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Microgrid consists of conventional generators, renewable energy sources,
and energy storage devices. Microgrids could operate in either grid-
connected or islanded modes, depending on technical and economic
characteristics. This paper demonstrates mixed-integer quadratic
programming-based formulation for the optimization of the day-ahead unit
commitment in the microgrid. The goal function is to minimize the total
operational cost combined with the expenses incurred by the CO,
emissions generated. The weighted sum approach is deployed to cope with
the two-objective optimization problem. The optimization model considers
constraints of power generation-consumption balance, generating unit-
related restrictions, bounds of discharge/charge power, and energy level of
energy storage devices. The computational model for a 24-hour day is
divided into 24-time steps (each step with a one-hour time span). The
proposed optimization model is evaluated using the CPLEX optimization
solver within the GAMS programming environment. The calculation
results demonstrate that integrating CO, emissions into the proposed
optimization formulation has a considerable impact on the operational
scheduling of generators in the microgrid.
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Lap ké hoach vén hanh ngay toi

Luéi dién nho

Ngudn ning lugng tai tao

Quy hoach toan phuong nguyén
thuc hon hop

Thiét bj tich trir ning luong

Phat thai khi CO,

Luéi dién nho bao gom cac ngudn dién truyén théng, ngudn ning lugng tai
tao, va thiét bi tich trit nang luong. Ludi dién nho c6 thé 1am viéc & ché do
ndi ludi hodc ché d6 tach déo tiy thude vao cac dic tinh kinh té va k§ thuat.
Bai bao nay ap dung phuong phap quy hoach toan phuong nguyén thuc hdn
hop dé xac dinh t6i wu lich van hanh ngay t6i cho ludi dién nho co xét ché
d6 1am viéc ndi lugi/tach dao. Bai toan toi wu nay c¢6 ham muc tiéu la cuc
tiéu tong chi phi van hanh ciia ngudn dién co xét luong khi thai CO, ma cac
t6 may phat dién truyén théng tao ra. Phuong phap tong trong s6 dugc su
dung dé mo hinh hoa bai toan téi wu voi hai muc tidu. Mo hinh tbi wu dé
Xuit dugc tich hop rang budc cin bang cong suét gitra ngudn va tai, rang
budc ciia cac to may phat dién, giéi han cong suat nap/xa va mirc ning
lugng cua cac thiét bi luu trit. M6 hinh 1ap ké hoach ngay tdi dugc chia lam
24 budc thoi gian (46 dai mdi budc 1a 1 gio). Su dénh gid ctia mo hinh toi
uu dé xuat dugc thyc hién sir dung bo giai CPLEX véi méi truong lap trinh
GAMS. Két qua tinh toan ctia mo hinh dé xuét cho thiy, sy phat thai khi
CO, c6 anh huong 16n dén ké hoach van hanh cua cac ngudn dién trong ludi
dién nho.

DOI: https://doi.org/10.34238/tnu-jst.11375

" Corresponding author. Email: van.phamnang@hust.edu.vn

http://jst.tnu.edu.vn

289 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.11375

TNU Journal of Science and Technology 229(14): 289 - 299

1. Gigi thigu

Hién nay, vai sy tién by khong ngirng ciia khoa hoc va cong ngh¢, nhu cau vé dién ndng dang
ngay cang tang cao. Ngoai ra, ching ta dang dbi mat voi nhiing van dé ngay cang tram trong vé
moi truong va su bién doi khi hau. M¢t trong nhitng gidi phéap hi¢u qua dé giai quyét nhitng van
dé nay 1a viéc tich hop cac ngudn phan tan (DG) vao ludi dién hién tai, va didu nay da gitp hinh
thanh va phat trlen cua ludi dién nho (MG). MG la mét mang dién quy m6 nho, bao gom céc phu
tai dién, cac nguon dién truyen théng, nguon nang luong tai tao (RES) va cac bd luu trir nang
lwong. Ngoai ra, MG c6 thé hoat dong & ché d6 ndi lugi hoic doc lap tuy thude vao dic diém ky
thuat va kinh té [1]. Uu diém cua luéi dién nho 1a van hanh linh hoat, kha ning hoat dong doc lap
va chi phi van hanh thap hon so luéi dién truyén thong. Do d6, viéc 1ap ké hoach van hanh ngay
t6i (UC) ciia MG gitp tdi da hoa loi ich ma ludi dién ndy mang lai vé mat kinh té va méi truong.

V& mit toan hoc, bai toan UC thudong duoc mé ta dudi dang mé hinh téi wu. Nghién ctu [2]
d xay dung mé hinh t6i wu tuyén tinh nguyén thuc hdn hgp (MILP) — duoc bién doi tir mé hinh
t6i wu phi tuyén nguyén thuc hdn hop (MINLP) biang cich ap dung phwong phap tuyén tinh hoa
thanh phan ton that cong suit. Muc tiéu ctia bai toan nay 1a xac dinh trang thai lam viéc cua cac
t6 may phat nham cyc dai tong loi ich xa hoi trong mot khoang thoi gian nhat dinh. Téc gia trong
[3] @& xuat mot ki thuat cai tién phan tich dong dién gitp viéc lap ké hoach cho lu6i dién nho
thuan loi hon. Trong [4], cac tac gia sir dung cac thudt toan gifin dong heuristic dé giam thiéu chi
phi vin hanh cua cac ngudn dién. Nghién ctiu [5] dé xuit thuat toan vi sai da myc tiéu gitp giam
thiéu chi phi van hanh cing luong khi thai CO, tao ra. Bai bao [6] da@ m6 ta phuong phép xac
dinh vi tri dat téi vu cua cac ngudn nang lugng phén tan (DER) dé toi thleu hoa chi phi dau tu va
van hanh cho luéi dién nho. Cac tac gia trong [7] da phat trién mé hinh t6i wu tuyén tinh nguyén
thuc hdn hop (MILP) cho chién lugc quan li ning luong (EMS) cia ludi dién nho ¢ ca ché do noi
ludi va doc 1ap. M6 hinh MILP trong [7] dugc xay dung tir m6 hinh ti wu phi tuyén nguyén thuc
hén hop (MINLP) dya trén phuong phap tuyén tinh hoa ‘tung doan. Bai bao [8] da ap dung mo
hinh t8i vu toan phuong nguyén thuc hdn hop (MIQP) dé giai bai toan diéu chinh tan s két hop
vai lap ke hoach van hanh cta Iuéi dién nho hoat dong doc lap giup giam chi phi van hanh cua
céc ngudn nang luong phén tan (DER). Nghién ciu [9] dé xuat ki thuat tlen hoéa vi phén (DE) va
phuong phép t6i wu nhom hat (PSO) nham muc dich lya chon vi tri va s6 luong tdi uu cac ngudn
nang lugng phan tan (DER) trong ludi dién nho. Bai bao [10] trinh bay mét thuat toan da muc
tiéu nham giam thiéu dong thoi chi phi van hanh cing luong khi thai CO, tao ra. Nghién ciru [11]
trinh bay mot phuong phap t6i vu héa cho mé hinh 14p ké hoach véan hanh cac don vi phat dién
trong ludi dién nho nham giam thiéu chi phi van hanh cung v6i lugng khi thai CO, tao ra.

Céc nghién ctru tir [2] - [9] cho thdy rang cac bai toan lya chon vi tri cac ngudn ning luong
phan tan, 1ap lich van hanh cac té may phat hay chlen lugc quan 1i nang lugng cho luédi dién nho
sir dung cac cong thirc toan hoc giai tich, ki thuat t6i uu heuristic, phuong phap MILP, m6 hinh
quy hoach toan phuong (MIQP) nhung chua xét dén yéu t6 moi truong nhu lugng phat thai khi
CO, tir cac nguodn di¢n truyen thong. Bai béo [10] chua xét dén anh huong cua cac don vi van
hanh lu6i dién phan phéi (DSO) trong ché d6 noi ludi cia ludi dién nho. Nghién ctu [11] chi xét
t6i chi phi van hanh cac ngudn dién ma khong xét lugng khi thai CO, trong ludi dién nho.

Ngoai ra, cac mé hinh tbi wu nhu MILP va MIQP dugc ap dung rong rii trong cac phan mém
thwong mai dé giai quyét cac bai toan trong cong nghiép cho cac hé thdng dién co kich ¢& 16n va
yéu cau tinh toan nhanh. Phian mém PLEXOS [12] sir dung mé hinh MILP va MIQP dé thuc hién
quy hoach nguon dién va luéi dién truyén tai. Hién nay, phan mém PLEXOS ciing dugc ap dung
tai Viét Nam dé 1ap lich van hanh cua ngudn dién (tai Cong ty Cong ty TNHH MTV Van hanh hé
thng dién va thi truong dién Quéc gia (NSMO)) va quy hoach Hé thong dién (tai Vién Ning
Luong). Mo-dun OptNet ctia phan mém PSR Net-Plan [13] st dung mé hinh t6i wu MILP dé tim
loi giai clia bai toan quy hoach mé rong Iudi dién, va phan mém thuong mai nay dugc ap dung
phd bién & Bra-xin va My.
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Trong nghién ctru nay, mé hinh t6i wu toan phwong nguyén thuc hdn hop (MIQP) dugc dé
Xuat dé 1ap lich van hanh ngay t6i cho cac don vi phét dién trong ludi dién nho c6 xét phat thai
khi CO,. Ham muc tiéu 1a toi thiéu hoa dong thoi chi phi phat dién va lwong phat thai khi CO,.
MBS hinh duoc tinh toan bang bo giai téi vu CPLEX véi mdi truong lap trinh GAMS va dam bao
tim dugc nghiém t8i wu toan cuc. Ngoai ra, nghién clru con xét dén ché do van hanh cua ludi dién
nho khi nhan dugce tin hiéu ndi ludi/tach d4o tir cac don vi van hanh lu6i dién phan phdi (DSO).
Nhan manh rang, mé hinh téi wu dé xuat trong bai bao chi tap trung vao giam chi phi van hanh va
chi phi phat thai trong ngan han (mét ngay t6i), va khong xét dén chi phi von dau tu, chi phi bao
tri cia nguon dién va thiét bi luu trir ning lugng. Bong thoi, mo hinh ti wu dé xuat tap trung vao
MG Véi anh huéng cua chi phi phét thai CO, va ndi ludi/tach ddo, va khong xét dic diém khac
cua MG nhu MG d6 thi, MG néng thon va MG hai dao.

Noi dung con lai ciia bai bao dwoc ciu trac thanh ba phan. Phan 2 trinh bay cac cong thirc
toan hoC cua bai toan 1ap ké hoach van hanh ngay t6i co xét chi phi phat thai khi CO, cho luéi
dién nho. Phan 3 dua ra cac két qua tinh toan va ban luan khi mé hinh ti wu dwoc ap dung cho hé
thdng dién nho 14 nat IEEE. Cudi cing, nhiing két luan va dinh huéng phat trién ciia nghién ctu
trong twong lai dugc mé ta trong phan 4.

2. Phuwong phap nghién cau
~ Ham muc ti€u cua bai toan 18p lich van hanh ngay t6i c6 xét phat thai khi CO, cho MG la cuc
tiéu tong chi phi phat dién va chi phi phat thai khi CO,:

NCG 2
WY 6oy, +6% x vy, +DRE o (RE) |
i=1

;
minY < + w.(c{"*®.RMe® —¢"®° BY¢%) + (1-w).B.4.RMC® )
= Nce
+(1_W)'ﬂ'2[diui,t +eP% + 1, (P.?G )2]
i=1

trong do:

e W la trong so gitra chi phi van hanh cta nguon dién va chi phi phat thai CO;

o Neg 1a s6 Twgng ngudn dién truyén thong (CG) trong ludi dién nho;

e cSUCCva ¢ [an luot 1 chi phi khoi dong va dirng cia nha may truyén thong thi i;

e y,, labién nhj phan. Néu CG thu i khoi dong ¢ dau thoi diém tthi y,, =1; nguoc lai, y,, =0.

x,. 1a bién nhi phan. Néu CG thir i ding ¢ dau thoi diém tthi x,, =1; nguoc lai, x, =0.

u;, 1a bién nhij phan. Néu CG thtr i van hanh & thoi diém t thi u,, =1; nguoc lai, u,, =0,

a, b, vac, lan luot 1a cac hé s trong ham chi phi van hanh ctia nha may truyén thong thi i ;

P%° 1a cong suat phat cia nha mdy truyén théng thi i tai thoi diém t (pu);

¢"*®va ¢"*® lan luot 1a chi phi mua va ban dién cta lugi nho voi ludi ngoai tai thoi diem t;

PM68 va PMCS |an lugt 1a cong sudt mua va ban cua ludi nho voi ludi ngoai tai thoi diém t (pu);

2 1a hé s6 phat thai khi CO, cia nit tram ngudn va bang 0,381 kg/kWh;
e 4 1a hé sé quy ddi lwong khi thai CO, thanh chi phi;
e d, e vaf lan luot 1a cic hé s6 tinh toan lugng khi thai CO, clia nha méy truyén thong thi i.

2.1. Ring bugc ciia trao doi céng sudt ciia lwdi dién nhé

Prn "Mz, <RY® <B2*moz; t=1..T )
P (1-m ).z, <PV <PV (1-m).z; t=1..T ©)
m e{01}; t=1..T (4)
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trong do:

e PV v3 PVSS tirong ting la cong suat mua va ban 16n nhat cia MG véi ludi ngoai (pu);

e PYCB v3 PVSS tiong (ing la cong suat mua va ban nho nhat cia MG véi lugi ngoai (pu);

em la bién nhij phan. Néu MG mua dién tai thoi diém t thi m =1. Va ban dién thi m =0.

e 7, 1a hang s6 nhi phan. Néu MG vén hanh & ché do néi ludi tai thoi diém t thi z, =1. Néu
MG van hanh & ché do tach d4o tai thoi diém t thi z, = 0.

Rang budc (2) 1a giéi han cong suat mua cua ludi dién nho véi ludi dién ngoai. Twong ty, biéu
thac (3) 1a gidi han cong suat ban cta ludi dién nho vai ludi dién ngoai. Rang budc (4) 1a khai
bao bién nhi phan dé dam bao qua trinh mua dién va ban dién khong thé dién ra dong thoi tai vi
tri két ndi cua ludi dién nho vai ludi ngoai.

2.2. Rang bugc nguon dién truyén thong

|tP|Crr(\3|n Pl(iG Sulte(ir(];ax; IZ:L NCG;tzl""T (5)
P —R% <RUSCy, +RVPCy ; PC —R% <RP®y +RPCy 1 i=1.,Ny,t=1...T  (6)
Yie =X =Ui —U s Vi +%, <L UL YK, E{O’l}; i=1...Nes;t=L... T )
U :Ui,coe; i=1.., NCG (8)
t
> Ya<SUy Vie[L-1..T]ii=1...,Ng ©)
k=t-T;Y +1,k>1
t
U, + Z X, <1, Vte [Fi -1,..., T]; i=1..Ng (10)
k=t-T,? +1,k>1

trong do:

o P% va PSC tuong tmg 1a cong suit tic dung phat t6i thiéu va i da ctia to may i (pu);
e RU® va RP® tuong tng la mirc ting va giam cong suat phat 16n nhét cua to may i (pu);
RSUCC ]a mirc ting cong suat phat 16n nhét khi khoi dong ciia té may i (pu);

RSPCC 13 muc giam cong suat phat 16n nhat khi dimng cua t6 may i (pu);

e U7 14 trang thai ban dau cia CG thu i;

* T vaT? twong tng 1a thoi gian lam vige t6i thiéu va nghi tdi thiéu cua CG thir i (gio).

Cong suit phat cia cac nguon dién truyén thdng dugc gidi han béi rang buge (5). Biéu thirc
(6) 1a gi6i han tang gidm cong suat phat. Rang budc (7) dam bao rang, cac to may khi dang van
hanh chi co thé (dung khong thé khoi dong. Tuong tu, cac to may khi dang nghi chi c6 the khoi
dong, khong thé dirng. Biéu thirc (8) moé ta trang thai ban du cua cac nguon dién truyén thong
the i. Biéu thuc (9) va (10) lan luot 1a rang budc thoi gian hoat dong tdi thiéu va thoi gian nghi
toi thiéu, véi Ly =min{T,U,} va F =min{T,D,}. Trong d6, U; la sé khoang thoi thoi gian nha
méy thtr i duge yéu cau phai lam viéc khi bat dau chu ky ’Iép‘ké' hoach van hanh; D; 14 s6 khoang
thoi thoi gian nha may thir i duge yéu cau phai nghi khi bat dau chu ky 1ap lich van hanh.

2.3. Ring bugc cdc nguén nang lwong tdi tao

Rang budc (11) va (12) 1a giéi han cong suit phat ctia cac ngudn nang lugng tai tao.

0< PIF:V = PlFt)\;orecast; i=1.., va;t =1..,T (11)
0Py <PV i=1Nyit =17 (12)

trong do, P va R} tuong tng la cong suét tac dung cua ngudn dién mat troi va ngudn dién
gi6 (PU); Pt V& Piroecsse 120 Tuot 13 cong sudt du béo ctia ngudn dién mat troi va dién gio
(pu); Npy va Ny twong tmg 1a s6 lugng ngudn dién mat troi va gio trong ludi dién nho.
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2.4. Rang bugc thiét bi liu triv cong sudt

Eo=E5"; i=1..Ng (13)
E,=E ., +(n"P" —PY" /nP™) T i=1.. Nepit=1...T (14)
E™ <E, <E™; i=1..,Ngpit=1..,T (15)

0<PY" <PY™v ; i=1..,Negpit=1..T (16)

0<P{ <PM™(1-v,,); i=1..,Nggpit=1..,T (7

v, {01} i=1. NESD,t_l T (18)

Er =B 1=L...,Nggp (19)

trong do:
o Nesp 14 s6 lugng hé théng luu trit ning luong trong ludi dién nho;
E;. 1a mic nang lugng cua hé thdng luu trir ning luong (ESD) i tai thoi diém t (pu);

ES" 1a mirc nang lugng ban du cua h¢ thong luu trit nang lugng thir i (pu);

E™ va E™ tuong ing la mic nang luong tbi thicu va t6i da (pu);
e PY" va P tuong tmg la cong suat sac va cong suat xa caa ESD thir i tai thoi diém t (pu);

PSM™ va PYM™ trong tmg 13 cong suat sac va xa I6n nhit ciia ESD thwr i tai thoi diém t (pu);

e 7" va ™ tuong ung 14 higu suat sac va xa cia ESD thir i;

e T, 1a budc thoi gian ctia bai toan 1ap lich trinh van hanh ngay ti (trong bai bao nay, Ts = 1 gio);

e v,, labién nhj phan. Néu ESD i xa tai thoi diém t thi v,, =1. Va sac tai thoi diém t thi v, =0.

Biéu thuc (13) mo ta trang thai ban dau caa ESD. Rang budc (14) xac dinh mirc nang luong
ciia ESD tai thoi diém t bat ky. Biéu thirc (15) 1a gidi han mirc nang lugng cua hé thdng luu trir
nang luong. Rang budc (16) va (17) lan luot 12 giGi han cong suat xa va sac cia ESD. Rang budc

(18) biéu di&n bién nhi phén vi; dam bao hai qua trinh sac va xa khong thé dién ra‘dong thoi. Biéu
thac (19) rang budc rang, mac nang lugng ¢ dau va cuoi cua chu Ky tinh toan 1a bang nhau.

2.5. Rang bugc cin bing cong sudt

Rang budc can bang céng suét cho Iudi dién nho duoc trinh bay trong biéu thic (20).

NCG

Ny Nesp Nesp
=Y R Z DI EDIFED I b A (20)

i=1 i=1 i=1 i=1
trong d6, P°1a tong nhu cau phu tai trong ludi dién nho tai thoi diém t (pu).

Mo hinh téi wu véi ham muyc tiéu (1) va céc rang budc (2)-(20) c6 dang quy hoach toan
phuong nguyén thuc hdn hgp (MIQP). Nhan manh rang, mé hinh t6i vu MIQP dugc lya chon dé
ap dung trong bai bao nay vi cac ly do nhu dudi day.

— M5 hinh t6i wu MIQP trén c6 thé dugc tuyén tinh hoa dé dua vé dang quy hoach tuyén tinh
nguyen thuc hon hop (MILP) Tuy nhlen Vlec tuyen tinh hoa lam cho lorl glal ciia m6 hinh MILP
nhu CPLEX va GUROBI, c6 thé giai hle_:u qua bai toan t01 uu dang MIQP ¢6 kich ¢ 16n [14].

— M5 hinh téi wu MIQP dam béo tim dwoc nghiém t6i wu toan cuc. Tuy nhién, cac thuat toan
heuristic va metaheuristic nhu thuat toan di truyén (GA — Genetic Algorithm) khong dam béao tim

- Phu0'ng phap tdi uu MIQP duqc ap dung rong rii trong cac nghién ctru nhu tai cdu tric ludi
dién phan phdi [16], [17], van hanh kinh té h¢ thong dién [18], [19] va dat tu bu t&i wu [14].
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3. Két qua tinh toan va thao luan

Trong muc nay, ludi dién nho 14 nat IEEE [7] duoc ap dung dé danh gia mo hinh téi vu da dé
Xuat & muc 2. Mo hinh dé xuét duoc lap trinh sir dung méi trudong GAMS [20] va bo giai toi wu
CPLEX. May tinh c4 nhén v6i vi xu ly Corei5-10300H 2.50 GHz va 8GB RAM duoc st dung dé
thyc hién cac tinh toan. Thoi gian giai bai toan la 0,592 gidy. Nhan manh rang, cic ngon ngit lap
trinh nhu C, Python, Java c6 thé duoc str dung dé thay thé GAMS. Ddng thoi, cac bo giai tdi uu
thuong mai nhu CPLEX dugc cung cap mién phi cho cac nha nghién ctru trong cac co so' giao
duc va vién nghién ctru. Ngoai ra, cac bo giai t6i vu ma nguon m¢ va khong phai tra phi nhu
CBC (COIN-OR Branch and Cut) c6 thé dugc sir dung dé thay thé bo giai thuong mai CPLEX.

3.1. Dit ligu ludi dién nhé 14 niit

Trong bai bao nay, cong suat co ban bang 100 KVA. Hé sé quy doi c¢6 gia tri bang 3 $/kg [10].
H¢ s6 phat thai khi mua dién tir ludi ngoai ¢6 gia tri bang 0,381 kg/kWh [11]. Ludi dién nho bao
goém 2 ngudn dién truyen thong, 1 ngudn dién mat troi, 1 ngudn dién gié va 1 hé thong luu trix
nang luong. Thong sé cua 2 nguon dién truyen théng duoc mé ta trong Bang 1.

Bang 1. Théng s6 Ciia cdc nguon dién truyén théng

CG1 CG2
a; ($/h) 75 T.Y (h) 2 a; ($/h) 0 T.Y (h) 3
b; ($/kWh) 0,2881 T.° (h) 2 b; ($/kWh) 0,3476 T.° (h) 3
¢i ($/kw?h) 0,00015 Ui o 1 ¢i ($/kwW?h) 0,00025 Uio 1
cUCC ($) 15 P (w) 100 cUCC ($) 10 P (kw) 100
¢ ($) 53 Ui (h) 0 ¢ ($) 0 U; (h) 0
RS, (kw) 200 f,(g/kW?h) 6,49 REC, (kW) 500 fi(g/kW?h) 5,64
PSS, (kw) 40 & (g/kWh)  -5,55 PSE. (kw) 100 e (g/kWh) -6,05
RYC® /RPC (kwrh) 100 d; (g/h) 4,09 | RY°®/RPC (kwih) 250 di(glh) 257
RUCE /RSPCC (kwih) 150 RUCE /RSPCC (kwih) 300
lnn(%) 016 A
90 - 014
o a 0.12
= 0,10
. § E 0.08
i £ 2006
p F 0,04
o © on
’ l-; -3- :- 5--6--7 8 91011121314151617 18192021 22—;3-:4 0’00 >
Thot sian (gié) 1234567809101112131415161718192021222324
Phu tai Pién gio Bién mat trov Thbl gian (glb‘)
Hinh 1. P6 thi cong sudat cua phy tdi, dién gié Hinh 2. Gid di¢n tai diem noi cua MG
va dién mat troi Vi ludi ngodi

ESD ¢6 muce nang lugng nho nhét va 16n nhat lan luot 1a 80 kWh va 360 kWh. Cong suat
nap/xa tbi da 1a 200 kW. Hiéu suat nap/xa déu bang 90%. Muc néng lugng ban dau cua hé thong
Iuru trix 14 200 kWh. Dir lidu vé cong sudt du bao cua cic ngudn ning lugng tai tao va cong suét
phu tai tai tung thoi dlem dugc biéu dién dudsi dang phan trim so V01 cong suit cuc dai trong
Hinh 1. Cu thé, cong suét phu tai cuc dai 1a 495 kW, trong khi cong suit cuc dai cua nguon dién
gi6 va mat troi trong ung 1a 70 kW va 50 kW. Luéi dién nho van hanh & ché do ndi ludi tai cac
thoi diém t bang 5, 6, 11, 15, 16, 17, 22 va 23. Tai cac khoang thoi gian con lai, ludi dién nho van
hanh & ché d6 tach dao. Khi & ché d¢ ndi luéi, viéc mua-ban dién giira ludi dién nhé va ludi dien
ngoai c6 thé dugc dién ra voi gisi han trao ddi cong suit 1a 100 kW. Ngoai ra, gia dién ngay t6i
($/kWh) tai diém két ndi cta ludi dién nho theo thoi gian duge mé ta trong Hinh 2.
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3.2. Két qud tinh todn

Mo hinh dé xuét dugc tinh toan véi hai kich ban trong sé khac nhau 13 0,7 va 1,0. Két qua tinh
toan ctiia ham muc tiéu va cac thanh phan chi phi cua hai kich ban dugc mo ta trong Bang 2.
Bang 2. Két qua tinh todn ham muc tiéu va cdc thanh phan

Thong s Trongso w=0,7 _ Trongso w=1,0 _
(twong ung Vai ¢ xét phat thai CO,)  (twong tng véi khong xét phat thai CO,)

Ham muc tiéu ($) 4927,40 1839,01

Chi phi van hanh ($) 1980,84 1839,01

Chi phi phat thai (3$) 11802,7 16868,7

Téng chi phi ($) 13783,54 18707,71

Két qua tinh toan tir Bang 2 cho thiy rang, chi phi van hanh cta luéi dién nho ting tir
1839,01$ khi khong xét phat thai CO, 1én 1980,84$ khi c6 xét phat thai CO, (twong (thg VGi muc
tang 7,71%). Tuy nhién, chi phi phat thai giam tir 16868,7$ khi khong xét phat thai CO, xuéng
11802,7$ khi c6 xét phat thai CO, (twong ng véi mic giam 30,03%). Ngoai ra, tong chi phi vén
hanh va phat thai giam tir 18707,71$ khi khong xét phat thai CO, xudng 13783,54$ khi c6 xét
phat thai CO, (twong ung Vi mic giam 26,32%).

Bang 3. Trang thdi vdn hanh ngay téi cia nguon dién truyen thong

CGl1 CG2
t w=0,7 w=1,0 t w=0,7 w=1,0 t w=0,7 w=1,0 t w=0,7 w=1,0
1 1 1 13 1 1 1 1 0 13 1 1
2 1 1 14 1 1 2 1 0 14 1 1
3 1 1 15 1 1 3 1 0 15 1 1
4 1 1 16 1 1 4 1 0 16 1 1
5 1 1 17 1 1 5 1 0 17 1 1
6 1 1 18 1 1 6 1 0 18 1 1
7 1 1 19 1 1 7 1 0 19 1 1
8 1 1 20 1 1 8 1 0 20 1 1
9 1 1 21 1 1 9 1 0 21 1 1
10 1 1 22 1 1 10 1 0 22 1 0
11 1 1 23 1 1 11 1 0 23 1 0
12 1 1 24 1 1 12 1 0 24 1 0

Két qua 1ap lich van hanh ngay t¢i cho cac CG duge mé ta & Bang 3 cho thay rang:

e Nha may CG1 lam viéc lién tuc trong toan bo chu ky véi ca hai truong hop trong so;

e Nha may CG2 van hanh lién tuc trong toan bd chu ky vai truong hgp w = 0,7. Khi w = 1,0,
nha may CG2 dugc nghi tai cac thoi diém t = 1+12 va t = 22+24.

Két qua tinh todn cong sut tac dung phat ctia hai nguon dién truyén thong nhu sau:

o \VV6i W = 0,7: cong suat I6n nhat cia CG1 va CG2 lan luot 1a 140 kW va 166,67 kW (déu tai t
= 13). Cong suat nho nhit cia CG1 va CG2 1an luot bang 40 kW va 100 kW (d8u tai t = 1+8).

 \V/6i w = 1,0: ngudn CG1 phat cong suét cuc dai bang 200 kW tai t = 8+14 va cong suat nho
nhét bang 75,38 KW tai t = 5. Nha may CG2 phat cong suat 16n nhat bang 200 KW tai thoi diém t
= 13 va cong suat nhé nhat bang 100 kW tai t = 16+20.

Cong suat mua—ban giita MG va ludi ngoai duoc trinh bay trong Bang 4. Cu thé, MG mua
dién voi cong suat t6i da tai cac thoi diém t = 11, 15+17 va 22+23 trong ca hai kich ban. Tai t =
6, MG ban 63,52 kW cho ludi ngoai khi w = 0,7 va nguoc lai, MG mua 100 kW khi w = 1,0.

Két qua vé muc ning luong, cong suat sac va xa theo thoi gian cua hé thdng luu trit ning
lwong duoc mé ta trong Hinh 3. Ta thiy ring vao gid cong suat phu tai thdp, ESD ¢6 xu hudéng
sac va nguoc lai, ESD c6 xu huéng xa khi phy tai ting cong suat tiéu thy. Ngoai ra, ta co:

e Mirc ning lugng cua ESD déu dat trj s6 cuc dai tai thoi diém t = 8 trong ca hai kich ban;

e Khi w = 0,7, téng ning lwong trong mot ngay cua ESD 1a 5267,7 kWh. Khi w = 1,0, muc
ning luong cua ESD trong ca ngay bang 5226,62 kWh:;
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e Khi w = 0,7, ESD sac tai cac thoi diém t = 1+8, 22+24 voi cong suét sac I6n nhat 1a 74,92
kKW (t = 23) va xa tai t = 12+15, 18, 21 véi cong suat xa 16n nhét 1 93,33 kW (t = 13);

e Khi w = 1,0, ESD sac tai cac thoi diém t = 5+6, 17, 19+20 va 23 v6i cong suét sac I6n nhat
12 106,38 kW (t = 6) va xa tai t = 9+11, 22, 24 v&i cong suét 16n nhét 1 94,90 kW (t = 10).

Bang 4. Cong sudt (kW) mua va ban cia lwéi dién nhé Voi ledi dién ngodi

Céng suit mua Cong suit ban
t w=0,7 w=10 t w=0,7 w=10 t w=0,7 w=10 t w=0,7 w=10
1 0 0 13 0 0 1 0 0 13 0 0
2 0 0 14 0 0 2 0 0 14 0 0
3 0 0 15 100 100 3 0 0 15 0 0
4 0 0 16 100 100 4 0 0 16 0 0
5 0 100 17 100 100 5 0 0 17 0 0
6 0 100 18 0 0 6 63,52 0 18 0 0
7 0 0 19 0 0 7 0 0 19 0 0
8 0 0 20 0 0 8 0 0 20 0 0
9 0 0 21 0 0 9 0 0 21 0 0
10 0 0 22 100 100 10 0 0 22 0 0
11 100 100 23 100 100 11 0 0 23 0 0
12 0 0 24 0 0 12 0 0 24 0 0
E (kWh E (kWh P (kW
400 (kWh) P(lf-wgo 400 ,f ) (‘; 320
320 H‘HE ﬂ ’ E H: fg 320 EE I 23
240 E LI - Tt o 240 . 8L 3
T | — 77 =30 160 11— - I L 30
so ff by T L :gg 80 I gg
0 L L1200 o 120
1 3 5 7 9 11 1315 17 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23
Thoi gian (gid) Thoi gian (gio)
CINang lwong B Cong sudt xi & Cong suat sac {INing hrong B Céng suit x4 Céng sudt sac
a) b)

Hinh 3. Két qud tinh todn ciia hé thong luwu trit nang leong (a) w = 0,7 va (b)) w = 1,0
3.3. Pdnh gid hi¢u qud ciia mé hinh toi wu dé xudt

Hiéu qua tinh toan ctia md hinh t6i wu dé xuat dugc so sanh véi cac phuong phép tinh toan
thong minh (thuat toan metaheuristic) str dung ludi dién nho & khu vuc nong thén chau Phi [21].
Nhan manh ring, cic phuong phap tinh toan thong minh trong [21] chi 4p dung cho bai toan UC
khéng xét cac rang budc gidi han téc do ting giam cong sudt phat, rang budc thoi gian lam
viéc/nghi tdi thiéu cia cac ngudn dién truyén thong va phat thai khi CO,. So sanh chi phi van
hanh t6i wu (gia tri ham muc tiéu) ciia phuwong phap tdi uu dé Xuat véi cac phuong phap
metaheuristic [21] st dung ludi dién nho ¢ khu vuc ndng thon chau Phi dugce trinh bay ¢ Bang 5.

Bang 5. So sanh gia tri ham muc tiéu

Phwong phap GWO MGWO MGWOSCA MGWOCSA MGWOPSO MIQP dé xuit
Ham muc tiéu (§) 3122 3120 3119 3118 3116 3110,75

Bang 5 cho thay rang, gi4 tri ham muc tiéu dugc tinh toan theo phuong phap dé xuat c6 gia tri
nho hon (0,17+0,36)% so v&i cac phuong phap metaheuristic.
3.4. Anh hwong ciia trong sé dén 161 gidi toi wu

Két qua tinh todn ham muc tiéu, chi phi van hanh va chi phi phat thai CO, dugc trinh bay ¢
Bang 6. Ket qua tinh toan tir Bang 6 cho thay rang, khi trong so tang tr O dén 1, chi phi phat thai
trong ngay cua ludi dién nho tang dan va chi phi van hanh giam dan. Cu thé, chi phi phat thai tang
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tir 11766,4$ voi w = 0 1én 16868,7$ voi w = 1 (twong (g v6i mirc ting 43,363%) va chi phi van
hanh giam tir 2023,07$ véi w = 0 xuong 1839,01$ véi w = 1 (twong tng vai mirc giam 9,098%).
Bang 6. Anh huong cua trong sé dén loi gidi toi wu

‘ - Chi phi Chi phi Ghi cht
w  Hammuyctitu 3) . hiul:h ($) phat thI:ii %)
0 11766,40 2023,07 117664  Ham muc tiéu chi xét chi phi phat thai
0,1 10796,50 2021,87 117715
0,2 9822,15 2016,74 117735
0,3 8846,59 2011,42 117759
04 7870,11 2010,77 117763 T
0,5 6893,59 2001,58 117856 gjﬁgﬁgﬁﬁg"”g thoi chi phi phit thai
0,6 5914,27 1992,02 11797,6 :
0,7 4927,40 1980,84 11802,7
0,8 348,73 1973,26 11850,6
0,9 2056,77 1959,67 11930,7
1,0 1839,01 1839,01 16868,7  Ham muc tiéu chi xét chi phi van hanh

3.5. Anh hwong ciia sw cé thiét bi lwew triv dén 161 gidi toi wu

Phan nay so sanh 16i giai tdi wu trong hai truong hop: (1) ESD lam viée va (2) ESD nghi. Cac
két qua tinh toan déu duogc thuc hién veéi trong so w = 0,7 va duoc trinh bay ¢ Bang 7. Két qua
tinh toan tir Bang 7 cho thay rang, khi ESD dung hoat dong, gia tri ham muc tiéu, chi phi van
hanh, chi phi phat thai va tong chi phi trong ngay déu 16n hon so v6i khi ESD lam viéc. Cu thé,
tong chi phi van hanh va chi phi phat thai trong mot ngay khi ESD lam viéc 1a 13783,54 $, va
tong chi phi nay ting thém 3,82 % khi ESD ngimng lam viéc.

Bang 7. Anh huong cua si cé ESD dén 1oi gidi toi wu véi w = 0,7

Ham muc tiéu (§) Chi phi van hanh ($) Chi phi phat thai (§) Téng chi phi ($)

ESD lam viéc 4927,40 1980,84 11802,7 13783,54
ESD nghi 5100,11 2017,62 122926 14310,22

3.6. Anh hwong ciia sw thay déi dét ngot cong sudt tiéu thu cia phu tdi

Phan nay trinh bay anh hudng cua sy thay d6i dot ngot cong suat tiéu thu cua phu tai dén loi
giai toi vu. Hai kich ban d6 thi phu tai duoc so sanh nhu sau:

— Kich ban 1: d thi phu tai dugc mé ta trén Hinh 2, trong d6 cong suét tai ting tir 31% (S0 Vi
cong suat cyc dai) tai gio thir 8 18n 53% tai gio thir 9.

— Kich ban 2: 6 thi phu tai dugc mo ta trén Hinh 4, trong d6 cong sut tai ting tir 31% tai gio
tha 8 1€n 96% tai gio tha 9.

Nhu vay, kich ban 2 ¢6 tdc do tang tai tir gio 8 sang gid 9 Ién hon nhiéu so véi kich ban 1. Loi
giai ti wu cua hai kich ban trén déu duoc tinh toan vai trong s6 w = 0,7 va dugc trinh bay & Bang
8. Két qua tinh toan tir Bang 8 cho thy rang, ham muc tiéu, chi phi van hanh, chi phi phat thai va
téng chi phi cua kich ban 2 déu 16n hon so véi kich ban 1. Cu thé, tong chi phi cua hé thong ting
tur 13783,54% vai kich ban 1 1én 16120,57$ vaéi kich ban 2 (twong tng véi mue tang 16,96%).

Bang 8. Anh hirong cua su thay déi dét ngot cong sudt tai dén loi gidi toi wu véi w = 0,7

Ham muc tiéu ($) Chi phi van hanh ($)  Chi phi phat thai ($)  Téng chi phi ($)

Kich ban 1 4927,4 1980,84 11802,7 13783,54
Kich ban 2 5696,6 2151,07 13969,5 16120,57
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Hinh 4. D6 thj ¢ng sudt cia phy tai (kich ban 2), dién gié va dién mat troi
4. Két luan

Nghién ciru nay d& xuit mo hinh t6i wu toan phuong nguyén thuc hdn hop (MIQP) nhim muc
dich 1ap ké hoach van hanh ngay t6i cho ludi dién nho, trong d6 co xét toi ché do 1am viéc ndi
ludi/tach dao cua ludi dién nho. M6 hinh tdi wu d& xuat c6 ham muc tiéu 1a t6i thiéu hoa chi phi
phat dién khi c6 xét yéu t6 phat thai CO, cua cac nguén dién. Cac rang budc duogc tich hgp trong
md hinh t6i vu dé xuit bao gom gisi han cong suat mua—ban gitra ludi dién nho va ludi dién
ngoai, cac rang budc cua nguon dién truyén thong, thiét bi luu trir ning luong, cac nguon nang
lwong tai tao va rang budc can bang cong suat toan hé théng. M6 hinh tbi wu dé xuat duoc ap
dung tinh toan trén ludi dién nho 14 nut IEEE dé danh gia. Cac két qua tinh toan cho thay rang,
viéc xét ca hai yéu té chi phi van hanh ngudn dién va chi phi phat thai khi CO, hiéu qua hon rat
nhiéu vé mat kinh té so véi bai toan chi xét ti chi phi van hanh, dong thoi van dam bao diéu kién
k§ thuat. M6 hinh dé xuit c6 dang MIQP nén dam bao tim dwoc nghiém téi wu toan cuc va giam
thoi gian tinh toan. Huéng nghién ctru trong twong lai 14 xay dung mé hinh t6i wu MILP dé lap ké
hoach van hanh ngay t6i cho MG khi c6 xét rang budc ludi dién, phu tai c6 didu khién va tinh bat
dinh cua cac ngudn ning lugng tai tao.
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