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Tom tat

Bai bao nay xay dwng cong thire kinh nghiém tinh do phu thue vao Iw6i (GD) cda hé thong pin mét troi (PV)
két hop &c quy cung cap dién cho mét sé loai phy tai. Truoe hét GD duoc tinh toén bang céch st dyng s
lidu thoi tiét théng ké trong 15 ndm cua 7 dia diém & Viét Nam véi dung lvong khéc nhau cda PV va ac quy.
Tir két qua tinh toén co thé rut ra nhan xét la GD ti Ié tuyén tinh véi tdng luong birc xa hang ndm ma khéng
phu thuéc vao chudi birc xa theo thoi gian ciing nhuw vi tri dia ly. Vi thé, nghién ctru da st dung phuong
phép tw héi quy xay dung céng thirc tinh GD Ia ham sé cia téng luong blrc xa hang ndm, dung luong cla
ac quy va PV.

T khéa: nang lwong mét trovi, dc quy, dd phu thudc lwéi, tdng lwgng birc xa hang nam
Abstract

This paper aims at developing an empirical formula for grid dependency calculation of a PV/battery
supplying to several different kinds of demand. First, the GD was calculated based on the time series of the
statistic weather data at 7 locations in Vietnam over 15 years and corresponding to different capacity of PV
and battery. From the results, the GD can be estimated based on the total solar radiation without the time
series and the location. Then the research established a formula for GD as a function of the annual total
radiation, the capacity of battery and PV using autoregressive model. The developed formula has a high
accuracy in quickly estimating the GD of the system. Moreover, it was also verified by applying to another
location and compared with the results obtained by directly calculating from the time series of irradiation.

Keywords: Photovoltaic system, battery, grid dependency, annual total radiation.

1. Ditvan dé

Nang luong tai tao (Renewable energy — RE)
dang duogc nghién ciru va tng dung & khap noi trén
thé gioi, ddc biét 1a trong bdi canh cac cic ngudn
ning lwong héa thach tir than da, dau mo,... dang
ngdy cang can kiét [1-3]. Néang luong mit troi
(Photovoltaic - PV) ¢6 vu diém 1a c6 kha ning téi tao,
bén vimg, than thién véi méi trudng nhung cling co
nhuoc diém 1a dao dong bat dinh va phu thudc vao
thoi tiét [3]. Pé dam bao cung cip dién cho phu tai
mot cach on dinh, hé thdng dién mat troi thuong duoc
ndi véi ludi hodc véi cac thiét bi du trir ning lugng
nhu ic quy (Hinh 1). Vi thé viéc tinh toan do phu
thudc vao ludi (Grid Dependency — GD) ¢6 y nghia
quan trong va thiét yéu dé dam bao van hanh hé
thong 6n dinh, ddc biét 1a khi tinh toan thiét ké xay
dung hé théng PV/ic quy hodc tinh t6i wu dung luong
cac thiét bi.

* Dia chi lién hé: Tel.: (+84) 983.533012
Email: thu.nguyenthihoai@hust.edu.vn

C6 nhiéu théng sb k¥ thuat khi nghién ctru hé
théng PV/ic quy cép dién cho tai va cé nbi lugi va
duogc sur dung trong bai toan tinh dung lugng t6i wu,
vi du nhu x4c suit mét dién (LPSP), luong dién nang
khong dwoc cung cip (EENS), hé sb mit dién twong
duong [4-7]. Céc thong sb nay thuong dugce tinh bing
phwong phép l3p twong tmg v6i 1 nam thoi tiét dién
hinh tai | dia diém nao d6. Do d6, khi thoi tiét thay
ddi qua cac nam, hodc véi cac dia diém khac nhau thi
viéc tinh toan s€ phai thuc hién lai. Mat khac, hién
nay chua c6 nghién ctru nao ¢ Viét Nam tinh toan d¢
tin cdy cung cp dién ciia hé théng PV/ic quy dua
trén blirc xa mat troi va dung lugng cac thiét bi theo
huéng tong quat. Trong bai bao niy, tic gia da xay
dung cong thuc kinh nghiém dé tinh do phu thudc
vao ludi GD cho cac dia diém & Viét Nam. Mi quan
hé ham gitra GD va diéu kién thoi tiét, dung luong
cac thiét bi duoc thiét lap dua trén tinh toan GD ¢ 7
dia diém khac nhau véi s6 liéu thoi tiét trong vong 15
nam. Ngoai ra, 3 loai phu tai cling dugc xem xét
trong viéc tinh GD. Sau khi xay dung cong thire, viéc
danh gi4 d6 chinh xac cua no ciing dwoc tién hanh va
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duge kiém chimg 4p dung ¢ 1 dia diém khac voi
nhitng dia diém da dung dé thanh 1ap cong thirc.

2. M0 hinh h¢ théng

So d6 khdi cua hé théng PV két hop ac quy
dugc minh hoa trong hinh 1. H¢ thong bao gom cac
tam PV va dc quy cép dién cho phu tai. Céc thiét bi
duoc ndi v6i hé théng dién 1 chiéu qua cac bo chuyén
doi dién.

Tai

U

Hinh 1. M5 hinh hé théng PV/ic quy
2.1. H¢ thong ning lwong mdt troi (PV)

Cong suit cia PV phu thudc vao thQi tiét, dac
biét 1a blrc xa mat troi va nhiét do. Co6 thé udc tinh
cong suat PV theo cac cong thirc sau:

B ®=Coox 2D xnll e ()
Moss (n=1- ﬂ“(Tcell(t) - 25) (2)
S(;) x (Tnocr —20) ()

Trong do6: Pey(t), Cey tuong tng la cong suét
du ra ¢ thoi diém t va cong sut dinh mirc cua PV
(kW). S(t), Sstp la cuong do buc xa thuc té & bé mat
nghiéng cua tim PV (kW/m?) va bic xa chuén (1
kW/m?). 4z la hiéu sudt cia bd chuyén doi
DC/DC. Mioss 12 hiéu suat khi tinh dén ton thit nang
luong do sy ting nhiét do. A 1a hé s nhiét do
(0,0046/°C), Teen(t), Ta(t) va Tnocr twong tng 1a nhiét
dd cua tim PV, nhiét do ngoai troi [°C] va nhiét do
van hanh danh dinh (45°C).

2.2. Ac quy

Ac quy 1a 1 thiét bi luu trir dién ning thudng
duoc st dung kém voi hé thong pin mét troi [8] do co
uu dlem 1a c6 kha ning thay doi cong sudt nhanh va
hiéu suat cao. Ac quy c6 nhuge diém 1a mat d6 dong
dién th_ap, bi t6n thét dién nang do hién tuong tu xa
[8,9]. Ac quy dugc md hinh bang lugng dién nang tai
ting thoi diém, c6 thé wde tinh nhu sau:

EBA(I):EBA( _I)X(I_U)+

BA.disch (4)

[P DBL/::i: (t - 1)>< 77d1 XMNeoyy — :ﬁi‘:ﬁ (t I)J x At

XNecony

V6i Epa (t) 1a lwong dién ning trong ic quy &
thoi diém t, o 1a toe do tu x4 trong 1 gidr (4,610 /h)
va n°h, ndish tirong g 13 hidu suat clia qua trinh nap
va xa (nch — ndlsch =0 9) PBAch (t) PBth (I) la cong

DCside DCside
sudt nap hodc xa clia c quy ¢ thoi diém t, xac dinh
dua vao viéc phan chia cong suat cho cac thiét bi
(Power management strategy — PMS)

2.3. Phuy tii

Ta xét 3 loai phu tai khac nhau st dung dién
hinh trong hé thdng: tai van phong (tai 1), tai sinh
hoat (tai 2), va tai bang phing cip cho bénh vién (tai
3). Gia thiét cac loai tai nay c6 dang nhu trén hinh 2.
Ngoai ra dé tong quat hoa bai toan, gia thiét 1a tong
nang lugng tiéu thu trong 1 ngay cua tai 1a 1 don vi
teong Gng véi 1 kWh/ngay.

= =Vian phong ===Sinh hoat —Bénh vién
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Hinh 2. Cac loai tai tiéu thu khac nhau.
2.4. Dir liéu thoi tiét
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Hinh 3. GHI (Global Horiontal Irradiation) cua 1 sd
vung ¢ Viét Nam (a), buc xa mat troi va nhiét do nam
2005 tai Ha Noi (b)

2.5. Chién thugt phén chia cong suit (PMS)

Viéc phan chia cong suit duoc thye hién nhu
sau: luong cong suat phat ra ¢ thoi diém t cua PV
Ppv(t) s€ cap cho tai Pp(t):
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- Khi Ppy(t) > Pp(t) nghia la thira cong suét thi
dc quy s& nap dién néu chua ddy:

b0

BAch( ) (Z)— (5)

DCside ”INV
Trong truong hop dc quy ddy thi phan cong suat
thtra nay duoc ti€u thy boi tai nhiét hodc giam bat 1
sO tam pin mét troi.
- Khi thiéu cong suit thi dc quy s& phat dién bo
sung cho tai néu chua xa hét

pBAdisch (t) = £ -P,(?) (6)

DCside
UINY

~ Trong d6 nivv, Neonv 1a hiu suét ctia bd chuyén
d6i (Mmwv= Nconv=0,9). Ega(t) bi gidi han trong pham
vi (0,Cga) (kWh).

Néu ic quy khong con du nang luong dé cung
cép thi cong suat ic quy co thé phat ra dwoc tinh tir
cong thirc (4) khi biét lvong dién ning con lai cua dc
quy. Khi d6 phan cong suat thiéu khong du s& duoc
cung cép tir ludi:

5®

INV

gnd (t) - - PPV (t) P;(:qui‘j(h (t) (7)

Peria(t) (kW) 12 phan cong suit nhan tir ludi tai
thoi diém t néu co.
3. Do phu thudc vao lwéi
3.1. Khdi niém d¢ phu thujc vao luoi

Do phu thudc vao ludi duge dinh nghia la ti s6
gitta lugng dién nang nhan dugc tir ludi khi hé théng
PV/ic quy khong thé cung cap cho tai va tong dién
nang can cung cap cho tai trong 1 nam:

8760

x1
GD:M )
E

Dyear
Ebyear 12 dién nang ti€u thu cua tai trong 1 nam.

Thuét toan dé tinh GD theo sb liéu thuc cua thoi
tict dugc mo ta trén hinh 4.

3.2. Xdy dung cong thirc kinh nghiém tinh GD

Pé xiy dung cong thirc kinh nghiém tinh GD
phu thudc vao thoi tiét va dung lwong cac thiét bi,
trude hét GD s& duoc tinh toan theo thuét toan trong
hinh 4 dya véo sb liéu thuc té cta bic xa mit troi va
nhiét d6 & 7 dia diém khéac nhau (Son La, Quang
Ninh, Hai Phong, Ha Noi, Nghé An, Pa Ning va
Hué) trong vong 15 nam. Sau dé, tir két qua tinh toan,
st dung phuong phap xp xi hdi quy dé thanh lap
ham quan hé ctia GD va céc thong sd.

[(£a0 =Eza i |

[Esa0= EB.—\I&,

[ tinh Poi(o | [
i

X t=8760
YES

Tinh
D¢ phu thude vao ludi dién

Hinh 4. Thuit toan dé tinh toan do phu thudc vao
ludi theo chudi birc xa va nhiét do.

3.2.1. Méi quan hé cia GD va tong lwong birc xa
hang nam:

Duya trén két qua tinh toan GD, mdi quan hé
gitta GD va tong lugng birc xa hang nim Sy duge
thiét 1ap va biéu dién trén hinh 5. C6 thé nhan thiy
GD ti 1& tuyén tinh vOi Sier. Do d6 ¢6 thé tinh toan
GD dua trén Siora ma khong phu thuge vao dang song
cua chu01 sO liéu thoi tiét, nghia 1a cd thé dung 1
thong sb dai dién cho diéu kién thoi tiét, do 1a tong
lugng birc xa hang nam.

3.2.2. Sw phu thuoc cua GD vao dung lwong PV va dc
quy:

Dua trén phat hién vé su phu thudc cua GD vao
Stoat, tac gia da dé xuét phuong phép xac dinh GD
dua trén Siewl, €ONg sudt dinh mirc cua PV Cpy, dung
lugng cua dc quy Cpa ma khong can xét theo nam,
khu vuc va dic biét 1a khong can chudi sb lidu thoi
tiét. Co thé théy GD phu thudc vao lugng dién PV
phat ra hang nam, 1a dai luong dugc xic dinh bang
tich s6 ctia Cpy va Stora nhu trong biéu thire sau:

8760

EPV Slolal e CPV / SSTD [Z S(I)Atj x CPV / SSTD (9)
t=1

Hinh 6 biéu didn mbi quan hé giira GD va Epy
trong mot s6 truong hop Cea khac nhau. Két qua cho
thdy cac diém duoc phan bd theo dang ham mii. Mo
hinh hdi quy cua ham mii dugc lya chon nhu sau:

GD=axe™ +1-a (10)

Trong d6 a, k 1a cac hé s6 hdi quy.
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Hinh 7. Sy phu thudc cua cac hé s6 hdi quy vao Cpa
trong truong hop mau tai 2

St dung phwong phép binh phuong tdi thiéu, a
va k duge xac dinh twong mg véi mdi Cpa khac
nhau. Hé sb xac dinh R? dung dé danh gia d6 chinh
xac cta ham tim dugc, R? cang gan 1 thi ham s6 tim
duogc cang chinh xac [9]. Két qua tinh toan cho thdy
R? dao dong tir 0,987 dén gan bang 1. R? cao chimg
t6 lya chon ham sb dang mii 1a hop 1y va cac hé $6
tim dwoc twong d6i chinh xac.

Hinh 7 biéu dién su phu thude cia a va k vao
Csa trong truong hop mau tai 2. Cac hé s0 nay 1a ham
cua Cga theo phuong trinh héi quy sau:

. axCp+a, (C,<C)
a;xe"" +a; (C <Cy,)

an

kl ><C‘BA +k2 (CBA <C2)
k=1k,xC; +k,xC, +k, (C,<C, <C,) (12)
kGXCBA+k8 (C3SCBA)

Trong hinh 7, dudng cong hdi quy (duong mau
do) cho a, k dugc xdy dung sir dung phuong phap
binh phuong tdi thiéu. Cac hé s6 xac dinh cta qua
trinh hoi quy twong tng 13 0,995 va 0,982.

Tinh toan tuong tu, két qua tinh cac hé sb cho
cac mau tai thu dugc nhu trong bang 1

Bang 1. Hé sb trong cong thirc tinh GD cho céc tai.

Tai Ci C> Cs3 a a2
1 0,2 0,12 0,9 0,303 0,908
2 0,6 0,16 1 0,710 0,427
3 0,6 0,16 1 0,710 | 0,442
as a4 as ki ko
1 -0,08 -2,05 1,017 -0,93 -2,95
2 -2,108 | -4,369 1,009 3,429 -5,277
3 -1,823 -4,118 1,015 3,454 -5,142
k3 ks ks ke k7
1 0,076 -0,225 -3,015 | -0,073 -3,098
2 -3,249 6,094 -5,558 | -0,037 -2,691
3 -3,182 5,849 -5,402 | -0,037 -2,709

3.3. D¢ chinh xdc ciia cong thirc kinh nghiém:

Do chinh xac cua cong thire vira xay dung duoc
danh gia qua gia trj sai sO tuy€t doi trung binh MAE
duogc tinh nhu trong biéu thuc (12):

n n
Sle;] i = f(x)
n n
Trong d6 x = {x;} biéu thi cho chudi S, f{x)
la gid tri wdc tinh cia GD theo cong thirc kinh
nghiém, y = {y;} 1a chudi GD tinh theo dit liéu thuc
té, n lasb luong dir lidu.

(12)
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Hinh 8. Phan bd sai s6 tuyét ddi trung binh giita GD
tinh theo cong thirc kinh nghiém va tinh theo s liéu
thoi tiét thuce té voi mau tai 2

Str dung Cpy trong khoang tir 0 kW dén 2 kW
vai bude 0,02 kW, Cpa tir 0 dén 2 kWh véi bude 0,02
kWh, sai so tuyét ddi trung binh tuong tng v6i mdi
cip (Cpy, Cpa) duoc tinh va biéu dién trén hinh 8 cho
mau tai 2. Tir hinh 8, ¢6 thé thiy MAE twong ddi nho
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trong ving Cpy va Cpa cao va 16n nhét 1a 0,05, trong
Vﬁng Cpyv=0,5 kW.

Sai s6 tuyét d6i trung binh dugc tinh tuong tu
cho cac miu tai 1 va 3. Nhin chung, chung twong d6i
nho va co thé ndi rang cong thirc GD da xay dung co
d0 chinh x4c cao.

4. Kiém chirng cong thirc kinh nghiém tinh GD

Trong phin nay cong thic kinh nghiém vira
x@y dung s€ duoc sir dung dé tinh GD cho hé thong
PV/ic quy ¢ Thanh Hoéa voi gia thiét dung luong cua
PV va ic quy twong tng 1a 0,2 kW va 0,3 kWh cip
cho phu tai sinh hoat, sau d6 so sanh véi GD tinh theo
chudi birc xa mat troi trong 25 nam.

Trén hinh 9 1a két qua so sanh khi sir dung
chudi birc xa theo thoi gian dé tinh GD (GDyea) V&
tinh theo cong thire da xdy dung (GDrtormuta). GDreal
thay ddi tir 0,535 dén 0,598 con GDrformui gdn v6i gid
tri GDrear.

- = GDformula e GDreal

2 0.64

8

> 0.6

Q

(g-

£ 0.56

E.

a (.52

oy 1.1 1.3 1.5 1.7

Téng luong birc xa hang nam (MWh/m?)

Hinh 9. So sanh két qua GD tinh theo cong thire kinh
nghiém va tinh theo chuoi so li¢u blirc xa ¢ Thanh
Hoa trong 25 nam v6i Cpy = 0,2 kW, Cga = 0,3 kWh.

Ngoai ra, con 1 van dé nita can nghién ciru khi
st dung cong thic da xdy dung, d6 1a can lya chon
gid tri clia S dé tinh GD. C6 thé nhan xét 1a GD ti
1&¢ nghich v6i Siwl, do d6 lua chon S nhd s€& dam
bao GD tuong dbi 16n va khéng qua nhé so voi ky
vong. Két qua tinh toan cho thdy GD tuwong ung véi
Stowl 0 x4c sudt dam bao 95% 1a 0,594 rét gan so voi
gi4 tri 16n nhét ciia GD tinh tir chudi s6 liéu (0,598),
vi thé Siewt Vi x4c suit dam bao 95% duoc chon dé
tinh GD trong cong thirc kinh nghiém.

5. Kétluan

Bai bao nay da xay dyng cong thirc kinh nghiém
dé wdc tinh d6 phu thudc vao ludi cua hé thong PV/ic
quy cip dién cho céc loai phu tai khac nhau. C6 thé
rat ra két luan 1a GD phu thudc vao téng lugng birc
xa hang niam, dung luong ciia PV va ic quy. M6 hinh
xap xi hdi quy duoc sir dung dé tim ra mdi quan hé

10

giita GD va cac dai luong nay. Két qua cho thiy ham
tim dwgc c6 do chinh xac cao va co thé ap dung dé
udc tinh mot cach don gian d6 phu thudc cua hé
thong nay vao ludi.

Loi cam on

Nghién ctru ndy dugc tai trg boi truong Dai hoc
Bach Khoa Ha Noi theo chuong trinh d€ tai phén cap
ma s0 T2017-PC-103.
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