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TOM TAT

Bai bdo trinh bay mét phwong phdp hiéu qud gidi bai todn diéu do cong sudt kinh té cho cdc t6 mdy
phat dién suw dung da nhién liéu. Truoc day, mai té may chi sw dung mot loai nhién liéu duy nhat,
ham chi phi phi nhién liéu chi la mot ham bdc hai, viéc giai bai toan nay khong qua phuec tap. Tuy
nhién, ngdy nay cdc t6 may co thé sir dung nhiéu loai nhién liéu dé phat dién, ham chi phi la nhiéu
ham bdc hai, cong viéc xdc dinh cong sudt phat va logi nhién liéu swr dung dé dot 1o tré nén phirc
tap hon. Tir @6, dwa trén 1y thuyét co sé tim cuc tri ciia phwong phdp Lagrange két hop véi thudt
todn Idp, mot phwong phap méi da dwoe xdy dung trong nghién citu nay. Két qua mé phéng cho
hé thong gom 10 té6 mdy dwoc so sanh voi cdc nghién civu khdc cho thdy ddy la mét phwong phdp
mdi, hiéu qua cé thé dp dung gidi cho bai todn cye tiéu chi phi phdt dién cdc té6 mdy sir dung da
nhién liéu.

ABSTRACT

This paper presents an approach to solve the unit commitment problem with multiple fuel
options. Traditionally, each generating unit used to each fuel options with a segmented piece-
wise quadratic functions, so that it is not difficult to solve them. However, it is more realistic to
represent the fuel cost function for each fossil fired plants as a segmented piece-wise quadratic
functions. Those units are faced with the difficulty of determining which is the most economical
fuel to burn. Therefore, this paper presents an approach to solve the unit commitment problem with
multiple fuel options. An advantage of the method is to formulate Lagrange mathematical function
easily based on the Lagrange multiplier theory. The simulation result for 10 generator system are
compared with others methods to show that the approach is a new method and an effective method
to solve miningzing generator cost problem of generating units with multiple fuel option.

1. GIOITHIEU tuong Ung v6i muc cong sudt phat ra. Do do,

Trudc day, mdi t6 mdy chi sir dung mot loai  mdi td may duoc biéu dién x4p xi thanh nhiéu
nhién liéu dé ddt, didu nay c6 nghia mdi to may ham bac hai twong tng véi cac giéi han cong
chi c6 mot ham chi phi bac hai duy nhat. Tuy  sudt va nhién liéu khac nhau. Khé khin cho van
nhién, ngay nay mdi td may co6 thé sirdung nhiéu  hanh cac t6 may nay 1a lam nhu thé nao dé xac
loai nhién liéu, va mdi nhién liéu dugc dung sé  dinh dwoc ngudn nhién liéu dé dot mang lai hiéu
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qua kinh té nhét. Nhing nghién ciru vé bai toan
phdi hop t6i wu to may phat da dwoc thyuc hién
nhiéu véi nhitng duy kién bai toan khac nhau véi
da dang phuong phéap nhu giai thuat MPSO [1],
mang neural Hopfield (Hopfield neural network
_HNN) [2], mang neural nhan tao Lagrangian
[3], PAA (partition approach algorithm) [4], 1ap
trinh tién hoa (EP-Evolution programming) [5],
DE (differential evolution) [6], gidi thuat SDE
cai tién [7] va cac phuong phap khac.

Céc phuong phap dugc s dung ¢ trén duoc
phan tich k§ nham tim ra nhiing thuan loi va
kho khan khi 4p dung. Phuong phap ¢ [1]
gilt nguyén gia thiét cic ham chi phi bac hai
theo tirng doan va giai bai todn. Do tim phan
cap dya vao phuong phéap s6 1a phuong phap
dugc st dung & [1] dé giai bai toan. Tuy nhién,
viéc giai bai todn bang phuong phap sb s& rat
khé khan trong nhiing hé théng 16n. Ung dung
mang neural Hopfield (Hopfield neural network
_HNN) ¢ [2] v6i vu diém 1a don gian thi lai
gip nhiing kho khan trong xir Iy mot sb rang
budc bit dang thirc, va nhimng bai toan 16n véi
nhiéu rang budc boi bat dang thirc. Ngoai ra,
su hoi tu cua HNN ciing phu thudc vao sy lua
chon céc hé s phat cho cac rang budc. Trong
mang noron Lagrange tdng cuong (Enhanced
Lagrangian Artificial Neural Network ELANN)
[3], cac nhan tir Lagrange duoc cai thién nhim
dam bao tinh hoi tu va cho cac két qua toi uu, va
viée xtic tic ciing duoc sir dung dé dat duoc sy
héi tu nhanh. Tuy nhién, ca hai phuong phap &
[2] va [3] déu c6 sb vong lap 10n, thoi gian dai
dé cho két qua tdi uu cudi cung. Vi co ché do
tim song song, phuong phap EP [5] c¢6 xéc suit
cao dé tim cac 1oi giai téi wu. Dbi v6i nhiing
bai toan qua phirc tap thi két qua chi gan tbi
uu. Phuong phap ¢ [6], [7] duoc xem la cong
cu giai bai toan c6 rang budc phure tap hon. Hai
phuong phap nay duogc ing dung cho ham chi
phi c6 xét dén hiéu Gmg xa van, day la diéu kién
khé ma cac phuong phap khac khé thuc hién.

Mot phuong phap mdi, phuong phap AHNN
[8] 1a su cai tién phuong phap & 3 bang viéc
diéu chinh do dbc va d6 1éch cac neural sudt
qua trinh thyc hién nham dat két qua nhanh hon.

Tir d6, bai bao d& xuit mot phuong phap hiéu
qud, chi voi mot ham toan hoc Lagrange duy
nhit dugc thanh 1ap, khong can sir dung to hop
cho nhiéu ham va mat thoi gian so sanh. Tinh
hiéu qua cia phuong phap duoc kiém ching
thong qua két qua so sanh véi cac phuong phap
khac.

II. PHUONG PHAP TIEP CAN

1. Ki hiéu todan hoc

Pé thanh 1ap bai toan, cac ki hi¢u toan hoc

duoc gidi thiéu nhu sau:

F(Pk) Chi phi nhién liéu img véi cong sudt
phat té may thir j nhién liéu thir k, (Rs/h).
P,:Cong sudt t6 mdy thir j véi nhién liéu thir k
j: To may thwj, j =1, 2,....M.

I: 86 bdc phu tdi trong ngay (tirc la s6 khodng
thoi gian trong ngay),

T: Thoi gian cua khoang thoi gian thit i, (gio).
N: S6 t6 mdy tham gia hé thong

M: S6 nhién liéu ciia méi t6 mdy

Ay bjk, ¢, Cac hé s6 ham chi phi ciia t6 mady
thir j nhién liéu thir k.

P, Cong sudt tai & gio thir i, (MW).

P;{nin , I?;{nax R Gig’i han cong Sucftphdt nhé nhdt,
[6n nhdt cua t6 mdy thw j tai nhién liéu thu k
(MW).

/1 Nhan tir Lagrange twong ieng voi sudt tang
thO’ng doi tiéu hao nhién liéu.

2. Sdp Xép Ham Chi Phi Va Céng Suit

Mdi t6 may véi nhiéu loai nhién liéu, cung
mot loai nhién li€u nhung gidi han cong suét
trong cac t6 may khong nhu nhau. Piéu nay
duoc giai thich nhu hinh v€ bén dudi:
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T6 may 1

Té may 2

Hinh 1. Ham chi phi twong vmg véi moi nhién liéu ciia 2 t6 may.

Céc nhién liéu 1, 2, 3 ¢ hai t6 may la nhu
nhau. Tuy nhién, v6i1 t6 may 2, nhién li¢u 2
1a nhién liéu c6 chi phi 16n thr hai tuong Gmg
vo1 dai cong suét phat 16n thir hai (tire F(P, )<
F(P,)<F(P, ) vaPy* <P;* <PJ*) trong khi d6
nhién li¢u 2 khong 1a nhién li¢u c6 ham chi phi
16n nhat va cong suat 16n nhat doi véi to may 1
(toc 1la F(P )< F(P )<F(P,) va P™ <Py <P

my . Can sap xép lai to may 1 theo thir tw nhién
lidu 1, nhién liéu 3 va nhién liéu 2 dé c6 dang d6
thi nhu t6 may thu 2.

3. Thanh lgp bai todan

Xét mot hé théng dién gdbm N t6 may phat
dién voi nhu qﬁu c()ng sgét tai P, (MW). Muc
tiéu l1a lam thé nao dé€ tong chi phi phat di¢n
clia cac t6 may la nho nhit ma van dam bao
diéu kién rang budc cin biang cong suit va
cac rang budc khac. Vi viy, bai toan phan bd
tdi wu duge thanh 1ap v6i ham muc tiéu sau:

=
S

F= 3 Fy(Py)=>Min (1)

Voi F, 1a ham chi phi cia cac t6 may Gng
voi tung doan nhién li¢u
2 min
a, b +b,Py+c,, PT<P <P,

Fk(Pk): . 5 max
a, P +bﬁPﬁ te,, P <P <P

2)

Cac dieu kién rang budc sau:
1. Diéu kién rang budc can bang cong suat:

2P=P=0 (3

j=1
2. Piéu kién rang budc cong suit phat cho
tung t0 may:

ijm SPJ SijaX (4)

3. Dicu kién rang budc cong suat phat cua
tung t6 may ung véi tirng doan nhién ligu:

Py <P, < PP voinhién lidu thir k. (5)

III. PHUONG PHAP GIAI

Ham Lagrange dugc thanh 1ap dua vao ham
muc tiéu (1) va ham rang budc can bang cong
suat (3). Ham Lagrange nhu sau:

N

L= F/k(Ek)_ﬁ(%gk_PDj (6)

j=l,k=1 Jj=lk=1

%

i

Dao ham ham Lagrange ta thu dugc phuong
trinh dudi:

oF, (P
o _F &)
aPﬁ OPJ( (7)

T phuong trinh (7) ta thu dugc phuong
trinh sau:

2ajkij + bjk =A @®
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Tinh c6ng suét cho timg t6 may theo cong
thire (8):

A-b,

vy (9)

Ta c6 thé giai phuong trinh (9) voi mot gia
tri A biét trude bang phuong phép lip. Chuong
trinh s& dimg lai khi cong suat phat sai s6 nho
hon sai s6 cho phép «.

Két qua hoi tu duoc thuc hi¢n theo tinh toan
vong lap gébm cac budc nhu sau:

Budc 1: Nhap s6 liéu: Sé t6 may (n), cong
sut tai yéu cau (P,), tong s6 nhién liéu tham
gia van hanh (m), sai s6 cong suat cho phép (¢),
cac hé s6 ham chi phi cta cac to may thu j ing
v61 nhién liéu thtr k (a ) gi61 han cong
suat phat cta cac to may thu J ung nhién li¢u k
(ijmm, ijmax).

Buére 2: Sap xép ham chi phi, cong suét cac
td may theo thtr tur tang dan theo muc 2.2.

Budc 3: Cho k=1, khéi dong tat ca cac to
may voi nhién li¢u dau tién k=1.

Buéc 4: Nhap gia tri lamda ban dau.

Budre 5:Tinh cong suit cho tat ca cac to may
P, theo cong thirc (9).

Buéc 6: Kiém tra diéu kién rang budc cong
suat cho tung t6 may.

Néu P, <P, min hoac P, >p, ™ ding thi qua
budc 7. Nguoc lai, néu sa1 thi qua budc 8.

Buéde 7: Hiéu Chinh Lan 1: Géan céc gia tri
cong suat.

Néu P, <P ™" gan: P, =P m"

Néu P, >P ™ gan: P, =P, ™

Buéc 8: Kiém tra diéu kién rang budc cong
suat cho tung t6 may ung voi doan nhién liéu
tha k.

Néu P, <P, mnhodc P, >P_™* thi qua budc 9.

;]k A_]k . . jk _]k’

Nguoc lai, néu sai thi qua budc 10.

Buée 9: Hiéu Chinh Lan 2: Gan cac gia tri
hé so chi phi va cong suat.

A min LU — —
Néu 11: <ij§ , gan: a.=a . b=b, .
S Cioe ik Ve
NéuP. P gania =a, b =b e =c

P =P

Jk jletD)

Buée 10: Néu < ¢ ding qua budc

M
ZPJ‘_PD

I

12. Nguoc lai, néu sai thi qua budc 11.

:

[flz

J=1

Buée 11: Hiéu chinh Lamda: Néu

Ma

J

P.-P ]<othi A=A + AL. Nguoc lai, néu

J> 0 thi A =X - AA. Quay lai budc 5.

Bude 12: Kiém tra néu k = m thi qua budc
14. Nguoc lai, néu sai thi qua budc 13.

Budce 13: Gan k = k +1 va quay lai budce 2.

Buérc 14: Tinh chi phi van hanh cho timg to
méy theo cong thirc (2) va tong chi phi cho nha
méy. So sanh téng chi phi van hanh v&i mbi
gia tri k. Nhan gia tri chi phi nh6 nhit va dimg
chuong trinh.

IV. BAI TOAN KIEM TRA

Pé chimg minh tinh kha thi cta phuong
phap, mot hé théng gdm 10 t6 may véi 2 hodc
3 nhién liéu cho mdi t6 may duoc sir dung
dé so sanh véi két qua cta cac phuong phép
khac. Ham chi phi va cong suat gi¢i han cho
mdi nhién liéu dugc cho trong [3]. Cong sut
phat 1én hé théng cho 4 trudng hop, thay doi tir
2400MW dén 2700MW, véi mdi buée chénh
léch 100MW. Két qua mo phong perong phap
dé xuét duoc thyc hién boi phan mém Matlab
phién ban 7.6 trén Laptop Intel(R) Core (TM)i3
Duo CPU M350 @2.27GHZ.

Trong tt ca cc truong hgp mo phong, gia
tri A dugc chon thay ddi tir 0.1 dén 0.8 cho cac
truong hop khac nhau cua gia tri k (loai nhién
li¢u). Gia tri cua AL va € dugc chon tuong Uing
1a 0.00001 va 0.015.
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Téng chi phi trong 93 truong hop dugce trinh
bay tir bang 1 dén bang 3 véi ba gia tri k khac
nhau. Trong bang 1 va bang 3, tong chi phi tot
nhit chwa duge tim thay. Trong bang 2, tai gia
trj dau tién ciia lamda (A=0.1) cho trudng hop tai
2400MW thi tong chi phi t6t nhat 13 $481.7217.

Bang 1. Tong chi phi v6i k = 1.

Tai trudng hop tai 2500MW va 2600MW tong
chi phi t6t nhét dugc tim thay véi nam gia tri cia
lamda (A=0.1+0.5) véi tong chi phi lan luot 1a
$526.2340 va $574.3842. Tong chi phi tot nhat
la $623.8153 trong truong hop tai 2700MW véi
ba gia tri cia lamda (A=0.6+0.8).

Bang 2. Tong chi phi véi k = 2.

K=1 K=2
Téng chi phi ($) Tong chi phi ($)

A | 2400MW | 2500MW | 2600MW | 2700MW A | 2400MW | 2500MW | 2600MW | 2700MW
0.1 [ 502.7733 | 544.0786 | 589.6859 | 638.5554 0.1 481.7217 | 526.2340 | 574.3842 | 626.2527
0.2 1 502.7733 | 544.0786 | 589.6859 | 638.5554 0.21501.8180 | 526.2340 | 574.3842 | 626.2527
0.3 1 502.7733 | 544.0786 | 589.6859 | 638.5554 0.3 1 501.8180 | 526.2340 | 574.3842 | 626.2527
0.4 | 502.7733 | 544.0786 | 589.6859 | 638.5554 0.4 | 501.8180 [ 526.2340 | 574.3842 | 626.2527
0.5 [ 502.7733 | 544.0786 | 589.6859 | 638.5554 0.5 | 481.8279 | 526.2340 | 574.3842 | 626.2527
0.6 | 502.7733 | 544.0786 | 589.6859 | 638.5554 0.6 528.8287 | 574.7397 | 623.8153
0.7 | 569.4109 | 597.2983 | 629.3649 | 670.9611 0.7 528.8287 | 574.7397 | 623.8153
0.8 [ 569.4109 | 597.2983 | 629.3649 | 670.9611 0.8 528.8287 | 574.7397 | 623.8153

Bang 3. Tong chi phi voi k = 3.

BANG 4. DIEU PHOI KINH TE CHO 4

TRUONG HOP TAL

K=3 Pi [ 2400MwW [2500MW [ 2600MW [ 2700MW
Tong chi phi (5) 1 [189.7403 [ 206.5180 | 216.5449 | 218.2509
T a0orw Tasooaw Tacooaw T a700mrw 2 2023426 [ 206.4568 [ 210.9061 | 211.6631
3 |253.8950 | 265.7378 [ 278.5450 | 280.7241
0.1 | 486.6665 | 529.9967 | 577.5484 | 629.7762 5330555 (2359525 [339.0900 239 318
0.2 | 486.6665 | 529.9967 | 577.5484 | 629.7762 s 12218293 [ 2550159 | 275 5206 | 2782991
0.3 | 486.6665 | 529.9967 | 577.5484 | 629.7762 6 |1233.0455 | 235.8618 | 239.0969 | 239.6318
0.4 | 486.6665 | 529.9967 | 577.5484 | 629.7762 7 |253.2746 | 268.8618 | 285.7182 | 288.5863
0.5 | 486.6665 | 529.9967 | 578.2290 | 626.5769 8 ]233.0455]235.9528 | 239.0969 | 239.6318
0.6 | 486.6665 | 529.9967 | 578.2290 | 626.5769 9 [320.3829 | 331.4865 | 343.4942 | 428.5248
10 [ 2383966 | 255.0544 | 271.9873 | 2748684

0.7 | 486.6665 | 529.9967 | 578.2290 | 626.5769 —
0.8 | 486.6665 | 529.9967 | 578.2290 | 626.5669 “ne | o400 2500 2600 2700

suat pha

(MW)
Tong chi | 4o1 7517 | 526.2340 | 574.3842 | 623.8153

phi ($)
Thf’(isfia“ 0.6684 | 0.1093 | 0.0411 | 02141
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Két qua phan b cong suét kinh té cho 10 t6
méy duoc trinh bay trong bang 4. Két qua chi
phi va thoi gian mé phong cho 4 truong hop tai
dugc trinh bay tir bang 5 dén bang 8. Vi trudng
hop cong suit tai 2,400 MW & bang 5, két qua
chi phi tét hon cac phuong phap HNN [2],
SDE [7], ELANN [3] va bang vdi cac phuong
phap con lai. Cha y ring phuwong phap HNN
[2] khong thoa didu kién rang budc cong suit.
Tai bang 6, truong hop tai 2,500 MW, két qua
chi phi ciing thip hon cic phuong phap SDE
[7], ELANN [3], cao hon phuong phap HNN
[2] va bang véi cac phuong phap con lai. Cha y
rang phuong phap HNN [2] vi pham diéu kién
rang budc cong suét.Tai bang 7, truong hop tai

Bang 5. So sanh két qua chi phi va thoi gian
mo phong truong hop tai 2400 MW.

2,600MW, két qua chi phi ciing thip hon cac
phuong phap SDE [7], ELANN [3], cao hon
phuong phap HNN [2] va bang véi cac phuong
phap cong lai. Cha ¥ rang phuong phap HNN
[2] lai vi pham diéu kién rang budc cong suit.
Két qua ¢ trudng hop tai 2,700 MW cho 6 bang
8 dat két qua chi phi kha hop 1y, chi phi thip
hon so véi cac phuong phap ELANN [2], SDE
[6] va gan bang so véi cac phuong phap con lai.
Chu y rang phuong phap HNN [2] van vi pham
diéu kién rang budc cong suat. Su chénh léch
chi phi gifra cadc phuong phéap véi nhau la khong
dang ké. Tir d6 cho thiy két qua chi phi cua
phuong phép trong bai bao nay la kha kha thi.

Bang 6. So sanh két qua chi phi va thoi gian
mo phong truong hop tai 2500 MW.

Phurong phép Céﬁﬁés;[uét C(h$i/lll);n' Th(‘)&iS ;gian Phurong phép Cégﬁéstuét C(l;i/gﬁ Th(‘y(iS )gian
MPSO [1] 2,400 | 481.723 . MPSO [1] 2,500 | 526.239 ;
HNN [2] 2,399.8 | 487.87 ~60 HNN [2] 2,499.8 | 526.13 ~60
ELANN[3] | 2400 | 48174 | 11.53 ELANNT[2] | 2,500 | 52627 | 1225
DE [6] 2,400 | 481.723 . DE [5] 2,500 | 526.239 ;
SDE [7] 2,400 | 481.8628 | 21.39 SDE [6] 2,500 | 5263232 | 2228
ALHN [8] 2,400 | 481.723 | 0.008 ALHN [8] 2,500 | 526239 | 0.006
ggiigtg Phdp |5 400 | 481722 | 0.6684 g:‘:(‘l’;tg Phdp |5 500 | 526234 | 0.1093

Bang 5. So sanh két qua chi phi va thoi gian
mo phong truong hop tai 2600 MW.

Bang 5. So sanh két qua chi phi va thoi gian
mo phong truong hop tai 2700 MW.

Phuong phip cagﬁéstuét C(hﬂ;/gﬁ Thézis )gian Phuong phip cagﬁéstuét cg/ﬁ?i Thc‘w(is ;gian
MPSO [1] 2,600 | 574.381 - MPSO [1] 2,700 | 623.809 -
HNN [2] 2,599.8 | 574.26 ~60 HNN [2] 2.699.7 | 626.12 ~60
ELANN[3] | 2600 | 574.41 9.99 ELANN[3] | 2,700 | 623.88 | 21.36
DE [6] 2,600 | 574.381 - DE [6] 2,700 | 623.809 -
SDE [7] 2,600 |574.5388 | 22.08 SDE [7] 2,700 |623.9225| 21.92
ALHN [8] 2,600 | 574381 | 0.06 ALHN [8] 2,700 | 623.809 | 0.013
ggiiﬁf PhAP |5 600 | 574.3812 | 0.0411 gg‘f{zztg PRAP | 5700 | 623.815 | 0.2141
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Thoi gian chay chuong trinh dugc so sanh
v6i cac phuong phap tir bang 5 dén bang 8.
C6 thé nhan thay thoi gian mo phong cuia cic
truong hop ngan, 0.0411 gidy dén 0.6684 giay.
Thoi gian mo phong ngan hon so voi phuong
phap ALHN [8] ¢ truong hop tai 2600MW va
16n hon ALHN [8] trong ba truong hop con lai
va ngan hon tit ca cac phuong phéap c6 xét dén
thoi gian.

V. KET LUAN

Bai bao trinh bay mot phu’()’ng phép moi
gidi bai toan phdi hop t6i wu cac t6 may phat
sir dung da nhién lidu dya vao 1y thuyét nhan
tr Lagrange. Vi phuong phap dugce trinh bay

phap nay c¢é nhing wu diém nhu sau:

Thanh 1ap mo6 hinh toan don gian va hi¢u qua.
Tdng chi phi phat dién thap.

Thoi gian md phong ngan.

Bai toan dugc gidi nhu bai toan phéi hop cac
t6 méay theo phuong phap c6 dién dung ly thuyét
nhan to Lagrange. Chinh nho uu diém nay lam
cho thoi gian mé phong kha ngan khi so sanh
v6i cac phuong phap khac. V& chi phi phat dién,
c6 thé nhén thdy rang phuong phap cho két qua
chi phi nim trong nhom cac phuorng phéap co
ket qué thip nhat. Tir do c6 thé két luan duoc
ring phuorng phap dé xuit trong bai bao nay la
cong cu t6i uu nham giai bai toan cuc tiéu chi
phi phat dién ca t6 may sir dung da nhién liéu.

va két qua mo phong so sanh cho thiy phuong
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