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TOM TAT: Bai bao trinh bay mét phuong phdp hiéu qua gidi bai toan diéu do cong sudt kinh té

cho cac té mdy phat dién su dung da nhién li¢u. Trudc day, méi 6 mdy chi si dung mét logi nhién ligu

duy nhdz, ham chi phi phi nhién liéu chi 1a mgt ham béc hai, viéc giai bai toan nay khong qué phizc tap.

Tuy nhién, ngay nay Cac té mdy cé thé sir dung nhiéu logi nhién liéu d@é phat dién, ham chi phi 1a nhiéu

ham bdc hai, cong viéc xdac dinh cong sudt phat va logi nhién liéu sir dung dé dot 10 tré nén phiic tap

hon. Tir d6, dwa trén ly thuyét co s¢ fim cuc tri ciia phwong phép Lagrange két hop voi thudt toan lap,

Mot phuong phdp méi da dieoe xdy dung trong nghién cieu ndy. Két qua mé phéng cho hé thong gom 10

t6 may duoc so sanh véi cac nghién citu khdc cho thdy day 1a mét phicong phéap mdi, hiéu qua cé thé dap

dung gidi cho bai t0an Cuc tiéu chi phi phat dién cdc té mdy sir dung da nhién liéu.

Tir khod: T6 may da nhién liéu, 1y thuyét Lagrange, cuwc tiéu chi phi, t6i wu t6 mdy, cin bang

cong sudt.

1.G101 THIEU

Trude day, mdi t6 may phat dién trong nha
may nhiét dién chi st dung mét loai nhién liéu
dé @ét. Pidu ndy c6 nghia mdi to may chi co
mot ham chi phi bac hai duy nhét. Tuy nhién,
ngay nay mdi t6 may c6 thé sir dung nhiéu loai
nhién lidu, vd mdi nhién lidu duoc ding sé&
tuong tmg v6i mitc cong sudt phat ra. Do do,
méi t6 may dugc biéu dién x4p xi thanh nhiéu
ham bac hai tuong tmg voi cac gidi han cong
sut va nhién li¢u khc nhau. Khé khin cho
van hanh cac t6 may nay la 1am nhu thé nao dé
xac dinh dugc ngudn nhién ligu dé dét mang lai
hiéu qua kinh té nhat. Nhitng nghién ciru vé bai
toan phdi hop téi wu t6 may phat da dugc thuc

hién nhiéu véi nhimg dir kién bai todn khac

nhau véi nhiéu phuong phap da dang nhu giai
thuat MPSO [1], mang neural Hopfield
(Hopfield neural network HNN) [2], mang
neural nhén tao Lagrangian [3], PAA (partition
approach algorithm) [4], lap trinh tién hoa (EP-
Evolution programming) [5], DE (differential
evolution) [6], giai thuat SDE cai tién [7] va
cac phuong phéap khéc.

Céc phuong phap dugc su dung ¢ trén da
duoc phan tich k§ nham tim ra nhiing thuan loi
va kho6 khan khi 4p dyng. Phuong phép ¢ [1]
gilt nguyén gia thiét cac ham chi phi bac hai
theo tirng doan va giai bai toan. Trong tai liéu
nay, viéc do tim phan cip dya vao phuong
phép sb 1a phuong phap dugc sir dung dé giai

bai toan. Tuy nhién, viéc giai bai toan bang
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phuong phap s sé& rét kho khin trong nhimg hé
théng 1on. Ung dung mang neural Hopfield
(Hopfield neural network _HNN) ¢ [2] v6i uu
diém 1a don gian thi lai gip nhing kho khin
trong xir Iy mot s6 rang budc bt dang thirc, va
nhimng bai ton 16n véi nhiéu rang budc boi bat
dang thic. Ngoai ra, sy hoi tu cia HNN ciing
phu thugc vao su Iya chon cac hé sé phat cho
c4c rang budc. Trong mang noron Lagrange
ting cuong (Enhanced Lagrangian Artificial
Neural Network ELANN) [3], c&c nhén tx
Lagrange dugc cai thién nham dam bao tinh
hoi tu va cho cac két qua tdi wu, va viée xiic tac
ciing duge sir dung dé dat dugc sy hoi tu
nhanh. Tuy nhién, ca hai phuong phap ¢ [2] va
[3] déu c6 s6 vong lap 16n, thoi gian dai dé cho
két qua t6i wu cudi cling. V&i co ché do tim
song song, phuong phap EP [5] ¢6 x4c suit cao
dé tim cac loi giai toi wu. DI v6i nhing bai
todn qua phuc tap thi két qua chi gan t6i wu.
Phuong phap ¢ [6], [7] dugc xem 1a cbng cu
giai bai todn c6 rang budc phurc tap hon. Hai
phuong phap nay dugc tmg dung cho ham chi
phi c6 xét dén hidu ing xa van, day la diéu kién
kho ma cac phuong phap khac kho thyc hién.
Mot phuong phap méi, phuong phap AHNN
[8] 1a su cai tién phuong phap & 3 bing viéc
diéu chinh d¢ déc va do léch céc neural sudt
quéa trinh thyuc hién nhim dat két qua nhanh
hon.

Tu nhitng phén tich trén, bai bio nay dé
xuat mot phuong phap giai hiéu qua chi voi
viéc thanh 1ap mot hdm toan hoc Lagrange duy

nhat, khong can st dung t6 hop cho nhiéu ham

mat thoi gian so sanh. Tinh hiu qua cia
phuong phap dugc kiém chimg thong qua két
qua so sanh voi cac phuong phéap khac.
2. KY HIEU TOAN HQC

bé thanh lap bai toan, cac ky hiéu toan hoc
dugc gidi thiéu nhu sau:
F(P): Chi phi nhién ligu ing v6i cong suat
phét t6 may thi j voi nhién ligu thu k, (Rs/h)
Pjx: COng suat t6 may tha j v&i nhién ligu thi k
j: Tomaythej,j=1,2,...M
I: S6 bac phu tai trong ngdy (ttc 1a s6 khoang
thoi gian trong ngay)
Ti: Thoi gian cua khoang thoi gian thu i, (gio)
N: S t6 may tham gia hé thong
M: S nhién li¢u ciia mdi to may
Ak, bjk, Ci: Céc h¢ sb ham chi phi cua o may
thir j v6i nhién liéu tha k
Ppi: Cong suit tai & gio thir i, (MW)
Py, Pi™: Cong sut phat nho nhét, lon
nhat ctia to may thir j voi nhién lidu tha k,
(MW)
i Nhan tir Lagrange tuong tng véi suét tang
tuong déi tiéu hao nhién ligu
3. SAP XEP HAM CHI PHI VA CONG
SUAT

MGi t6 may c6 thé ding nhiéu loai nhién
liéu khac nhau, thém nita voi cing mot loai
nhién liéu nhung cong suat trong cac to may lai
khac nhau. Diéu nay dugc giai thich nhu hinh 1

bén dudi.
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s Nhién
Nhién
5 y
T Nhién
Té may 1 Cong suat P

= Nhién
Nhién
,% ligu 2
T Nhién
Té may 2 Cong suat P

Hinh 1. Ham chi phi twong tng v6i mdi loai nhién li¢u cta 2 t6 may

Céc nhién lidu 1, 2, 3 & hai t6 may la nhu
nhau. Tuy nhién, d6i véi t6 méay 2, nhién ligu 2
12 nhién liéu c6 chi phi 16n thir hai tuong ung
VGi dai cong sudt phat 1on thir hai (nghia 1a
F(P21)<F(P2)<F(P2) va szlax <P zmzax <P rzn;X)
trong khi d6 ddi v6i to may 1, nhién lidu 2 1a
nhién liéu c6 ham chi phi Ién nhét va céng suét
16n tht hai (nghTa la F(P11)<F(P13)<F(P12) va

PP <P D™ <P ). Can sip xép lai to may 1

theo thir tu nhién liéu 1, nhién liéu 3 va nhién
ligu 2 dé c6 dang d thi nhu to may thi 2.
4. THANH LAP BAI TOAN
4.1. Ham muc tiéu

Xét mot hé théng dién gom N t6 may phat
dién v6i nhu cu cong suat tai Pp (MW). Muc
tiéu 1a 1am thé nao dé tong chi phi phat dién
cla cac t6 may 1a nho nhat ma vin dam bao
diéu kién rang bugc can bang cong sudt va cac
rang budc khac. Vi vy, bai toan phan b téi uu
duogc thanh 1ap vai ham muc tiéu sau:

N,M

F= Y Fu(P)=Min (1)

j=1k=1
Véi Fjc 12 ham chi phi cia cac to may tng

Voi timg doan nhién ligu:

2 i
a,P; +b,P, +c,, P"™M<P <P,
: )
Fik(Pik): '

a,Pi +b, Py +Cy, Py y <P <P

4.2. Pidu kién rang bugc

- Cén bang cong suét:
N
> P, -P, =0 ®)

j

-

- Cong suét phat cho timg to may:
min max
P™ <P <P @

- Cong suat phat clia timg to may tng véi
timg doan nhién li¢u:
min
P i

<Py < PjrknaX (5)

Vi nhién ligu tha k
4.3. Phuong phép giai

Ham Lagrange dugc thanh lap dua vao
ham muc tiéu cng thac (1) va ham rang buge

can bang cong suit cong thirc (3):
N,M N,M

L = Zij(Pik)_ﬂ’ ijk_PD (6)
j=Lk=1 j=Lk=1

Dao ham bac nhat ham Lagrange rdi tim

cuc tri, ta cod thé viét:
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oL _ OF, (Py)

A=0 (0
OPy OPy

Khai trién phuong trinh (7) ta thu dugc

phuong trinh sau:
28y Py +by =1 ®)

Tinh cong suat cho timg t6 may theo cong
thue (8):

_A-Dby

k = 9)
¥ 2a,

Ta c6 thé giai phuong trinh (9) voi mot gia
tri A biét trudc bang phuong phap lap. Chuong
trinh s& dimg lai khi cong suat phét sai s6 nho
hon sai s6 cho phép €. Két qua héi tu dugc thyc
hién theo tinh toan vong lip gdm cac budc nhur
sau:

- Buée 1: Nhap s6 lidu: S6 t6 may (N), cong
Suét tai yéu cau (Pp), tong sd nhién liéu tham
gia van hanh (M), sai s6 cong suat cho phép
(€), cac hé s6 ham chi phi ciia cac to may thir j
ung voi nhién liéu tht k (ajx, bjkCjk), 0idi han
cong suat phét cia cac to may thir j Gmg nhién
ligu k (P™, Pu™).

- Buée 2: Sap xép ham chi phi-cong suat cac t6
may theo thir tu tang dan theo muc 3.

- Buée 3: Cho k=1, khoi dong tat ca cac t6
may voi nhién lidu ddu tién k=1.

- Buée 4: Nhap gié trj lamda ban dau.

- Buée 5:Tinh cong suat cho tt ca cac t6 may
Pik theo cong thurc (9).

- Bu6e 6: Kiém tra diéu kién rang budc cong

suét cho timg t6 may.

Néu Py<P;™" hogc Py>P;,™ dung thi qua
budc 7. Nguoc lai, néu sai thi qua budc 8.
- Buéc 7: Higu Chinh Lan 1: Géan cac gia tri
cong suit.

Néu Pjk< Pjlmin gan: Pjk= Pjlmin

Néu Py>Piu™ gan: Py=Pj™
- Buée 8: Kiém tra diéu kién rang budc cong
suét cho timg to may g voi doan nhién ligu
thu k.

Néu P<Py™" hogc Pj>Py™ thi qua budc
9. Ngugc lai, néu sai thi qua budc 10.
- Buéc 9: Hiéu Chinh Lén 2: Géan cac gia tri hé
s6 chi phi va cong suat.

Néu Pu<Pp™, g&n: ag=ajk1), bi=biky),
Cik=Ci(k1)» Pik = Pica)-
Néu Pi>Pik 9an: ag=ajw+1) bjk=bj+1): Cik=Cige 1),
Pi = Pigrn):
M

> P -P,

j=1

- Bude 10: Néu < ¢ dung qua

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

- Bude 11: Hiéu chinh lamda:

, M
néu (z P - pD] < 0thi A=A+AL. Nguoc lai,
j=1

néu { N P, - PD] >0 thi A=A-AX, quay lai
j=1
budce 5.

- Bude 12: Kiém tra néu k = M thi qua budc
14. Nguoc lai, néu sai thi tiép tuc budc 13.

- Bude 13: Gan k = k +1 va quay lai buéc 2.

- Buée 14: Tinh chi phi van hanh cho timg t6
méy theo cong thirc (2) va tong chi phi ciia nha

méy theo cong thic (1). So sanh tng chi phi
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trong tung gi4 tri k. Nhan gia tri chi phi nhd Bang 1. Tong chi phi voi k =1
nhét va dfmg chucmg trinh. T6ng chi phl ($)
5. KET QUA A | 2400MW | 2500MW | 2600MW | 2700MW

pé ching minh tinh kha thi cia phuong 0.1 | 502.7733 | 544.0786 | 589.6859 | 638.5554

phap, mét hé théng gém 10 t6 may véi 2 hodc 0.2 | 502.7733 | 544.0786 | 589.6859 | 638.5554

3 nhién liéu cho mdi t6 may dugc sir dung dé 0.3 | 502.7733 | 544.0786 | 589.6859 | 638.5554

S0 sanh voi két qua ciia cac phuong phap khac. 0.4 | 502.7733 | 544.0786 | 589.6859 | 638.5554

Ham chi phi va cong suat giéi han cho mdi 0.5 | 502.7733 | 544.0786 | 589.6859 | 638.5554

nhién ligu dugc cho trong [3]. Cong suat phat 0.6 | 502.7733 | 544.0786 | 589.6859 | 638.5554

1én hé théng xét trong 4 trudng hop, thay déi tir 0.7 | 569.4109 | 597.2983 | 629.3649 | 670.9611

2400MW dén 2700MW, v6i mdi bude chénh 0.8 | 569.4109 | 597.2983 | 629.3649 | 670.9611

léch 100MW. Két qua mo phong phuong phap . ] ]
L, . . Bang 2. Tong chi phi voi k=2
de xuat dugc thuc hién boi phan mém Matlab

phién ban 7.6 trén Laptop Intel(R) Core (TM)i3 Tong chi phi ($)

Duo CPU M350 @2.27GHZ. % | 2400MW | 2500MW | 2600MW | 2700MW

I . A s Y 0.1 | 481.7217 | 526.2340 | 574.3842 | 626.2527
Trong tat ca cic truong hgp mo phong, gia

tri & duge chon thay di tir 0.1 dén 0.8 cho cc 0.2 | 501.8180 | 526.2340 | 574.3842 | 626.2527

rurdmg hop khac nhau cia gid tri k (loai nhién 0.3 | 501.8180 | 526.2340 | 574.3842 | 626.2527

lidu). Gid tri cia A% va & dugc chon tuong tmg 0.4 | 501.8180 | 526.2340 | 574.3842 | 626.2527

0.5 | 481.8279 | 526.2340 | 574.3842 | 626.2527

120.00001 v& 0.015.
. . 0.6 528.8287 | 574.7397 | 623.8153
Tong chi phi trong céc truong hgp dugc
R . . . . o 0.7 528.8287 | 574.7397 | 623.8153
trinh bay tir bang 1 dén bang 3 véi ba gia tri k
. 0.8 528.8287 | 574.7397 .
kh&c nhau. Trong bang 1 va bang 3, tong chi 6238153
phi tét nhat chua dugc tim thiy. Trong bang 2, Bang 3. Tong chi phi véi k =3
tai gia tri dau tién cua lamda (A=0.1) cho Tong chi phi ($)

nhat 14 $481.7217. Tai truomg hop tai 2500MW 0.1 | 486.6665 | 529.0967 | 577.5484 | 629.7762

va 2600MW, tong chi phi tot nhat duoc tim 0.2 | 486.6665 | 529.9967 | 577.5484 | 629.7762

thay v6i nam gid trj cla lamda (A=0.1~0.5) v6i 0.3 | 486.6665 | 529.9967 | 577.5484 | 629.7762

tong chi phi lan luot la $526.2340 va o esesee 550 0067 | 577.5484 | 629.7762

$574.3842. Tong chi phi tot nhat 1a $623.8153 05 1 2866665 1 529.0967 | 578.2290 | 6265769

trong trudng hop tai 2700MW v6i ba gid tri e g e e 50 5067 [ 578.2290 | 626.5760

1 lamda (A=0.6~0.8).
cua lamda ( ) 0.7 | 486.6665 | 529.9967 | 578.2290 | 626.5769

0.8 | 486.6665 | 529.9967 | 578.2290 | 626.5669
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Bang 4. Diéu phdi kinh té cho 4 truong hop tai

P 2400MW 2500MW 2600MW 2700MW
1 189.7403 206.5180 216.5449 218.2509
2 202.3426 206.4568 210.9061 211.6631
3 253.8950 265.7378 278.5450 280.7241
4 233.0455 235.9528 239.0969 239.6318
5 241.8293 258.0159 275.5206 278.4991
6 233.0455 235.8618 239.0969 239.6318
7 253.2746 268.8618 285.7182 288.5863
8 233.0455 235.9528 239.0969 239.6318
9 320.3829 331.4865 343.4942 428.5248
10 238.3966 255.0544 271.9873 274.8684
Tong cong suat phat (MW) 2400 2500 2600 2700
Tong chi phi ($) 481.7217 526.2340 574.3842 623.8153
Thot gian (s) 0.6684 0.1093 0.0411 0.2141

Két qua phan bd cong suét kinh té cho 10
t6 may duoc trinh bay trong bang 4. Két qua
chi phi va thoi gian m6 phong cho 4 truong
hop tai dugc trinh bay tir bang 5 dén bang 8.
Vi truong hop cong suét tai 2400 MW & bang
5, két qua chi phi tét hon cac phuong phap
HNN [2], SDE [7], ELANN [3] va bang véi
cac phuong phap con lai. Luu ¥ rang phuong
phap HNN [2] khéng thoa diéu kién rang bugc
cong sut. Tai bang 6, truong hop tai 2500
MW, két qua chi phi ciing thap hon cac phuong
phap SDE [7], ELANN [3], cao hon phuong
phap HNN [2] va bang vé6i cac phuong phap
con lai. Luu ¥ rang phuong phap HNN [2] vi
pham diéu kién rang budc cong suit. Tai bang
7, truong hop tai 2600MW, két qua chi phi
ciing thip hon cic phuong phap SDE [7],
ELANN [3], cao hon phuong phap HNN [2] va

bing véi cic phuong phap cong lai. Luu ¥ rang
phuong phap HNN [2] lai vi pham diéu kién
rang budc cong suit. Két qua & truong hop tai
2700 MW cho ¢ bang 8 dat két qua chi phi kha
hop 1y, chi phi thap hon so v6i cic phuong
phap ELANN [2], SDE [6] va gin bang so voi
cac phuong phap con lai. Luu ¥ rang phuong
phap HNN [2] van vi pham diéu kién rang bugc
cong suat. Sy chénh léch chi phi giita cac
phuong phap véi nhau 1a khong dang ké. Tur do
cho thay két qua chi phi ctia phuong phap trong
bai b4o nay 1a kha kha thi.
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Bang 5. So sanh két qua chi phi va thoi gian

mo phong truong hop tai 2400 MW

Bang 7. So sanh két qua chi phi va thoi gian

mo phong trudng hop tai 2600 MW

Phuong phap Cong | Chiphi | Thoi
suat phat|  ($/h) |gian (s)

MPSO [1] 2,400 [481.723 |-
HNN [2] 2,399.8 |487.87 |~60
ELANN [3] 2,400 |481.74 |11.53
DE [6] 2,400 481723 |-
SDE [7] 2,400 |481.8628 |21.39
ALHN [8] 2,400 |481.723 |0.008
Phuong phap dé [2,400  |481.722 |0.6684
XUét

Phuong phap  |Céng suat| Chiphi | Thoi
phat ($/h) | gian (s)

MPSO [1] 2,600 |574.381 |-
HNN [2] 2,599.8 |574.26 |~60
ELANN [2] 2,600  |574.41 [9.99
DE [5] 2,600  |574.381 |-
SDE [6] 2,600  |574.5388 (22.08
ALHN [8] 2,600  |574.381 (0.06
Phuong phap dé  |2,600 574.3812 |0.0411
XUt

Thoi gian chay chuong trinh dugc so sanh

VGi cac phuong phap tir bang 5 dén bang 8. Co

thé nhan thay thoi gian mdé phong cia cac

truong hop ngin, 0.0411 gidy dén 0.6684 giay.

Thoi gian mo phong ngan hon so véi phuong
phép ALHN [8] ¢ truong hop tai 2600MW va
I6n hon ALHN [8] trong ba trudong hop con lai

va ngén hon tat ca cac phuong phép c6 xét dén

thoi gian.

Bang 6. So sanh két qua chi phi va thoi gian

mo phong truong hop tai 2500 MW

Phuong phap ~ |Cong suat| Chi phi | Thoi
phat ($/h) | gian (s)

MPSO [1] 2,500 526.239 |-
HNN [2] 2,499.8 |526.13 |~60
ELANN [2] 2,500 526.27 |12.25
DE [5] 2,500 526.239 |-
SDE [6] 2,500 526.3232|22.28
ALHN [8] 2,500 526.239 |0.006
Phuong phap d&¢  [2,500 526.234 |0.1093
XUt

Bang 8. So sanh két qua chi phi va thoi gian

mo phong trudng hop tai 2700 MW

Phuong phap |Cong suat| Chi phi | Thoi
phat ($/h) | gian(s)

MPSO [1] 2,700 623.809 |-
HNN [2] 2.699.7 |626.12 |~60
ELANN [2] 2,700 623.88 (21.36
DE [5] 2,700 623.809 |-
SDE [6] 2,700 623.9225|21.92
ALHN [8] 2,700 623. 809 {0.013
Phuong phép d& 2,700 623.815 |0.2141
XUt

6. KET LUAN

Bai bao trinh bady mot phuong phap mdi

giai bai toan phdi hop tdi wu cac to may phat sir

dung da nhién liéu dya vao ly thuyét nhan tur

Lagrange c6 dién. Vi phuong phéap duge trinh

bay va két qua md phong so sanh véi cac

phuong phap khac cho thdy phuong phap nay

¢6 nhimg wu diém nhu sau:

- Thanh Iap m6 hinh todn don gian, hiéu

gué hon nhiing phuong phép trude do.
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- Téng chi phi phat dién sau khi duoc tbi
uu bang phuong phap trinh bay trong bai bao
thép hon so véi cc phuong phap khac.

- Thoi gian mo phong ngan.

khi so sanh véi cac phuong phap khac. Vé chi
phi phat dién, co6 thé nhan thay rang phuong
phap day cho két qua chi phi nim trong nhém
cac phuong phap co két qua thap nhat. Tir d6

Chinh Vi bai bo sir dung phuong phép cb 0 thé két luan duoc rang phuong phéap dé xuat

dién 1y thuyét nhan tir Lagrange v6i md hinh trong bai bao n’ay la cong cu toi wu nharfl gt
toén don gidn ma thoi gian mé phong khé ngén bai todn cuc tiéu chi phi phat dién cac t6 may
sir dung da nhién liéu.

SOLVING THE PROBLEM OF COMBINATION OF MULTI-FUEL ELECTRIC
GENERATOR UNITS USING LAGRANGE MULTIPLIER THEORY

Le Chi Kien®, Nguyen Minh Duc Cuong®
(1) Ho Chi Minh City - University of Technical Education
(2) Ly Tu Trong Technical College of Ho Chi Minh City

ABSTRACT: This paper presents an approach to solve the unit commitment problem with multi-
fuel options in the thermal power plants. Traditionally, each generator unit is used to each fuel option
with the segmented piecewise 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 plant as the segmented piecewise
guadratic functions. Those units are faced with the difficulty of determining which fuel is the most
economical to burn. Therefore, this paper presents an approach to solve the unit commitment problem
with multi-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 systems are
compared with others methods to show that the approach is a new method and an effective method to

solve the minimizing of electricity production cost of generator units with multi-fuel option.
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