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TO HQP TO MAY TRONG PIEU PQ KINH TE HE THONG PIEN

Tran Hoang Higp, L& Xuan Sanh”

Truong Pai hoc Dién luc

TOM TAT
Vén dé t6 hop t6 may phat (Unit commitment- UC) la cin xac dinh ké hoach sap xép cac t6 may
v6i chi phi van hanh thip trong khi phai thoa man mot so rang budc vé can bang nhu cau phu tai,
dy phong va cac diéu kién khac. Trong hé thong dién, thuong co nhidu loai nha may dién khac
nhau, tuy nhién van dé UC dugc dé cap chi khao sat don thudn cac to may nhiét dién. Bai bao dé
xuit mé hinh UC cho cac t6 may nhiét dién va dong thoi ap dung cong cu BARON Solver cia
phian mém GAMS dé giai bai toan. Cac két qua tinh toan cho HTD gdom 10 t6 may nhiét dién véi
chu ky diéu d6 24 gio, dong thoi so sanh voi cac phuong phiap khac nhu: GA (Gennetic
Algorithm), MA (Memetic Algorithm), EP (Evolution Programming) d& minh chting tinh hiéu qua
ctia phuwong phép tinh toan va tinh ding dén ciia mé hinh.
Tir kKhéa: diéu do kinh té Hé thong dién; diéu d phat dién; phan mém GAMS; quy hoach hén
hop s6 nguyén; té hop té may phat

Ngay nhdn bai: 04/6/2019; Ngay hoan thié¢n: 08/8/2019; Ngay dang: 12/8/2019

UNIT COMMITMENT
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ABSTRACT

The problem of unit commitment (UC) is how to determine the optimal plan of generation unit in
order to minimize cost and meet several constraints such as power balance, power reservation and
other operating conditions. In a power system, there are normally many types of power plant.
However, the problem of UC on this paper only consider thermal units. This paper proposes a
model of UC problem for thermal units and apply BARON Solver for solving such problem.
Calculating results of a power system with 10 thermal units during 24 hours of dispatching, and
comparison to other method such as GA (Gennetic Algorithm), MA (Memetic Algorithm), EP
(Evolution Programming) have demostrated the effectiveness and correctiveness of the model and
method of calculating.
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1. Gigi thiéu

Bén canh tde dd phat trién nhanh cta nén
kinh t& quéc dan va sy gia ting khong ngimg
cua phu tai, doi hoi ) lugng cac to may phat
cling phai gia ting, dua vin dé t6 hop t6 may
(UC) dén thach thirc to 16n. Thong thuong
van dé UC théa man cac rang budc, nhu phu
tai hé théng, cong suét du phong, cuc tiéu
thoi gian khoi dong va dimg may dé xac dinh
thoi doan diéu do dua cac td may vao van
hanh va cong suét phat cua chung, sao cho
tong chi phi phat dién cyc tiéu hay t6i da hoa
loi ich trong ca chu ki diéu do. Pbi tuong
nghién ctru ctia UC khong dong nhit, bao
gom: to hop t6 mdy nhiét dién (thermal unit
commitment, UC truyén thong); t6 hop to
may thuy dién (hydro unit commitment,
HUC); t6 hop t6 may thay - nhiét
(hydrothermal unit commitment, HTUC).
Trong d6 HUC con dugce goi 1a t6i wu diéu do
thuy dién, HTUC ciing dugc goi la lién hop
dicu d6 thay nhiét  (hydrothermal
coordination, HTC).

Trong céac hé théng dién (HTD) hién nay gom
¢6 nhiéu loai t6 may phat dién khac nhau, phu
thudc vao loai nhién liéu so cip nhu: thuy
dién, than d4, diu mo, khi thién nhién, nang
lwong mit troi, ning lwong hat nhan. Céc to
may phat khac nhau nay tao nén sy khong
ddng nhat vé chi phi phat dién, dic tinh ki
thuat va diéu kién rang budc van hanh.

Nguon phat cia HTD Viét Nam hién nay thi
nhiét dién va thuy dién dong vai tro chu dao,
tuy nhién chi phi phat dién cua nhiét dién cao
hon nhiéu so véi nguodn 1a thiy dién, c6 anh
huéng chinh dén tong chi phi phat dién toan
hé thdng. Van hanh t6i uu cac t6 may phat
nhiét dién 1a bai toan cuc ki quan trong, chi ra
ké hoach sip xép van hanh céac t6 may voi chi
phi thip nhit nham tiét kiém nhién liéu, lam
giam b6t lugng khi thai giy anh huong dén
mdi trudng, trong khi van phai thoa man cac
rang budc vé cin bang cong suit, du trit cong
sudt phat va cac diéu kién rang budc k¥ thuét
khac [1]. Viéc xac dinh duoc ké hoach khoi

dong, ding va dua vao van hanh cac to may
phat mot cach tbi uu sé tiét kiém chi phi phat
dién, mang lai loi ich dang ké cho nganh dién.
Vi vy, van dé t6 hop t6 may 1a van d& nong dé
nghién cuu, dé)ng thoi cling 1a nhiém vy quan
trong trong van hanh kinh té hé thong dién.

Bai toan phdi hop tdi wu t6 may phat nhiét
dién da dugc nghién ctru va dua ra nhiéu
phuong phap trong nhitng thap nién gan day.
Theo [2], ung dung mang noron véi wu diém
la don gian thi lai gap nhiing khé khan trong
xtr 1i mot s6 rang budc bat dang thirc; thuat
toan di truyén (GA) [3,4] phu thudc nhiéu vao
ham tuong thich, nhay vdéi ti 1€ lai va dot
bién; quy hoach tién hoa (EP) [5,6,7] két qua
chi gan t6i vu ¢ nhimg bai toan phuc tap va
¢6 s6 vong lap 16n; tdi uwu héa bay dan (PSO,
Particle Swarm Optimization) [8,9] cho ra
161 giai tdi uu trong khoang thoi gian tinh
toan ngan, nhung lai nhay véi viéc thay doi
céc thong sd, v.v. Cac phuong phap déu co
nhitng uu va nhugc diém riéng, phuong phap
cho két qua toi wu thi qua trinh thanh lap bai
toan kho khin, s6 vong ldp hoi tu 1on. Phuong
phap giai don gian thi cho két qua khong nhu
mong doi.

Bai bao dé xuit mo hinh t6 hop t6 may phat
nhiét dién cai tién, khao sat thém chi phi khai
dong td may, rang budc dbc cong suit phat,
rang budc thoi gian khoi dong va dimg to
may trén co s& md hinh quy hoach hén hop s6
nguyén (Mix-Integer Nonlinear Programming
- MINLP). Pong thoi thong qua hé théng
nhiét dién gém 10 t6 may véi chu ki didu do
1a 24h dé tinh toan, két qua cho thay tinh hoi
tu va do tin cdy cia md hinh so véi mot sb
phuong phép khac st dung thuét toan tri tu¢
nhan tao hién dai (GA, MA, EP).

2. M hinh toan hoc ciia van dé té hop t6
may (UC)

2.1. Ham 56 muc tiéu ciia UC [10]

Théng thuong, chi phi san xuit va van hanh
ctia nhiét dién bao gdm chi phi nhién liéu, chi
phi van hanh, khdu hao thiét bi, chi phi tra

118

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


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Tran Hoang Hiép va Prg

Tap chi KHOA HOC & CONG NGHE DHTN

204(11): 117 - 123

luwong, v.v. Trong do, chi phi nhién li€u 1a anh
hudng nhét dén viéc san xuat dién ning. Do
d6 ham sd muc tiéu thong thuong dugc chon
14 cuc tiéu chi phi nhién li€u cia HTD khao
sat. Vi to may sau khi dimg may khoi dong lai
phai tiéu hao mdt lugng nhién liéu nhét dinh,
nén cling phai khao sat thém chi phi khéi
dong, ding may. Do do téng chi phi phat dién
cling bao gdm ca chi phi khéi dong, dimg
may [11].
Ham s6 muc tiéu thuong ding dugc biéu thi
nhu sau:
T N
min Fcost = Zz[ui,t f(R,t) +U;; (- ui,t—l)ci,t] (1)
t=1 i=1
trong do:
- Foost 12 tong chi phi phat dién Hé théng ($);
- t 12 phan doan diéu do (h);
-T la chu ki diéu do (h);
- N 14 s6 t6 may nhiét dién;
- Uj; 12 bién s6 chi trang thai ctia t6 may phat i
tai thoi doan t; ;= 1 hodc 0 twong tng khi to
may dang van hanh hoic dirng may;
- Pi; 12 cong sudt phat cua to may i tai giai
doan t;
- f(P;,) 1a ham s chi phi phat dién ciia to may
i tai thoi doan t, n6 ¢6 quan hé bac 2 vai cong
suét phat, tirc 1a:

f (R)=3+bR, +cP} (2)
véi: ai($/h), bi($/MWh), ci($/MW?h) 1a cac hé
s6 ddc trung cho ham chi phi phat dién;

- Ciy 1a chi phi khoi dong t6 cia may t6 may i
tai thoi doan t:
{cr"‘,zf“ T <T 4T
C.= '

Cicold ’-l-isz > Iioff +Ticold

©)

trong do:

- C{"™ 1a chi phi khéi dong néng;

- C" 14 chi phi khoi dong lanh;

- T 12 thoi gian khoi dong khi td may lanh
(ngudi);

- T 1a cuc tiéu thoi gian cho phép t6 may
dung van hanh, néi cach khac no chinh 1a thoi

gian t6i thiéu tinh tir khi dimg may méi ¢
kha nang dua vao vén hanh lai, dic trung cho
yéu cau ki thuat ctia t6 may phat;

- T 1a s6 thoi doan da lién tuc dimg cua to
méy i tinh dén thoi doan t.

2.2. Piéu kién rang bugc ciia UC

a) Rang budc cin bang céng sudt phdat (b6
qua ton that trong HTP) [11].

N
Zui,ta,t _PD,t =0 (4)
i-1

trong do: Pp;1a cong sudt phy tai yéu cau tai
thoi doan diéu do t.

b) Rang budc dir phong cong sudt hé thong
[11].

>, PR, +R (5)

trong do:

- R¢1a cong suaflt du phong hé théng yéu ciu
tai thoi doan diéu do6 t;

-P; cong suat phat cuc dai clia t6 may i.

¢) Rang budc céng sudt phat té may [12].

u B <P <u;P (6)

It
trong do. P, P la cong suat phat cuc tiéu va
cuc dai cua td may i.
Néu Uit = 70 thi, ta c6: 0 < Pj; < 0, 1ay cong
suat phat to may la 0, ttc P;; = 0.
Néuu = 1thi,tace: p<p <PB.

d) Rang bugc trang thdi t6 may phat [13].
Uit 12 bién s6 mo ta trang thai van hanh ctia td
may, thuc chat u;; 1a bién nhi phan, tic la:

u, €{0,1} )

e) Rang bujc déc ciia cong sudt phdt té mdy
Do dic trung ban than té may phat nhiét dién
nén trong khoang thoi gian ngan no khong thé
dap tng tdc do ting hodc giam cong suit phat
ma phai théa min yéu cau ddc 1én (dic trung
cho gi6i han toc do ting cong suat) va ddc
xudng (dic trung cho gidi han tdc d6 giam
cong suat), nhu sau:
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{PM ~R <R™" (®)
R

'U
I/\

it it

trong dé: Pi*®, P 1an luot 1a giéi han toc
d6 tang va giam cong suét phat to may i.
/) Rang budc cuc tiéu thoi gian vin hanh va
ding t6 may.
T6 may phat nhiét dién khong thé thuong
xuyén khai dong va dimng, phai thoa man dicu
kién cuc tiéu vé thoi gian khoi dong va dimg
may:

{(u.t U T >0 )

(ui,t - ui,t—l)(Ti,t—l __i ) 20

trong d6: T, T°™ phan biét 1a thoi gian cuc
tiéu van hanh va dimg may.
Néu chu ki diéu d6 1a T va tai thoi doan t t6
may i dua vao van hanh thi tinh tir thoi doan
nay tro di nd phai lién tiép van hanh thém mot
khoéang thoi gian t6i thiéu 1a T°" nira; khi (T-
t) < T:°" thi ngoai s6 thoi doan (T-t), t& may
van phai trong trang thai van hanh. Néu tai
thoi doan t to may dung hoat dong, thi tir thoi
doan nay tro di no phéi dt‘rng lién tiép thém
mot khoang thoi gian tdi thleu nira 1a T°™; khi
(T-t) < T°" thi ngoai s thoi doan (T t), to
may van phai trong trang thai dimng.
biéu kién rang budc cuc tiéu thoi gian van
hanh va dimg t6 may cta van d& UC 1a mot
diéu kién cuc ki phuc tap, mang tinh phi
tuyén va giita cac thoi doan ton tai tinh ngiu
hop manh mé [14]. Trong thyuc té tinh toén,
diéu kién rang budc nay, co6 ban chit 1a bt
dang thirc phi tuyén phuc tap s& dugc chuyén
hoa thanh bat ding thic rang budc don gian,
cac khoang thoi doan c6 quan hé mat thiét s&
dugc phan cit thanh céc thoi doan doc lap, mdi
thoi doan duoc tinh toan mot cach doc lap,
bién qua trinh tinh toan tré nén dé dang hon.
2.3. GAMS (General Algebraic Modeling
System) gidi bai toan UC
C6 thé tong quat hoa nhu sau: md hinh UC 1a
mdt md hinh ciia bai toan tdi uu nhiéu rang
budc, mang tinh phi tuyén cyc manh va chira

bién sd nguyén (bién trang thai u;;) nén no
thugc vé mo hinh quy hoach hdn hop sb
nguyén MINLP, viéc giai quyét bai toan nay
rat khé khan va dugc giai bang cic phuong
phap toan hoc kinh dién ciing nhu cac thuat
todn tri tué nhan tao hién dai. Tuy nhién tde
dd giai bai toan phu thudc vao phuong phap
tuyén tinh hoa cac thanh phan phi tuyén. Van
dé nay co thé duoc giai quyét bang viée cai
tién tinh toan mé hinh MINLP.

GAMS 1a mot hé théng md hinh toan hoc cao
cép [15], 1an dau tién dugc ngan hang thé gidi
do Brooke, Kendrickm, Meeraus nghién ctru
va phat trién nam 1992, ¢6 thé dung dé giai
quyét cac bai toan thudc vé van dé: quy hoach
tuyén tinh (LP, Linear Programming), quy
hoach phi tuyén (NLP, Non-Linear
Programming), quy hoach hén hop sé nguyén
(MIP, Mix Integer Programming), quy hoach
hdn hop sé nguyén phi tuyén (MINLP),v.v.
Giao dién nén ting GAMS than thién, linh
hoat, chi can nguoi dung c6 ky nang xay dung
mo hinh toan hoc tbt, chuin xac theo quy
pham, ¢ thé nhanh chong va dé dang tao va
sira d6i cac md hinh trong nén tang giao dién,
va ciing c6 thé chon bat ky cong cu giai nao
dé co thé thuc hién nhiém vu giai quyét bai
toan mot cach dé dang. GAMS cho phép
ngudi ding tap trung nhiéu hon vao qua trinh
moé hinh héa toan hoc, diéu nay c6 tac dung
16n dén viéc ning cao hiéu qua tinh toan cia
nguoi dung. Nhin chung, so véi cic cong cu
md hinh héa khéac, ching han nhu LINGO
(Linear, INterative and Global Optimizer),
LINDO (Linear, INterative and Discrete
Optimizer) va AMPL (A Mathemmatical
Programming Languge), qué trinh tinh toan
GAMS doi hoi it thoi gian hon va c6 két qua
tinh toan tét, dugce danh gia cao.

GAMS c6 rat nhiéu cong cu giai, trong bai
bao nay, tac gid st dung cOng cu
GAMS\BARON  (Branch And Reduce
Optimization Navigator) dé giai quyét bai
toan t6i uu t& hop t6 may phat nhiét dién voi
md hinh toan hoc & trén [15]. Qua trinh s
dung GAMS\BARON dé giai bai toan UC
duoc mo ta nhu hinh 1.
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Thanh lap md hinh toan hoc cac
van dé trong HTb

v

Nhép va hi€u chinh mé hinh tbi uu
hoa trong GAM

A

v

ya chon BARON Solver
dé t6i wu hdéa mé hinh

Giai phap

huong trinh c¢6 ding
khoéng?

Xuét két qua

Hinh 1. Qud trinh xik Ii va viét chwong trinh

3. Tinh toan va phén tich két qua

Lua chon hé théng nhiét dién gém 10 tb may
phat, 1dy chu ki diéu d6 T = 24(h), thoi doan
diéu d6 1a 1(h), ngudn sb liéu chi tiét tham
khao [16]. Tham sé tinh toan t& may nhiét
dién duoc trinh bay trong bang 1-2, thong sd
phu tai yéu cau trong bang 3.

Bang 1. Thong sé gidi han cong sudt va cdc hé sé

ham chi phi nhiét dién

T° 14 s6 thoi doan lién tuc dimg may (tri s6
am) hay van hanh (tri s6 duong) cia t6 may
phat tinh dén khi bt dau chu ki diéu do T.

Bang 3. Thong s6 phu tdi yéu cau hé thong

th 1 2 3 4 5 6 7 8

tai (MW) 700 750 850 950 1000 1100 1150 1200

t(h) 9 10 11 12 13 14 15 16

tai (MW) 1300 1400 1450 1500 1400 1300 1200 1050

thy 17 18 19 20 21 22 23 24

tai (MW) 1000 1200 1400 1300 1300 1100 900 800

_ PP/
a b c pmin  pmax  p down
N° ($/h) ($/MWh) ('MW?h) (MW) (MW)  (MW)

Trong qua trinh tinh toan iy du phong cong
sudt phat bang 10% cong sudt phu tai yéu cau.
Ung dung cong cu GAMS\BARON dé giai
quyét bai toan trén, c6 duoc két qua tinh toan
cu thé nhu bang 4,5,6,7.

Bang 4. Cong sudt phat méi 16 may ting thoi
doan dieu do (1h)

1 2 3 4 5 6 7 8
455 455 455 455 455 455 455 455
245 295 370 455 390 360 410 455
130 130 130

130 130 130 130

25 40 25 25 25 30

1 1000 16,19 0,00048 150 455 225

2 970 17,26  0,00031 150 455 225
3 700 16,60 000200 20 130 50
4 680 16,50 0,00211 20 130 50
5 450 19,70 0,00398 25 162 60
6 370 22,26 0,00712 20 80 60
7 480 27,74 0,00079 25 85 60
8 660 2592 0,00413 10 55 135
9 665 27,27 0,00222 10 55 135
10 670 27,29 0,00173 10 55 135

Bang 2. Chi phi khoi dong va cac thamvsér tinh
toan rang bugc khoi dong va dieng to may
Chot Ccold
N° T°(h) T*(h) T*(h) T*"(h) (3) ®)

1 8 8 8 5 4500 9000
2 8 8 8 5 5000 10000
3 5 5 5 4 550 1100
4 -5 5 5 4 560 1120
5 -6 6 6 4 900 1800
6 -3 3 6 2 170 340
7 -1 3 3 2 260 520
8 -1 1 3 0 30 60

9 -1 1 1 0 30 60
10 -1 1 1 0 30 60

9 10 11 12 13 14 15 16
455 455 455 455 455 455 455 455
455 455 455 455 455 455 455 310
130 130 130 130 130 130 130 130
130 130 130 130 130 130 130 130
85 162 162 162 162 85 30 25
20 33 73 80 33 20
25 25 25 25 25 25
10 10 43 10
10 10
10
17 18 19 20 21 22 23 24
455 455 455 455 455 455 455 455
260 360 455 455 455 455 425 345
130 130 130 130 130
130 130 130 130 130
25 25 30 162 85 145
33 20 20 20
25 25 25
10

co~NoubrwnkrZEHocovoubrwnnRZ oo b wn R Z]

10
Chu thich: 6 khong co gid tri mac dinh nhan gia
trila 0
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Bang 5. Trang thdi t6i wu ciia cdc 16 mdy

huy dong cong suit phat 16n nhat (tai thoi
doan t = 12h, khi phu tai cuc dai). Diéu nay
hoan toan phu hop véi thuc té diéu do kinh té
HTD, do t6 may sd 10 co cong suat dinh mirc
thap dong thoi c6 ham chi phi tiéu hao nhién
lidu 16n.

Bang 7. So sdanh két qua tinh todn véi cdc phirong

phéap khac

N 1 2 3 4 5 6 7 8
1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1
3 1 1 1
4 1 1 1 1
5 1 1 1 1 1 1
6

7

8

9

10

N 9 10 11 12 13 14 15 16
1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1
7 1 1 1 1 1 1
8 1 1 1 1

9 1 1

10 1

N 17 18 19 20 21 22 23 24
1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1
3 1 1 1 1 1

4 1 1 1 1 1

5 1 1 1 1 1 1
6 1 1 1 1
7 1 1 1
8 1

9

10
Chu thich: 6 khong co gia tri mdc dinh nhdn gia
trila 0

Bang 6. Chi phi khoi dong t6 mdy phdt

N 3 5 6 9 10 11 12 20
3 1100

4 560

5 900

6 340 170
7 520 260
8 60 60
9 60

10 60

Chu thich: 6 khong co gia tri mdc dinh nhdn gia
trila 0

Tir Bang 4 ta thdy, t6 may 1 dong gop cong
sudt phat 16n nhat va né ciing 1a t6 may phat
cong suit on dinh nhat, 1i giai diéu nay 1a do
n6 c¢6 kha ning phat 16n nhit, dong thoi co
murc tiéu hao nhién liéu nho nhat (tham khao
cac hé s6 Bang 1), trong khi d6 t6 may sb 10
c6 déng gop cong suat phat hé thong nho
nhéit, n6 chi tham gia phat khi hé thong can

Phwong phap tinh Két qua tinh toan($)
Té6t Trung Kém
binh
Gennetic algorithm [9] 565866 567329 571336
Memetic algorithm [11] 565827 566453 566861
Evolution 564551 565352 566231
Programming [12]
BARON Solver 563949
568000
S67000
265000
265000
S64000
263000 I
552000
Gennetic Maneic  Evolution BARON
dporitem dgorithm  Progammine Solver

Hinh 2. So sdnh két qua ciia cic phirong phdp
Bang 7 [9,11,12], cho két qua cua phuong
phap, chimg minh rang bai bao sir dung cong
cu GAMS\BARON dé tinh c6 két qua hoi tu
va nghiém t6i vu hon mot sé phwong phap
khac khi cing giai md hinh dé xuit & trén
(Hinh 2).

4. Két luan

Bai bao di dé xuit mo hinh toan hoc day du
ctia vin dé t6 hop t6 may nhiét dién trong Hé
thong dién, dong thoi van dung cong cu gidi
BARON Solver cua phan mém GAMS tién
hanh giai quyét, so sanh voi két qua tinh toan
cua cac phuong phap khac nhu: GA
(Gennetic  Algorithm), MA  (Memetic
Algorithm), EP (Evolution Programming) da
minh chimg viéc dé dang thanh 1ap bai toan,
hiéu qua ctia phuong phap va tinh thuc tién
cia mo hinh. Tuy nhién, & ting toc do giai
bai toan va tinh toan cho hé théng 16n c6 thé
giai quyét bang viéc cai tién tinh todn mo
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hinh MINLP (tuyén tinh ham muc tiéu, ring
budc thoi gian khdi dong va dung may, phan
doan thoi diém t6 may khoi dong néng hay
lanh,v.v.), van dé nay rat phuec tap sé duoc deé
cap trong cac nghién ctru sau.
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