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Tém tit - Nghién ciru nay dé xuét hé théng quén 1y ning luong
(EMS) dua trén thuét toan Tién hoa Sai léch (DE) dé t&i wu hoa
hiéu suét cua ludi dién siéu nho khi c6 ngudn ning lwong tai tao.
Heé ludi dién siéu nho bao gdm may phat dién phén tan (DG), Pin
nang luong mat troi (PV) va Pin luu trir (batt). Ngoai ra, hé dugc
két ndi v6i hé thong (Utility) nham trao dbi cong sudt khi chi phi
mua ban phu hop. Hiéu suét cia EMS duoc t6i uru hoa bang cach
giam thiéu chi phi van hanh cua ludi dién dong thoi tdi da loi
nhuén tir lu6i siéu nhé khi trao dbi cong sudt v6i hé théng. Két
qua thu dugc s€ dugc phén tich ky ludng bing MATLAB, bao
gom cdng suéit phat ciia may phat dién va luu trit da trén dir liu
déu vao trong mot ngdy. Qua dé cho thdy, thuat toan d& xuit DE
vuot trdi vé chét luong va tdc d6 hoi tu.

Tir khéa - T6i wu hda; Microgrid; 1ap lich phét dién; quan 1y ning
luong; thuat toan tién hoa sai 1éch

1. Pat vin dé

Nhu cau nang luong ngay cang tang da dan dén sy quan
tdm hon vé viée dap ung nhu cau nay. Cac nghién ciru da
chi ra rang, 20 dén 30 phan trim nhu ciu nang luong chi
¢6 thé duoc dap tng thong qua viéc van hanh don vi phat
dién tap trung hién tai két hop quén 1y nhu cau phu tai [1].
Mot cach tiép can gan day dé giai quyét vin dé st dung
nang luong 1a trién khai ludi dién siéu nhoé tich hop ngudn
Ning luong tai tao, ciing voi viée cung cap hé thong quan
Iy ning lugng c6 kha nang tdi wu chi phi van hanh va han
ché khi thai ra méi trudng.

Cac nguon nang 1u0ng tai tao ¢ thé cung cip du nang
luong dé d4p tng nhu cau phu tai nhung chiing c6 mét van
dé do 1a sy khong chéc chin cong suét kha dung, diéu nay
dat ra mét thach thuce trong viée su dung nang lugng tai tao.
Do tinh chat dac biét nay, san lugng dién & thoi gian thyc
khong hoan toan khép so vé6i du bo. T do, viéc quéan 1y
Iudi dién tréd nén kho khan va nha van hanh hé théng phai
sir dung ngudn du phong dé cung cap dién lién tuc. Nguon
nang luong du phong nay thuong duge huy dong bang cach
sir dung thém céc t6 may phat dién hoic mua ning lugng
tr lu6i chinh, vi€e lam nay c6 quan h¢ mat thiét v6i yéu to
kinh té va su gia tdng phat thdi ra moi truong [2]. Tuy
nhién, neu hé théng dwoc quan 1y téi vu sao cho huy dong
cac ngudn du phong mot cach hi€u qué, ddm bdo su can
bang gifra cung va cau.

Abstract - This work proposes a Differential Evolution (DE)
algorithm based energy management system (EMS) to optimize
the performance of a microgrid when the presence of renewable
energy sources. The Micro-Grid system consists of a generator
(DG), a Photovoltaic (PV) and a storage battery (batt). In addition
to the Micro-grid system is connected to the system (Utility) to
trading energy. The EMS efficiency is optimized by minimizing
the operating costs, maximizing profit from the Micro-Grid when
exchanging with the system using the DE algorithm. The obtained
results will be analyzed by MATLAB, including the generating
capacity of the generator and the storage system based on the
input data in a day. This allows DE to overcome the algorithm of
convergence quality and speed.
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Mot hé théng ludi siéu nhod c6 EMS duogc dé xuét trong
nghién ctru [3], trong d6 tac gia st dung phuong phéap tdi
wu ngau nhién dé 14p lich du phong va quan Iy nang lugng
xét yéu to phan hoi tir phy tai. Véi viée st dung cac
chuong trinh DR khac nhau va mo hinh hoa su bét dinh
clia cac ngudn nang lugng gio va nang lugng mit troi, két
luan véi nhitng loi ich cta viéc khach hang tham gia vao
céc chuong trinh quan 1y phu tai, d6 1a tiét kiém dién va
giam phat thai ra mdi truong. Quan ly van hanh ludi siéu
nho duoc dé cap trong [4] trong d6 tac gia dat muc tiéu
t61 uu hoa chi phi van hanh bang cach sir dung thuat toan
Tbi wu Bay dan (PSO). Trong [5], tac gia da st dung cac
chuong trinh quan ly phu tai cho viéc lap lich phat dién
trong hé thong gdm tuabin gio va bom nhiét. Mothé thong
quén ly ndng lugng chuyén gia [6] dugc de Xudt trong d6
tac gia phan tich sy khong chic chan vé cong suét kha
dung ctia nang luong tai tao nham t6i thiéu phat thai chat
6 nhiém va chi phi van hanh.

Trong nghién ctru nay, tac gia str dung thudt toan tién
héa sai Iéch nham t4i vu lich phat dién ctia ludi dién siéu
nhoé. V&i muc tiéu cuc tiéu chi phi van hanh cda ludi dién
c6 két ndi v6i hé théng thong qua viée diéu khién cong
sudt phat ctia cac phan tir trong ludi. Cong suat phat cia
céc phan tir trong hé thong dugc trinh bay rd trong nghién
cuu nay tur d6 phuc vu viéc 1dp lich van hanh luéi dién
siéu nho.
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Nha van hanh
Hinh 1. Céu triic hedi dién siéu nhé

2. M6 hinh héa

Trong phan nay cac phuong trinh todn cia mé hinh
duoc trinh bay cu thé, chung dugc trién khai va tinh toan
bang ngon ngit MATLAB.

Nghién clru nay nhdm dén viée ung dung thuat toan
t61 wu hoa sai 1éch dé ti wu chi phi van hanh ciia mot ludi
dién siéu nho. Trong do, cAu trac cua ludi dién siéu nho
dugc trinh bay trong Hinh 1. Céc phan tir ¢6 kha ning
diéu phbi trong ludi dién siéu nho dugc gia dinh s& trao
ddi cong suat sao cho tdi wu nhat. Vi vay dé ti uu viéc
chi phi van hanh cua ludi v6i hé thong, ham muc tiéu
duoc trinh bay nhu sau:

T
min

Py P' y

G pg +ZC (F’It batt (1)
T t=l
Pbatl

Trong do6:

P cong sudt mua tir hé thong trong thoi giant .

P, 14 gia dién ludi bén ngoai tai thai diém t.

C(Py') l1a ham chi phi tiéu hao cia may phat Diesel
thir i phu thudc vao cong suét phat PJQ’JI & thoi diém t [5].

P!, cong sudt phat cua luu trit tai thoi diém t .

Ca ham chi phi phai chiu nhitng rang budc sau:
2.1. Can bang céng suit tic dung

bién nang san xuét va tiéu thyu luén cén b?mg tai moi
thoi diém t .

{Z Pdl; ] + Pbatl + (Z PI , ] Ioad Pl\t/IG = 0 (2)
i=1 i

v6i P! 1 cong sut tic dung tiéu thu cta phu tai ¢ thoi

load
diém t.
2.2. Gidi han cong sudt phdt

Cong suat phat ctia Diesel thir i bi gioi han bai:

Plomin < Pt <Pl 3)

dgmin — "dg —
Cong suét truyén tai cia Microgrid bi giéi han boi gidi
han trao doi gitra ludi voi hé thong ( B ) nhu sau:

| | <R MG, max (4)

Cong sudt phat cua luu trit bi giéi han boi cong nghé
nhu sau:

[P | < P2 ()
O day Pdig,min 1a gi4 tri nho nhat ctia cong suat thuc do

DG cung cép. Trong khi Ffjigvmax, Promx V@ P 12 gidi
han t6i da cia DG, lu6i va luu trir tuong Gmg.
2.3. Luu triv

Cac mue nang lugng €., cua don vi luu trir phai phu
hop voi cong suét phat trong tat ca cac gio va bi gidi han
boi dung lugng luu trtr E,, .

- .
Chatt,ts1 = o " Cparrt — 7 |:Pbatt,t+1:| -1 [R:an,t+1]
<E

(6)

batt

ebatt Jt+1

Phan dwong va phan 4m ciia mot gia tri duwoc ky hiéu 1a
[-]"" = max/ min(-,0) . Céc thiét b luwu trit ¢6 thé c6 ton

that ro ri 7,, thoi gian sac 7,, thoi gian xa 7, . Mirc nang

luong c6 thé dugc dit €, o = Epy -

3. Dit liéu diu vao

Luoi dién str dung trong nghién ciru bao g6m may phat
dién diesel, nguon nang luong mit troi va luu tri, thong
qua thanh gop s€ cung cap cong suét cho phu tai cap ludi
dién siéu nho va trao doi véi hé thong néu can thiét.

Céc thanh phan trong ludi dién siéu nho s& dugc quan
ly boi nha van hanh thong qua hé thong EMS, nha van hanh
¢6 quyén giam sat va diéu khién tat ca cac thanh phan trong
ludi dién siéu nho. Cac thanh phan trong ludi dién siéu nho
duoc thé hién & Hinh 1.

bé 1ap lich van hanh ludi dién siéu nho, nha van hanh
phai thu thap dir liu va du bao dir li¢u phu tai va dién mat
troi trude mot ngay. Dit li€u st dung trong nghién ctru dugce
tac gia trinh bay trong Hinh 2.

500

== Phu tai
400 Cong sudt PV
w31 10Ng

)

Cong suflt (kW

0 2 4 6 8 10 12 14 16 18 20 22 24
Thoi gian (gio)
Hinh 2. Pé thi phu tai va cong sudt PV
Déi voi gia thdu cta cac may phat dién phan tan diesel,
chi phi tiéu hao nhién liéu, giGi han cua cac thé hé may phét
hoat dong va dinh gia thoi gian thye, tac gia tham khao [7].
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Hé thong luu trit trit (BATT) duoc st dung c6 dic tinh
trinh bay trong Bang 1. Viéc danh gia anh hudng cta luu
trit s& 1am rd dwoc y tudng trong viée két hop van hanh luu
trit, PV va trao d6i cong sudt véi hé thng trong ludi dién
siéu nho.

Bing 1. Théng s6 hé thong heu triv [7]

Cong Dung Vong | SOC o
suét luwgng doi ban SmOaCXJ ?ﬂolg ngltl

(kW) | (kWh) | (cycle) | dau sud
100 250 3000 0,3 1,0 | 0,3 |0,95/0,95

Cong suét trao d6i gitra ludi dién si€u nho va hé théng
tuong g véi chi phi nhit dinh trong ngay (TOU), chi phi
nay thay d6i theo thoi gian trong ngay. Nham han ché nhu
cau dién qua 16n trong gio cao diém ciing nhu khuyén khich
sir dung dién trong cac gio thap diém tir 46 giam ganh ning
cho hé thdng.

6
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Hinh 4. Chi phi trao déi cong sudt thay thoi gian (Time of Use)

4. Thuit toan DE

Thuét toan DE nhim muc dich phat trién mot tap hop
NP gobm cac ca the c6 D chiéu, moi ca the
Xio ={XXe}i=1..NP déu c6 khi ning I

nghiém tbi wu va ching luén huéng dén diém ti uu toan
cuc. Viéc khoi tao cac cac thé ban dau nén bao phu khong
gian tim kiém cang nhiéu cang tot, bang cich sir dung phan
phoi chuan 1én moi ca thé trong d6 gidi han bdi cuc dai
X = { Koo X} VA CUC ti€U X = {00 X2

max ? 7 “*max

cua tham so do.

S +rand(0,1)- (x),
j=12,...D
véi rand(0,1)
phdi chuan trong pham vi [0, 1].
4.1. Djt bién cd thé
Sau khi khéi tao, DE s& tao ra vector dot bién V, s
hay con goi 1a vector muc

_XJ )

X - = XJ min
(7)

dai dién cho mot gia tri ngiu nhién ¢6 phén

twong ng véi mdi ca thé Xig»

tiéu, trong thé hé hién tai. Ung voi mdi vector muc tiéu
X; o0 the h¢ G, co vector dot bienV, o = {vis Vg, ... V% }
tuong tng. Cac vector dot bién ¢c6 thé duoc tao bai mot sd
phuong phap nhat dinh. Nghién ctru nay st dung phuong
phap “DE/rand/1” nhu sau:
Vig = xrf,e +F '(xr;,e

iG>

Xig) (8)

Ky hi¢u ril, riz, ri31é1 céc s6 nguyén khong tring nhau
duoc tao ngau nhién trong pham vi [1, NP] , tuong tu tai
mdi ca thé i ching ciing khong tring nhau. Céc chi s6 nay
duoc tao nngiu nhién mot 14n cho mdi vector dot bién. Hé
s0 ti 1¢ F nham kiém soat sy anh hudng cua vector sai 1éch.
4.2. Crossover

Sau qua trinh dot bién, DE tién hanh qua trinh
Crossover cho tirng c@p vector dich X, ; va vector dot bién

tuong tng V.. dé tao ra modt vector thir nghiém

i,G
Ug = (uil,G vuiz.m
phap Crossover nhi thirc dugc dinh nghia nhu sau:
rand;[0,1)<CR || | = jiug

LU ) Nghién ctru nay sir dung phuwong

i
. Vie

(9)

voi j=1,2,..,D.

Trong cong thirc (9), cr 1a mot hing sb dugc chon
trong khoang [0,1) nhiam kiém soat phan gia tri tham s6
dugc sao chép tir vector dot bién; j,,.4 1a sé nguyén ngiu
nhién dugc chon trong pham vi [1 D] Toan ti Crossover
nhi thirc sao chép tham sb the j cua vector dot blenV

sang phan tir twrong mg trong vector thir nghiém U néu
rand; [0,1)<CR hodc j = jiug - Nguoc lai, n6 s& ldy gia

tri twong tmg & vector dich X; ¢ Piéukién j=j,, dugc

dua ra dé dam bao réng, vector thir nghi€ém s€ khac véi
vector muyc ti€u tuong ung cua noé it nhat mot tham sb.
4.3. Liwa chon cd thé

Néu gia tri cua mot $6 tham sd cua vector thir nghiém
moi dugce tao vuot qua diéu kién rang budc tuong ung, DE
s& diéu chinh ching mot cach ngiu nhién trong pham vi
rang budc. Sau do, cac gia tri ham muyc tiéu cua tat ca cac
vector thir nghiém duogc danh gid va qua trinh lya chon sé
duoc thyc hién. Gia tri ham muc tiéu cua mdi vector thir
nghiém f ( )duoc so sanh v6i vector dich twong ung

ciia nd f(X,,) trong quan thé hién tai. Néu vector thir
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nghiém c6 gia tri ham muyc tiéu nhé hon hodc bang véi
vector dich twong ing, thi vector thir nghiém s¢€ thay thé
vector dich va gia nhép vao quan the cta the h¢ tiep theo.

5. Két qua nghién ciru
5.1. Ldp lich phat di¢n

Lap lich phat dién 1a m¢t trong nhiing budc quan trong
trong viéc van hanh t61 wu mot hé théng dién. Viéc 1ap lich
s& x4c dinh dugc cong suat phat va trang thai cua cac ddi
tuong trong ludi, tir d6 nha van hanh s& diéu phdi hé thong
mot cach thuén loi, chinh xac va t6i wu nhét.

Sau khi mo hinh héa hé microgrid v4i ba may phat diesel,
h¢ thong nang luong mit troi va hé thong luu trir. Két qua
t6i wu cho thay, dé dap img cong suét tai rong (netload) trong
mot ngady ta can phdi hop toan dién cac thanh phéan trong
ludi. Hinh 5 trinh by cong suét phét trong timg gid cta
ngudn diesel va trao doi cong suat véi hé thong (utility)
nham dap tmg nhu cu phu tai (netload). Trong d6, netload
1a phu tai thyc sau trir di cong suét niang lugng mat troi.

Két qua tir Hinh 5 cho thiy, dudng cong netload thay dbi
khong dong déu, 1m xubng & khoang thoi gian 12 gio va
tang 1én sau do vai tiéng, nguyén do 1 vi ning lwong mat
troi dong gop mot luong 16n cong suat cho phu tai, tham chi
thira gan 200kWh dién nang luc 12 gio. Luong dién ning
nay dugc phét ngugc 1én ludi nham ban cho hé théng tuong
ung v&i muc gia cia TOU. Bén canh d6, cAc may phat diesel
két hop véi trao ddi cong suat v6i hé thong dong vai tro chit
chét trong viée dap mg phu tai rong trong cc khoang thoi
gian khong c6 néng. Xuyén xudt 24 gio cac may phat diesel
lam viéc lién tyc, mét mat dap Gng phy tai rong cua
microgrid, mot t&i wu héa loi nhudn tir viée ban dién cho hé
théng vdi chi phi TOU lic phu tai cao diém trong khoang
12-15 gid. Pudng cong trao dbi cong suat vai ludi (utility)
thay ddi phu thudc theo chi phi TOU ¢ Hinh 4, thoi diém c6
gia dién cao microgrid sé& ting cudng phat cong suat 1én hé
théng nhiam tdi da héa loi nhuan thu duoc tir viée ban dién.
Céc thoi diém con lai viée trao ddi cong suét tuong tu dich
vu phu trg tir hé théng, phﬁn dinh cua d6 thi phu tai s€ duoc
hé thong cung cép cong suat hd tro diéu tin ludi Microgrid.
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— He théng
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Hinh 5. Lich phat céng sudt ciia mdy phdt Diesel
Hé théng luu trir st dung trong mo hinh c6 cong suét
55kW, dung lugng 88kWh, ngoai ra d€ dam bao tudi tho
cua té bao luu trir nghién ctru nay yéu cau gitr lai 20% nang
lugng trong hé. O Hinh 6, trinh bay 24 git hoat dong cta

hé thong luu trir trong microgrid. Su hoat dong cuia luu trix
phan 16n anh huong boi chi phi phat dién diesel va chi phi
trao doi cong suat v6i hé thong.

Ta thay trong khoang thoi gian dau, vé6i chi phi TOU
thap, luu trir tich cyc tich trir dién ning dén khi nap day
(SOC = 100%). Bén trudc 12 gid trong ngay nhu ciu ning
luong ting cao khi d6 din dén mirc gia TOU tang, hé luu
trit phat toan bo cong suit 1én hé thong nham téi wu hoa chi
phi hé thdng. Tai thoi diém 12 gio, chi phi TOU giam nhe
nguyén do 1a vi sy xdm nhap manh cia ning lugng mat
troi, do d6 khuyén khich luu trit tich trit ning luong. Sau
khi chi phi TOU tang, hé luu trir cing cac may phat diesel
phat cong suét 1én hé thong mot cach t6i uu nhat.
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Hinh 6. Trang thdi hoat dong ciia BATT

5.2. Sw hji tu

bé danh gia sy hiéu quéa cua thudt toan, ta st dung
duong cong hoi tu & Hinh 7. Pudng cong hdi tu cua thuét
toan Toi uu Sai 1éch cho viée 1ap lich phat dién c6 dang
duong cong logarit. Sau khoang 4000 lan lap bai toan da
gan nhu xac dinh dugc diém tdi uu. 6] vong lap thir 6000
¢6 thé thdy mo hinh di xé4c dinh gan ding diém t01quu hoa.
Tir vong lap thir 8000 tr¢ di, ket qua khong thay doi nhicu
chung t6 nghiém lic nay da xap xi toi wu hoa.
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4000 6000 8000

Sé vong lap

0 2000

Hinh 7. S hoi tu cia bdi todn t6i uu

6. Két luin

Lép lich phat dién trong mét ngay la cong viée quan
trong dbi voi viéc van hanh hé thdng dién, dic biét trong
ludi dién co nhiéu thanh phan dac biét nhu hé thong luu trix
va chi phi trao ddi cong suit voi hé thdng. Dé van hanh t6i
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wu hé microgrid nhu vay nghién ctru nay da dé xudt mot
giai phap kha thi va hiéu qua. Bén canh do, kha nang tng
dung cua thuat toan t61 wu hoa tién hoa sai léch duoc khai
thac trong linh vuc 1ap lich phat dién. Tur d6, cac nha van
hanh Iuéi c¢6 thé khai thac dé gia tang sy t6i wu khi van

hanh hé théng dién.

Loi cam on: Nghién ctru nay dugc tai trg béi Quy Phat
trien Khoa hoc va Cong nghé Quoc gia (NAFOSTED)
trong dé tai ma so 102.02-2020.07.

Bdng 2. Luu dé thudt todn Téi uu héa Sai léch trong viéc 16i wu lich phat dién cua ludi dién siéu nho

X,o = (Korxla} i =1

_ful D
xmax - {Xmax""' Xmax}

Budre 1: Djt gid trj thé h¢ G = 0, va khoi tao ngdu nhién mot quan thé gdm NP ca thé Py ={X, g, Xyp o} vOi

NP c6 phan phdi chuén trong khoang [X Xmax] , VO X

= { X X | VA

min? " mln

Bude 2: WHILE diéu kién dirng chwa thda min
DO
Buéc 2.1 Djt bién cd thé
/* Tao mot vector dot bién Vis
FORi=1to NP
Tao mdt vector dot bién Vis
END FOR
Budc 2.2 Crossover

={Vigs

D

Buwée 2.3 Lwa chon ca thé
/* Lua chon*/
FORi=1to NP
Dénh gia vector thir nghi¢m U, ¢

Budc 2.4 Tang giatriG=G +1

V% | cho mdi vector dich X; 5 */

= {viG ,_._,vi’G} cho mdi vector dich X, ¢ thong qua cong thirc (9)

uil?G} cho mdi vector dich X; ; */

/* Tao mot vector thir nghiém U, ; = {uﬁG,...,
/* Crossover nhi phan*/
FORi=1to NP
J g =| randl(0,1)*D |
FORj=1toD
v, rand,[0,1)<CR || j=
ui]G =9
' X #
END FOR
END FOR

thodn man rang buge vatly), THEN X, =U, o, F(Xi5,;) =

IF f(Us)<f(Xc)and(Ug
IF f( )< ( best,G)’THEN Xbest,G =
END IF
END IF
END FOR

Jrand

fUe)

Ui,G’ f (Xbest,G) = fwi,e)

Bwéc 3: END WHILE
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