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T6i vu hda bicu gia theo thoi gian st dung
trong ngay voi cac kich ban diéu khién phu
ta1 dién khac nhau

Phan Thi Thanh Binh, Lé Minh Qui, Vo Viét Cuong

Tém tit — Chwong trinh dap &ng nhu chu
(Demand Response-DR) dugc sir dung nhiéu trén thé
giéi nhw 13 cong cu hiru hiéu didu khién sw dung dién
ciia khich hang. Trong chwong trinh nay, biéu gia
theo thoi gian sir dung trong ngay (TOU) dugc sir
dung réng rii. Thiét 1ap biéu gia TOU téi wu theo cic
muc tiéu khac nhau cia dién lwc khi diéu phéi siv
dung dién duwgc trinh bay trong bai bao nay nhu:
giam tii dinh, cai thi¢n dd thi phu tai, giam lwong
dién ning tiéu thy, tranh khéng xuit hién dinh phu
tii moi. Day la bai toan da muc tiéu véi cac thi
nguyén khac nhau va dwoc giai dwa trén giai thuat
PSO. Vi du cho tim kiém biéu gia TOU tdi wu dua
trén s6 liéu ciia mdt dién lwc sé dwge trinh bay.

Tir khéa — Pap wng nhu ciu, Téi wu héa biéu gia
theo thoi gian sir dung trong ngay, Giii thuit biy
dan.

1 GIOI THIEU

ai My va cac qudc gia khac, trong nhitng nim

gan day dé xudt mot khai niém “dap tmg cua

nhu cu ding dién”, day 1a chuong trinh vé
biéu gia dién nham thay d6i so dung dién cua
khach hang khi thay ddi gia dién. N6 bao gdm biéu
gia thoi thyc, biéu gia cat dién tai dinh va biéu gia
theo viing thoi gian trong ngay. Biéu gia dién nay
dugc st dung kha rong rdi trén thé gigi. Cac
nghién ctru trén thé gidi tap trung vao xdy dung
mo hinh déap tng thé hién cac mdi quan hé thay doi
gia dién-thay d6i phu tai dién theo cac ving trong
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ngay. M6 hinh phd bién dugc dé xudt c6 dang
[1,2]:
pl _pR
00T; = njj ~-—=+1)* 00R; ()
J P j

Trong d6:

- i,j=p,m,o tuong tng v&i ba ving cua biéu gia
TOU la cao diém, binh thuong va thap diém trong
ngay.

- QQT;, QQR; 14 cong suét trung binh sau khi
va trude khi co gia méi ¢ vung i.

- PT, PR 1an luot 13 gi4 dién sau va trude khi
diéu chinh.

nii con goi 14 hé s6 dan hoi thé hién sy thay doi
gia dién kéo theo sy thay do6i vé dién ning tiéu thy
nhu thé nao. Hé sb nay cho mot sy mo ta rat tbt vé
dap ung ding dién theo sy thay doi biéu gia dién.
Néu 1;i<0 - sy tang gia dién gio thir i lam giam tiéu
thy tai gio nay. Néu N;>0 - su tang gia dién gio j
lam tang lugng tiéu thu gio i.

Néu ¢6 dugc md hinh dép tGng giai tich, vi du
nhu (1) thi c6 thé tim ra duoc gia t6i wu dé didu
phéi su dung dién & cac thoi diém trong ngay. Nhu
vdy, gia dién nhu mot bo diéu chinh thay d6i hanh
vi str dung di¢n cta khach hang.

Trong ludi dién thong minh (Smart Grid), khai
niém dinh gia thong minh dugc dé cap nhu cong
cu dé nguoi ding dién str dung mot cach thong
minh [3]. Trong thi truong dién, nha ban 1¢ mua
dién tir thi truong va tiry thude tinh hinh thue té c6
thé thay d6i gia TOU t6i khach hang dé dam bao
do tin cdy cung ce“ip dién.

Tai Viét nam hién nay TOU dwoc ap dung cho
cac khach hang cong nghiép trén co s& cong to ba
gia. Tuy nhién ban than muc tiéu cia nhimg lan
thay dbi gia tap trung chii yéu vao bai toan 15-1ai,
chua nhdm vao viéc diéu chinh tiéu thu dién,
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Céc phuong phép xac dinh TOU duge dé cap
nhiéu trong cic bai todn ciia DR va dugc phan
thanh: dya trén duong cong dap g nhu cu hozc
hé s6 dan hoi [4 - 7]; dua trén 1y thuyét tro choi
[8,9,11]. Trong [8] cac tac gia giai quyét diéu
chinh cin bing cong suit bang cach tim can bang
Nash dya theo 1y thuyét trd choi. Tuy nhién khong
phai ltc nao ciing c6 thong tin vé do loi cua dién
luc va khach hang. Céac bai bao [5 - 7] tim gia
TOU khi giai bai toan da muc tiéu bang cach qui
vé mot muc tiéu. Cac bai toan da muc tiéu gf‘)m
giam tdi da tai dinh, giam tdi da su chénh léch
cong suét dinh va thip diém. Nhu trong [5] bai bao
trinh bay xac dinh gia t6i wu dap Gmg da muc tiéu
vé san bang d6 thi tai st dung 1y thuyét mo. [4]
trinh bay tim TOU khi 4p dung giai thuat NSGA
(nondominated sorting genetic algorithm) véi ham
dap tng da thic bac 1 theo gia dién.

Trong bai bao nay, khac vadi cac bai bao khac,
@& xuét tim TOU téi uu theo céc kich ban diéu
khién sir dung dién khac nhau cua cong ty cung
cép dién. Céac kich ban nay dan toi viéc giai bai
toan da muc ti€u véi thr nguyén khac nhau. Bai
béo ciing dé xudt cach tiép can giai cac bai toan da
muc tiéu néu trén. C6 thé con phat sinh nhidu bai
toan khac, nhung duéi ddy 1a mot s6 bai toan co
ban. Ngoai ra, cach tiép cuia bai bao ciing pht hop
cho cadc mo hinh dép tng giai tich khac, ngoai md
hinh dang (1).

2 MO HINH DE XUAT

Bai toan 1:

Khi ¢6 sy cing thing vé nguon ludi, nghia 1a
khi c6 sy thiéu hut cong suit ngudn hay vuot qua
kha nang tai cia duong day vao cac glo duoc c01
1a dinh cua dién luc, cac cong ty cip dién mudn
giam cong suit dinh. Khi d6 ¢6 thé 1am cho lugng
dién ning téng trong ngay thay d6i hodc doanh thu
ban dién trong ngay thay doi.

Dé xuat thay d6i biéu gia dién lam giam cong
sudt tiéu thy trung binh trong cac gio cao diém dén
mot gia tri mong mudn, vi du nhu giam 5%, 2%
cong suat dinh trén co s¢ lugng dién ning ngay ¢
gang giir khong ddi. M6 hinh bai toan 1a:

Tim gia dién P; v6i i= p,m,o0 sao cho thda cac
ham muc tiéu :

Nie Q0Tp — aQORp )

f2 . AT - AR 3)

Voi: Ag, Ar - lugng di€én nang trong ngay trudc
va sau khi thay dbi gi.

o - thé hién mirc giam cong suit dinh so véi
hién tai va 0<o<I.

Céc rang budc:

Gia dién nam trong pham vi cho phép:

P <P <P i=o,p,m (€))

imin = rmax

Luu ¥y 1a su thay ddi gia dién co cod thé tao mot
dinh mé&i. Néu khong mudn c¢6 dinh méi thi can bd
sung rang budc sau:

Q0Tp > 00Ty, > 00To &)

Su thay di gia ¢6 thé 1am cho doanh thu/ ngay
thay dbi: hodc ting qua mirc, hodc suy giam khong
mong mudn. Néu can dam bao luong doanh thu
/ngay do ban dién khong thay d6i hodc thay doi it
thi (3) co thé thay bang (6):

f3: CAr —> CApR (6)

V6i CAg, CAr - lugng doanh thu trong ngay
trude va sau khi thay doi gia

Bai toan 2:

Céc cong ty dién lyc ludn mong mudn cai thién
hinh dang d6 thi phu tai (san phing d6 thi phuy tai).
Viéc giam cong suit dinh va lip diy thip diém
(giam ti s giita cong suat gio cao va gio thip
diém) 1a mot trong nhiing bai toan trong diém cua
chwong trinh DR. Ngoai ra can dam bao san xuét
va sinh hoat binh thuong cia khach hang nén
lugng dién ning /ngay khong doi.

Muc tiéu giam cong suat dinh s& giit nguyén
nhu & (2).

Muc tiéu tang ti sO giita cong suat thap diém va
cao diém dén tri mong mudn s& duoc thé hién 1a:

00Tp 7
f4: 00Tp - f (7N

V6i B-tri mong mudn va 0<p<l.

Muc tiéu khong thay d6i lugng dién nang/ ngay
nhu da trinh bay & (3).

Céac rang budc nhu ¢ (4) hoac (5)

Bai toan 3:

Mot cong ty dién luc co thé gip phai van dé vé
thiéu lwong nuéc vé nha may thuy dién hay nhién
liéu, hodc san luong dién mua (hodc duogc ce"ip) s€
bi giam xudng, trong mot giai doan nao d6. Bai
toan dat ra la tim bg gia mdi sao cho giam thiéu
luong dién ning tiéu thy trong ngay dén mot gia tri
mong mudn nao do, vi du giam 5% san lugng dién
trong ngay. Ngoai ra can cai tién hay giit nguyén
hinh déng db thi phu tai.

Ham muc tiéu vé giam luong dién nang la:
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Js 1 Ar — odg (®)

o - thé hién muc gidm so vé&i hién tai va 0<o<l.

Ham muyc tiéu vé hinh dang d thi phu tai gii
nguyén nhu & (7).

Céc rang budc van nhu & (4) hodc ¢ thé bd
sung thém (5).

Mot s6 kich ban khac nhu: chi cai thién ti s6 tai
thdp diém va cao diém trén co s& giit nguyén
luong dién nang ngdy; gidm tai dinh va giam
luong dién ning ngay theo mong mudn... déu cd
thé biéu dién bang t6 hop clia cac ham muc tiéu va
rang bugc da néu.

3 BAITOAN DA MUC TIEU.

3.1 Bién déi ham muc tiéu

Cac bai toan 1, 2, 3 déu la cac bai toan c6 nhidu
muc tiéu va rang budc. O day cic muc tidu ndy co
thir nguyén khac nhau. Bai bao dé xudt cach giai
dua vé mot ham muc tiéu chuyén ddi nhu sau:

- Bién dbi cac ham muc tiéu vé dang twong dbi.

- Xay dyng ham muc tiéu duy nhit 1a tong ¢
trong s6 cua cac ham muc tiéu sau bién ddi.

Hai ham muyc tiéu (2) va (3) tro thanh:

Q0Tp .

fl ==——-o|—> min )
QORp

fzzA_T_ ‘—)min (10)
AR

Muc ti€u (6) tré thanh:

f3:%— — min (11

Muc tiéu (7) c6 dang:

T

1a=1220 _ g i (12)
00Tp

Muc tiéu (8) s€ la:

75 =1 ol 5 min (13)
AR

3.2 Giai bai toan da muc tiéu

Bai bao sir dung giai thuat PSO dé tim 15 giai
toi vu cho cac bai toan trén do cac uu di€m cua
giai thuat ndy nhu: ap dung don gian, khong khat
khe vé tinh kha vi, s0 tham so cua giai thuat khong

nhiéu, rat hiéu qua khi tim kiém 10i giai t6i uu toan
cuc. Ham Fitness s& c6 dang 1a téng c6 trong sd
ciia cac ham muc tiéu trong mdi bai toan. Vi du
nhu cho bai toan 1:

17

F = Mf) + Xof; — min (14)

trong d6 A; , A, 1a trong s6 cuia mdi ham muc
tiéu.

Trinh tu cac budce cua giai thuat PSO nhu sau:

- Budc 1: khéi tao sb ca thé, cac thanh phﬁn cl,
¢2; khoi tao dan sb cho bay dan; khdi tao téc do
cho céc ca thé cua dan; hiéu chinh cac chi sb cua
timg c4 thé dé cho cac chi s6 d6 khong vi pham
cac rang budc cua hé thong; tinh toan ham (11)
cho ting c4 thé va gan pbest, tim ra gbest ctia dan.

- Budc 2: Néu thoa 1 trong 2 diéu kién dimg
cua chuong trinh thi dung chuong trinh.

- Budc 3: Tinh toan vén tdc méi cho timg ca
thé; cap nhat vi tri méi cho ting c4 thé; hiéu chinh
céc chi s6 dé cho chéc chan khong c¢6 c4 thé nao vi
pham cac rang budc van hanh cua hé théng; tinh
toan ham (11) cho ting ca thé, so sanh véi pbest
va gbest, cap nhat néu thoa cac diéu kién.

- Budc 4: Hiéu chinh lai sd bude lap; trd vé
budc 2 dé thuc hién tiép tuc chuong trinh.

Céc cong thirc dé cho ting ca thé cap nhat vi tri
cua minh:

vlk+l = vlk + c1rand] (pbesti — xlk) +
(1s)
cprand) (gbest — xlk)
Vi :
x: 1a tap 4n (gia dién vao gio' cao diém, binh
thuong va thip diém);

rand: 12 ham random gia tri tir 0-1;

ci: trong s6 cua thong tin ciia ¢4 thé do;

ca: trong s6 cua thong tin ciia ca dan;

N: dén sb cua dan;

Xi: Vi tri clia ca thé thir i trong ving tim kiém;
vi: tdc do cua cé thé thu i;

gbest: gia tri tot nhit ciia ca dan;

pbesti: gia tri tot nhét cta c4 thé thi i.

4 AP DUNG.

Bai bao sir dung s lidu Cong ty dién lyc Iran
nhu trong [10] véi cac hé sb dan hoi cua (1) nhu
trong bang 1.

Béang 1 cho thiy su phan tng t6i wu ciia khach
hang 1én gi4 dién: cac hé sb duong chéo chinh déu
am, cac hé s6 ngoai duong chéo 1a duong.
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Bang 1. H¢ b dan hoi cua dién luc Iran

7 Cao diém | Binh thuong | Thép diém
Cao diém 0,1 0,016 0,012
Binh thuong 0,008 -0,1 0,01
Thip diém 0,006 0,008 -0,1

Str dung s6 liéu ngay 27/8/2007 duoc coi la
thoi diém hién tai v6i gia cho 3 thoi diém trong
ngay la: 400, 160, 20 Rial/lkWh. Gid cao diém
(19:00 — 23:00) v&i cong suét trung binh 1a 33000
MW, gi& binh thudng (7:00-19:00) v6i cong suit
trung binh 1a 29000 MW, gio thip diém (23:00 —
7:00) v&i cong suat 26440 MW.

Bai toan 1:

Trong cong thirc ham Fitness, cac trong sd A
duoc méc dinh 1a 1. Vi muyc ti€u giam cong suét
trung binh vao cac gio tai dinh 1a 3.45% va lugng
dién nang ngay thay ddi it hon 1%.

St dung md hinh (2)-(5) dé tim kiém 1oi giai
t6i wu vé gia dién. Str dung giai thuat PSO véi cac
tham s6 khac nhau, két qua cho & bang 2.

Vi du khi ¢;= c,= 42 tng véi s6 ca thé 100 cho
ra két qua t6t nhat. Phan tich khi s ca thé 1a 300,
két qua dat dugc ciing 1a 1a kha quan (ham muc
tidu 1a 0,015). O day, voi gia dién toi vu tai 3 thoi
diém da tim duoc, sau d6 thé vao (1) cho ra luong
cong suit trung binh & cic thoi diém la:
QQTr=31853MW; QQT=28884MW;
QQTo=27833MW. Nhu viy cong suat dinh giam
3,47% va dién ning ngay thay doi 1a 0,75%, nghia
1a dat muc tiéu dé ra.

Bang 2. Biéu gia dién véi cac tham sb khac nhau ctia
giai thuat PSO cua bai toan 1

G = St(;lgé Pr P Po mll,:lcagléu
M2 | V2| 50 | 5167 | 1673 | 1887 1,1414
M2 | 2| 100 | 5135 | 1552 |20,35]0,00125
M2 | A2 | 200 | 512,5 | 15535 | 19,44 |0,001924
M2 | V2| 300 | 5147 | 160,18 | 19,7 | 0,0151

Bai toan 2:

Tim kiém biéu gia dién sao cho cong suit trung
binh gio cao diém giam 5,4% va lugng di¢n nang
ngay thay ddi nho <1%), ti s6 cong suit thép va
cao diém 1én dén 0,893. Bay gid cac md hinh (2),
(7), (4), (5) duoc str dung dé tim kiém 10 giai vé
gia dién. Két qua dugc trinh bay trong bang 3.

Két qua dat tot nhat khi s6 ca thé 1a 200. Khi
phan tich két qua véi sb ca thé 1a 300, cho ra két

qua vé luong cong suat trung binh & cac thoi diém:
QQTr=31219MW; QQT=28785MW;
QQTo=27868 MW; cong suét dinh giam 5,4%; ti
sO cong suat thip va cao diém la 0,893 va dién
nang ngay thay dbi 1a 0,24%.

Néu vé6i bai toan nay, thay vi muc tiéu vé thay
dbi lwong dién nang ngay 1a muc tiéu doanh thu
ngdy thay ddi nhé hon 1%, s& cho ra két qua tim
kiém nhu trong Bang 4.

Bang 3. Biéu gia dién véi cac tham sb khac nhau ctia
giai thuat PSO cua bai toan 2.

8o Ham muc
C |G |ca |Pp P. |Po Cam

X ticu

thé
N2 |2 |50 [604,5 [199,6[20  |0,0008587
N2 |42 |100 [594 |166,1[19,7 |5,448x10°
N2 |2 200 |5942 |166,5]19,7 |1,13x10°
N2 |42 300 [5957 |170,1|19,77 |3,38x10°

Vi du véi dan s6 300, ¢;= c;=42 cho ra két qua
sau: cong suat gio cao diém giam 5,4%; ti sb cong
suét thap va cao diém la 0,893 va doanh thu ngay
thay doi 0,24%.

Bai toan 3:
Pugc 1ong trong hai bai toan trén khi giam

luwong dién nang tiéu thy.

Bang 4. Biéu gia dién véi cia bai toan 2 khi muc tiéu

1a doanh thu ngay
C, C, S6 Pp P Po Ham muc
cé‘ tiéu
thé
\/5 \/5 50 511,31135,3119,2 [0,00148
\/5 \/5 100 [518,4(136,3(19,9 [9,28x10°
\/5 \/5 200 |[513,3({136 [19,4 |0,0011
\/5 \/5 300 |516,5|139 |19,66 |0,0006637
5 KET LUAN.

Khi c6 md hinh dap tng chinh xéc, c6 thé su
dung cach tiép can cia bai bao dé tim kiém biéu
gia TOU tbi wu theo cac kich ban khac nhau ctia
dién lyc. Cac kich ban nay tuong Gng v6i nhiing
tinh hudng van hanh kho khin nhu thiéu hut cong
suat dinh, thiéu hut dién ning (kWh), cai thién
hinh dang d6 thi phu tai va 1a nhitng bai toan da
muc tiéu. Cach tiép can cta bai bao ¢ thé mo rong
ap dung cho nhiing kich ban khac.
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Phan Thi Thanh Binh sinh nam 1959 tai Hai
phong - Viét Nam. Ky su dién ndm 1984 tai truong
Pai hoc Ning lugng Matxcova, Nga. Tién sy
chuyén nganh K§ thuat dién tai Ucraine nam 1995.
Tir nam 1985 dén nay 14 giang vién tai khoa Dién -
bién t¢r - truong Pai hoc Bach khoa, PHQG-
HCM. Cac hudng nghién ciru chinh tap trung vao
(1) On dinh luéi dién; (2) Dy bao phu tai; (3) Quan
1y nhu cau DSM; (4) Mang dién nhé. Dén nay tién
sy da cong bd duge 27 bai bao tap chi.

Lé Minh Qui tbt nghiép dai hoc Bach khoa,
PHQG-HCM, nam 2017

Vo6 Viét Cwong sinh nim 1975 tai Ha hoi - Viét
Nam. K¥ su dién nam 1997 tai truong Pai hoc Su
pham Ky thuat Tp. HCM. Thac sy chuyén nganh
K¥ thuat dién tai Nhat Ban nam 2003, Tién sy
chuyén nganh K¥ thuat Dién tr - Thong tin ndm
2006 tai Pai hoc K¥ thuat Toyohashi - Nhat Ban.
Tir ndm 1997 dén nay, V5 Viét Cuong la giang
vién tai khoa DPién - Dién tir - truong Pai hoc Su
pham K¥ thuat Tp. HCM. Cac hudng nghién ciru
chinh cua tién sy tap trung vao (1) Tinh toan tinh
kinh té - k¥ thuat - moi truong cua cac ngudn ning
lwong tai tao; (2) Piéu khién turbine gi6 DFIG; (3)
Tich hop tdi wu hé thdng ning lugng, hé thong
dién; (4) Dy bao va diéu khién phia phuy tai. Dén
nay tién sy da cong bd duoc 16 bai bao trén cac tap
chi qudc t& va 09 bai bao trén cac tap chi trong
nudc.
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Optimizing the time of use tariff with
different scenarios of load management

Phan Thi Thanh Binh, Le Minh Qui, Vo Viet Cuong

Abstract — Demand Response program is applied in many countries as an effective instrument to
regulate the electricity consumption. In this program, time of use (TOU) tariff is used widely. Optimal
TOU pricing according to different objectives was mentioned in this paper such as peak load reduction,
improving load curve, energy conservation, avoiding a new peak load. This is a problem with multi-
objective functions in different unit of measurement and is solved by PSO algorithm. An example to find
optimal TOU tariff for one utility is also presented in this paper.

Index Terms — DR, TOU pricing, PSO algorithm.



