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Tém tit - Viée st dung céc ngudn nang luong tai tao vao hé théng
d1en ngdy nay dang dan tro thanh xu thé. Huyén dédo Phi Quy véi
tiém néng gi6 16n rét thich hop dé dau tu cac may phat phong dién
(wind turbine). Tuy nhién, ddc trung cua cac nguon nang luong
tai tao 14 tinh chit khéng 6n dinh do phu thudc vao thoi tiét. May
phat dién diesel v6i cach didu khién do déc truyén thong khong
dap umg kip su dao dong cua cong suét trong hé thong Bai viét
nay, de cap dén viée st dung hé thong Iuu trit pin nhim n dinh
tAn s6 hé thong véa dé xuét ra mot chién luge van hanh dua theo
trang thai sac SoC (State of Charge) cua pin. Cac két qua duoc
mo6 phong va thé hién qua phan mém MATLAB/SIMULINK cho
thiy tinh kha thi va hiéu qua ctia thuat toan d& xuét.

Tir khéa - Nang luong ti tao; Mdy phat tua-bin gio; Ludi dién
ddc 1ap; H¢ thong luu tri pin

1. Pat vin dé

Ngay nay, ciing véi sy phat trién cua sy cong nghiép
héa va hién dai hoa thi nhu cau nang lugng 1a rat can thiét.
Tuy nhién, van dé dat ra 1 1am thé nao dé phat trién nguon
ning lugng sao cho phut hop véi su phat trién 1au dai va
khong anh huong tdi moi truong va canh quan thién nhién.

Tai cac vung ¢6 1ap (ving séu, vung xa, hai dao,...),
ngudn cung cp nang luong chu yéu van 1a tir cac may phat
dién diesel [1]. Vi su phat trién ciia cdc ngudn nang luong
tai tao nhu la dién gio, dién mat troi cdc nha may phat dién
truyén thong dang dan duoc thay thé. So voi cac ngudn
phat truyen thdng, nang luong gié 14 ngudn ning luogng tai
tao, bén viing va than thién véi moi truong. Pdi voi hé
thdng phat dién hdn hop gid-diesel trong lu6i doc lap thi
hai tiéu chi quan trong 14 chat luong dién ning va ty 1¢ tham
nhap dién gi6 [2]. Do do, cin phai c6 mot chién lugc vén
hanh phtt hgp dé tdi da hoa ty 1& thim nhap dién gi6é ma van
dam bao chét luong dién ning.

Hé théng dién trén huyén dao Phu Quy 1a mdt mo hinh
thue té vé viée van hanh hé thdng hdn hop gié-diesel doc
1ap. Hién nay, phu tai trén ddo Phu Quy chu yéu la phu tai
sinh hoat, nén khoang thoi gian tir 23h-6h cong suat phu
tai thap. Khi 6 cong suat phat tir dién gio s& cat giam dé
can bang cong suit. Phuong phap van hanh nay s& gay
lang phi nang luong tir dién gi6. Bén canh do, voi su thay
d6i lién tuc cua cong suét phu tai cting nhu la cong suat
cia ngudn phat dién gi6, diéu nay lam mait cong bing

Abstract - Nowadays, the use of renewable energy sources in
electricity systems is a trend. Phu Quy island district with greatly
potential wind power is very suitable for investment in wind
power generators (wind turbine). However, the characteristic of
renewable energy sources is unstable and dependent on the
weather. Diesel generators with traditional droop control do not
keep up with fluctuations of power in the system. This article
mentions the use of the Battery storage system to stabilize the
system frequency and proposes an operating strategy based on the
state of charge of the Battery. Effectiveness and advantages of
Energy Storage Systems in Microgrid are demonstrated by
simulation results using the Matlab/Simulink.
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cong suat cua hé théng nén 1am cho tan s6 cua hé thong
mat 6n dinh.

Dé khic phuc nhing van dé k¥ thuat nay, nhom tac gia
dé xuét sir dung cdu trac Microgrid nhu Hinh 1 cho luéi
dién Phii Quy c6 tich hop hé thong luu trit ndng lwong pin
(BESS-Battery Energy Storage System). BESS s€ gitip tich
trit nang lwong khi cong suat cua dién gié 16n hon cong
sut phu tai yéu ciu va phat dién tré lai lu6i khi cong suat
cta dién gi6 nho hon cong sudt cua phu tai. BESS giup tan
dung t6i da ning luong tir ngudn dién gi6 ciing nhu 1a cac
nguon ning luong tai tao. Bén canh do, BESS c6 kha nang
dap tmg nhanh giup giam thiéu cac van de dao dong va gian
doan cua ngudn ning luong gié nham 6n dinh dién ap va
tan s6 [3].

Trong bai béo [4] dwa ra mot chién luoc didu khién
trong hé théng cho dya theo trang thai sac SoC cua nhiéu
BESS nim riéng biét. Viéc t6i wu dung lugng luu trit pin
cho h¢ théng dao Phu Quy dugc dé cép ¢ trong [5].
Tuy nhién, bai bdo van chua phan tich dugc hiéu qua cia
BESS dén chat lugng dién ning ctia hé thong dién. Trong
bai béo nay, danh gia dap ung tan s cta ludi dién Phu
Quy khi ap dung m6 hinh Microgrid c6 str dung hé thong
BESS. Sau d6, dé xuit thuét toan phuc hdi trang thai sac
SoC cho pin luu trix dé van hanh t4i vu, ting tudi tho cua
pin [6] va cudi cung danh gia vai tro cua pin luu trir nang
lwong trong viéc 6n dinh tan sé ¢ ludi dién cua huyén dao
Phi Quy.
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Hinh 1. Ludi dién Microgrid sir dung cho huyén dao Phii Quy

2. CAu tric hé thong dién trén huyén dio Phu Quy

Trong bai béo nay, cu triic h¢ thong dién doc 1ap dao
Pht Quy bao gom cac ngudn phan tan: Néng lugng téi tao
(9i6) c6 3 t6 mdy phat dién gi6 c6 cong suat 3x2 MW, 6 t0
mady phat diesel c6 cong suat 6x500 kW va hé thong luu trix
(pin), dugc ket noi chung vao thanh cai AC (22 kV) cung
cap cho tai nhu Hinh 1.
2.1. Céu triic hé thong di¢n

D01 v6i phu tai huyén dao Phu Quy, cong sut phu tai
yéu cdu voi phu tai cuc dai va cuc tiéu lan luot Ia
Prmax = 27Q0 KW, Pmin = 1510 KW. Viéc ‘dam hao cong sut
d€ cung cap du cho phu tai 1a v6 cung can thiét. D6 thi phu
tai ctia huyén ddo Phi Quy dugc thé hién nhu trong Hinh 2.
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Hinh 2. Pé thi phu tai ngay

Viéc két hop voi may phat dién gi6 va may phat dién
diesel gitip giai toa su thiéu hut cong suét trong hé théng.
May phat tua bin gié dugc sir dung trong hé thong 12 loai
DFIG [7] c6 dleu chinh goc quay cua canh quat nham dam
bdo cong suat ngudn phat ludn bang véi yéu cau cia phu
tai. Cong sudt phat cua may phat dién gié cua huyén dao
Phl Quy duogc thé hién chi tiét nhu trong Hinh 3. Véi cong
sudt cuc tiéu va cuc dai ciia ngudn nang luong gio 1an luot
12 Prmin_wt = 1000 kKW va Prax wr = 2200 kW.
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2.2. M0 hinh todn hoc ciia hé théng
2.2.1. M6 hinh dong hoc ciia hé thong khdo sdt

Trong hé thong Microgrid, dé dam bao su 6n dinh tan
s6 trong hé thdng, cong suit cia nguon phat phai dugc can
bang v6i tai tiéu thy. Van d& mét can bang cong suit dan
dén sy mat on dinh tan sd trong hé thong May phat diesel
dong vai trd nhu 1a mot ngudn diéu tan trong hé thong.
Phuong trinh quay cua may phat diesel cling la phuong
trinh dap Gmg tan s cta hé thong duoc dé cap trong tai liéu
[8] thé hién qua phuong trinh dudi day:

d [; J a)zj
Piat —Paj =——= 1
phat tai dt ( )

Trong do, Ppna la tong cong sudt ciia ngudn phat bao
gdm cac nguon nang lugng tai tao va may phat diesel,
Pii 12 cOng sudt tai tleu’thu, J 1a momen quén tinh cia may
phat dién diesel, w 1a toc dd goc ctia may phat.

Duwa vao phuong trinh dong hoc cuia microgrid néu trén
ta phan tich dugc cac anh hudng cua ngudn nang lugng gid
dén sy thay doi tan so cua hé thong dién huyén dao Phu Quy.
2.2.2. M0 hinh tuabin gio
p

r 3

Il v

Tbc do cuc dai

Téc do khoi dong (cutout)
cut-ou

(cut-in) I

dc d6 dinh mirc

N
Vo Vi Vi
Hinh 4. Puong cong P(v) dang tong qudt [9]
Turbine gi6 lam viéc dya trén nguyén tic chuyén dbi
nang lugng gi6 sang nang lugng co trén truc quay cua
turbine, sau d6 nang lugng co dugc chuyén sang nang
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luong dién thong qua may phét dién. Cong suét co trén truc
turbine dugc tinh theo phuong trinh (2) [10].

1
Ru=% prR*C VS, )

Trong d6, p 1a mat do khong khi (kg/md), R 1a chiéu
déiy canh quat hodc 1a ban kinh cua tuabin, Cp 1a hé ) cong
suat gié cia canh tuabin, v 1a vén toc gio.

Ta c6 dudng dic tinh cong suat theo toc do gid nhu
Hinh 4. Trén duong dac tinh van hanh c6 4 ving chinh:

*\Vng |, tc d gioé nho hon toc do khai dong Vp cia
tuabin. Trong truong hop ndy tuabin gié khong hoat dong
va khong phat dién.

* Vl]ng I, co té‘c d6 gi6 trong khoang (Vp, Vn) tmg véi
vung co tl}é toi uu vé bi@n doi nang luong. bay la vung ma st
thay doi toc do rat can dé nhan dugc cong suat 16n nhat co the.

~* Vung III, trong ndy cong suét gi6 tang, nhung cong
syét cua tuabin bi gidi han b("rj cong suat danh dinh Py. O
toc do gio trén danh dinh Vy néu tang kich thudce, cong suat
may phat, stre bén co cua cau tric... thiloi ich san xuat dién
s€ khong bu lai dugc chi phi ban dau.

* Vung v, khi tdc do gié vuot qua tdc d6 cuc dai ma
tuabin c6 thé chiu dyng thi tuabin s& duoc dung boi hé
thong dung khan cap d€ bao vé hu hong phan co.

2.2.3. M6 hinh may phdt dién diesel

M3 hinh hoa may phat diesel don gian bao gdm bo didu

khién tan s6 va may phat dién diesel nhu Hinh 5.

*
A—f> Bo diéu tbc APm:

Hé thong
Diesel

APy,

Hinh 5. M6 hinh may phét diesel

Rhén dong cua may phat dién diesel bao gém co ciu
truyén dong, bd dicu toc va dong co. Tuy nhién, dé don
gian hoa, ta mo hinh héa may phat dién diesel bang mot

ham truyén bac 1 nhu phuong trinh (3):

1 .

AP, (s) = AP, (s 3
n(8) =7 AR () @)

g

Trong d6, AP.(s)la tham chiéu do léch cong sudt,
Tgla do tré ctia méay phat dién diesel.
2.2.4. M0 hinh BESS
Mot tuong duong ciia mot hé thdng pin, c6 tén goi 1a
md hinh CIEMAT [11] dugc chi ra nhu trong Hinh 6.
—

A% .

R; Igatt +

Ep

"N S0C,igar

VBatt

Hinh 6. M6 hinh twong duong cia pin

M5 hinh nay bao gdm mot ngudn ap Ep va mot ndi trg
Ri. Cac thong sb c6 thé dugc thay dbi trong qué trinh hoat
dong cua cta battery nhu: Trang thai sac cta pin (State of
Charge — S0C), dong dién chay qua pin va s cell pin trong
mdt ddy. Phuong trinh biéu thi mach tvong dwong nhu sau:

v E i R E, = f(SoC) 4
batt _nb b+nb|batt i Ri — f(ibatt,SOC,T) ( )

Ngudn ap Ep dic trung cho dién ap hd mach cua pin,
dién ap nay do nang luong dugc luu trlt trong pin thong
qua cac phan tng hoéa hoc bén trong nd. R; 1a ndi tré va nod
dac trung cho ton that trong pin. Gia tri ciia ndi tré nay thay
d6i theo diém 1am viéc cuia pin (i,50C, T) va tudi tho cua né.
Khi pin hong, thudng s& c6 ndi trd cao bat ké diém lam viéc
nhu thé nao. Noi tré ciing ti 1¢ nghich véi SoC, khi pin xa
cong suat thi ndi tro ting va nguoc lai.

Trong bai bdo nay, dé don gian hoa qua trinh md phong
tam pin, su thay doi ctia nodi tré duoc bé qua. Hay néi cach
khac, gia tri Ri 1a xem nhu 1a hiang s6 trong sudt chu ky
nap/xa cua pin.

Luc nay, ngudn ap Epduoc biéu thi lai nhu sau:

+ Ae B (5)

1
E =E,—KQ. -
v Qi)
Vi Eo 1a dién 4p pin luc sac day (V), A la dién ap ham
mi(V), K 1a dién ap phan cuc (V) va Cap la tong dung
luong cta pin (Ah).
Cong thic tinh SOC (%) dwoc dé cap trong [12]:

.
SOC =50C, - [ b () 4, 6)
o Cap

Trong d6: SOCo (%) la gia tri ban dau cua trang thai sac
cua pin; ipar(t) (A) la dong sac vao pin.
2.3. Dao dgng tin s6 khi khong c6 BESS

_Trong qua trinh van hanh, ludn c¢6 sy chénh léch cdng
suét giita ngudn phat va phy tai tiéu thy. May phat dién
diesel v6i cach diéu khién d ddc truyén thdng c6 thoi gian
dap tng cao, diéu nay dan dén su chénh léch vé tan s cua
hé thdng nam ngoai khoang tin sé danh dinh cho phép
f=50 % 0,2 (Hz). Tan s cta hé thong duoc thé hién nhu
trong Hinh 7. Diéu nay dan dén két luan ring, hé théng can
c6 mot nguon c6 kha nang dap (mg nhanh, cén bang dugc
céc sy thay do6i ctia nguon ning lugng tai tao.

ASO.Z
; 50
0498'
,-496
T4941
T | e e e e s s s e e e e
0O 2 4 6 8 10 12 14 16 18 20 22 24
Thoi gian (h)
Hinh 7. Téan s6 ciia hé théng khi khéng c6 thiét bi luu triv

3. Phwong phap diéu khién trong hé théng Microgrid
) Pé danh gia hiéu qua cua ludi dién Phl'} Quy khi sir dung
cau trac Microgrid da néu, bai bao d¢ xuat 2 phuong phap
diéu khién cong suat ngudn phat nhu sau:
Phuong phap 1: Diéu khién cong suét ciia ca may phat
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dién diesel va hé thong luu trit pin theo dic tinh d6 dc.
Phuong phap 2: Piéu khién cong suat cua may phat

dién diesel va BESS theo thuit toan dé xuat.

3.1. Phuwong phdp diéu khién cong suit theo dj doc

Su mét cén bang cong sudt tac dung gitta phu tai va
may phat 1a nguyén nhan gay ra do 1éch tan sé trang thai
on dinh (Af) tur tan s trang thai 6n dinh (f = 50 Hz) sang
tan s6 (f) [13].

Cong suat ciia phu tai thay d6i s& 1am cho tan sb cta hé
thdng bién doi so vdi tan sd dinh mirc. Khi d6, cong suat
ctia hé thong luu trir va ngudn phat phai bu cong suat cho
su thay dbi do.

f=f,—K,AP )

Trong do, Kp la hé sb dac trung cho cic dudng dic tinh do
doc (P-f). AP 1a o léch cong suat tac dung can thay doi
cua Ccac nguon.

f(Hz)

1 b&1 DG2

fo

Af

P Py Po P, P(W)
Hinh 8. Phuwrong phdp diéu khién do doc
Theo Hinh 8, thong thuong, cong sut cung cap tur
may phat dén tai khong ddi, hé thong dang 6n dinh & tan

v

Do SoC%
Run=0

S0C% < 50%

Pgie = Po + AP
Run =

Pgie = Po + AP
Run=1

s fo, lac nay do 1éch tan s6 Af bang 0. Nguf)n luu trit lac
nay khong nap va ciing khong phat cong sut vao ludi.
Néu c6 mot sy dao dong vé cong suét  trong hé thdng xay
ra, gia s phu tai ting, thi do léch tan sd Af lic nay sé
nho hon 0. Dan dén tan sb hé thong dich chuyén tir fo dén
f1. Luc nay ca may phat nhiét dién va ngudn luu trir phai
bom vao mot lugng cong sudt cho hé thong dé dam bao
tan s6 trong pham vi cho phép, xac 1ap tai diém can bang
mdi la fi. Nguén luu trir luc nay xa voi mot lugng cong
suat 1a AP. Nguoc lai, khi @6 1éch tan s6 duong thi nguén
luu trit phai tham gia vao viéc luu trir cong suit bang
cach nap vao.

3.2. Phwong phdp phuc héi SoC.

May phit dién diesel dwoc ding dé diéu chinh trang thai
sac (SoC — State Of Charge) cua BESS dugc tinh theo
phuong trinh (6).

Trong thuat toan diéu khién hé thong Microgrid doc 1ap
bao gom hé thong gio-diesel dwoc thé hién nhu trong Hinh
9, may phat dién diesel dugc van hanh & cong suat khong
déi Khi trang thai sac SoC cia hé théng luu trir pin dat
xuong ngudng thap (SoC < 30%) thi bat dau huy dong cong
sudt tir may phat dién diesel dé phuc hdi trang thai SoC cua
pin. Khi SoC cua pin dat ngudng SoC = 50% thi khéng huy
déng may phat diesel ntta. Lic nay, may phat dién diesel
van hanh bang cong suét ban dau.

Bing cach sir dung hé théng Iwu trit pin dé can bang
nhanh cong suat trong h¢ thong, may phat dién diesel dugc
véan hanh & cong suét khong d6i. Do @0, c6 thé giam thiéu
duogc chi phi nhién li¢u dau vao may phat, han ché duge
chc tac dong khong t6t dén méi truong. Viée diéu khién
cong suit cia hé théng luu trir pin luén dam bao
S0Crmin < SOC < S0Crmax, do d6 nang cao dugc tudi tho ciing
nhur 13 viée toi wu viée sir dung hé théng luu trit pin [14].

Sai

Ding

Pdie = Po
Run=0

Hinh 9. Luu do thudt todn phuc héoi SoC
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4. Két qua md phéng

Két qua md phong dudi ddy phan tich dép tmg tan s6
cua h¢ thong trong hai truong hop: (1) Van hanh may phat
diesel va BESS theo dic tinh do doc thong thuong va (2)
van hanh may phat diesel va BESS theo chién lugc dé xuét.

4.1. Truwong hop cé hé thong lwu tri pin

Trong truong hgp nay, may phat diesel dugc van hanh
theo dic tinh d6 déc thong thuong. Do d6, cong suit cia
may phat dién diesel lu6n thay d6i theo do léch tan so ciia
hé thong Viéc huy dong cong suét mdy phat dién diesel
thay d6i lién tuc co thé lam giam tudi tho ciia may phat
cling nhu 1a lam tang lwong khi thai CO, thodt ra mdi
truong. Tuy nhién, voi vai tro la ngudn diéu tan chinh trong
hé thong dién huyén dao Phu Quy, lac ndy may phat dién
diesel van co6 kha nang duy tri tan s6 hé thong duy tri trong
khoang f=50+ 0,2 Hz nhu theo cac yéu cau vé chat luong
dién ning. Do thi cong sudt ciia may phat dién diesel duoc
thé hién nhu trong Hinh 10.

= g x10
g
349
w8
=}
547

0 2 4 6 g§ 10 12 14 16 18 20 22 24

Thoi gian (h)
Hinh 10. Pdp itng cong sudt ciia diesel
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g s
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&-10
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Thoi gian (h)
Hinh 11. Pdp iimg cong sudt ciia pin
Khi ¢6 sy mat can bang cong suit giita ngudn phat va
phu tai trong hé thong. Hé thong luu trit s€ sac/xa cong suat
dé can bang cong suat trong hé thong nhu Hinh 11.

w
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49 95
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Tén s6 (Hz)
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Thoi gian (h)
Hinh 12. Tdn 56 ciia hé thong khi ¢6 thiét bi luu trir
Vi kha nang dap ung cong sudt nhanh cua hé thong
lwu trit, hé thdng ludn can biang dugc cong suat cua nguon
phat ciing nhu 1a phia phu tai tiéu thu. Tan sb ciia hé thong
dao dong trong khoang tdn s6 danh dinh cho phép
f=50+0,2 Hz nhu Hinh 12. Nhu vén tan s6 cta hé thong
duoc duy tri 6n dinh.
4.2. Truong hop cé lwu trik va phuc héi trang thdi sac
SoC ciia BESS
Ban dau h¢ thong hdn hop gio-diesel dugc van hanh véi
ngudn phat diesel co gia tri khong doi. Hé thong luu trir s&
dong vai trd chinh trong viéc can bang cong suat cua h¢

théng aé 6n dinh tan sb. Khi trang thai sac SoC cua hé
thong xudng ngudng S0C = 30% thi nguon phat diesel bat
dau tang cong suat so v4i gia tri ban dau. Khi trang thai sac
SoC ctia hé thong luu trir ting 1én dén gia tri SoC = 50%
thi may phat diesel giam cong suat vé gia tri ban dau nhu
Hinh 13, Hinh 14. Véi viéc 4p dung phuong phap phuc hoi
trang thai sac SOC gitp cho cong suat ctia hé thong luu trit
pin luén dam bao lam viéc trong khoang SOCmin < SoC <
S0Cumax, diéu nay gitip tdi wu kha nang sir dung hé théng luu
trir pin. Bén canh d6 con han ché viéc xa sau ctia hé théng
Iuu trit gop phan nang cao tudi tho cia pin.
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Khi 4p dung phwong phap phuc hdi trang thai sac SoC,
khi d6 tan sé cua hé théng van dugc duy tri trong khoang
cho phépf=50+0,2 Hz nhu Hinh 15. Nhu vén tan s6 caa
hé thong van duoc giit 6n dinh.
_ Trang thai sac SoC cua BESS qua chiénﬂ Iwgc van hétnh
dé€ xuat ludn duoc duy tri trong ngudng dé dam bao tudi
tho cta pin. Trang thai sac SOC cua BESS dugc thé hién
nhu trong Hinh 16.
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Hinh 16. Trang thdi sac SoC ciia BESS trong chién luge dé xudt

5. Két luan

Qua d6, bai bao nay dé xuit mot thuat toan van hanh
cho mot hé théng dién doc 1ap ¢ huyén dao Phu Quy bao
gdm gid-diesel két hop voi BESS. Theo d6 gitup nang cao
dugc kha nang thdm nhap cua nguon nang luong gio vao
trong hé théng dién. Cac dao dong dén tir cac ngudn niang
luong tai tao dugc 6 on dinh nhanh nho hé thong luu trit pin.
Thuat toan diéu khién phuc hdi trang thai sac SoC cua
BESS d& xuit gitp duy tri mirc ning lwong cua pin ludn
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nam trong ngudng van hanh 6n dinh, ting tudi tho cia pin.
Trong twong lai, huéng nghién ctru s& phat trién thém cac
thuat toan diéu khién toi uu vao trong hé thong ddng thoi
khao sat chit lugng dién nang theo nhiéu phuong dién tan
sO, dién ap. Cac nghién ctru sau nay s& lam nang cao tinh
kha thi ctia bai bao dugc nghién ctu.

Loi cam on: Nghién ciru ndy dugc tai trg boi Quy Phat
trién khoa hoc va cong nghé DPai hoc Da Nang trong d¢ tai
c6 ma so B2019-DN02-57.
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