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TOM TAT

Trong cdc ndm gan day, nang lugng tai tao dang ngay cang phat trién va trg
thanh xu thé, viéc st dung néng lugng téi tao trong hé thong dién da tré nén phg
bién. Tl d phat sinh ra nhiéu van dé trong hé thdng nhu: can phan bé thoi gian
hoat dng clia cac ngudn cho hap Ii, cdn mua ban dién bao nhiéu tai thdi diém
nao thi thich hgp... Do d6 6 trong bai bdo nay ching toi da tinh todn phan chia
¢ong sudt toi uu cho mot hé thong ludi dién siéu nhd gom c6 pin mat trdi, tuabin
gid, pin luu trir bang cach st phuong phap quy hoach tuyén tinh nguyén thuc
hon hgp (MILP). Ham muc tiéu clia bai todn |a xac dinh cong suat timg gid trong
ngay tdi cia cac ngudn, cong sudt sac, xa clia pin luu trit sao cho chi phi ban dién
tir hé théng 1a 16n nhat khi gia dién thay ddi trong ngay. Tir két qua md phéng
cho thay la st dung phuong phap MILP dem lai két qua dang tin cdy, c6 tinh kha
thi va ¢d thé ap dung dugc trong thuic té.

Tir khéa: Nguyén thuc tuyén tinh hon hgp, t6i uu hod, pin mdt troi, pin luu
trit, tuabin gid, ché dé van hanh.

ABSTRACT

In recent years, renewable energy was increasingly developing and
becoming a trend, it became popular in the power system. As a result, many
problems arise such as the operating time of the sources needing to be allocated
reasonably, and how to trade energy appropriately,... Therefore, in this article,
we have calculated the optimal power distribution for a microgrid system
consisting of a solar panel, a wind turbine, and storage batteries by using the
Mixed-integer linear programming (MILP) method. The objective function of the
problem is to determine the day-ahead hourly capacity of the sources, and the
charging and discharging capacity of the storage battery so that the profit from
the system is the largest when the power price changes during the day. From the
simulation results, it is shown that using the MILP method brings reliable results,
proving it is feasible in reality.

Keywords: Mixed-integer linear programming, optimising, solar panel,
storage battery, wind turbine, operation mode.
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Nguyén Thi Hoai Thu’,
Pham Nang Van', Dinh Tudn Anh'’

1. GIGI THIEU

Ngay nay, véi nhu cau st dung nang lugng néi chung va
dién nang ndi riéng dang ngay cang tang cao cong thém
viéc cac nhién liéu héa thach truyén théng dang dan can
kiét thi viéc s& dung nang lugng tai tao (RE) dang dan tr&
thanh xu thé. Do dé cac qudc gia rat tap trung chu trong
phat trién ndng lugng tai tao ciing nhu ¢ gang tan dung
triét dé dugc nguén tai nguyén vé tan nay [1, 2]. Tuy nhién
hé théng dién gid, dién mat trdi c6 nhugce diém [a ¢ tinh
bat dinh cao, do d6 dé tang ti 1é RE trong hé théng dién can
két hop cac nguén nang lugng nay vai pin luu trir tao thanh
lugi siéu nhd (MG). MG c6 thé van hanh & ché dé doc lap
hodc nai luéi.

D& van hanh hé théng MG nay, can t8i uu hda cdng suat
sac/xa cla pin luu trif va cdng suat trao ddi vai luai. Trong
cac nghién cdu trudc day, Dufo-Lopez [3] trinh bay mét
chién thuat phan phéi cong suat st dung thuat toan di
truyén (GA) cho hé théng dién mat troi/gid/thay
dién/diesel/hé th6ng hydrogen. Trong [4], céc tac gia su
dung phuang phap quy hoach déng dé giai bai toan téi uu.
M. Yousif 4p dung phuong phap t6i uu bay dan (PSO) cho
cac hé théng MG phan tan [5].

Céc phuang phap t6i uu trén c6 uu diém la xét dugc vai
hé théng phi tuyén tinh, nhung két qua c6 thé chi la téi uu
dia phuong. Xét bai toan nay véi gid thiét hiéu suat cac
inverter 1a khong déi, khi dé bai toan trg thanh tuyén tinh.
Do d6, trong nghién clu nay chidng téi dé xuét st dung
phuang phap quy hoach tuyén tinh nguyén thuc hén hgp
(MILP) sé cho ra két qua t8i uu toan cuc dé tinh toan nghién
clru phan chia céng suat t6i uu cho mot hé thong ludi dién
siéu nhd gom co dién mat trdi, tuabin gid, pin luu tr.

2. MO HINH HE THONG

V6i dac tinh cia cac nguén nang luong téi tao nhu cong
suat phat hoan toan phu thuéc vao diéu kién thién nhién
(van téc gid, blc xa mat troi), do d6 co thé khéng dam béao
cung cap dién cho phu tai. Xu thé hién tai trén thé gidi
thudng két hop cac bé luu trit ndng luong véi hé théng
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nang luong téi tao [6]. Ngoai ra hé théng nang luong téi tao
con dugc két néi véi lusi dé khic phuc nhugc diém trén.

Hé théng luu tri rat da dang va phong phu va can cé
khd nang dap ung nhanh c6 thé gidi quyét dugc van dé
thi€u hodc thita nang lugng khi ¢ su thay déi thdi tiét
cing nhu thay d&i phu tai [7]. Hinh 1 1a m6 hinh t6ng quan
hé théng dugc sir dung nghién ctu. Hé thong nghién ctu
c6 két ndi vdi ludi nham trao d6i cong suat vai ludi tur do
tao ra Igi nhuan vé mat kinh té€ thong qua viéc mua ban
dién nang. Lugi dién c6 2 trang thai do la nhan cong suat
hodc bam céng suat cho hé théng. Viéc ban dién cho ludi
bi gii han: dé€ gidm thiéu viéc xdm nhap cla nang lugng
tai tao vao hé théng nhdm gay mat én dinh tan s6, hoac
bién déng manh trong thi trudng dién...

Dién gié

Dién mat troi
: Ludi dién

Phu tai

Hinh 1. M hinh cGia hé théng siéu nho
2.1. Tua bin gié

Hé théng dién gi6 cé vai trd quan trong cla hé théng
nghién ctu, khi la nguén cung cdp céng suat I6n nhat
trong toan bé hé théng.

Kha nang phat cong suat cta tuabin gié phu thudc vao
van téc gio tai mébi thai diém. Khi van t8c gid vuct qua van
t6c nhd nhat dé phat cong suét (V), tuabin gié bit dau san
sinh cong suat dién. Khi van téc gié qua van toc t6i da (V,),
tuabin gié ngling phat cdng suat dé bao vé tuabin. Théng
sO clia mét tuabin gié dugc cho trong bang 1 [8].

Bang 1. Thong s6 m hinh k§ thudt cla tua bin gié

Pdm Vi Vn Vr n
4,6 24 20 10,3 0,87
Trong dé:

P4 CONg sudt dinh muic cta tuabin gio (kW).

V;:Van téc gid nhd nhat dé tuabin gié c6 thé phat cong
suat (m/s).

V,:Van téc gid Idn nhat dé tuabin gié c6 thé phat cong
suat (m/s).

V.:Van téc gié dé tuabin gi6 c6 thé phat cdng suat dinh
muc (m/s).

n: Hiéu sudt cla inverter.

Déc tinh céng suat phat clia tuabin dugc thé hién trong
cong thuc (1).
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Trong d6:

V(t): van téc gid thai diém t (m/s).

Vinint Van téc gid nhé nhat thai diém t (m/s).

Vinax: Van téc gi6 I6n nhat thai diém t (m/s).

V,.:van t6c gio cho cong suat dinh muc cda dién gié (m/s).
2.2. Pin mat troi

Kha nang phét céng suat ctia tdm pin quang dién phu
thudc chinh vao lugng biic xa mat troi chiéu t6i. Bén canh
d6 né con phu thudc vao nhiét do trén tam pin. Dac tinh
phat céng suat cla tdm pin quang dién dugc biéu dién
bang céng thuc (3) [9]. Théng s6 clla mdt mau pin quang
dién dugc thé hién trong bang 2 [10].

s
Pov=Pampy S [T+NL(T-T ) 3)
T.=T+ NOCT-20 @)
800

Bang 2. Thong s6 md hinh dién mat troi
Sam N; T NocT Pampy n

1 -0,00485 25 48 3 09
Trong d6:

Pp,: CONg suat pin mat trai (kW).

P4mpyv: CONG sudt dinh muc cda pin mat trai (kW).

S: Buic xa mat troi (kW/m?).

Sam: BUIC xa mat trdi sinh ra cdng suat t8i da (kW/m?).

T.: Nhiét @6 tiéu chuin (°C).

Ny: Hé s6 cong suat nhiét (%).

T Nhiét d6 té bao quang dién (°C).

T, : Nhiét d6 khong khi (°C).

NOCT: Nhiét dé hoat dong binh thudng cla té bao
quang dién (°C).

2.3. Hé théng luu trit nang lugng

M hinh hé théng tich hop ca pin luu trit dé ddm bao
dap lng cap dién cho phu tai mot cach nhanh chong va
lién tuc.

Trang thdi van hanh cda pin luu tri (nap hay x3) phu
thudc vao chién thuat phan chia cong suat cta hé théng.
Trong trudng hop chung thi pin sé nap dién khi cong suat
dién san sinh t& ngudn nang luong tai tao I6n hon cong
suat tiéu thu cua tai va sé xa khi cong suét tiéu thu cla tai
I6n hon céng suét sinh ra.

Phuong trinh nang lugng cutia pin luu trit & thai diém (t)
dugc biéu dién theo cong thic (5).
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Ega(t) = Ega(D). (1 —0)
Ppaxa(t-1)
+ (PBA.sac(t - 1)-nsac-ninv - BA—) LAt (5)

NxaTMinv

Véi:

Niny = 95%, Nsac = 95%, Nya = 95%, 0 = 0,0002

Trong dé:

Ega: CONg sudt cda pin luu tri (Wh).

Pga sac: CONQ suat sac cda pin luu tri (W).

Pga xa: CONQ sudt xa cda pin luu tri (W).

Ninv: Hiéu suat cta inverter.

Nsac: Hiéu suat sac chia pin luu tri.

Nxa: Hiu suat xa ctia pin luu tri.

o: Hiéu xuéat tu xa hang gio.

3. MO HINH BAI TOAN

V6i muc tiéu 1a t6i da hoa Igi nhuan thu dugc thong qua
viéc mua ban dién chinh la chi phi ban dién tri di chi phi
mua dién, bai toan dugc xay dung v&i ham muc tiéu va
rang budc nhu sau:

3.1. Ham muc tiéu

Té6i da hda lgi nhuan thu dugc trong moét ngay (24h):

Max {(3:3* Pyriq [Csale- S + Cpuy- (1 — 9)1} (6)

Trong d6:

Cyate: Gid ban dién (C/kWh)

Chuy: Gia mua dién (C/kWh)

s =1 khi ban dién (Pyiq > 0)

s = 0 khi mua dién (Pgpigq < 0)

3.2. Rang buéc

- Rang budc vé can bang cong suat cta hé théng:

Can bang céng suat la diéu kién bt budc dé mot hé
théng dién hoat dong trong ché dé xac lap. Trong hé théng
PV/Wind/Battery néi ludi, Battery vita dong vai tro l1a nguén
cung cap vua la tai tiéu thu. Quy udc P, duong khi pin xa
va Py, am khi pin sac. Pgiq duong khi hé théng ban dién
cho IuGi con Pyiqgam khi hé théng mua dién tu IuGi.
Phuang trinh can bang céng suat cta hé dugc mo ta theo
cong thuc (7):

Pey (t) + Py (t) — Peai (t) + Poar — Apy = grid 7)

Trong dé Ap, la lugng céng suat thira khong dugc st
dung cta hé théng nang lugng tai tao khi da cung cap dua
cho phu tai, ban cho lusi max va pin da day.

- Rang budc vé gidi han ky thuat ctia hé thong pin luu
trr ndng lugng:

Epatmin £ Epat(t) < Epatmax (8)

Trong do:

Epatmax: MUc nang luong t6i da clia hé théng pin luu
trdr (KWh).

Epatmin: MUc ndng luong t6i thiéu ctia hé théng pin luu
trr (kWh).
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Epat(D): Mic nang luong cla hé théng pin luu tri trong
gi& t (kWh).

- Rang budc vé gidi han cdng sudt ban dién cho ludi:

Néng lugng téi tao la cdc ngudn nang lugng cé tinh bat
dinh cao nén khi néi cdc ngudn nang lugng nay vao ludi
dién thi hé théng sé gdp cac van dé vé ky thuat. Do d6 viéc
giGi han cong suat truyén vao ludi tir hé thong nang lugng
tai tao nham giup cho hé théng hoat déng én dinh:

Pgrid (t) < Pgridmax (9)

Trong do:

Pyria(t): COng sudt hé thong truyén vao ludi tai thoi
diém t (kw).

Pyridmax: CONg sudt t6i da hé thong co thé truyén vao
ludi (kW).

- Rang budc vé nang lugng trong hé théng pin luu tri:
Dé dadm bao ngay hém sau pin van c6 nang lugng dé dap
ing cac nhu ciu cla tai nén nang lugng cla pin khéng ddi
sau moét ngay:

E(0) = E(24) (10)
4. THUAT TOAN QUY HOACH TUYEN TiNH NGUYEN
THUC HON HGP (MILP)

Véi gid thiét hiéu suat inverter 1a khéng déi, bai toan
phan chia céng suat cho lugi siéu nho trd thanh bai toan
quy hoach tuyén tinh. Vi vay, phuong phap quy hoach
tuyén tinh nguyén thuc hén hop (MILP) dugc dé xuat dé
giai bai toan nay. Bai toan tuyén tinh nguyén thuc hén hop
la mét bai toan quy hoach tuyén tinh, trong dé c6 mét vai
bién la cac s6 nguyén. Néu tat ca cac bién nguyén phai cé
gia tri nhi phan 0/1 thi bai toan dugc goi la 0/1 MILP. Bai
toan MILP dugc xdy dung & dang nhu sau:

minz= Z]-“:l Gj Xj

Thda man cac rang budc:

B =t

n g g .i_
ijlaij X = by ;i=1.2,...,mg

;i=1,2,...,m,

Y,afix; <bl i=12,..m,
Xj = 0 ;j=1,2,...n
x; €N ;j=1,2,...m1 (n; <n)

Trong d6, N dugc sir dung dé mé ta tap {0,1,2,...}.

Chi tiét thuat toan dé giai bai todn MILP c6 thé tham
khdo trong tai liéu [11].

5. KET QUA VA THAO LUAN
5.1. Dit liéu dau vao cta bai toan

5.1.1. Dirliéu ddu vao cda pin mdt tr&i

Gia st ¢6 dit liéu du bdo clia ngay téi vé nhiét d6 khéng
khi, lugng buc xa mat trgi chiéu t6i nhu hinh 2, 3.

5.1.2. Dirliéu ddu vao cda tua bin gié

Tuong ty, gia st van toc gio trong ngay i dugc dy bao
va biéu dién theo hinh 4.
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Hinh 2. Nhiét d trong ngay tdi
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Hinh 3. Biic xa mat trdi trong ngay téi
12
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o
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Hinh 4. Van tdc gié trong ngay tdi

5.1.3. Dirliéu vé gid mua bdn dién

Gia s dt liéu vé gid mua ban dién trong ngay dugc du
bao va dugc tinh nhu trén hinh 5.

Gid mua ban dién vao nhiing lic cao diém, khi ma tai
trong nhiing thai diém nay 16n hon so véi cac thsi diém
khac trong ngay, sé tang gid. Nguogc lai, vao khoadng thoi
gian thap diém, gia mua ban giam di.

,,,,,

1
1
14 I i i
1
1

1o == e o= - —
S
6
4
‘2) Gisbén — — Gi4 mua
0 4 8 12 16 20 24
t (h)

Hinh 5. Gid mua ban dién trong ngay
5.1.4. Dirliéu phu tai

Gia st cong suat cta phu tai dugc du bao va mo ta theo
hinh 6.

3.5

3
25
—
= 2
=
e 15
1

0.5

o

o 4 8 12
t (h)

Hinh 6. Cong suat cla phu tai trong ngay
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5.2. Két qua

VGi hiéu suat inverter tng véi pin mat trai 1a 0.9, hiéu
sudt inverter Ung vdi tuabin gi6 la 0.87, cong suat clia cac
nguén dién mat trgi, dién gid va cdng suat cla tai dugc mé
ta & hinh 7.

4.5

Pwind ----Ptai

0 4 8 16 20 24

12
t(h)
Hinh 7. Cong sudt ctia ngudn dién mat troi, dién gid va phu tai trong ngay
Do hé théng dang xét la hé théng siéu nho cing nhu la
viéc gigi han cong sudt mua ban cla luéi do cac yéu té
khach quan khac, bai bao nay xét dén hai trudng hop:
- Truding hap 1: Lugi khdng nhan cong suat ti hé théng
- Trudng hgp 2: Ludi nhan cdng suat toi da la 2kW.
5.2.1. Trudng hop 1: Luéi khéng mua dién tir hé théng
siéunhé
Do hé théng siéu nhé khéng thé ban dién cho ludi, tuy
nhién, néu thiéu cong suat cap cho tai, hé théng van c6 thé
mua tU lugi dé bu vao. Két qua clia ham muc tiéu 13 -35.76,
nghia 13 sau mét ngay hé théng mat 35,76 Cent dé hoat
dong binh thudng.

6 2
- ~==-Ebat Pbat
i T 1.5
4 s
///'4 . 1
= e [~y
Zo = o i | o Z
= L] S
2 -0.5
-1
= -1
-6 -2

o 4 8 16 20 24

12
t (h)

Hinh 8. Cong sudt trao ddi va nang lugng pin trong ngay trong trugng hop 1

0.s —|
° 1 H
= )
é-os : : o.q'
B 1 I
-1 e~ i
- - =Pgrid '
-1.5 —— AP !
.
-2
0 -4 8 12 16 20 24

t (h)

Hinh 9. C6ng suat mua tlf ludi va lugng cdng suat thira trong ngay trong
truéng hgp 1

Hinh 8 mé t& cong suat trao d6i va nang luong cla pin
luu trir theo tiing gid. Theo do, trong vai gid dau nguén chi
bao gém dién gi6 khéng thé cung cap du cong suat cho tai,
pin luu trit phai xa ndng lugng dé bu vao. Tuy nhién, sau d6
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nguén da cé thé cung cap du cho phu tai nén pin luu tri da
tich tri nang lugng va dat gigi han nang lugng t6i da vao lic
10 gi&. Do hé théng siéu nhé khong thé cung cdp du nang
lugng cho tai nén phai mua dién tur lusi dé bu cong suat con
thiéu hut. D€ t6i thiéu lugng chi phi, hé théng c6 xu hudng
mua dién vao thdi gian thap diém (gia mua thap) (hinh 9). Do
khéng thé ban dién cho ludi, thém vao dé pin luu trir dugc
sac day nén trong khoang thai gian dau xuat hién cong suat
khéng dugc st dung, dan t6i lang phi nang lugng.

5.2.2. Truéng hop 2: Céng sudt trao déi véi luéi téi da
la 2kw

Két qua ham muc tiéu dat gia tri -28,04, hé théng siéu
nho can phai chi trd 28,04 Cent dé hoat dong binh thudng.
Coéng suat trao d&i va nang lugng pin trong tiing gid clia pin
luu trt dugc mo ta & hinh 10. Tuong ty nhu truong hop 1,
trong khoéang thdi gian dau nguén khéng thé cung cap du
cho phu tai nén pin xa ning lugng dé bu céng suat. Tuy
nhién do cé thé ban dién cho ludi, va dé t6i uu hoa Igi nhuan,
pin c6 xu hudng sac nang lugng vao thai gian thap diém, va
ban vao gid cao diém. Do d6, trong trudng hgp nay, céng
suat thira khong xuat hién (hinh 11). Tuy nhién, ntia sau cta
ngay, céng sudt ctia nguén la khéng du dé cap céng suat
cho phu tai nén hé théng siéu nhé phai mua dién ti ludi, va
mua vao thdi gian thap diém dé giam chi phi.

~~~-Ebat

Pbat

g, ] LA

’ muuu

o 4 8 12 16 20 24
t (h)

P (kW)

Hinh 10. Cong sudt trao ddi va ndng lugng pin trong ngay theo trutng hgp 2
£ -0s |_|
R .

-2.5

Pgrid
-——AP

0 4 8 12 16 20 24
t(h)

Hinh 11. Cng suat mua ban dién trong trudng hgp 2
6. KET LUAN

Bai bao trinh bay vé viéc phan chia céng suat trong
ngay tsi cho lugi dién siéu nhdé bao gobm pin mat troi,
tuabin gié va pin luu trit c6 trao d8i cong sudt vai ludi s
dung phuong phap MILP. Phuong phap nay da téi uu hoa
Igi nhuan thu dugc cia hé théng dua trén co s& céac rang
budc clia thiét bi, hé thong cling nhu gid mua ban dién. Két
qua mé phong da chiéing minh tinh thuc té va cé kha nang
ap dung vao thuc té ctia phuong phap quy hoach tuyén
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tinh nguyén thuc hén hgp cho bai toan t6i uu cho hé théng
lugi dién siéu nhé.
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