TAP CHI PHAT TRIEN KHOA HQC &CONG NGHE, TAP 20, SO K8-2017 13

Quan 1y nang lugng trong mang di€én nho ¢
ché d tach ludi

Phan Thi Thanh Binh", Nguyén Tri Diing, V& Viét Cuong

Tém tit—Quan 1y ning lwgng trong mang dién nhé
(Microgrid-MG) lién quan téi hoach dinh cic ngudn
phat c6 diéu chinh nhuw may phat diesel hay cac b tich
trir do sw dao dong cong suit phat ciia cac ngudn niing
lwong tai tao nhw gié va mit troi. Trong ché dd tach
lwéi, dé can bang dwge cong suat khi cé sw thay dbi
cong suét phat ciia cac nguon glo va mit tro’l, cin cic
chién lwge diéu khién nhw thay dbi cong suat phat cia
cic may phat cé didu chinh (bao gdbm cac bj tich trir)
va sa thai tai. Bai bao dé xuit viéc xac dinh lwong tai
can ciit cho N thoi diém phia truéc theo hwéng da muc
tiéu dbi choi nhau, ap dung giai thuat téi wu biy dan
(PSO) va nguyén ly Belman-Zadeh dé tim chién lwoc
phat ciia may phat va nap xa cia cac b tich trir trong
MG. Vi du ap dung cho mdt MG trung thé ciing sé
dwgec trinh bay trong bai bao.

Tir khéa—Microgrid, PSO, Belman-Zadeh, sa thai
tai, ham thanh phén.

1 GIOI THIEU

I\/I ang dién nho c6 sir dung ngudn ning luong
tu nhién nhu nang lugng gio, nang lugng mat
troi, thay tridu ... va cong sudt ddu ra cia nhiing
nguon nay 1a khong 6n dinh va doi khi 1a khong thé
dy doan truée dwoc. Van d& quan 1y ning luong
trong MG chu yéu lién quan t6i sy dao dong cong
suat phat ctia cic ngudn nang luong tai tao nhur gié
va mit troi. Cac ngudn phat trong MG thuong dugc
chia 1am hai loai: loai khong diéu chinh duoc cong
suat (non- dispatchable) nhu gié va mit troi; loai c6
thé diéu chinh dugc cong suét (dispatchable) nhu
céc ngudn phat diesel hay cac bo tich trir. Khai niém
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quan 1y ning lugng dugc hiéu nhu hoach dinh céc
ngudn phat c6 diéu chinh, bo tich trit cho N thoi
diém phia trugce [1].

O ché do ndi ludi, cac MG diéu chinh su can
bang cong suit qua viéc lay dién tir lugi hoic bom
vao ludi dé téi wu hoa chi phi van hanh. Khi & ché
do tach ludi, bai todn quan 1y ning lugng & day tap
trung vao viéc dam bao can bang cung va cau trong
mang dién. Trong ché do tach ludi, dé can bing
dugc cong suat khi c6 sy thay doi cong suat phét
cua cac ngudn giod va mit troi, can cac chién lugc
didu khién nhu thay déi cong suat phat cia cac may
phat co diéu chinh (bao gdbm céc b tich trir) va sa
thai tai [1, 3, 4]. Viéc xac dinh lugng tai bi sa thai
c6 thé thyc hién qua chién lugc du thau [2]. Mot sb
bai bao dé& xuat viéc hoach dinh sa thai qua viéc toi
thiéu chi phi phat dién va chi phi lién quan téi cét
dién [1, 4-6] nhu: thiét hai do mat dién, su khong
hai long cua khach hang. O day viéc xac dinh lugng
tai can cit cho N thoi diém phia truée thuong dugc
giai theo mot ham muc tiéu duy nhat 1a cyc tiéu hoa
tong chi phi phat dién trong MG va chi phi thiét hai
do viéc cit dién. Tuy nhién cach tiép can nay c6 hai
nhuoc diém sau:

- Viéc xac dinh tién thiét hai do cit dién hoic sy
khong hai long cta khach hang I rat kho khan, nhét
1a trong nhiéu qudc gia khi ma lugng héa chi phi
nay la chua co6 co so dit liéu

- Trong ham téng nay, khi chi phi phat dién cao
hon nhiéu lan chi phi thiét hai do mit dién hoic
ngugc lai, thi gia tri min cta ham muyc tiéu sé dugc
xac dinh chi yéu bai thanh phan nao cé gia tri vuot
troi hon ca.

Bai bdo nay dé xuat viéc hoach dinh sa thai tai
theo da muc tiéu va giai quyét bai toan da muc tiéu
dé khic phyc hai nhuoc diém trén.

Céc bai toadn quan ly nang lugng trong MG la cac
bai toan qui hoach t6i wu phi tuyén. Cac phuong
phap d& xuat la qui hoach nguyén hdn hop [5], qui
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hoach binh phwong lién tiép [6], mang Neural [7] va
doi hoi kha nang tinh toan cao. Bai bdo nay st dung
giai thuat PSO véi wu diém tinh toan don gian cia
né cho bai toan t6i wu da muyc tiéu.

2 MO HINH BE XUAT

2.1 Ham muc tiéu

V6i viéc quan ly nang lugng cho MG cho mat
giai doan phia trudc (N thoi diém tuong lai), cac du
bao thong sé thai tiét s& cho dy bao chung vé lugng
dién ning cung cap tir cic may phat nhu gi6, mat
troi. Tir d6 sé& dua ra chién lugc sur dung may phat
diesel, lwong ct tai, hoat dong nap xa bo tich trir &
tung gio trong N gio d6 sao cho théa cdc ham muc
tiéu dudi day.

Ham muc tiéu tha nhat thé hién mong mudn
lwong tai bi cit trong N gio 1a it nhat:

N
H(X) =X '—sh,j —min @
j=1
V6i Lsnj - lwong tai bi cit o gio thi j (kKW).
Néu c6 sb liéu cu thé vé chi phi thiét hai do mat
dién, c6 thé thay (1) bang ham sau:

N
FHX)= X Lsh,jUj— min 2

j=1
Véi U; - chi phi thiét hai do mat 1kwWh

Muc tiéu thir hai thé hién van hanh cac may phét
véi chi phi nho nhat:
N n )
F= X X Cpj,j—min 3)
j=1i=1

Veéi: Cp;; la chi phi cua viéc chay may phat
diesel thr i ¢ gio th j

2
Cpij=0; +B;*F ;j+v; *F;

V6i 0, B, v 1a tham sé cua ham chi phi cua may
phét i; Pij - lugng cong suat phat cua may phat i ¢
gio .

2.2 Cac rang buoc

Can bing cong suit: vai nhitng gio cd cong sut
kha dung cua cac may phat 16n hon cong suét tai thi
luong dién cung cap tir cac ngudn (cAc may phét
diesel va pin luu trir) phai bing véi nhu cu tai cua
ca MG (da bao gdm ca t6n that), vi du voi N=24:

n m
Li=2 R j+ X AR (4)
i=1 i=1

Voi:

N - s6 may phat; m - sb bo tich trir; AP;j - lugng
xa (nap) cua b tich trix i trong gio j; Lj 1a nhu cau
tai cua ludi (da trir di lwong cong suat phét cua dién
gi6 va mat troi) tai gio j.

Véi cac gio c6 cong suat kha dung cia cac may
phéat nho hon cong suit tai, lugng khdng can bang
chinh 1 lwong cong suit can cit.

B¢ tich trir ning lwong:

Pay la yéu té anh huong nhiéu nhat t6i loi giai
cua bai toan téi wu da dat ra. Pay la mot an sb co
tinh nhén qua tac l1a chiu anh huong caa hoat dong
cua cac gio trude va tac dong lén cac gio sau.

Goi E;j; la luong dién nang trong bg tich trix i tai
thoi diém j, khi 4y rang bugc vé dung luong bo tich
trit 1a:

Eimin <Ei, j <Ejimax (%)
Rang budc vé& muc nap, xa trong mot gio:
Spl,j < SPI,Ch khi nap (6)

SR, j <SR disch khi xa @)

Vi SPigisch, SPich - MUc xa hoac nap t6i da trong
mot gio .

Luu y 14 trang thai thoi diém j+1 phu thudc vao
muc Xa (nap) va muc trit gio trude do, nén:

Eijr1= Eij +tAT*SP;; (8)
trong d6 AT budc thoi gian (gio). Do budc thoi
gian lay 1a 1 gio nén trong (8) bo qua AT

Céc rang budc dbi véi may phat:
Cong suit tac dung cua may phat thir i can thoa:
Pimin < Pi,j < Pi,max (9)
Ngoai ra lugng cong suat dugc cap tai thoi diém j
(L’j) phai khong nhé hon cong sudt ciia cac tai
khong dugc phép cit (goi 1a tai nén (Lpase)) tai thoi
diém do:

LJ > Lbase’j (10)

voi Lj=Lj—Lshj
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3 BAI TOAN PA MUC TIEU.

3.1 Xac dinh cac ham muc tiéu

Cac ham (1) va (3) c6 tht nguyén khac nhau. Hai
muc tiéu nay tham chi con ddi choi nhau: khi dat
muc tiéu (3) c6 thé lam luong dién ning bi cat tién
vé tri max. Bai béo sir dung cach tiép can cac ham
thanh phan cua Iy thuyét mo [10] dé chuyén doi cac
ham muc tiéu nhu sau:

1 (X) = EI max F-I (>.<) ,
Fi max — Fimin

V6i Fimax, Fimin 12 C&C gid tri 16n nhat va nho nhét
cua Fi.

Luu v 1a pi(x) ¢6 gié tri I6n hon 0 va nho hon 1.
N6 dat gié tri bang 1 khi Fi(x) dat tri nho nhat. Hay
ndi cach khéc 1a (11) thé hién mirc d6 dat muyc tiéu
thir i.

Dé tinh gié tri I6n nhat cua ham Fy, tai cac gio khi
luong cdng suat phat c6 thé cd nho hon cong suat
tai, coi lwgng dién ning bi cit chinh I1a bang luong
chénh léch gitra cong suét tai yéu cau (bo qua luong
Xa cua Cac bo tich trix) véi cong suat tai nén (Lbase)
tai gio 6. Dé tinh gié tri nho nhit cua ham nay, coi
luvong dién nang bi cit tai mdi gio la lugng chénh
léch gitra cong suat kha dung cua cac ngudn phat
(c6 tinh dén viéc xa hét cua cac bo tich trir co duoc
lac ban dau chu trinh) véi cong suat tai yéu cau tai
gior do.

Dé tinh gia tri nho nhat cua ham F, giai bai toan
qui hoach phi tuyén (1), (4)-(10). Giai bai toan nay
bang giai thuat PSO.

Dé tim gia tri 16n nhat cua Fa(x), ham (2) doi lai
thanh:

i=12 (11)

N n
F=2% ¥ Cpj,j—>max (12)
j=li=1

Tién hanh giai bai toan (12), (4)-(10) ciing bang
giai thuat PSO.

Luu y 1a néu st dung ham (2) thi ciing sé ap dung
cong thirc (11) dé tinh ham thanh phan.
3.2 Gidai bai toan da muc tiéu

Tu cac ham thanh, phan cua hai ham muc tiéu
trén, st dung cach tiép can cua Belman-Zadeh [9]

eos K
5= LA

tim loi giai toi vu:

w=min{za (X), 2 (X)} — max
trong do i=1,2
(13) dugc minh hoa don gian nhu trén hinh 1.

(13)

LA
1

X

Hinh 1: Loi giai theo Belman-Zadeh

Trén Hinh 1, x™ 1a 16 giai cua bai todn hai muyc
tiéu.

Nhu vay (13) chinh Ia ham Fitness caa PSO.

Dé tranh viéc vi pham rang budc dang ding thic
(4), tranh viéc khai tao lai nhiéu 1an, chon mot may
phat k nao d6 lam nuat “can bang”, Py s& dugc giai
phéng, trg thanh bién phy thugc. Vi du khi ay (4) s&
tro thanh biéu thirc sau:

n-1 m
Pej= 2 R j+ 2SR j-Lj (14)
i=1izk i=1
Tai budc lap thir i cua PSO:
vik+l = vik +cqrandy (pbesti — xik) +
K (15)
corandp (gbest — x; )
k+1 k k+1
Xi =X +V, (16)

Voi:

x: 14 tAp 4n (cOng suat phat, nap, xa);

rand: la ham random gia trj tir 0-1;

c1: trong s cuia thong tin ctia ca thé do;

Ca: trong s cua thong tin cia ca dan;

N: dan sb cua dan;

Xi: Vi tri clia c4 thé thu i trong ving tim kiém;

Vi tdc do cua ca thé thir i;

gbest: gia trj tot nhat ciia ca dan;

pbesti: gi4 tri tot nhat cta ca thé thi i.
Trinh tu cac budc cua giai thuat PSO nhu sau:
- Budc 1: khoi tao s6 ca thé, cac thanh phan cl,

c2; khoi tao dan so cho bay dan; Khoi tao toc do
cho cac ca thé cua dan; hi€u chinh cac chi s6 cua
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timg ca thé dé cho cac chi sb d6 khong vi pham cac
rang budc ciia hé théng; tinh toan ham (11) cho timg
c4 thé va gan pbest, tim ra gbest ctia dan.

- Bude 2: Néu thoa 1 trong 2 diéu kién dirng ctia
chuong trinh thi dirng chuong trinh.

- Bude 3: Tinh todn van tdc méi cho timg cé thé;
cap nhat vi trf méi cho ting ca thé; hiéu chinh cac
chi sb dé cho chic chin khong c6 ca thé nao vi
pham cac rang budc van hanh cua hé théng; tinh
toan ham (11) cho timg c4 thé, so sanh véi pbest va
gbest, cap nhét néu thoa céc didu kién.

- Bué6c 4: Hiéu chinh lai s6 budc lap; trd vé bude
2 @é thyc hién tiép tuc chuong trinh.

C6 mot sb anh hudng cua viéc khdi tao dan )
ban dau 1én hiéu qua tinh toan. Néu khoi dong mot
cach tiy hing, xac sut ngay nhimng budc dau vi
pham (7) 14 rat cao. Vi dy, khi khoi dong ban dau co
SP;; 16n va khi tai thoi diém ban dau muc tich trir 1a
cao, thi c6 thé sau 2, 3 1an c6 thé vi pham (7). Nhu
vay phai tr& vé 101 giai ban dau.

4 AP DUNG.

MG trung thé (hinh 2) [10] ndi vao ludi qua bién
thé 6 MVA, phia thir cip c6 dién 4p 13,8 kV. MG
co 2 diesel, 6 tai, hai bo tich trit. Tai cac nuat tai co
ngudn dién dya trén nang lugng gié va mit troi. Tai
cia MG sau khi trir di lwong cong sudt cua hai
ngudn ning lugng nay dugc cho trong bang 1 (da
bao gom t6n that trong ludi dién). Trén hinh 2, cac
thrﬁng s6 mang dién dugc cho trong hé don vi twong
doi.

Thong sb ctia cac may phat diesel 1a:

May phat 1 (Gen.1): Pmax = 1,5MW; o = 0,3312;
B =15,6; vy = 248,4,

May phat 2 (Gen.2): Pmax= 1,79MW; o =
0,4969; p = 11,6; y = 198,7.

Théng sé cua cac bo tich trir:

- Bo tich trit S1: Emax= 0,5 MWhr; Emin= 0
MWhr; SP1ch= 0,1 MW; SP1 gisci= 0,3 MW. Trang
thai ban dau 14 0,3 MWh

- Bo tich trit S2: Emax= 0,8 MWhr; Emin= 0
MWhr; SPy= 0,3 MW; SPagiscn= 0,5 MW. Trang
thai ban dau 14 0,5 MWh
Tai nén tai mdi gio 1a 50% tai yéu cau tai gio' do.
Bai toan dit ra la tim lugng cong suat can phat, nap

hay x4 clia cac phan tir théa cac muc tiéu va rang
bugc néu trén khi MG hoat dong & che do tach ludi.

Bang 1. Tai theo cac gio cia MG

Gio Tai (MW) Gio Tai (MW)
1 23 13 2,75
2 23 14 4,05
3 1,76 15 4,05
] 1,76 16 42
5 1,76 17 4,25
6 1,92 18 4,25
7 1,92 19 44
8 25 20 44
9 4,125 21 4,25
10 4,125 22 4,01
11 4,125 23 347
12 2,75 24 23

Ham (1) c6 gia tri nho nhit 1a khi & cac gio ban
dém sac day hai bo tich trit, vao luc 9-11 gior xa hét,
tr 12-14 gio nap lai dugc 0,8, sau d6 xa hét & giai
doan tiép theo. Tai cac gid c6 cong sudt kha dung
nho hon cong sudt tai, cac may phat phat hét cong
suét ctia minh.

Ham (1) c6 gi tri 16n nhat khi ¢ cac gio co cong
suat kha dung nho hon cong suat tai, lugng tai duoc
cép chi dang bang tai nén Liase.

Dé xay ham pa(x), cac gid tri nho nhét va 1on nhét
cua ham muc tiéu th hai dugc xac dinh béng PSO,
két qua la:

Gié trj nhé nhat la 10790,68; Gié tri 16n nhat:
24056,41.

Két qua tim duogc 1a: p=0,622392. Cong suét phat
cua cac may phat, lugng nap (xa) cia cac bg tich trir
theo tirng gio trong ngay dugc trinh bay trong bang
2.

Trong bang nay, dau thé hién sy nap ciia bo
tich trir. Khi tai trong mang cao, may phat s6 1, do
dic tuyén chi phi cao hon, nén thuong phat it hon
méy phat s6 2.

Mitrc do dat myc ti€u 1 la: pi= 0,622392 va cia
muc tiéu 2 1a p»=0,6227.

[T3N13
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grid T 1.1+ 1.7%
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L6
0.3 MVAr 15+ 11+ 11 I
b 7% 4.4 % 28% |3
S L
AR
S2
Hinh 2. M6 hinh mang dién nho.
Béng 2. Luong phat, nap (xa) cia cac phan t MG (MW)
, 5 KET LUAN.
t S1 S2 Gen.1 | Gen.2 | Tai bi cat ) ) o
1 -0,019 | 0,006 | 1,016 | 1,297 0,0 Bai toan hoach dinh sa thai tai trong mang dién
2 | -0105| 0,004 | 0,996 | 1404 0,313 nhé 12 bai todn quéan 1y ning luong trong mang dién
3 0,028 0,031 | 0,657 | 1,044 0,0 v & ché d6 tach ludi. khi cé hién dié X .
4 0,033 | -0,024 | 0959 | 0,793 0,0 nay o che do fach fron, Kt o s uen dien cua cac
5 ~0,09 0,042 | 0,909 | 0,898 0,0 nguon nang lugng gié va mat troi. Pay l1a bai toan
6 -0,07 0,037 | 1,042 | 0,847 0,064 da muc tiéu v6i cac muc tiéu dbi choi nhau hodc ¢
7 0,059 0,057 | 1,092 | 0,711 0,0 , A . £ \ \ A \
3 0064 | 002 | 108 | 1343 00 tha nguyén khéc nhau. Ap dqung’ ham t}lanh‘ ph?n Va
9 -0,039 0,074 | 1177 | 1,377 1,536 nguyen Iy Belman-Zadeh cua 1y thuyét ’HlO' de gla}
10 -002 | -0,021 | 1,415 | 1415 1,336 quyét bai toan da muc ti€u. Loi giai toi uvu 1a ke
11 0009 | 0043 | 1,292 | 1,319 1,462 hoach phat ctia cac may phat diesel, ké hoach nap xa
12 0,084 0,099 | 1,127 1,44 0,0 , , A Lr ~ P ; .
13 0052 | 0017 | 112 | 1462 0.099 cua cac b tich trlr cho N thoi diém phia trude. Giai
14 | -0,028 0,011 | 0,955 | 1,481 1,694 thuat PSO duoc st dung thanh céng cho viéc tim
15 0,027 -0,079 | 0,725 | 1,597 1,78 kiém 161 giéi téi uu.
16 0,073 0,019 | 0,824 | 1,523 1,761
17 -0,069 0,090 | 0,892 | 1,535 1,802
18 -0,03 -0,006 | 1,014 | 1,507 1,765
19 -0,078 -0,105 | 1,278 | 1,488 1,817
20 -0,068 -0,003 | 1,003 1,56 1,908
21 0,07 0,002 | 1,412 | 1,284 1,482
22 0,028 -0,015 | 1,128 | 1,382 1,487
23 0,083 0,049 | 1,183 | 1,187 0,964
24 0,067 0,08 | 1,139 | 1,014 0,0
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Pai hoc Ky thudt Toyohashi - Nhat Ban. Ttr nam
1997 dén nay, V5 Viét Cuong la giang vién tai khoa
Dién - Dién tr - truong Pai hoc Su pham K§ thuat
Tp. HCM. Céc huéng nghién ctru chinh cua tién sy
tap trung vao (1) Tinh toan tinh kinh té - k¥ thut -
mdi trudng cla cic ngudn ning luong tai tao; (2)
Diéu khién turbine gié DFIG; (3) Tich hop tbi wu hé
théng nang lugng, hé théng dién; (4) Du bao va diéu
khién phia phu tai. Dén nay tién sy da cong bd duoc
16 bai bao trén cac tap chi qudc té va 09 bai bao trén
cac tap chi trong nudc.
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Abstract—The power management in micro grid (MG) is related to the planning of dispatchable sources such
as diesel generator or storage devices due to the fluctuation of output power of renewable sources like wind and
solar. In the island mode, to balance the power in the case of output changing from wind and solar sources, the
control trategy such as regulating the power of dispatchable generators and load shedding is necessary. This
paper introduced the way to determine the load amount be shed for N ahead moment, based on conflict multi
objectives, applying the Particle Swarm optimization algorithm and Belman-Zadeh principle to find out the
strategy of generating the power in MG. The application for one medium voltage MG is also presented.

Index Terms—Microgrid, PSO, Belman-Zadeh principle, Load shedding, Membership function.



