoay chiéu vé dang hinh non bac hai. Bén canh hé thong chi c6 nhiét dién than, nghién ctu
[8] @& xuat md hinh quy hoach phi tuyén nguyén thuc hdn hop (MINLP) cho bai toan UC véi cac nha
may thuy dién nam trong ciing mot luu vuc séng. Tuy nhién, nghiém tim dugc ciia md hinh trong [8]
khong 1a nghiém t5i wu toan cuc vi mé hinh MINLP 13 mé hinh phi tuyén. Trong khi d6, bai bao [9]
sir dung md hinh t&i wu tuyén tinh véi s6 nguyén (MILP) dé l1ap ké hoach van hanh cla cac t6 may
trong hé théng hon hop thuy dién va nhiét dién than. Ngoai ra, do sy gia tang ti 1 ngudn ning lugng
tai tao trong co cau nguon hé thong dién phdi c6 lugng du trir cong suat I6n va tinh linh hoat cao. Do
do, nghién ctu [10] dé xuat mo hinh t6i wu MILP c6 xét thuy dién tich nang (PHES) cho bai toan UC.
Nghién ctru nay d& xuat mé hinh t6i vu MILP dé xac dinh trang thai van hanh cua cac t6 may trong hé
thong hdn hop thiy dién va nhiét dién than c6 xét tinh bat dinh cua nguén ning luong gié. i vai hé
thdng hdn hop nhiét dién than va CCGT, mo6 hinh MILP duoc st dung dé giai bai toan UC [11], trong
d6 CCGT duge mo hinh véi cac cdu trac van hanh khac nhau. Tuy nhién, nghién ctu [11] khong xét
rang budc ludi dién. Bai bao [12] da két hop ddng thoi mo hinh timg thanh phén va mo hinh dua trén
cau trac van hanh cia CCGT. Tuy nhién, md hinh cua [12] chua tich hop céc bién nhj phan dé mo6 ta
qua trinh chuyén trang thai giita cac cau hinh.

Muc tiéu ctia nghién ciru nay 13 xay dung mé hinh t&i wu MILP dé Iap ké hoach vén hanh ngay toi
trong hé théng hdn hop nhiét dién than va CCGT, trong d6 cac t6 may CCGT dugc mé hinh hoa mot
cach chinh x4c dya trén ciu trac van hanh giita cac tuabin khi va tuabin hoi. Nghién ciru nay c¢6 cac
dong gop chinh bao gdm (1) Xay dung mé hinh toan hoc cho t6 may CCGT véi nhiéu ché do van
hanh; (2) Panh gia mé hinh t&i vu MILP d& xuat sir dung hé thong dién 8 nut IEEE; (3) So sanh cac
kich ban nham danh gia anh huong ciia CCGT dén chi phi van hanh va gia dién ciia hé théng (LMP).

Bai bao gbm 4 myc. Cu thé, myc 1 giéi thiéu tong quan chung vé ndi dung nghién ctru. Muc 2 xay
dung md hinh MILP ciia bai toan UC cho hé thong hdn hop nhiét dién than va CCGT. Muc 3 dua ra
cac két qua tinh toan va thao luan khi mé hinh dugc 4p dung cho h¢ thong dién 8 nut IEEE cai bién.
Cudi cting, muyc 4 trinh bay nhitng két luan va cac huéng phat trién nghién ctu trong twong lai.

2. Phwong phap nghién ciru
2.1. Ham muc tiéu

V6i hé thdng hdn hop nhiét dién than va CCGT, ham muc tiéu cta bai toan UC 1a t6i thiéu
hoéa tong chi phi van hanh cua nha may nhiét dién than va CCGT. Nha may nhiét dién than c6 chi
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phi van hanh bao gom chi phi ¢6 dinh, chi phi khoi dong, chi phi dimg va chi phi bién doi. Bén
canh do, chi’ phi van hanh CCGT bao gom chi phi ¢6 dinh, chi phi bién d6i va chi phi chuyén doi
gitra cac ché do lam viéc.

T
min Z{ Z (CgiuGi,t +Ctssiu Yaiy +Cé?zei,t +Cqi PGi,t )+ Z z (ngjuéq,t +Céq‘ PCXCj,t )+Cng,t :l} (1)

t=1 |ieQg JeQcc | Xeweg

suU

Trong d6: c%, ¢V va ¢ lan lugt 1a chi phi ¢6 dinh, chi phi khoi dong va chi phi ding ciia to may

nhiét dién than i ($); cg; 1a chi phi bién doi ctia to méy nhiét dién than i (SIMWh); ug, ., Yo, Va 2o, 12
cac bién nhi phan, khi t6 may nhiét dién than i van hanh trong khoang thoi gian t thi ug, =1 va

Ugi: =0 khi to may nghi, khi to méy nhiét dién than i khdi dong & dau khoang thoi gian t thi y,,, =1
va v, =0 khi to may khong khoi dong, khi to may nhiét dién than i dimg & dau khoang thoi gian t
thi z
trong khoang thoi gian t (MW); c&; 1a chi phi ¢6 dinh ctia t may CCGT j khi lam viéc tai ché do x
($); ci 1a chi phi bién doi cua to may CCGT j khi lam viéc tai ché do x ($/MWh); u;, 1a bién nhi
phan, khi t6 may CCGT j lam viéc tai ché d¢ x trong thoi diém tthi ul, =1 va uly, =0 khi to may

s =1 va z,, =0 khi to may khong ding; P, 1 cong suat phat cta t6 may nhiét dién than i

khong 1am viéc & ché do x; PX,, la cong suét phat cua to may CCGT j lam viéc & ché do x tai thoi
diém t (MW); cl;, 1a chi phi chuyén d6i ché d¢ lam viéc cua to may CCGT j trong khoang thoi gian
t ($); wey 1a tap cc ché do van hanh cua nha may CCGT j; Qg va Q. lan luot 1a tap céc t6 may
nhiét dién than va t0 may CCGT; T 1a s6 khoang thoi gian (o day T=24).
Chi phi chuyén doi ché d6 lam viéc cua tdé may tuabin khi chu trinh hon hop:
Cng,t 2 Cg'c?y -M, (Z_UéCj,t—l _qu,t ); VjeQ; Vxe Yeej VY € '/’ggj t=1.T 2
Trong d6, CZ2Y 14 chi phi chuyén d6i tir ché d¢ van hanh x sang y ciia CCGT j ($); M 1a hing
s6 duong du 16n (¢ day, ta chon M, =C2); w1 tap cac ché do van hanh ma ché do X c6 thé
chuyén sang ctia nha may CCGT j (bao gom x=y).
2.2. Cdc rang bujc ciia t6 mdy nhiét di¢n than
Cac rang budc cua t6 may nhiét dién than nhu gidi han cong suét phat, giéi han tang/giam
cong suat phat, thoi gian lam viéc/nghi toi thieu, mai lién hé gitta cac bién nhi phan dugc mo ta
tuong tu nhu tai li¢u tham khao [13].
2.2.1. Gidi han céng sudt phat
Cong suat phat ciia cac to may nhiét dién than phai thoa man cong suat phat tdi thiéu va tbi da:
Pi"Ug, < Py, S PIP UG Vie Qg t=1..T (3)
Trong d6, PI™ va PS™ lan lugt la cong suét phat 16n nhat va nhé nhét cua té may i (MW).
2.2.2. Gidi han tang/giam cong sudt phdt
_Tu khoang thoi gian nay sang khoang thoi gian tiép theo, cac to may nhiét dién than khong
thé tang/giam cong suat mot cach dot ngot.
PGi,'[ - PGi,t—l S RgiuGi,t—l + Rglu yGi,t ’VI € QG ’t = 1T (4)
Poiia — Poie SRGUg, +RE 265 Vie Qg t=1.T ®)
Trong d6, Ry, RS 14 gidi han ting cong suat phat va gioi han ting cong suat phat khi khoi dong
cua to may i (MW/h); R2, R 1a gi6i han giam cong suat phat va gidi han giam cong suét phat ti
thiéu cua té may i (MW/h).
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2.2.3. Gidi han thoi gian lam viéc/nghi toi thiéu

Mot t6 may nhiét dién than khong thé khoi dong hodc dirng mot cach ngau nhién. T6 may can
thoa man thoi gian van hanh tdi thiéu Ty, va thoi gian nghi téi thiéu T2, .

Rang budc thoi gian van hanh tdi thiéu duoc trinh bay nhu sau:

TS -1

Ogi
D [1-ug, |=0; VieQq (6) > g, 2TV Vi€ Qe t=0g +1.T-TY+1 (7)
t=1 p=t

i[uei_p - yGiJ >0, VieQ  t=T-TJ+2.T 8 Qs = min{T,(TG‘f _TGLiJ,O)uGi,O} ©))
p=t

Trong d6, O 14 s6 gio con ma to may nhiét dién than i phai hoat dong, xét tai thoi diém bat
dau chu ky 1ap ké hoach méi (h); ug; , 1 trang thai cua to may nhiét dién than i tai gio th p; Tg/,
4 s6 givr da lam vigc cua to may i, xét tai thoi diém bét dau chu ky 1ap ké hoach méi (h).

bong thoi, rang budc thoi gian nghi toi thicu dugc trinh bay nhu sau:

Fai t+T5 -1
dUg, =0 VieQg (10) > [1-ug, |2T82g, Vie Qg t=Fy +1. T -T3 +1 (11)
t=1

p=t
T .
S[l-g,—2q, |20VieQ t=T-T2+2.T (12) Fu= min{T,(T8 ~T5,0)(1-a )} (13)
p=t
Trong d6, Fy, 1a s6 gi& con lai ma t6 may nhiét dién than i phai nghi (h) va TS, 1a s6 gio t6
méy nhiét dién than i da nghi, xét tai thoi diém bat dau chu ky 1ap ké hoach méi (h).
2.2.4. Rang budc bién trang thdi

_Cac rang budc duéi day dam bao rang, cac to may khi dang van hanh chi c6 thé dung, khong
thé khaéi dong. Tuong tu, cac to may khi dang nghi chi ¢6 thé khai dong, khong thé dung.

Yoit —Zoit =Ugit —Ugir 1 VieQs t=1..T (14)
Yoii +2ai L VieQq t=1.T (15)
Ugi 1+ Yoi v Zgix € {0,1};Vi e, t=1.T (16)

2.3. Cdc ring bugc ciia té mdy tuabin khi chu trinh hén hop

I Chédo o
OCT +0ST

Ché dp 2
2CT +0ST

1CT +1ST

Hinh 1. So dé chuyén déi ché dg lam viéc ciia CCGT

M6t nha may CCGT bao gdm cac tuabin khi (CT) va tuabin hoi (ST). M6 hinh héa CCGT dua

trén cAu trac dai dién cho tt ca cac két hop kha thi gitta tuabin khi va tuabin hoi. Qu4 trinh thay

doi gitra cac ché d6 van hanh tudn theo so dd trang thai da duoc xac dinh trudc [11]. Hinh 1 biéu

din so d6 chuyén déi ché d6 van hanh cua nha may CCGT c¢6 2CT va 1ST. Ché do “0” biéu thi
nha may CCGT dang nghi.

2.3.1. Rang budc bién trang thdi

Tai mdi khoang thoi gian, nha may CCGT chi ¢ thé van hanh & mot ché do:
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Z Ulgr =L Vi e Qe t=1..T (17)

Xeycgj

Rang budc chuyén ddi giira cac ché d6 van hanh dugc mé ta nhu biéu thire (18).

1- Z Udej + Z oo SM, (1-U%g 4 )i Vi € Qe VX e e t=1.T (18)

ye'/’ccj yg'//cq
Trong d6, M, 1a hang s6 duong du 16n (¢ day, ta chon M, =2).
Rang bugc (17) va (18) dam bao rang ché d6 van hanh x ciia nha may j tai mdi thoi diém chi
c6 thé chuyén sang ché do lam viéc kha thi tai thoi diém tiép theo. Nhu trong Hinh 1, gia st tai

truc thoi diém lap ké hoach van hanh, nha may tuabin khi dang & ché do nghi (Ugg o =1). Hai
rang budc trén dam bao rang tai thoi diém t =1 nha mdy chi c6 thé chuyén sang mot trong ba ché
d6 van hanh x =1 (ugy, =1) hodc x=2(ud;, =1) hoic tiép tuc nghi (u;, =1).
Tinh logic khoi dong va ding caa mdi ché do van hanh duogc trinh bay nhu sau:
yé(:j,t - ZCX)Cj,t = uéCj,t _uéq,u; yéCj,t + Zécj' t <% uéq‘,w yéCj,t ) ZéCj,t € {011}; VjeQ, VX e Ve vVt (19)
Trong do, yi;, bang 1 khi ché do van hanh x clia nha may CCGT j khoi dong & dau gio t va
béng 0 khi ché d9 van hanh x khong khéi dong; zi.,, bang 1 khi ché d¢ van hanh x ctia nha méy
CCGT j dirng ¢ dau gio t va bang 0 khi ché d6 van hanh x khong ding.
2.3.2. Gi6i han céng sudt phat
MJi ché d6 van hanh x phai thoa mén gidi han cong suat phat tdi thiéu va tdi da:
chqm'”uécJt <P SRETUSG0 Vi €Qcc, VX e W t=1.T (20)
Trong do, P va P.J™ theo thur tu 1a cong suét phat toi thiéu va téi da tng voi ché do van
hanh x ctia to may tuabin khi chu trinh hdn hop j (MW).
2.3.3. Gi6i han thoi gian lam viéc/ nghi ciia moi ché dg van hanh
Tuong tu nhu t6 may nhiét dién than, mdi ché d6 van hanh ciia t may tuabin khi chu trinh
hdn hop ciing phai thoa man thoi gian lam viéc téi thiéu Tz va thoi gian nghi tdi thiéu T2
Rang budc thoi gian 1am viéc tdi thiéu caa mdi ché d6 van hanh dugc trinh bay nhu sau:

Ofgj

ZI:]- Ugg, t:| 0, VjeQu,VXeyy (21)
t=1
T -1
Uggi.p 2TCUCJ Yeeir VI € Qe VX €y t = Oggy +1..T - TCUCJX +1 (22)
p=t
:
Ui, —Vege |20 Vi€ Qo VX epeq t=T Ty +2.T (23)
p=t
Ofgy = min{T, (T ~T&o Ul o} (24)

Trong do, O la sO gio con lai ma ché d6 x cta nha may tuabin khi chu trinh hdn hop j phai
hoat dong, xét tai thoi diém bat dau chu ky 1ap ké hoach méi (h); Ulg; o 12 trang thai ctia ché d6 van
hanh x ctia nha may tuabin khi chu trinh hon hop j tai gio p; Ugg o 12 trang thdi cta ché do van hanh
X cua nha mdy tuabin khi chu trinh hon hop j va T2, 1a sO gio ché do van hanh x cua nha may

tuabin khi chu trinh hdn hop j da hoat dong, xét tai thoi diém bat dau chu ky lap ké hoach mai (h).
Tuwong tu, rang budc thoi gian nghi toi thiéu c6 thé duoc trinh bay nhu sau:
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X
Feei

Dul,, =0 VjeQ., Vxey,, (25)
t=1
TR -1
Y [1-uly, |2 T2 Vie Qo VX e gy t = R +1.T —T&) +1 (26)
p=t
.
Y1ty — 20 |2 05 Vi€ Que, VX €y t =T =T +2..T (27)
p=t
Fl, = min {T, (T =T33 0 ) (1 )} (28)

Trong d6, F; 1a s gio con lai ma ché d6 x ciia nha may tuabin khi chu trinh hén hop j phai
nghi (h) va T2, 1a s6 gio ché do van hanh x ciia nha may tuabin khi chu trinh hén hop j da nghi,
xét tai thoi diém bat dau chu ky lap ké hoach mai (h).

2.3.4. Gidi han tang/giam cong sudt phdt

Rang bugc tang/giam cong sudt phat trong ciing mgét ché dg van hanh cia nha may tuabin khi

chu trinh hon hgp dugc mo ta nhu sau:

P(;((;j,t - P(;((;j,t—l < Rgéxj’ +M, (Z_Uércj,t—l _ué’Cj,t ); VjeQq, VX' e Ve \{O} t=1.T (29)

P(?C’j,t—l - P(;((;j,t < RcDéxj/ + Ms (2 - U(X:’Cj,t—l - ué’Cj,t );Vj € Qcc J vx'e ‘/’cq‘ \{0} t=1.T (30)

trong d6, Ry la gioi han tang cong suat phat trong ché d6 van hanh x’ cia CCGT j (MW/h);

R% la giéi han giam cong sut phat trong ché d6 van hanh x” cia CCGT j (MW/h); M; 13 hing
s6 duong du I6n (ta chon M, = PL™).

Rang budc ting/giam cong suét phat khi chuyén doi ché dj van hanh cia CCGT:
PCij,t - PCXCj,t—l < Rgéﬁy +M, (Z_U(X:Cj,t-l _uéq,t); VjeQq, Vxe Ve VY € ‘//gc'?’t =1.T (31)

CXCj,t—l - PCij,t < RcDé)}y +M, (Z_Uéq,m _uéCj,I ); VjeQe, VXe Vegs Vye %?é?t =1.T (32)
Trong d6, Ry la gi6i han ting cong suat phat khi ché do van hanh dugc chuyén tir x sang y
ciia nha may tuabin khi chu trinh hon hop j (MW/h); Rey’ 1a gioi han giam cong suét phat khi
ché d6 van hanh duogc chuyén tir x sang y cua nha mdy tuabin khi chu trinh hdn hop j (MW/h);
y/gcf la tap cac ché d6 van hanh ma ché do x c6 thé chuyén sang cua nha may tuabin khi chu trinh
hdn hop j (v&i x#Y); My 1a hing sé duong dii 16n (& day, ta chon M, = Pi); P& 1a cong suét
phat ti da cuia td may tuabin khi chu trinh hdn hop j (MW).
2.4. Ring bugc duw trit cong sudt

Cac rang bugc lién quan den du trir cong suat dugc mo ta nhu sau:

z Ugi Fai + z D Ui P 2 D Pong R t=1.T (33)

ieQg JeQcc Xy neQp
Trong d6, P, la cong suat phu tai trong khoang thoi gian t (MW); Py, 1a tong du trit cong suat
yéu cau trong khoang thoi gian t va gié tri nay bang 15% tong cong suat phu tai cia toan hé thng.
2.5. Rang bugc luoi dién

Bai toan UC c6 xét rang budce ludi dién trong nghién clru nay sir dung hé phuong trinh trao
luu cong suat mot chiéu. Rang budc (34) 1a can bang cong suat tac dung tai tirng ntt.
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z I:)Gi,t + z z PCXCj,t - z I:>Dn,t = z Psr,t = z (55,1 _§r,t )/Xsr; Vs, Vit (34)

ieQg J€Qccs VXeycg neQpg reQ reQ

Trong d6: Q14 tap cac t6 may phat dugc néi véi niit s; Q. 1a tap cac phu tai duoc ndi véi
nat s; Q. 1a tap cac nat két ndi truc tiép véi nut s; P,. la dong cong suét tac dung trén nhanh sr
trong khoang thoi gian t (MW); &,,va ¢, , lan lugt 1a goc pha dién ap tai nit s va r trong khoang
thoi gian t; x, la dién khang doc cua nhanh sr.

~Cong thic (35) 1a gidi han truyén tai cong sudt trén cac nhanh cua ludi dién. Rang budc (36)
biéu dién goc pha dién ap tai ntit tham chiéu.
P <P, <P™; Vs VreQ,Vvt (35) 6, =0; s:ref, vt (36)

Trong d6 P™ la cong suét tic dung truyén tai ti da trén nhanh sr (MW).

3. Két qua tinh toan

Mb hinh dé xuat dugc 4p dung tinh toan trén ludi dién 8 nut [14]. Hinh 2 minh hoa lu¢i di¢n 8
nut voi 6 nha may nhiét dién than (G1, G2, G3, G4, G5 Vé} G6). Bai toan UC dugc lap trinh bang
ngdn nglt GAMS [15] véi bd giai thuong mai CPLEX. Tat ca tinh toan dugc thuc hién trén may
tinh ca nhan voi cau hinh Intel(R) Core(TM) i5-11300 CPU @3.10GHz va 8GB RAM.

3.1. Diz liéu tinh todn

Db thi phu tai trong 24 khoang th(‘yiv gian dugc trinh bay ¢ Hinh 3. Trong d6, phu tai cyc dai la

2040 MW (tai t=21) va phu tai cyc tiéu la 863 MW (tai t = 4).

G2 2500

D1 G5 2
o 1 &
1 2 3
[ e =
D4 6 é 1500
D5 <
o
G6 E 1000
3 S
500
5 4 0
‘ 0
@ @ D3 @ 12 3 4 567E!91011‘12‘131415161718192021ZZZSZ’I
G1 G4 G3 Thei gian (h)
Hinh 2. So do ludi dién IEEE 8 nut Hinh 3. D¢ thi phy tdi cia hé thong

Bang 1 trinh bay thong sé ciia cac to may nhiét dién than. Dit liéu cua cac duong day dugc
trinh bay trong [14]. Cac thong sb gidng nhau cua hai t6 may CCGT dugc trinh bay trong Bang 2
va Bang 3. Tuy nhién, chi phi bién déi cia cac t6 may CCGT la khac nhau (xem Bang 4). Ngoai
ra, trudc thoi diém Iap ké hoach van hanh, cac t6 may CCGT déu lam viéc & ché do 1 va di lam
viéc dugc 1 gio.

Bang 1. Dir liéu ciia cdc t6 mdy nhiét dién than

Théng sb G1 G2 G3 G4 G5 G6
Chi phi bién ddi ($/MWh) 50 45 35 25 15 20
Chi phi ¢b dinh ($/h) 80 80 30 50 60 80
Chi phi khai dong (3) 200 100 30 110 200 150
Chi phi dirng ($) 0 0 0 0 0 0
Cong sut phat t6i da (MW) 463 463 463 500 500 500
Cong suét phat t6i thiéu (MW) 180 180 180 80 80 80
Gigi han tang/giam cong suf"it (Mwr/h) 210 210 240 210 210 210
Gi6i han tang/giam cong suat khi khoi
dong/dimg (MW/h) 400 400 463 300 300 300
Thoi gian lam viéc tdi thiéu (h) 6 6 8 5 5 5
Thoi gian nghi tdi thiéu (h) 5 6 8 5 5 5
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Théng s6 G1 G2 G3 G4 G5 G6
Trang thai ban dau ON ON ON OFF  ON OFF
Cong suit phat ban dau (MW) 150 150 300 0 200 0
S6 gior da lam viée truée chu ky (h) 8 8 10 0 3 0
S6 gio da nghi trudc chu ky (h) 0 0 0 5 0 6

Bang 2. Théng sé cia cdc t6 may CCGT

Ché do Pmin Pmax Giéi han tang/giam  Thaoi gian lam viéc Thai giannghi  Chi phi

vinhanh  (MW) (MW)  cbng suit (MW/h) tbi thidu (h) t6i thiéu (h)  cb dinh ($/h)
0 0 0 0 2 2 0
1 40 1415 100 2 2 34
2 80 283 200 2 2 68
3 81 236 155 2 2 61
4 180 463 285 2 2 134
Bang 3. Di liéu vé chuyén déi gidta cdc ché @ van hanh ciia CCGT
Ché dd dau  Ché dd sau Chi phi chuyén ché dé (3) Giéi han ting/giam cong suit (MW)
0 1 60 1415
0 2 120 283
1 0 0 1415
1 2 60 283
1 3 15 236
2 0 0 283
2 1 0 283
2 4 15 463
3 1 0 236
3 4 60 463
4 2 0 463
4 3 0 463
Bang 4. Chi phi bién doi ciia cdc té6 may CCGT ($/MWh)
Ché d% van hanh 0 1 2 3 4
T6 may CCGT1 0 35 28 22 15
T6 may CCGT2 0 32 24 19 12

3.2. Két qud tinh todn
3.2.1. Hiéu sudt cao ciia CCGT va dnh huéng cia CCGT dén gid dién ciia hé thong

Dé danh gia hiéu suit cao cia CCGT va anh huong cia CCGT dén gia dién cua hé thdng, bai
toan UC dugc tinh toan véi hai kich ban duéi day:

e Kich ban 1: Tat ca cac ngudn dién trong hé thong 1a cic to may nhiét dién than;

e Kich ban 2: Cac ngudn nhiét dién than c6 chi phi san xuit cao G1 va G2 lan luot duoc

thay thé bang CCGT1 va CCGT2.

Loi giai cua bai toan UC véi hai kich ban cho thiy riang cac t6 may nhiét dién than G4, G5 va
G6 déu duoc van hanh lién tuc trong 24 gio. Do d6, bai bao chi trinh bay ké hoach van hanh cua
cac td may G1, G2, G3 trong kich ban 1 va CCGT1, CCGT2, G3 trong kich ban 2. Trang thai van
hanh cta cac t6 may nay tuong tng vai hai kich ban duoc mé ta trong Bang 5. Trong d6, ché do
4 14 ché d6 1am viéc hiéu qua nhat. Tuy nhién, CCGT phai van hanh & ché d6 1 (LCT+0ST) sang
ché do 3 (1CT+1ST) trude khi sang ché do 4 (2ST+1CT). Thoi gian thay doi t6i thiéu giita cac
ché do 1a 2 gio.

Khi ca tuabin khi (CT) va tuabin hoi (ST) déu hoat dong, cac t6 may CCGT cho thay hiéu sut
cao va chi phi san xuat thap. Cu thé, CCGT1 sé& duoc lam viéc thuong xuyén hon (t=2+6 vat =
14-24) so v6i t6 may nhiét dién than G1. Dong thoi, CCGT2 s& duoc lam viée thudng xuyén hon
(t=2+14) so v6i té may nhiét dién than G2. T6 may G3 s& khong con duoc van hanh vao mot s6
gio nhit dinh (t = 9+24) vi té may nay c6 chi phi van hanh cao hon so véi CCGT & c4u hinh 4
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(2CT+1ST). Tong chi phi van hanh cta hé thdng twong tng véi kich ban 1 va 2 lan luot 1a
953365 $ va 662278 $, tc 1a chi phi van hanh cta kich ban 2 nhé hon 30,53% so vai kich ban 1.
Diéu nay 14 do hiéu suét cao cua cac to may CCGT so v6i to may nhiét dién than,

Bang 5. Trang thdi vdn hanh ciia cdc t6 may trong kich ban I va kich ban 2

Gidy Kich ban 1 Kich ban 2
G1 G2 G3 CCGT1 CCGT2 G3
1 1 1 0 1 1 1
2 0 0 0 1 1 0
3 0 0 0 3 3 0
4 0 0 0 3 3 0
5 0 0 0 4 4 0
6 0 0 0 4 4 0
7 1 0 0 4 4 0
8 1 0 0 4 4 0
9 1 0 1 4 4 0
10 1 0 1 4 4 0
11 1 0 1 4 4 0
12 1 0 1 4 4 0
13 1 0 1 4 4 0
14 0 0 1 4 4 0
15 0 1 1 4 4 0
16 0 1 1 4 4 0
17 0 1 1 4 4 0
18 0 1 1 4 4 0
19 0 1 1 4 4 0
20 0 1 1 4 4 0
21 0 1 1 4 4 0
22 0 1 1 4 4 0
23 0 1 1 4 4 0
24 0 1 1 4 4 0
70 70
@Kich bin 1 = Kich bin 2 —8Kich ban 1 —*—Kich ban 2

LMP ($/MWh)
&
LMP ($MWh)

20

20

N
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Hinh 4. LMP ciia cdc mit tai t = 19 Hinh 5. LMP cua nut 8 trong 24 gio
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z
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Két qua tinh toan gia dién (LMP) tai cac nit cua hé théng dién twong wng vai kich ban 1 va kich
ban 2 duoc trinh bay & Hinh 4 va Hinh 5. Hinh 4 cho thay rang, tai t = 19, LMP tai cac nat cua kich
ban 2 nho hon so vai kich ban 1. Cy thé, LMP tai nut 8 twong tng vai kich ban 1 va 2 1an luot bang
60,58 $/MWh va 20 $/MWh. Nguyén nhén 1 do, véi kich ban 1, hé théng dién c6 duong day 7-8 bi
ngh&n mach. Hinh 5 trinh bay LMP ciia nit 8 trong 24 gid voi hai kich ban. Hinh 5 cho thay rang,
LMP tai nut 8 trong tit ca cac thoi diém cua kich ban 2 déu nho hon so vai kich ban 1. Dac biét, tai
t = 19+21, LMP cua kich ban 1 16n hon nhiéu so véi kich ban 2 do duong day 7-8 nghén mach.
Nhu vay, tinh trang ngh&n mach va LMP giam dang ké khi c6 su tham gia CCGT.

3.2.2. Tinh linh hoat cua CCGT

Tu 1o giai bai toan UC cua kich ban 1, do nhu cau cong suat tang tai gio thir 7 nén mot may
phat dang nghi can dugc khai dong. T6 may nhiét dién than G3 c¢é chi phi vin hanh thap nhat
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trong ba t6 may nhiét dién than (G1, G2, G3) nhung khong thé khoi dong tai gio thr 7 do G3 da
dugc nghi tai gio tha nhat va phai duoc nghi it nhat 8 gid. Do d6, G1 dugc khai dong tai gio thi
7 thay cho G3. Vi viy dé 1am rd tinh linh hoat cia CCGT, bai bao so sanh 1oi giai bai toan UC
trong hai kich ban sau:

e Kich ban 1: Tt ca cac ngudn dién trong hé thdng 1a cac to may nhiét dién than;

e Kich ban 3: Thay thé ngudn nhiét dién than c6 do linh hoat kém (G3) bang CCGT

(CCGTT1) ¢ d9 linh hoat cao va chi phi van hanh thap.
Bang 6. Trang thdi vdn hanh ciia cdc t6 may trong Kich bdn I va kich ban 3

Gir Kich bén 1 Kich béan 3
Gl G2 G3 Gl G2 CCGT1
1 1 1 0 1 1 1
2 0 0 0 0 0 3
3 0 0 0 0 0 3
4 0 0 0 0 0 4
5 0 0 0 0 0 4
6 0 0 0 0 0 4
7 1 0 0 0 0 4
8 1 0 0 0 0 4
9 1 0 1 0 1 4
10 1 0 1 0 1 4
11 1 0 1 0 1 4
12 1 0 1 0 1 4
13 1 0 1 0 1 4
14 0 0 1 0 1 4
15 0 1 1 0 1 4
16 0 1 1 0 1 4
17 0 1 1 0 1 4
18 0 1 1 0 1 4
19 0 1 1 0 1 4
20 0 1 1 0 1 4
21 0 1 1 0 1 4
22 0 1 1 0 1 4
23 0 1 1 0 1 4
24 0 1 1 0 1 4

Sau khi thay thé G3 bang CCGT1, trong 1i giai bai toan UC, G4, G5, G6 dugc van hanh lién
tuc trong 24h va gidng voi ké hoach van hanh cta cac may phat nay trong kich ban 1. Trong khi
d6, k& hoach van hanh cia G1, G2 trong hai kich ban c6 su khac nhau (mé ta trong Bang 6).
Trong do, tai kich ban 3, G1, G2 duoc nghi tai nhitng gio diu va G2 duoc khoi dong tai giod thir
9. Vi CCGT1 duoc van hanh lién tuc trong 24h nén tai gio thir 7 caa kich ban 3, t6 may c6 chi
phi san xuét I6n G1 khong phai khoi dong. Ngoai ra, tong chi phi van hanh cta hé thong twong
g vai kich ban 1 va 3 lan luogt 1a 953365 $ va 817208 $, tic 1a chi phi van hanh cua kich ban 3
nho hon 14,28% so véi kich ban 1. Piéu nay 1a do tinh linh hoat cia cac t6 may CCGT so vdi to
méy nhiét dién than truyén thong.

4. Két luan

Bai bao dé xuat mé hinh MILP dé 1ap ké hoach van hanh ngay t&i cho hé théng dién hdn hop
nhiét dién than va tuabin khi chu trinh hdn hgp. M6 hinh t&i wu dé Xuat c6 xét rang budc cua té may
nhiét dién than, rang budc cua té may tuabin khi chu trinh hdn hop va rang budc ludi dién. Dac biét,
cac tb may tuabin khi chu trinh hon hgp duge mo hinh héa mot cach chinh xac dya trén cac cAu tric
van hanh khac nhau. M6 hinh MILP dé xuat dugc danh gia sir dung luéi dién IEEE 8 niit cai bién.
Két qua tinh toan cho thdy rang, vi CCGT c6 hiéu suat va do linh hoat cao nén chi phi van hanh cua
hé thong c6 CCGT giam dang ké so véi hé théng chi co nhiét dién than. Ngoai ra, tinh trang ngh&n
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mach trén lu6i dién va gia dién tai cc nut cia h¢ théng c6 CCGT duoc gidm dang ké so voi hé
thong chi co nhiét dién than. Trong tuong lai, md hinh dé xuat co thé phat trién thanh bai toan lap
ké hoach van hanh ngan han cho h¢ thong hon hop nhiét dién than va CCGT c6 xét tinh bat dinh.
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