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TOM TAT

Bai bdo nay trinh bay phuwong phdap xdy dung mé hinh tinh toan san luong dién mat troi
cho nha mdy dién mat troi thieong mai, dua trén méi trieong MATLAB/SIMULINK. Hé thong
bao gom mét mé dun pin quang dién thuwong mai, mé hinh ton that san liwong va mé hinh wéc
liong San lwong dién. Bén canh do, mot mé hinh c6 cong sudt lap dat thiét ké lan lieot la 59KW
va IMW dwgc xdy dung dua trén mé dun quang dién thiwong mai thuc té. Két qud tir mé hinh
dugc so sanh véi nha mdy dién mdt troi trén mdi ndi ludi tai hai dia diém cua tinh Binh
Duong: Pién luc tai thi xa Bén Cat va Khu du lich Bai Nam tai thanh phé Thii Dau Mét.

Véi hai nha mdy khdc nhau c¢éng sudt khdc nhau, qua két qua thie nghiém cho thdy dé
sai léch la 5,36% giiza mé hinh va két qua do lwong thuec té tai nha mdy. Tir két qua phdn
tich cho thdy mé hinh xdc dinh san lwong dién mdt troi c6 nhitng wu diém (1) cé dg chinh
xdc tin cdy; (2) khong phu thugc vdo cdc phan mém tinh todn san lwong dién thwong mai;
(3) gidm chi phi dau tw cho phan mém xdc dinh san heong.

Tir khoa: MATLAB/SIMULINK; wocC San luwong dién mat troi; mé dun quang dién; ton that
san lwong, dién mat troi ap mdi.
ABSTRACT

This paper presents a method to develop a yield model for photovoltaic rooftop system
based on the MATLAB/SIMULINK environment. The system including a photovoltaic model,
losses model, and yield model. Furthermore, a model with a 1MW and 59kW capacity
photovoltaic rooftop system is built for simulation. The results of the simulation will be
compared with two photovoltaic rooftop systems connected to the grid in Thu Dau Mot, Binh
Duong province.

From the analysis results, the system has the gap between simulation and measurement
is 5,36 %. The system has advantages (1) sufficient accuracy; (2) erase commercial
photovoltaic software; (3) cost-effectively.

Keywords: MATLAB/SIMULINK; PV model; losses model, rooftop system; Yield model.

. - 10,3-11,3%/ndm va giai doan 2021 - 2030
1. GIOITHIEU . ) . khoang 8,0-8,5%/nam, trong khi ngudn ning

Hién nay, nhu cau cung cap nguon nang luong chu yéu tai Viét Nam la thay dién
luong phuc vu nhu cau phat trién cua dat (41%), than (37%), tuabin khi (15%), ngudn
nudc ngay cao da dugc du bao qua toc d0  khac (7%) [1]. Pac biét, sau khi c6 Quyét
ting truong giai doan 2016 - 2020 1a  dinh 11/2017/QB-TTg [2] vé co ché khuyén
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khich phat trién dién mat troi, dén thoi diém
hét thang 6/2019, ca nudc co 88 du an dién
mat troi néi ludi véi tong cong suat gan 4500
MW va 154,6 MW dién mat troi mai nha vao
véan hanh phat dién. Ngoai ra, 200 dv an dién
mat troi V0’| téng cong suat 1a 17 GWp dang
dang ky trién khai trong giai doan tir nay dén
2025 [1]. Do d6, mot trong nhiing giai phap
nganh ning luong Viét Nam dang khuyén
khich, tao diéu kién phat trién cac du an dién
mat troi, ma van dé can quan tdm 13 san
luong dién cho cic du an dién mat troi ap
mai tao ra duoc so véi thuc té do tén hao san
luong. Trong nhitng nim gan day c6 nhiéu
nghién ctu vé phan tich tiém nang ciing nhu
san lugng dién cac du 4n di¢n mat troi duoc
nghién ctu tai mot s6 quéc gia dién hinh nhu
Bang 1. Theo thong ké Bang 1, nhiing nghién
clru ndy cac tac gia tap trung vao cac két qua
do luong san lugng di¢n tir cac nha may dién
mat troi trén méi hodc nodi ludi tir d6 tinh
toan hiéu suat caa nha may PR cua hé thdng.
Theo két qua nghién ctru dugc tai An Do Vi
cong suét lap dat 10MWp [3] thi san luong
dién hang nim 1a 15.798MW va tai Tay Ban
Nha [6] chi dua ra gia tri PR 1a 84,13%.

Bdng 1. Mgt s6 nghién citu vé tiém nang dién
mat troi tgi cac quoc gia.

Cong suét San

Qubc gia lap dat lugng Hicu
Ma]  mwh]

An @6 [3] 10 15798 86,12
Mauritania [4] 15 73,56
Ghana [5] 2,5 70,4
Téay Ban Nha [6] 1000 - 84,13

Theo do, trong nhirng nghién clru nay
cac tac gia tap trung vao cac két qua do
luong san dién tir cac nha may dién mat troi
trén mai hodc ndi lugi tir d6 tinh toan PR cua
hé théng. Bén canh do6, dé udc luong san
luong dién cac nha dau tu can trang bi cac
phan mém thuong mai. Uu diém cua cac
phan mém thuong mai 13 wdc lugng san
luong di€én mat troi nhanh, don gian nhung
chi phi dau tr cho phin mém thwong mai
tuong dbi cao. Bang 2 so sanh cac phan mém
udc lugng san lugng dién thuong mai.

Bdng 2. So sanh gid thanh cia cdc phan mém
thwong mai mai woc lwong San luong dién

Phin mém Chirc nang Gid thavnh Thkf)ng tjn
USD/Nam phan mém
PV syst Uéc luong 1.300 https: www.
san lugng pvsyst.com
dién mat troi
Homer Uéc luong 2.160 https: www.
san lugng homerenergy.
cac du an com
nang luong
tai tao va tinh
toan chi phi
RETscreen  Udc luong 869 WWw.nrcan.gc
san luong .ca/
cac du an
nang luong
tai tao va tinh
toan chi phi
M6 hinh Udc lugng _ MATLAB
x4c dinh san lugng /SIMULINK
san luong dién mat tro1

Trudc tinh hinh do, ¢ nghién clru nay tac
gia xay dung mo hinh tinh toan san lugng
dién dua trén tiém nang bac xa mat troi tai
khu vuc. Cac sb liéu bac xa mat troi duoc
dua vao mo hinh va tinh todn san lugng dién
tir d6 nha dau tu co thé dénh gia duogc tinh
kha thi cua dy an. Bén canh d6, dé ching
minh d0 chinh x4c cia md hinh tac gia so
sanh két qua caa mo hinh véi két qua do
luong thyc té tai hai nha may dién mat troi
trén mai ndi ludi Pai Nam va tai Dién luc
Bén Cat.

2. MO TA HE THONG

M0 hinh tinh toan san luong dién mat troi
cho nha may dién mat troi thwong mai dugc
xdy dung dua trén moi truong MATLAB/
SIMULINK (Hinh 1). M6 hinh bao gém: mo
hinh pin quang dién, mo hinh ton that san
luong va md phong tinh toan san lugng. Dua
trén blrc xa mit troi tai diéu kién thuc té, mo
hinh pin quang dién s& tinh toan cong suat
thuc té twong ng voi birc xa va nhiét do tai
dia diém dat nha may dién mat troi.

Theo d6, md hinh t6n hao san luong dién
bao gém ton hao do bo bién déi dién, ton hao
do day dan, ton hao do birc xa mat troi b
phan xa, ton hao do do suy giam cua pin
nang luong mat troi va ton hao do may bién
ap. Tur nhitng thong s6 d6 hé thng sé cho ra
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két qua san lugng dién tuong tng voi bic xa
mat troi tai kKhu vuc can udce lugng.

Bure xa miit troi the &

Bite xa mit trin HKC

»{ Mahinh pin

Sin uomg
quang dién .

Nhiét do

Thing, nim

>

Tong t0n hao cua nhi
may

Xicdinhsanleong i

>

» Mahinh ton
hao

>

>

Hiu suit ciia

i
phin xa toim hicu sud( nhi mity
Tinh toim hiéu suit nhi mi NEd dy (PR)

Tén bao chit luong pin

MATLAB/SIMULINK

Hinh 1. M6 hinh xdc dinh san luong dién
3. PHUONG PHAP
3.1 Mo hinh pin quang dién

Mot té bao quang dién tao ra cong suét
khoang 2W (Pmax < 2W) va dién ap khoang
0,5V. Trén thuc té cac mo-dun nang luong
mat troi thuong mai c6 cong suat tir 2W dén
410W. Xay dung mo-dun nang lugng mat
troi tao ra cong suat nhu trén thi ghép song
song cac té bao quang dién trén mot mo dun
PV va nhiéu mo-dun PV ndi tiép lai véi nhau
dé tao ra dong dién va dién ap dap ung theo
nhu cau thyc té. So d6 mach twong duong
cho mo6-dun nang lugng mat troi Hinh 2.

MO hinh thyc té
M6 hinh don gian
MO hinh ly tuong Ng
N, — &
P NP
—]> TI-‘

Hinh 2. M6 hinh tong quat pin quang dién

T mod hinh tong quat nhu Hinh 2
phuong trinh todn hoc cia pin quang di¢n
duoc viét nhu sau:

I =1~ [exp[wj—l}% 1)

KT.A Ry,

Trong do:

|y, : Dong quang dién.

|, : Dong bdo hoa.

g =1,6 x 10™C: dién tich nguyén t.

k =1,38 x 10%J/K: hing s Boltzmann.

T : nhiét d6 1am viéc cua té bao quang dién.
A: hang sb 1y tuéng cua vat liéu ban dan.
Ry : dién tré song song (shunt).

R, : dién tro ndi tiép (series).

Dong quang dién cua Pin quang di¢n phu
thudc vao burc xa cua mat troi va nhiét do
lam viéc cua té bao quang dién, theo cong
thuc (2):

A
25TC )

__|STC STC
loy = lsc” +K (TPV +Toy )
Vi

STC \ < ) . BN
I~ : dong ngan mach caa pin quang dién
tai 25°C va 1kW/m”.

STC “ a A o D - A A 5 .
Toy @ nhiét @6 & diéu kién chuan cua pin
quang dién (25°C).
T,y :  nhiét d6 lam viéc cia pin quang dién.
Ki:  hé sd nhiét d6 dong ngan mach cia té

bao quang dién.
A57C : blrc xa mat troi IkW/m?.

_ Dong dién bado hoa pin quang di¢n thay
doi theo nhiét do cua té bao quang dién, theo
cong thuc (3) nhu sau:

1 1
3 qE, [T sTC Tj
j exp PV c (3)

Is = IRS (T-I;CTC KA
PV

Trong do:

ls: dong dién chay qua noi tré song song

E,:  ning luong khoang cach cua chat ban
dan cua té bao quang dién.
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Toy© 2 nhiét do & didu kién chuan cia té bao
quang dién °C.
A: hang s6 1y tuang vat liéu PV (Bang 3).

Bdng 3. Hang sé Iy fuong vat liéu phyu thuge
vao cong nghé PV

Cong nghé Hiing s6 ly twéng vit ligu (A)
Si-mono 1,2
Si-poly 1,3
a-si:H 1,8
a -si:H tandem 3,3
a-si:H triple 5,0
CdTe 15
CIS 15
AsGe 1,3

3.2 M6 hinh xac dinh san lwgng

M6 hinh xac dinh san lugng dién mat
troi dugce xay dung theo biéu thic sau:
Yivoi = Ymang * Lng tnong 4)
Yinang = G * A * ny, (5)

Dua trén mo hinh pin quang di¢n san luong
dién duoc viét lai theo biéu thirc bén dudi:

Yméng =GP DC_STC_array (6)
Yiwsi = G * PDC_STC_méng * Lhé théng (7)
Trong do:

G:  Buc xa mat troi (kWh/m?)

N,y: Hiéu sudt PV Modun & diéu kién chuan.
A: bé mat dién tich tam pin.

Lyt thng: 10N hao hé thong.

Ppc stc mang : cOng sudt DC mang diéu kién
tiéu chuan.
4. XAY DUNG MO HINH TiNH TOAN

SAN LUQNG BANG PHAN MEM
MATLAB/ SIMULINK

4.1 Xay dung mé hinh pin quang dién
tréen MATLAB/SIMULINK

Dé xay dung m6 hinh xdc dinh san lugng
dién trén phan mém MATLAB/SIMULINK

trude tién can xdy dung mé hinh pin quang
dién thuong mai. Trong nghién ctru nay, st
dung pin quang dién cua hang Canidian 330W
va Irex 360W phu hop Vvéi pin quang dién do
hai nha may dién mat troi Dai Nam va bi¢n
luc sir dung. M6 hinh pin quang dién duoc
xdy dung nhu Hinh 3 va Hinh 4.

I1VP
' / Cong suat
‘ ‘ 1
iy T 2 &P
2
' 1
L Buc xa mat ok D
e
Dong den |
Nhiet do
j Mo dun_Ganadian 330

Hinh 3. M6 hinh pin quang diéen

1 » "
Hién ap vao :
Cong srdt Ngd ra cdng suat
‘ N "0
»

Birc xa mit frén Iph N

fiu)
() | i
Nhiél 85 D'unguuuugﬁén,T" flu)
e den T 15 I P Phuongim drg i |y
L 9 TUEN | g g 46 dong dién

Treh273.15

Hsngso‘ @J
Dang bao hoa
Irs

Nhigt 06 tham khéo Irs

Hinh 4. Chuwong trinh con cua mo hinh
quang dién

4.2 MB& hinh ton thit caa hé thong

Céc ton that cua hé thong bao gdm ton
that goc t6i, ton that do bui trén bé mat pin
quang dién, ton that do nhiét do, ton that LID,
ton that day dién, ton that bo bién d6i dién
(InL) va ton thit may bién ap (TrL) co tac
dong manh dén san lugng di¢n mat troi cua
nha may dién mat troi két ndi vao ludi dién.
Bang 4 trinh bay cac tham sd ton thit.

4.3 Xay dung mé hinh tinh toan sian lugng

Mo hinh xac dinh san ll{ong dién duoc
xay dung dua trén giao dién do hoa trong moi
truong MATLAB/SIMULINK nhu Hinh 5.
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Bing 4. Cic tham s6 ton that

Tham s6 ton that Gia Tai liéu
tri tham khao

Ton hao do goc 1-6% [7]
nghiéng (IAM)
Tbn hao do bui (SL) 1- 4% [8]
Tén hao LID 2,9% [9]
Ton hao do chat lwong 3% [8]
Module (MQL)
Ton hao do khong phu 1% [10]
hop (ML)
Ton hao suy giam 0,5% [9]
Module (MDL)
Tén hao do day dan 1% [7]
(WL)
Toén hao trén Inverter 2,2% [10]
(InL)
Toén hao do May bién 1,6% [8]
ap (TrL)

——

San luong thang 7

San luong thang 1
EEpig E

an Iuong thang

S _@

an luong thang f- San luong thang 3

[l
In2 L
In3 [l
in
"
n
San luong thang
in
057 an luong thang —| San luong thang 4
Ini an luong thang
n an luong théng san luong thang 5
in
an luong thang
In11
Iz Sanluong thang 1} San luong thang 6
I an luong thang :-l

San luong thang

"
In15
San luong narf

San luong nam

San luong thang 8
:|

San luong thang 9

San luong thang 10

San luong thang 11

san luong thang 12

Hinh 5. M6 hinh xdac dinh san lwong dién mat troi
5. KET QUA VA THAO LUAN

5.1 Théng sé dau vao

san luong thang, nam

Trong nghién ctru nay cac sb liéu mo
phdng cling nhu so liéu do dat cia h¢ thong
tham khao tai 02 cong trinh dién hinh:

- Hé thdng nang luong mit troi tai Dién luc
Bén Cat c6 tong cong suat dat 1a 59,04kWp,
v6i 164 tAm pin IREX 360W va két ndi voi
2 inverter.

- Nha may dién mat troi Pai Nam co téng
cong suat lap dat 1a 986 kWp. Céng trinh
Nha may Pai Nam dugc lép dat 2988 tim
pin Canadian 330W, duogc trai dai trén mai

cong trinh xdy dung, va két ndi voi 17
inverter nhu Hinh 6.

Hinh 6. Hinh anh thyc té tai Dai Nam

Trong nghién clru ndy st dung pin mat
tro1 Canadian 330W va IREX 360W va voi
thong so k¥ thudt dau vao nhu Bang 5.1 va
Inverter nhu Bang 5.2

Bing 5.1. Thong s6 ky thudt ciia pin quang
dién Canadian 330W va Irex 360W

Théng so ky Gia tri pin | Gia tri pin
thuat Canadian Irex
Pmax 330W 360W
vmp 37,2V 38,55V

Imp 8,88A 9,34A
Voc 45,6V 47,73V
Isc 9,45A 9,87A

Bing 5.2. Thong s6 ky thudt ciia Inverter

Thong s0 ky Pai Nam Pién luc
thuat

Hiéu VES Solar SMA
S6 pha 3 pha 3 pha
Dién 4ap dau vao 250-900V | 250-800V
Tan s6 50/60Hz 50/60Hz
Kiéu VESSOI STP
Cong suat 60kW 30kW
Heé s6 cong suat > 0,99 >0,99

Bén canh thong sb k¥ thuat ciia pin quang
dién, mot trong nhitng thong sd quang trong
nhét ciia ciia mé hinh tinh toan san luong dién
mat troi 1a bire xa mat troi thue té do dat duoc
tai nha may dién mat troi Dai Nam va tai Dién
luc. Btrc xa mat troi thue té do dat duoc trinh
bay nhu Bang 6.
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5.2 Két qua mé phong

T mo6 hinh pin quang dién thuong mai
dac tinhV/I cta pin quang dién Canadian
duoc trinh bay nhu Hinh 7.

Bdng 6. Birc Xg mat troi do dat thyec té tai

Dé tinh toan san lugng dién cia nha may
can phai xac dinh ton that cia hé thong. Trong
nghién cru nay st dung sd liéu ton that nhu
Bang 4. Két qua san luong dién dugc trinh bay
nhu Bang 7.

Bdng 7. San luong dién mé phong theo cac

Binh Duong , 5
- - - T thang trong nam
Thang Burc xa mat troi Dia diém , - 2
(KW/m?) do dwoc Thang | San lwgng (kWh) Dia diem
thuc te 5/2019 114.946 Pai Nam
5/2019 137 Pai Nam 6/2019 109.073 bai Nam
6/2019 115 Pai Nam 7/2019 105.716 Dai Nam
7/2019 126 Pai Nam 8/2019 113.268 bai Nam
8/2019 142 Pai Nam 9/2019 114.107 DPai Nam
9/2019 136 Pai Nam 10/2019 125.853 Dai Nam
10/2019 158 Pai Nam 11/2019 6.257 bién luc
11/2019 163 bién luc 12/2019 6.947 bién luc
12/2019 181 bién lyc 01/2020 6.333 bién luc
01/2020 165 bién luc 02/2020 7.024 bién luc
02/2020 183 biénluc | 53 Két qua thuc nghiém
§ San lugng dién cia 02 nha may di€n mat
il nin i Vi troi Pai Nam va Dién luc dugc giam sat va
| ! . hién thi bing h¢ thong gidm sét tir xa. Nha
g o - may dién madt tro1 ndi may Pai Nam c6 cong
5. ' \\ : é suat lap dat 986 kW di vao hoat dong tir thang
3 | . ° 5 nam 2019 va tai nha may tai Dién luc hoat
: \ dong tir thang 10 nam 2019 dén nay. San
| lugng dién thuc t€ dugce trinh bay nhu Hinh 8.
L 5.4 Phan tich két qua

Hinh 7a. Ddc tinh I-V-P cua pin quang dién
Canadian 330W

10 : : : : . : T . 500
O U PP UUUPE SUUUPP USUPPS PP WP J a0
[§] SRR S R EES 2R R R PR PR () S PR - 300 ;

Dong Dién (A)
Cong Sudt (W)

N
I
N}
=}
S

0 5 10 15 20 25 30 35 40 45 50
Dién Ap (V)

Hinh 7b. Pac tinh I-V-P cua pin quang di¢n
Irex 360W

Céc két qua thu thap duoc thuc té va két
qua moé phong tr mé hinh xdy dung trén
phan mém MATLAB/SIMULINK va dé dé
dang danh gia do chinh xac cta hé théng, su
khac biét gitra két qua do dac va két qua
tham chiéu duoc trinh bay qua cong thuc:

e =XxX;— fi (8)
e(op) = izl ©)
Srmsy = Zisa (= %0)? (10)

n
VGi: x; ;12 cac gid tri thir i cua két qua do
dac thuc t€ va mo phong, n la tong so
khao sat.
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So sanh két qua mo phong tir m6 hinh
xay dung trén phan mém
MATLAB/SIMULINK va két qua thuc
nghiém nhu Bang 8.

San lwgng thang 9 tai BDai Nam (MW)

6
5
4
3
2
1 I
0 1
1 3 5 7 911131517192123252729
(a) San lugng thang 9/2019
San lwgng thang 2 tai Bién lwc (kW)
400
300
200
100 ‘

1 35 7 911131517192123252729

(b) San lugng thang 02/2020
Hinh 8. San luong dién :[ai 02 nha may dién
mat troi noi luoi.
Bdng 8. So sanh két quda giita mé hinh tinh

toan san lwong xdy dung trén )
MATLAB/SIMULINK va két qua thuc te

- San
San lwong lwone do
Thang | wéc lwong tliu’f i e e (%)
(kWh) (kWh)
12/2019 6.947 6.591 356 5,40
1/2020 6.333 6.507 -174 2,67
2/2020 7.024 6.689 335 5,01

X Sén

Sin lwgng lwgng do
Thang | wéc lwgng | ° o0 e e (%)

(KWh) thuc te

(kwh)
5/2019 114.946 122.780 | -7.834 | 6,38
6/2019 109.073 114290 | -5.217 | 4,56
7/2019 105.716 114.010 | -8.294 | 7,27
8/2019 113.268 107.610 | 5.658 5,26
9/2019 (*)| 114.107 95.470 |18.637 | 19,52
10/2019 125.853 120.850 | 5.003 | 4,14
11/2019 6.257 6.565 -308 4,69

Tir két qua so sanh hé théng co do sai
léch gitra m6 phong va thuc té dao dong
khoang 7,27%. Sai léch gia ting do ton hao
do bui ting bat thuong tai cac thang
6,7,8/2019 tai khu du lich Bai Nam do thoi
diém céac thang hé cao diém khu du lich Pai
Nam don khach tham quan binh quan khoang
trén 30.000 luot khach/ngay. Trong khi do,
gan khu vyc Dién luc Bén Céat dang trién
khai cong trinh x4y dung trung tdm hanh
chanh Thi x Bén Cat vao thang 11/2019 va
1/2020. Bén canh d6, ca biét trong thang
9/2019 (*) c6 su chénh léch giira thyc té va
mo phong Ion 1a 18.863 kWh, Nguyén nhan
cua truong hop nay la do trong cac ngay
12,13/9/2019 hé thong ngung hoat dong dé
bao tri dan dén mat san luong 02 ngay nay
(ugc khoang 10.080kWh). Néu khong xay ra
van dé ngung hoat dong nay, va gia su lay
gia tri trung binh dién khuyét cho 2 ngay nay,
thi d6 sai léch 1a 5,36%.

6. KET LUAN

Bai nghién cfru nay trinh bay mdt
phuong phap xay dung moé hinh xac dinh san
luong dién dya trén phan mém MATLAB/
SIMULINK, Tir két qua thuc nghiém cho
thiy hé thong c6 do sai léch giira thuc té va
mo phong dao dong 1a 7,27%. Tur cac quan
diém thuc té cho thay hé théng co nhimg wu
diém (1) co6 d6 chinh xac tin cay; (2) giam
phu thudc vao cac phan mém tinh todn san
luong dién thuong mai; (3) giam chi phi dau
tu cho phan mém xac dinh san luong.

LOI CAM ON

Tac gia xin chan thanh cam on Truong
Pai Hoc Lac Hong da ho trg téi’chin‘h cho
nghién ciru nay voi ma sO dé tai
LHU-RF-TE-18-02-01
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