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ABSTRACT

Nowadays, generating electricity from plants hasn’t met demand
using electricity of customers more with every passing day, so bring
about short of electricity problem from generator. Consequently,
electricity market development problem is considered important
element which gives help to inventor can calculate and invest more
and more in improving reliability about supplying electricity and
raising generating power electricity of systems. To develop more
complete electricity market, break sole of generating electricity as
presents, help users have chance is free in choice suitable
generating electricity power with demand of using electricity. At that
time, investors will also calculate how to contribute more capacity
in electricity market and get the highest benefit in buying and selling
electricity processes.

TOM TAT

Tinh hinh phat dién tir cac nha mdy nhw hién nay chua ddap img
duwoc nhu cau sir dung dién ngay cang nhleu cla nguoi su dung, dan
den van dé thiéu hut dién tir cdc nguon phat. Do dé, van dé phat
trién thi truong dién duoc xem la yéu té quan trong giip cdc nha
ddu tw xem xét tinh todan va ddu tw nhiéu hon nita_trong viéc cdi
thién d¢ tin cdy cung cdp dién va ndng cao cong sudt phat dién cia
hé thong. Dé phat trién thi triwong dién hoan hdo hon, phd vé thé
déc quyén vé phat dién nhu hién nay, gitip nguot su: dung dién co co
héi tw do lwa chon nguon phat phu hop nhu cau sur dung dién cua
minh. Pong thoi cdc nha dau tw ciing sé tinh todn nhi thé ndo dé
tham gia nhiéu cong suat lén thi truwong dién va thu dwoc loi nhudn
cao nhdt trong qud trinh mua bén dién.

1 PAT VAN DE

Nudc ta dang trong giai doan thuc hién van

nha mdy dién khong nhiing dap ung yéu cau
dit ra vé vé sb luong, chat luong va do tin cay

hanh theo co ché thi truong & khau phat dién
(nha may dién), s& tién ti thi truong ban budn
va sau do la thi truong ban 1é theo 16 trinh
Chinh phu d3 dé ra (dang chuyén tir doc quyén
Nha nudc sang co cau thi truong canh tranh).
bé tang tinh canh tranh, doi hoi van hanh cac
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cao véi gia thanh thap nhat ma con chu y den
cac diéu kién rang budc khi phdi hop cac to
may phat trong cung mét nha may dién, gitra
cac nha may dién trong hé théng.

Pung & goc do nha dau tu thi phai tinh toan
chi phi phat dién cia nha may sao cho thap
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nhit dé khi tham gia vao viéc mua ban dién,
chao gia va phat dién vao thi trudng 16n nhit,
nham thu dwoc loi nhuan tbi da, nhung nguoi
st dung dién chi phi cho viéc str dung dién véi
gia ré nhat c¢6 thé, dac biét 1a cac nha may
nhiét dién do gia thanh san xuat 1 kW dién cao
hon so v6i cac loai nha may dién khéc.

Muébn duoc nhu vdy, cac nha may phat
nhiét dién phai tinh toan dua ra ké hoach van
hanh cic to6 may phat dién mot cach hop ly
nhit. Bé giai quyét bai toan van hanh téi wu
cac t6 may phat dién thi trudc hét phai dua vao
ham chi phi phat dién cua ting to may. Tir do,
thanh 1ap mé hinh toan hoc dé tinh loi nhuan
téi da cua cac to may phat dién véi gia dién
trén thi trudng xac dinh tai mdi thoi diém.

Tur tinh can thiét nay, d& tai “Phdi hop cac
t6 may phat nhiét dién” duoc dit ra va ung
dung cac thuat toan dé tim 1oi giai phén b
cong sut toi uu gilia cac t6 _may trong nha
may. Trong nghién ciru cia dé tai s& xét trén
cac nha may nhi¢t dién, van hanh on dinh (co
cong suit nho) va xem cong suit nguodn tir cac
nha may dién luon ludn dap Gng du tai.

Bii todn téi wu cdc t6 mdy phdt (uc — unit
commitment)

Phan bd tdi uu cac to may phat dién (nguon
phat) 1a su bd tri phat cong suét tai cac nguon
phat sao cho chi phi ti€u hao nhién liu la thap
nhat nhung phai dam bao vé do tin cay cung
cép dién va chat luong dién ning.

Gia (S/h)

Sia Jign thi tredrng

[sesssssnsnsssans
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Viéc nghién ctru phuong thirc phan bd toi
uu cong suat trong hé thong dién khong nhirng
nang cao tinh kinh té trong van hanh ma con
dong gop vao tinh chinh xac va hop li khi qui
hoach, thiét ké hé thong dién.

2 MO TA BAI TOAN NGHIEN CUU

Bai toan s& phdi hop cac to may phat dién
dé dat loi nhuan cuc dai. Tir cac s6 liéu ban
dau cua ting t6 may nhu: cong sut cuc dai,
cong suét cyc tiéu, cac hiang s6 chi phi nhién
liéu cua to may, kha nang ting cong suat, kha
ning giam cong sudt cua to may,... va gia dién
san trén thi truong.

Trong qua trinh tinh toan dé giai quyét bai
toan, gia thuyét thi truong dién 1a thi trudng
canh tranh hoan hao, khéng ¢ su chi phéi cua
EVN, khong c6 sy lam gia cia cac nha may
dién c6 cong suét Ion (c6 kha niang chi phdi
dén an ninh hé théng), tong nguodn dién cua hé
thong 1a du thira ma cdc nha may dién canh
tranh phat dién mot cach cong bang dua vao
gia di¢n trén thi trudong di¢n.

Loi nhuan phat dién chinh bang s6 du cua
gi4 ban trir cho chi phi phat dién, dé loi nhuan
t6i da thi chi phi phat dién phai t5i thiéu, quan
hé nay duoc thé hién qua biéu thirc sau:

Loi nhuan = Gia ban x Lugng dién ning
duoc ban - chi phi phat dién

Trong d¢é tai, gi ban 1a gia thi truong hoac
gia uoc lugng.

Chi phi phat dién

Thir i giarn [I'_l_:l

tl t2 3 ta3

" |esnssssasannss

T £ e L=

Hinh 1: Xac dinh lgi nhuén va chi phi véi rang budc chi phi nhién liéu
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Phdi hop
cac tdé may
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Hinh 2: Phéi hop cac t6 may phat dién trén co sé gia dién thi truong

2.1 Tinh toan lgi nhuan trong thi treweong
dién canh tranh

Cho mét hé théng dién voi n té6 may phat
dién va khung gia dién thi truong xac dinh nao
do cho trudce, bai toan nay yéu cau ta di xac
dinh c4c thoi gian khoi dong may, thoi gian tat
may va dung luong cong suit phat cua tat ca
cac t6 may tai mdi nac thoi gian t ma ta khao
sat tai mot khoang thoi gian ma ta 1ap ké hoach
hoat dong cho cac to6 may n. Vi vay, loi nhuan
tong cong cua tat ca cac may phat phai dat cuc
dai, dya vao doi tugng 1a cac rang budc cua
{6 may.

2.2 Giai quyét bai toan

TUr ham chi phi phat dién cta to may thi i
la: C,(P) =a,(P!)? +b, (P) +c,

Loi diém t la:

nhuan tai mot thoi

_Zci(Pit)

Pé loi nhuan dat cuc trj thi cho dao ham
cap mot cia ham so nay bang 0

oL

L=2Ps

>t =X, —(2a,P' +b)=0, i=12..n
Ta c6 cong suat phat dién cua to may thu i
tai thoi diém t: P,(t) = %
a
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Piéu kién rang budc khi phat dién cua to
may thir i
Prin (1) < P (1) <P, (1)
P.(t)<UR+P (t-1)

Vy chi phi pht dign cua to méy thi i tai
thoi diém t dugc xac dinh bang:
Joe

At) b, )’ A(t)—b,
c.py=HO=b) (A0 -b
4 24,

Tu ham tinh chi phi khoi dong cua to6 may
thir i, loi nhuan khi phat dién cua to may thir i
tai thoi diém t dugc tinh bang tong doanh thu
cua to mdy trir di chi phi phat dién cua to may
va chi phi khéi dong caa to6 may.

2
Profit; (t) A(t)[l(t) b] F“t)_t}') +bi[l(t)7bi ]+ci+SUi]
al 4ai 2ai

Rut gon lai ta duoc loi nhuan cia to may
thir i tai thoi diém t:

2
Profit, (t) :M—(ci +SU,)
43,

Gia khoi dong cua té may thir i, SU; duge
tinh dén khi té may thar i dugc khoi dong va
duoc xem nhu mot hang sé khoi dong va
khong phu thudc vao cong suit phat hay gia
dién tai moi thoi diém t.
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Gia khoi dong nay duoc mé hinh hoa bang
ham mi:

t
—Xoffi

SUJ =| o +B, 1—6[ ] Ull-ut)

Vi chi phi phat dién nhu ¢ trén la chi phi
phat dién nhé nhat do vay lgi nhuan thu dugc
trong qua trinh phat dién 1a lgi nhuan cuc dai.

Loi nhuan cuc dai cua mot to may:
T {(i(t)—bi Y

T
Profitj= Y, Profitj (t)=% ———(cj+SUj)
t=1 =1 44

Khi d6 tong loi nhuan cua hé thdng dién
dugce xac dinh bang tong lgi nhuan ciaa cac to
may phat dién:
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Bing 1: Dir ligu cia cdc t6 may

TM1  TM2 TM3  TM4

Prax [MW] 80 80 76 100

Pmin [MW] 20 20 19 25

a; 0.0712 0.074 0.091 0.0612

b; 2516 257 24671  26.13

Ci 98.9083 97.9083 85.6259 122.7348

Si 80 80 80 100
Bang 2: Dir ligu van hanh cac t6 may

TM1  TM2 TM3  TM4

T 2 2 2 2

T, down -1 -1 -1 -1

UR [MW/h] 20 20 19 25

DR [MW/h] 20 20 19 25

o [$/h] 60 60 50 70

B [$/h] 60 60 50 70

7 [h] 3 3 3 3

Xi 3 3 3 4

Bang 3: Gia dién

Proﬁt=§ Proﬁtizg % [(i(t)—bi )2 (6 +Uj )} T  Gia dién [¥MWh] T Gia dién [$/MWh]
i il 4 1 245 13 406
2 33.6 14 43.7
V6i: T — La khoang thoi gian lap ké hoach 3 38.6 15 37.9
véan hanh o1 wu 4 39.5 16 37.9
o 5 426 17 3238
N — La So t6 may tham gia vao qua trinh 6 36.7 18 26.2
van hanh t6i wu. 7 39.3 19 35.6
2.3 Vidu Kiém tra va nhén xét g g;? 52 gjg
Dya vao mo6 hinh toan hoc da trinh bay, ta 10 35.7 22 32.6
tinh toan duoc cac két qua nhu: cong suat phat 1 282 23 28.3
clia cac to may ¢ng véi ting thoi diém coa gia 12 329 24 251
dién, trang thai cic to may, chi phi va loi
nhuan cua ting t6 may.
Bing 4: Cong suit tinh toan ciia 4 t6 may trong 24 giv
T Cong suit tinh toan T Cong suit tinh toin
TM1 TM2 TM3 TM4 TM1 TM2 TM3 TM4
1 -5 -8 -1 -13 13 108 101 88 118
2 59 53 49 61 14 130 122 105 144
3 94 87 7 102 15 89 82 73 96
4 101 93 81 109 16 89 82 73 96
5 122 114 99 135 17 54 48 45 54
6 81 74 66 86 18 7 3 8 1
7 99 92 80 108 19 73 67 60 77
8 89 82 73 9% 20 61 55 51 63
9 91 84 74 98 21 63 57 52 66
10 74 68 61 78 22 52 47 44 53
11 21 17 19 17 23 22 18 20 18
12 54 49 45 55 24 0 -4 2 -8
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Bang 5: Cong suit phat cia 4 t6 may trong 24 gior
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T Cong suit phat T Cong suit phat
TM1 TM2 TM3 TM4 TM1 TM2 TM3 TM4
1 0 0 0 0 13 80 80 76 100
2 20 20 19 25 14 80 80 76 100
3 80 80 76 100 15 80 80 73 96
4 80 80 76 100 16 80 80 73 96
5 80 80 76 100 17 54 48 45 54
6 80 74 66 86 18 20 20 19 25
7 80 80 76 100 19 73 67 60 77
8 80 80 73 9% 20 61 55 51 63
9 80 80 74 98 21 63 57 52 66
10 74 68 61 78 22 52 47 44 53
11 21 20 19 25 23 22 20 20 25
12 54 49 45 55 24 0 0 19 0
Bing 6: Loi nhuan ciia cac to may trong 24 giv
T Loi nhuan T Loi nhuan
TM1 TM2 TM3 TM4 TM1 TM2 TM3 TM4
1 0 0 0 0 13 681 620 599 712
2 -57 -67 -30 -88 14 929 868 835 1022
3 521 460 447 512 15 465 404 395 443
4 593 532 516 602 16 465 404 395 443
5 841 780 751 912 17 106 72 96 59
6 369 311 312 334 18 -107 -118 -89 -159
7 577 516 501 582 19 284 233 243 244
8 465 404 395 443 20 169 129 148 124
9 481 420 410 463 21 188 146 164 143
10 291 240 249 251 22 95 63 87 48
11 -66 -78 -51 -109 23 -64 -76 -49 -107
12 111 77 100 64 24 0 0 -110 0
Nhan xét: cong suat phét giita cac to may) dé dat dugc

— Tathdy véi do thi gia dién cho trudc tai
cac thoi diém thi loi nhuan cua cic to may
trong quéa trinh van hanh thay doi theo gia
dién. Khi gia dién tang thi loi nhuan tang, khi
giam thi lgi nhuan giam theo, ting/giam gan
nhu ti 18. Gia dién cao thi viéc phat cong suat
cla cac t may cang c6 loi, thu lai lgi nhuan
cang cao.

— Viéc phat cong sudt 1én ludi cua té may,
phu thudc vao chi phi khai dong va thoi gian
tang cong suat.

— Ngoai viéc phu thudc vao chi phi khoi
dong va thoi gian ting cong suét, viéc phat
cong sudt cua cac t6 may con phu thudc vao
gia dién trén thi truong.

— Ta thdy duoc diéu nay thi phai tinh todn
lai, xem tai thoi diém nay diéu chinh qua trinh
van hanh (tit may hay van phat, diéu chinh

loi nhuan toi da.

— D0 thi loi nhuan tong: tai thoi diém céc
t6 may khoi dong thi tong lgi nhuan am, thoi
diém t11, t18, t23, t24 do cac td6 may déu 16 thi
tong loi nhuan am.

Ta lan lugt v& duoc d6 thi lgi nhuan céc to
may trong qua trinh khao sat van hanh va lgi
nhuan tong cda cac td may.

Tur cdc nhdn xét trén, ta sé tién hanh diéu
chinh ké hoach vén hanh sao cho cac t6 mady
dat loi nhudgn cao nhat. O ddy ta sé tien hanh
theo 2 huong nhw sau:

— DCI: diéu Chlnh cong sudt phat trong

truong hop nay la néu té mdy ndo cd loi nhugn
dam thi ta sé cho té mady dé tat may.

— DC2: phan bé lai cong sudt phat cua
cdc 16 may tai cdc thoi diém xét, co thé c6 to
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may tdt, c6 thé cé té may phdt nhiéu hon céng Két qua tinh toan ciia 2 hudng diéu chinh
suat tinh toan ban dau. SO voi phuong hudéng van hanh ban dau ta
duoc két qua so sanh nhu sau:

Tong loi nhuén
o A fa\
o0 |\ [\
1000 / v / \’\
i N NS

l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

-1000
Hinh 3: Téng lgi nhuan cia 4 té may
F . A
Tong l¢i nhuan
4000

wn |\ /\
oS T NS N~

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

-2000
Hinh 4: Téng lgi nhuan ciia 4 té6 may sau diéu chinh DC1
P4 . A
Tong lgi nhuan
4000

2000 - ’/\ ~ /\

S T NS TN~

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

-2000

Hinh 5: Téng lgi nhuan ciia 4 té6 may sau diéu chinh DC2
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So sdnh két qud trong 3 truwong hop ta dwoc:

o r oA A
Gia dién trung binh
5,400
5,200 \ o
5,000 \ \ . DC1
4,800 \ . -DC2
4,600 - \\\\\\\\‘ "
4,400 AN .
Hinh 6: Gia dién trung binh trong 3 trwong hop vin hanh
R A A r
Tong cong suat phat
5800
5600 -
. VH
5400 -
% DC1
5200 -
=DC2
5000 -
4800 -
4600
Hinh 7: Téng cong suit phat trong 3 truwéng hop van hanh
P . A
Tong lgi nhuan
27000
26800 -
“. VH
26600 N h DC1
26400 - —-bcz
26200 -
26000

Hinh 8: Téng lgi nhuan trong 3 truwong hop van hanh
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Duwa vao cac do thi ta thiy:

— Xét vé tong loi nhuan thi truong hop
van hanh ban dau dat cao nhat, ké d&én truong
hop DC2 nhung xét vé gia dién, loi nhuan
trung binh 1 MWh ban duogc dua trén téng loi
nhuan va tong cong suét phat ra thi truong hop
DC1 dat cao nhat. Trudng hop nay cao hon
han so v&i hai truong hop kia do tong cong
Suit phat ra thdp ma loi nhuan thu duoc tuong
déi cao.

— Sau khi thoi diém, dua vao céc 6 thi loi
nhuan ciia cic to may c6 thé co té may lgi
nhuan am nhung tong loi nhuan cua 4 t6 may
thi duong.

— Thém mot van d& nita 1a thoi diém khoi
dong, trong cac truong hop van hanh cua bai
toan ta khoi dong tai thoi diém t2. Gia dién tai
thoi diém t2 thip nén khi phét 1én thi cac to
may bi 13, trong qua trinh tinh toan ta thiy: nén
thay do6i thoi diém khoi dong tir t2 sang t3 thi
tai t3, loi nhuan cua cac t6 may khong am. Pay
ciing 1a van dé cAn xem xét.

— Trong truong hop phai tit may tai thoi
diém t ma lic d6 loi nhuan am thi ta can phai
xét ki chi phi tit may va chi phi khoi dong.
Néu tong 2 loai chi phi khai dong va chi phi
tat may tai thoi diém do6 cao hon loi nhuan thu
lai dwoc cua té may (dang am) thi ta c6 thé van
hanh luén (giam cong Suat phat chang han),
nguoc lai thi ta can nhic dé tit may. (Trong dé
tai khong xét dén chi phi tit may, chi xét dén
chi phi khai dong).

3 KET LUAN VA PE XUAT

Bai nghién ctru déd xy dung dugc md hinh
toan hoc tinh toan phoi hgp cac t6 may dé dat
duoc loi nhuan phat dién 1a 16n nhat.

Str dung mé hinh toan hoc dé giai bai toan
phan bd téi wu cac to may phat dién. Pua ra
quyét dinh vé& ké hoach van hanh cac t6 may
phat dién dwa vao diéu kién rang budc vé
thong sO chi phi t6 may phat dién, rang bugc
V€ chi phi khoi dong cac t6 may phat dién véi
cac cap trang thai t6 may khac nhau thi gia
khoi dong cac té may ciing khac nhau. Va rang
buoc vé gigi han phat cong sudt cua timng
t6 may.
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Sau khi 1ap ké hoach van hanh, ta c6 duoc
trang thai, cong suit phat va lgi nhuan thu
dugc cu thé cua ting t6 may tai timg thoi diém
khao sat.

Két qua tinh toan, gitip ta xac dinh duoc:

— Trang thai cy thé cua ting to may tai
teng thoi diém

— Thé hién dugc gia tri _cong sudt phat cua
ting to may tai ting thoi diém.

— Loi nhuan caa ting t6 may dat duoc
trong qua trinh van hanh.

— Tong lgi nhuan cua ca hé théng khi van
hanh theo ké hoach tinh toan.

T cac két qua do ta dua ra cac phuong
phap van hanh sao cho dat loi nhuan cao nhat
cla cac to may. Trong bai nghién ctru dua ra
hai phuong phéap diéu chinh khac nhau so voi
truong hop van hanh ban dau so sanh duoc
tong loi nhuan, tong cong sudt phat va gia dién
trung binh ban dugc trén 1 MWh trong ba
truong hop van hanh. Tir d6 ta c6 thé quyét
dinh phuong an van hanh nao sao cho lgi
nhuan dat cao nhat.

Trong bai nghién ciru tinh toan voi gia di¢n
thi truong cho trude va cong suit phu tai ludn
duoc hé théng dap tmg day du, ta c6 thé mo
rong két hop va&i bai toan du doan gia dién trén
thi truong. Va cé thé xét ca chi phi tit may
trong qua trinh van hanh.
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