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This paper introduces an optimal hierarchical load dispatch method
based on thermal-power characteristics. Firstly, the thermal
transmission model is applied to optimize the average load of air
conditioning units. This characteristic is linearized to suit hourly
planning. Next, leveraging the features of the air conditioning
temperature difference-power model, a grouping method for air
conditioning units is proposed based on auxiliary load aggregates. The
optimal hierarchical model is constructed using intermediate variables,
demonstrating that the Nash equilibrium solution is the unique strategy
to optimize the hierarchical structure in the non-cooperative game. In
the field of electrical engineering: The calculation results and
simulations indicate that the optimized method of load distribution for
air conditioning based on thermal-power characteristics can minimize
the adverse impact of peak auxiliary loads on the power grid.

MOQT PHUONG PHAP TOI UU PHAN CAP TAI PIEU HOA
DUA TREN PAC TiNH NHIET - CONG SUAT

Nghiém Thi Hung , Pham Thi Hoa, Nguy&n Thi Duyén, Pao Thi Hing
Truong Bai hoc Su pham Ky thudt Nam Dinh

THONG TIN BAI BAO

TOM TAT

Ngay nhén bai: 24/01/2024
Ngay hoan thién: 23/02/2024
Ngay dang: 23/02/2024

TU KHOA

Diéu hoa nhiét do
Tbi wru hoa phan cap
Bo tong hop tai

Can bang Nash
GAMS

Bai bao nay gidi thiéu phuong phap tdi wu phan cap tai diéu hoa dya
trén déc tinh nhi¢t — cong suat. Pau tién, ap dung mo hinh dac tinh
truyén nhiét dé t6i wu hoa tai trung binh ctia may diéu hoa. Dic tinh nay
dugc tuyén tinh hoa phu hop Vvéi viéc 1ap ké hoach theo gio. Tiép theo,
dwa trén dic diém cua mo hinh chénh léch nhiét d6-cong suat didu hoa
khong khi, dé xuit phuong phap phan nhém didu hoa khong khi theo
cac bo téng hop phu tai. M6 hinh t6i wu phan cap duoc xdy dung thong
qua cac bién trung gian chang minh ring giai phap can bang Nash la
chién lugc duy nhat dé téi wu hoa phan cip cuaa 1y thuyét tro choi (Non-
Cooperative Game). Két qua tinh toan, mé phong cho thiy phuong
phap t6i wu phan cap tai diéu hoa dua trén dac tinh nhiét — cong suat c6
thé giam thiéu tac dong bét loi cua dinh phu tai 1én ludi dién.
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1. Gioi thiéu

Dap ung nhu cau (Demand Response, DR) 14 thuat ngit miéu ta hanh vi trong d6 nguoi sir
dung dién thay d6i thoi quen tiéu thu dién cua ho dé dap (g véi su thay doi cua gia dién va cac
chinh sach khuyén khich dén tir cac cong ty dién luc giap cat giam dinh phu tai, cai thién hiéu
suét sir dung cua thiét bi dién [1]. Hon nita, DR c6 thé cung cip cong suat du phong cho hé thong
dién tir phia nguoi tiéu ding. So véi cong suat du phong tir hé thong dién, dy phong tir phia
ngudi st dung khong yéu cau chi phi van hanh ma con gitip tiét kiém nang lugng va giam phat
thai nha kinh [2].

Diéu hoa khéng khi (Air Conditioning Load, ACL) 1 thiét bi chiém ty trong Ién trong nhom
tai khu vue dan cu voi kha nang cho phép diéu chinh linh hoat [3].

Tuy nhién, do dic diém s lugng I6n, phan tan va thiéu sy tuong tac thong tin vdi cong ty
dién lyc dan dén nhiéu khé khin dé khai thac tan dung nguon luc cua loai hinh nay nham giai
quyét bai toan dap wng theo nhu ciu tai. Mot giai phap duoc dua ra trong nhitng ndm gan day la
sir dung cac bo tong hop tai (Load Aggregator,LA). LA don gian dugc xem nhu mdt “t6 chirc
bén thtr ba doc 1ap”, c6 thé tich hop va diéu tiét thong nhat giita phu tai va nha cung cép la cac
cong ty dién luc [4].

Duéi su hd tro cua ha ting do luong tién tién (Advanced Metering Infrastructure, AMI) va hé
thdng quan 1y ning luong théng minh, LA ¢ kha ning nhan biét va diéu khién trang thai hoat
dong, kiém soat hiéu qua déi voi tai ACL. M6t sé nghién ctru da chi rd: md hinh vat 1y cua diéu
hoa thuong dugc xdy dung dya trén phuong phap mo hinh hoa thong nhat vé cac théng sé nhiét
do (Equivalent Thermal Parameter, ETP) [5]. Cac phuong phéap kiém soat cho diéu hoa thuong
dugc chia thanh ba loai chinh: kiém soat nhiét do [6], klem soat khoi dong/tat [7] va kiém soat
tam dung dinh Ky [8]. Tuy nhién, cdc nghién ctu nay chu yéu tap trung vao thoi gian kiém soét &
cip d¢ phut. Khi can thiét ké lich trinh diéu chinh trong khodng thoi gian dai hon, c6 thé dé dang
gap van dé vé sb liéu c6 kich thudc I6n. Méc du gidi phap kiém soat tam ding dinh ky va kiém
soat nhiét do cung cip cac phuong phap kha thi cho viéc kiém soat trong thoi gian dai, nhung
chung thiéu linh hoat trong viéc 1ap ké hoach sir dung va kho khan trong viéc khai thac dic diém
cua tai ACL di dong.

Cung v6i su mé cira cua thi trudng dién, khong chi c6 mét t6 chic LA duy nhét trong mot
khu virc cu thé, ma thay vao d6 1a sy xuat hién caa nhiéu t6 chiac LA canh tranh véi nhau, tao ra
mot md hinh 1y thuyét tro choi “Non-Cooperative Game, NCG” giita nhiéu dbi tac [9]. Hién nay,
dd c6 nhiéu nghién ctu tép trung vao tng dung NCG xem xét phan ¢ng theo nhu cau trén thi
truong dién. Cu thé nhu tai liéu [10]: dia trén phan (ng cua ngudi dung, tac gia xem xét ngudi
dung ning luong mat troi (PV users) 1am cha thé va dé xuat mot moé hinh NCG danh cho nhom
nay. Nghién ciru [11], tac gia tao ra mot mo hinh NCG theo ting cho cac loai tai khac nhau cua
khu vyc cu dan, tuy nhién, nghién ctru nay chua xay dung mé hinh chi tiét cho tai di dong.

Trén co s& do, nghién ctru nay trinh bay phuong phap giai quyét mot sé van dé cu thé nhu
sau: 1/ Téi wu hoa tai trung binh ctia ACL: trude tién st dung mé hinh duong truyén nhiét twong
duong cua ACL dé téi vu hoa viée diu chinh theo phut v6i chu ky 1én dén mot gio. Qua qua
trinh nay, thu duoc mbi quan hé gitra gia tri trung binh cua ACL trong mét gio va su chénh 1éch
nhiét do & dau gio va cudi gio. 2/ Xay dung M6 hinh: Tuyén tinh hoa mdi quan hé néu trén va
xdy dung mot mé hinh dic trung cho ACL - tuong thich véi viéc 1ap ké hoach theo gio. 3/ Phan
loai va xdy dung mo hinh NCG ctua ACL: Dya trén tham s6 cia md hinh nhiét d6 - cong sudt, dé
Xuat mot phuong phap phan loai cho cac ACL, sau d6 xay dung m6 hinh NCG cua ching. 4/ bé
xuit mé hinh t6i vu hoa phan tang Dé dam bao su ton tai va duy nhit cua g|a1 phap can bang St
dung mot bién lién tuc dé chuyén déi NCG thanh mé hinh ti wu hoa phan ting. Quaé trinh t6i wu
hoa ting trén va ting dudi, giai phap can bang thoa man cac rang budc lién quan dugc tim ra.
Cubi ciing, thuc hién mo phong dé kiém chimg tinh kha thi va hiéu qua cua phuong phéap dugc dé
XUt trong nghién ctru nay.
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2. Phuwong phap nghién ciu
2.1. B4 tong hop tdi

La mot mét xich quan trong, LA phai duy tri lién lac day du giira cong ty dién lyc (cung cap
dién) va nguoi st dung dién dé c6 duoc thong sb tai thay doi theo thoi gian thuc, thong tin gia
dién va trang thai kiém soat tai linh hoat trong diéu kién thi trudong dién nhiam 1én ké hoach van
hanh cho chién lugc kiém soat tiép theo [4].

Khi ¢6 nhiéu LA tbn tai trong mot khu vuc cu thé, sé co mdi quan hé canh tranh giita chiing,
mdi LA s& lién tuc diéu chinh chién lugc cia minh dé cudi cung dat dén trang thai cin bang. Do
d6, trong phan tich ciia bai viét nay, c6 thé coi day nhu 1a mot luat choi tinh véi thong tin day di.
MGi quan hé giita LA, cong ty dién ludi va nguoi sir dung duge mo ta nhu hinh 1 dudi day:
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Hinh 1. Céch t6 chirc va qudn Iy cua LA Hinh 2. M6 hinh tdi diéu hoa khong khi

Trong béi canh phat trién cua Internet of Things (10T), h¢ théng ha ting AMI cung véi cong
ngh¢ truyen thong SG s€ phat trién va ung dung manh mé trong nganh dién. LA s€ c6 kha néng
thuc hién giao ti€p hai chieu hi¢u qua voi timg nguoi su dung dién. Trong do, trang thai st dung
cua cac thiet bi dién va tin hiéu Wdiéu’khién tr LA duoc truyen ta}i theo thoi gian ;huc. Khi tin hiéu
dicu khién cua LA duogc chuyén deén phia nguoi dung, c6 thé su dung hé thong quan 1y nang
luong tai nguoi dung dé kiém soat cac thiét bi sir dung dién.

2.2. M6 hinh Nhiét dp - Cong sudt ciia ACL
2.2.1. M6 hinh twong dwong dong nhié¢t cua ACL

ACL hoat dong béng cach tiéu thu cong suat dién, dua may nén lam viéc dé lam lanh khong
gian bén trong khi dieu ki¢n nhiét do ngoai troi cao. Thong thuong, md hinh dong nhiét bac hai
cta diéu hoa nhiét do vai tan so6 co dinh, dugc sir dung pho bién, duge mé ta nhu trong Hinh 2
[4]. Trong hinh 2, Pt biéu thi cong sudt lam lanh cta diéu hoa (kW); 6™ va 6° lan luot biéu thi
nhiét d¢ khong khi ¢ trong va ngoai (°C); R,va R tuwong ung la trd nhiét gitra trong va ngoai
(°C/W); C,vaC, tuwong tng la dung lugng nhiét do cta khong khi (J/°C). Mdi quan hé thay doi
tuyén tinh ctia nhiét do trong nha theo thoi gian c¢6 su tham gia cia ACL nhu biéu thirc toan (1):

Hin + 1_ HOUt) S _0 in in oul
- o, ( Oi) 1 @ or, =&E0" —S. (1—§)ec+(1—§)9ﬁ; )

EO" +(1-£)0™ —(1-£),,S, =1

Trong cong thirc (1), 14 thoi gian 1ap ké hoach (phut); 6™ va @", 1a nhiét do trong nha tai
thoi diém 7 va t+1; 6° 1a nhiét d6 ngoai troi tai thoi diém t+1 phut (°C); & 1a hé s6 tan nhiét; 6,
biéu thi sy dong gop cia cong suat lam mat cia ACL vao viéc giam nhiét d trong nha khi bat
diéu hoa (°C); S_biéu thi trang thai m¢é va dong cua ACL tai phut t (trang thai [1, 0] cho biét
diéu hoa dang bat hoic tat). Do S_ 1a bién nhi phan, nén cong thirc (1) c6 thé viét thanh (2) va
cho thdy khi xac dinh nhiét do ngoai troi va céc thong s6 vat 1y khac nhau cua cin phong, su thay
doi cua nhi¢t do trong nha chi lién quan dén trang thai cua dong (mo) cia ACL. LA c6 thé s

Hm

7+l
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dung chirc ning cam bién dé thyc hién phan tich hoi quy vé dic diém tiéu thy dién trude ddy cia
ngudi dung nham thu dugc cac thong so vat 1y vé dac diém phong cua tirng nguoi st dung.

2.2.2. M6 hinh déc tinh chénh léch nhiét dg-cong sudt ciia ACL

Duya trén mé hinh thay doi nhiét do tii ACL duoc trinh bay trong cong thuc (2), cong suat
trung binh toi thiéu cua tai ACL theo khoang thoi gian xac dinh theo cac rang budc nhiét do duoc
cho ¢ cong thire toan (3). Trong do6, P, la cong suat trung binh trong ky diéu do; P, 1a cong suat
tic thoi khi bat diéu hoa; H 14 tong s6 l1an trong ky diéu do; 6™, 6™ lan luot 1a giéi han dudi va

ﬂ

trén ca nhigt do trong nha; ", va g, lan luot 1a thoi diém bat dau va két thic diéu do.

H
POZST

H P — r=1
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in in _ _ out P Ae-lo <O (t+1)-0(t AP
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Gia sir cong suét tuc thoi khi bat diéu hoa 1a 4 kW, hé sé tan nhiét & 14 0,96, gidi han nhiét do
trén va dudi trong thoi gian dieu phoi lan luot 1a 27°C va 23°C, hé so6 6, dong gop cua viée lam
mat ACL cong suat giam nhiét d trong nha 1a 39°C, va thoi gian diéu phoi 1a 60 phat, nhiét do
ngoai troi la 34°C. Bang céch thay doi lién tuc nhiét do cai dat ’tai ?ﬁhf)‘i diém ban déu va thoi diém
két thuc cua chu Ky 1ap ké hoach dé mé phong, gia tri cong suat toi thiéu trong chu ky lap lich sé
thu dugc nhu trong hinh 3.
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1 4
0933 12 = = [led | Nhiét d6 ngoai troi 39 %)
og Ol867 ; 1o 1 £
E ‘o.s = 8 1% g
g 0.733 E 6 122
' } 2 131 %
27 S 4 B
%/e, 26 © 129 =
%%6 25 2 127 #
0‘7‘1”&(\23 23 2 Nhnct<230 dat cudi/C 0 L L L L L L L L L 25
. P o 16 17 18 19 20 21 22 23 24 1
Hinh 3. Moi lién hé giita cong suat trung binh cua thoi gian/h
diéu hoa va nhiét d¢ dau va cuoi thoi gian diéu Hinh 4. Nhiét d¢ ngoai troi va thong so tdi

chinh hinh tai diéu hoa khéong khi

Tir hinh 3, cong suit trung binh 13 nhu nhau khi chénh léch nhiét d6 gitra thoi diém dau va
thoi diém két thuc trong ky 1ap ké hoach 1a nhu nhau. Gia sir cac diém co nhiét do bang nhau &
thoi diém dau va thoi diém cudi thoi gian trong so dd toa do dwoc ndi vai nhau tao thanh mot
duong ddng muc nhiét do, sau d6 nhin tir huéng vudng goc véi cac dudng dong muc nhiét do,
cong suat trung binh cua didu hoa thé hién tinh chét ciia ham bac thang.

Trén thyc té, bang cach mé phong tai diéu hoa khong khi theo cac thong sb khac nhau, ching
ta co thé thu dugc cac dic tinh cong suat gidng nhu hinh thang twong ty nhur Hinh 3. Diém khéac
biét 1a gia tri mirc cong suét va pham vi chénh 1¢ch nhiét d6 cua timg thang c6 thé thay doi khi
cac thong s6 dic tinh ACL thay ddi. Cu thé, mdi budc trong dic tinh cong suit dang thang tuong
g voi Mot gia tri mirc cong suat nhat dinh va pham vi gigi han trén va dudi cia chénh léch
nhiét do. Gia tri mic cong suat twong tng véi chénh 1éch nhiét do nho nhat 1a gia tri mac cong
Suit dau tién thoa mén vi gidi han chénh 1éch nhiét d6 trén va dudi cia gia tri mic cong suét 1a
ngudng gidi han trén va dudi chénh 1éch nhiét d6 dau tién. Khi chénh 1éch nhiét d6 tang 1én, sb
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thir ty cua gia tri mac cong sudt va ngudng chénh léch nhiét do trén va dudi tang dan. Pic tinh
nay duoc biéu dien bang mo hinh toan hoc nhu cong thuc (4). Trong do, t 1a so tha ty thoi gian
tinh bang gio; P (t) 1a phu tai trung binh ciia ACL tht i trong gio t; P, 1a gid tri mic cong suat
tha N cua ACL thir i trong gio t; A0, va A6, 1a d6 chénh 1éch nhiét d6 tha N cua ACL i
trong gio t (ngudng gidi han trén va duol), 6, (t) biéu thi gia tri cai dat nhiét do trong nha tai thoi
diém ban dau cua gio thur t cia ACL, ddng thoi ciing 1a gia tri cai dit nhiét do trong nha vao cuéi
tai thoi diém t-1gio; ¢ (t+1)—6,(t) phan anh chénh léch giita diém dat nhiét do ¢ dau va cudi
gio thir t. ’ ’

Trong bai toan t6i vu hoa, mé hinh chénh 1éch nhiét do - cong suat ACL ¢ cong thuc (@)
khong dé sir dung, bai viet nay tuyén tinh héa mo hinh va mé hinh toan hoc cu thé nhu (5):

(Z.m.,n D, =[X,.¥,.Z,] (6)
_ lo lo lo
.ot 28 (t51-00): S0, @ iﬁjiﬁ iH -
S xe =1 Z,=[PuPoaPin] (@
"~ D=[D,D,-D,] (10

Cac bién logic nhi phan duoc dua vao cong thic x,,,, néu x,,=1 tic la gia trj cai dat chénh

léch nhiét do 6, (t+1)-6,(t) cua may diéu hoa i lac dau va cudi gio t nim giira AG°, va AGY

it,n it,n?
..n =0 thi nhiét d6 gié tri cai dat chénh léch 6 (t+1)-4 (t) cua diéu hoa i & dau va
cudi gio t. Gia tri cai dat chénh 1éch nhiét 46 A0°. nho hon A6°_ hoic Ién hon A@® . Khi do,

it,n it,n it,n*
rang budc (3) vé han ché chénh léch nhiét d6 & dau va cudi khong khi chu ky diéu phéi diéu hoa
phai nam trong khoang ngudng nhiét do.

2.2.3. Phan nhom ACL

nguoc lai khi x.

Hién nay, may diéu hoa khong khi chu yéu co ba phuong phap phan nhom theo cong suat diéu
khién, trang thai nhiét do phong hodc cac thong sO dac tinh nhiét cuia ACL [12], bai viét nay s&
phan cum dua trén cic thong sb dic tinh chénh 1éch nhiét do-cong suat cua ACL.

Tir cong thire (4), co thé thiy rang cac thong sb dic tinh chénh 1éch nhiét do-cong suit cua
ACL chu yéu thudc hai loai: Mot 1a ngudng chénh 1éch nhiét do trén va dudi, hai 1a mic cong
suit trung binh ciia ACL trong pham vi mdi khoang ngudng chénh 1éch nhiét do. Dit liéu cua hai
loai tham s6 nay duoc két hop thanh mét vecto, c6 thé dung 1am vecto didc tinh dé phan cum theo
cong thuc toan (6), (7), (8), (9). Cac vecto dic tinh cua tit ca cac ACL thudc tham quyén cua mot
LA nhit dinh tao thanh ma tran dic tinh D theo cong thurc (10).

Dua trén ma tran dic tinh trén, viéc phan cum diéu hoa c6 thé duoc thuc hién dé thu dugc sé
sé-ri cua ACL trong timg nhom. Trong lich trinh t6i wu hoa sau khi phan nhom, mdi nhom may
s€ dugc xu ly téng thé. S6 luong nhom phén cum ACL c¢6 lién quan chat ché dén do phuc tap cua
tinh toan t6i wu hoa va su khac biét vé dic tinh trong mdi nhom. No6i chung, cang c6 nhiéu nhom
méy duge phan cum thi sai s6 déc tinh chénh léch nhiét do- -cong sUat ciia cung mot nhom may s&
cang nho, nhung d6 phuc tap tinh toan s€ cao hon. Trong 1ap ké hoach thyc té, hai yéu t6 nay can
dugc xem xét dé xac dinh s6 lugng nhom phan loai hop 1y.

2.3. M6 hinh téi wu héa phén cap

Cong ty dién luc thuong st dung gia dién theo thoi gian thyc cua thi truong dap tng nhu cau
dé mua dién cit giam tai & LA, gitta gia dién va téng phu tai c6 mdi quan hé tuyén tinh [13] nhu
cong thuc (11):
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p™ =alL+b (11)
Trong cong thic (11), pPF 1a gia dién theo thoi gian thyc trén thi truong; L 14 tong phuy tai
trong khoang thoi gian xét; a va b 1a cac hé sb gia dién.
Theo (11), doanh thu dugc xac dinh:
T2

Z{ [Ztk L )]+b}(tﬁ-“<t>—tj<t)) > ke (L= ()~ (1)) (12)

t=tl t=T1
UJ 2 £
Vi L ( L) va L (t) 1a tai cua tap j va k trong t (gio); L™ (t) 1a tong cua tat ca

i=1
céc tai khong thé kiém soat khac thoi gian t (gio); L™ (t) la tai dwoc lap ké hoach trudc caa tap hop
j trong thoi gian t (gio); k" thé hién tic dong cua tap hop j doi véi ngudi sir dung; t1 va t2 biéu thi
thoi gian bit dau va két thuc ciia viée bu (cét gidm dinh tai) cia LA; T1 va T2 tuong (mg 1a thoi
gian bat dau va ket thic cua toan b chu trinh 18p ké hoach; K 1a tong so b LA; U; 1a so luong
nhom ACL c6 trong tap hop j. P, (t) 1a cong suét cia nhom phu tai thi i tai thoi diém t (gio).

Tai ligu [11] da chi ra ring mot diéu kién dé ton tai trang thai can bang Nash duy nhét Ia ham
loi nhuan phai 1a mot ham lién tyc va c6 thé dugc dao ham tai moi diém trong mién gia tri. Trong
cong thirc (12), L;(t) la mot bién roi rac xac dinh theo rang budc & cong thirc toan hoc (5). Bai
bao nay dé xuat ap dung phuorng phap t6i uu héa phan cap sir dung céc bién trung gian lién tuc
Q,(t). Trong m6 hinh t6i wu hoa cép trén, toi wu hoa dugc thyc hién dé dat dugc nghiém can

bang Nash, trong khi & mé hinh t6i wu hoa cap d6 thap hon, bién roi rac thuc té L, (t) duoc toi wu
hoa dé 1am cho n6 cang gan véi bién lién tuc Q J_(t).

Dbi v6i mdi LA, ham muc tiéu cip trén ciia né duge xac dinh theo cong thirc toan (14). Cac
rang budc duoc gigi thiéu trong cong thirc toan (15), (16) va (17).

min F, = Z[k (=00, (t))z]—i{a(kiQk ()+L= (t)J+b}(Lﬁase 0-Q, (1)) (14)
QOO 15 e Fowewr  an

t=T1
G™(t) <L () -Q, (t)<G™(t : 2 18
O=L"0-Q(M=e™0 A ping (L m-qf ¥

Trong d6, Q™ (t) va Q™ (t) lan luot biéu thi giéi han dudi va giéi han trén cua cong suat
ACL & LA tht j tai gio t. G™ (t) va G™(t) lan luot biéu thi gi6i han cong suét trén va giéi han
dudi cua luong giam phu tai trén khu vuce duge diéu do tai t gio. ijm va W™ thé hién gigi han
dudi va gi6i han trén cua téng muc tiéu thu dién nang ACL ¢ LA thu j trong thoi gian diéu dong.

Ham muc tiéu cap dudi dugc gidi thiéu & cong thirc toan (18) véi cic rang budc tir cong thirc
(5) dén (13). Téi wu hoéa cap trén lay Q,(t) lam bién toi uu hoéa, tdi wu héa cap thép hon lay
L, (t) 1am bién tdi wu héa va két qua thu dugc tir toi uu héa cap cao hon dugc sir dung lam tham
s6 da biét trong t6i wu hoa cap thip hon. ‘

Tuong tu nhu phuong phap giai 161 giai cén bang cua tro choi da néu trong tai licu [14], bai
bao nay st dung phuong phap lap vong lap dé giai voi phuong phap nhu sau: 1/ Bat so vong lap
v=1, cho trudc vecto gia tri ban dau Q) cua tai c6 thé giam & cac mirc khac nhau cua tat ca cac
LA va dit tiéu chuén hoi tu lap &, sb tap hop tai duoc tdi wu hoa i =1, dat v = v+1. 2/ Giai quyét
giai phdp t0i uu cho LA thr i va gia su rang chicn luge dat gia thau cia cac cong cu tong hop tai
khac khong thay d6i khi tim giai phap to6i wu. Cap nhat giai phap to6i wu cua trinh tong hop tai
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tuong ung vao Q¥ . 3/ Pat i=i+1. Néu i>K, chuyén sang budc 4. Néu i <K, quay lai ngay
budc 2. 4/ Luu tat ca cac chién lugc dat gia thau LA hién tai lam gia tri cudi cing cua lan lap thir
v va str dung AYY :"Q(V) —Qv™ ||2 1am chi s6 d6 chinh xac cua lan lap. Xac dinh xem A®? <¢

¢6 thoa man hay khong, néu thoa min thi truc tiép dua ra Q¥ 1a nghiém can bang cua trd choi.
Nguoc lai dat i=1, v=v+1 va quay lai budc 2.

3. Két qua nghién ciru
3.1. Tham sé tinh todn

Bai bao nay chon ACL ¢ khu vyc cap dién trong ky nghi hé lam vi du phan tich. Gia dinh
rang hau hét nguoi dung tam thoi ¢ nha trong ky nghi, tic la hau hét may diéu hoa déu dang
dugc str dung. Gia st rang trong khu vuc déu co tong cong c6 4325 ACL. Ty I¢ tham gla dap ung
nhu cau trong ngay 13 83%, c6 03 LA trong khu vuc va s6 lwong may diéu hoa ma mdi LA co thé
diéu phdi 1an luot 12 1453, 1019 va 1118, thong sb & va 6c cua tat ca cac ACL déu théa mén phan
bd N (0,96, 0,0016), N (39, 0,7), gia sir ring cong suat dién cua tat ca ACL tai thoi diém chung
duoc bat 1a 4 kW.

Gia sur nhiét do cai dit cua ACL trude khi tham gia didu d6 1a 25+0,5°C, LA c6 thé tinh toan
tai nén cia ACL trude khi diéu dong dia trén cac thong s6 dic tinh thu thap duoc cia timg may.
Tai co s¢ cia ACL trude khi didu dong, cac tai co s6 khong thé kiém soat khac va duong cong
thay ddi nhiét do ngoai troi dugc thé hién trén Hinh 4. Tir hinh v& c6 thé thay rang trudc khi diéu
dong, tai ACL c6 mdi twong quan duong véi nhiét d6 ngoai troi, tie 1a nhiét do ngoai troi cang
cao thi cong suat cua tai ACL. Tong cong suat phuy tai cao hon trong khoang thoi gian tir 19h dén
23h dém nén khoang thoi gian nay dwoc chi dinh 14 thoi gian cat dinh, tic 1a cong ty dién lyc s&
dén bu dya trén sé lwong cit dinh trong giai doan nay. Cac tham s gia a va b cho viéc cit dinh
lusi dién lan luot 1a 8,25x10° va 0,2, trong khi cac tham s6 gia boi thuong ma LA dua ra cho
ngu(n dung déu duoc gia dinh 1a 1,57 (dong)/(kW) Dé dam bao thoi gian diéu d6 bao trum thoi
gian cao diém cua phu tai ACL va thoi gian cao diém cua tong phu tai dién sinh hoat, thoi gian
diéu d6 ban dau duoc 4n dinh tir 16 gio chiéu dén 2 gio sang.

3.2. Phan tich hiéu qud

Theo phuong phap phan loai dwoc dua ra, ngudi st dung ACL do mdi LA diéu khién duoc
nhom thanh 10 nhom. Sau do, cac thong s6 dic tinh téng thé cua timg nhdm may sau khi phén
nhom dugc thay thé vao mé hinh tbi wu hoa phan cap dé glal quyét. Trong qua trinh l3p di lap lai
Viéc tim nghiém cén bang ctia ham muc tiéu cép trén, chi s6 d6 chinh xac 1ap cua n6 giam xudng
0 trong vong 6 1an Iap, didu nay cho thiy phwong phap gii lap cua tro choi can bang Nash dugc
sir dung trong bai viét nay cé toc do tinh toan nhanh va hiéu qua cao. Ngbn ngir 1ap trinh bac cao
GAMS [15] dugc st dung dé giai quyét bai toan t6i wu.

Phan nay s& mé phong mé hinh khong hop tac ciia cac bo LA trong cac khoang thoi gian lap
lich khac nhau dé phan tich tic dong cua do dai thoi gian lap lich. Lay thoi gian cit giam cao
diém lam trung tam ciia chu Ky diéu do, thu nhap rong ctia mdi LA trong cac khoang thoi gian
diéu d6 khac nhau dugc thé hién trong bang 1.

Tur bang 1, ta nhan thiy rang khi chu ky lap ké hoach giam, thu nhap rong cua tat ca cac (LA)
ban d4u ting roi giam. Nguyén nhéan 1a do thoi gian diéu phéi qua dai, LA bu dip cho viéc sir
dung tai diéu hoa khong khi trong nhitng khoang thoi gian khong can thiét, 1am tang chi phi boi
thudng; nguoc lai, thoi gian diéu phdi ngan s& khong du dé bu dap cho viéc sir dung tai diéu hoa
khong khi trong thoi gian cat giam cao diém. Tai diéu hoa khong khi dugc chuyén sang giai doan
cit giam dinh, giam lgi ich nay ctia LA. Trong vi du tinh toan, t6i uu héa lich trinh cho khoang
thoi gian 1ap ké hoach tir 17:00 d&én 1:00 mang lai tong thu nhap rong 16n nhét.
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) Bang 1. So sanh thu nhdp rong cua cac don vi
tong hop phu tdi trong cdc giai doan lap ké hoach khdc nhau

Chu ky Thu nhap rong/dong Téng thu nhap
Théi gian bt ddu Théi gian két thiic Tap hep tai 1 Tap hop tai 2 Tapheptai3  rong/dong
16:00 2:00 3.476.585 2.555.595 2.743.055 8.775.235
17:00 1:00 3.532.130 2.584.330 2.793.700 8.910.160
18:00 0:00 3.524.465 2.576.735 2.779.945 8.881.145
19:00 23:00 2.507.820 1.816.360 1.861.755 6.185.935

Bﬁng,Z. So sanh chi phi va loi nhudn cua bg
tong hop tai trong hai kich ban (KB)

Tap hep tai 1 Tap hep tai 2 Tap hep tai 3
o KB 1 1134,49 802,44 874,54
Lei nhugn/dong KB 2 885,02 601,63 642,79
Bdi thwong ngwoi KB 1 12531 64,06 76,34
dung/dong KB 2 104,66 53,32 64,33
Thu nhap rong/ KB 1 1009,18 738,38 798,20
dong KB 2 780,37 548,30 578,46

V& chi s kinh té sau khi t6i vu hoa, bai viét so sanh ba kich ban. Kich ban 1 ti vu hoa dya
trén mo hinh chénh 1éch nhiét d6-cong suét, Kich ban 2 t6i wu hoa LA theo cong thirc toan (3), va
Kich ban 3 tat ca cac may diéu hoa khong tham gia vao qua trinh cit giam dinh. Chi phi va lgi ich
rong déu 1a 0 trong Kich ban 3. Bang 2 thé hién tinh hinh chi phi-loi ich ciia LA trong Kich ban 1
va Kich ban 2. Béi véi Cong ty dién luc, & rang chién lugc diéu do trong kich ban 1 ¢6 thé giam
thiéu tac dong bat loi cua dinh phu tai 1én luéi dién.

4. Két luan

1) M6 hinh t5i wu phéan cAp tai dya trén déc tinh nhiét — cong sudt dugce dé xuat trong bai viét
nay phu hop cho viéc 1ap lich trinh theo gid cua ACL, cung cap mot phuong phap linh hoat va
hiéu qua dé 1ap lich trinh dinh ky dai han cho may diéu hoa khong khi.

2) Dya trén ngudng nhiét do trén, dudi va cac thong sé dic tinh mirc cong suat trong mo hinh,
viéc phan cum phu tai ACL c6 thé dat dugc hiéu tmg phan cum tét véi cac théng sé dic trung
ctia ciing mdt nhom may diéu hoa khong khi khong cé nhiéu sai khac.

3) Trong md hinh dé xuit dua trén cac dic tinh chénh 1éch cong suat-nhiét do tai ACL dugc
thiét lap trong bai viét nay, thoi gian didu phdi qua dai hodc qua ngin déu khong 6 loi cho tinh
kinh té ciia LA. Céc chi tiéu chinh bj anh huéng bai thong sé gia dién 1a chi phi va loi ich cua
LA, c6 tac dong nhat dinh dén phu tai dinh nhung tac dong khong dang ké.

Mo hinh chénh 1éch nhiét d6-cong suat cuia ACL dugce dé xuét trong bai viét nay co y nghia
mé rong nhét dinh déi voi cac phu tai dan dung khéac ¢ dic tinh luu triv ning luong, Chang han
nhu xe dién, may nudc nong,... Trong tuong lai, co thé tién hanh nghién ctru sdu hon vé viéc diéu
phdi ti wu chung nhiéu loai tai va xét dén tinh ngiu nhién ciia chung.
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