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TOM TAT

Nghién ctru nay tién hanh tinh toan va lya chon cau hinh t6i wu cho hé théng dién mat
troi cong suat 28 kW gin trén b¢ do & mat dat trén co s¢ xem xét 2 diéu klen rang budc la do
tin cay cung cap dién va toi wu hiéu suat phat dién vao ludgi. Hé thong gom nguon pin quang
dién két ndi ludi thong qua bo nghich luu, trong do, viéc tinh toan két hop phan mém mo
phong PVSyst dugc thuc hién dé lya chon goc nghiéng tdi wu va huéng cua hé pin. Sau do
khao sat hiéu suat phat dién ctia cac mo hinh ghép pin khac nhau cho loai pin REC Si-poly
350 Wp va REC Si-poly 280 Wp, tir d6 chon ra ciu hinh t6i uu nhat. Ngoai ra, bai bao con
phan tich cac t6n that khi van hanh, hiéu suat, ning luong hé thong dién mat troi phat ra
hoan toan phu hop véi dic tinh cta hé pin quang dién. Két qua nghién ciru nay gop phan toi
uu hé thong dién mit troi co hoa ludi khi xem xét dén mo hinh phu tai, voi diéu kién rang
budc 1a t&i wru hiéu sut, hidu qua kinh té va do tin cay cung cap dién. Tir do, ¢ thé danh gia
s0 bo Vé cac thong s6 ky thuat, hiéu suat van hanh cia toan bd qua trinh san xut dién cho
mot du an that.

Tir khéa: Dién mat troi, phan mém PV Syst, ning luong mat troi, pin quang dién (PV)

1. GIOI THIEU

Ngay nay, v6i hi¢u ing nong Ién cua trai dat, sy can kiét cac nguon nang lugng hoa
thach, su bung nd tang trudng cua cac nudc dang phat trién, woc tinh den nam 2050, nhiét do
trung binh cua trai dat c6 thé ting 1én 60 °C. Diéu nay dan dén yéu cau buc thiét phai co
nhitng phwong thirc méi trong viéc cung cap va sir dung ngudn néng luong nham giam thiéu
su phat thai khi CO,. Trong xu thé do, nang luong tai tao ngay nay dan tr¢ thanh nguén cung
nang luong quan trong d6i voi su phat trién kinh té bén viing ciia mdi quéc gia. Hién nay,
trén thé gidi, sau thuy dién, nang lugng gioé va nang luong mat troi 1a hai nguén nang luong
dang duoc khai thac rong rdi dé san xuat dién nang: tong cong suat dién gié lap dat toan cau
nam 2011 khoang 200 GW, cong nghiép di¢n mat troi tang truong khoang 30%/nam trong
nhitng nim gan day [1].

Viét Nam nam trong ving nhiét d6i, cuong d6 buc xa trung binh khoang 4-4,9
KWh/m?ngay, sb gid ning trung binh khoang 2.000-2.500 gid/ndm véi tong ning lugng bic
Xa Mt troi trung binh khoang 150 kCal/cm?nam, tiém ning duogc danh gia khoang 43,9
TOE/nam [2]. Viéc Khai thac dién mat troi mang lai hiéu qua cao cho viéc bao vé moi truong
bang cach giam thai khi CO, [3]. Trong mét s6 cong trinh nghién ctru, mé hinh toan hoc cua
pin quang dién duoc xay dung va tinh toan chi tiét [3-6]. Hasan Mahamudul va cong su di
dé cap dén anh huong cua nhiét d6 1én hiéu suét hoat dong cua pin quang dién [7].

Viéc tng dung cac phan mém vao thiét ké va tinh toan dién mat troi dang 13 xu thé cua thé
gi6i, mot s6 phin mém duoc phat trién nhu PVSyst [8], Solar Pro [9], Homer energy [10],
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trong d6, PVSyst 1a mot goi phan mém nén tang cho viée nghién ctru, kich thudce, md phong va
phén tich dir liéu hoan chinh hé thong dién mit troi. Phan mém nay hudng téi doi tugng 1a kién
trac su, k§ su va cac nha nghién ciru, va chta rat nhiéu cong cu hiru ich cho giang day vé hé
thong dién mit troi. Phan mém ciing tich hop hé co so dit liéu vé cac loai pin mat troi khac
nhau, cac hé 4c quy, bo bién dbi dién, co so dit lidu vé birc xa mat troi, va dic biét 1a cong cu
thiét ké giao dién 3D cho phép phan tich cac tinh hudng Kién triic khac nhau ciia céc toa nha. ..
Phan mém nay cho phép thiét ké ca hé thong dién mit troi doc lap va dién mat troi nbi ludi.

O Viét Nam, céc ung dung dién mat troi phé bién khoang vai kWp cho ho gia dinh
hodc tir vai chuc dén vai trim kWp cho quy mé phan xuéng, toa nha, trung tim thuong
mai... bao gom ca hé théng dién mat troi lam viée doc 1ap véi ludi dién, va hé thong dién mat
troi két ndi va hoat dong song song voéi ludi dién theo ché do on-grid [11, 12]. Trong nghién
clru nay, phan mém PVSyst dugc khai thac dé tinh toan va thiét ké hé théng nang luong mit
troi 28 kW hoa ludi. Véi hai truong hop duge xiy dung dé khao sat hidu suat phat dién,
truong hop thtr nhét 1a 80 pin loai REC Si-poly 350 Wp (REC350TP2S 72) két ndi lugi qua
bo inverter loai ABB TRIO cong suat 27,6 kW; truong hop thir hai 1a sir dung 100 pin loai
REC Si-poly 280 Wp. két ndi ludi qua bo inverter loai ABB TRIO cong suat 27,6 kW. Phuong
an ghép pin t6i vu cudi cung duoc lya chon tir viée so sanh cac phuong an t6i uru hiéu suét phat
dién cua timg truong hop trén. Sau do, tiép tuc xem xét dén diéu kién nang cao do tin cay cung
cap dién bang cach thay inverter 27,6 kW bang 5 inverter loai ABB TRIO cong suét 5,8 kW.
Céu hinh t6i wu ctia hé théng dién mat troi két ndi ludi s& duoc lya chon khi xem xét dong thoi
2 diéu kién 1a toi wu hiéu suat phat dién va do tin cay cung cap dién.

2. PHUONG PHAP THUC HIEN
2.1. Co sé' 1y thuyét

2.1.1. So heot Vé pin quang dién

Pin quang dién st dung chét ban dan dé bién doi quang ndng thanh dién nang. Xét mot
mach dién co ban c6 pin quang dién va tai nhu Hinh la, dé dé khao sat thi c6 the thay the
thanh so d6 Hinh 1b

/, I% v
O :
N
Load
a)

Hinh 1. So @b tuong duong cua pin quang dién

Hai tham s quan trong ctia PV 1a dong ngan mach lsc va dién ap ho mach Ve

O o O
.x i . !

(a) Short-circuit current (b} Open-circuit voltage

V=0

Hinh 2. Hai trang thai ciia pin PV: trang thai ngan mach (a) va trang thai hé mach (b)
Thé mach hé cua pin quang dién p — n duoc xéac dinh theo (1)
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KT
Voc =— q In (Io 1} 1)

V6i k 1a hing sé Bolzmann; T 1a nhiét d6 16p tiép xuc; q 1a dién tich co ban; lo la dong
dién ngugc bao hoa (co dugc khi ap thé ngugc vao 2 dau ban dan, voi cuc 4m ndi vao ban
dan n); Isc 1a dong dién ngan mach pin PV; Voc 1a dién ap ho mach.

Pin c6 thé hoat dong trong mot dai thé V va dai dong I rong. Bang cach thay doi gia tri
ctia tai ngoai tir R = 0 (ing véi dong ngan mach) dén gié tri R rat cao (ing véi mach ho), ta
¢6 thé xac dinh dugc diém (Vimax, Imax) GG VGi cong suat I6n nhat ma pin sinh ra duoc.

P_=V_ @)

max max * = max

Hiéu suat chuyén doi quang nang la ty I¢ phan trim ning lugng photon da chuyén hoa
thanh dién nang khi pin dugc noi vai tai trén nang lugng photon thu vao
P __max.
= 3
=G A (3)

V6i G (W/m?) 1a cudng do6 bic xa toi; A (m?) 1a dién tich bé mit cua pin.
2.1.2. Ton hao trén bé nghich heu

Ton hao trén bod nghich luu cha yéu do IGBT va di 6t. Ton thét dién ning trong IGBT
hoac di o0t 1a tong ton that dan va chuyén mach, dugc udce tinh boi cac phuong trinh sau [13].

2 3
PIGBT PIGBT +PIGBT 1 VIGBT Ipeak RIGBT (Ipeak) VIGBT Ipeak _l_RIGBT (Ipeak)
4

cond drop tm COS(D drop 8 37[
1 VDC applied I peak
t—= fsw (Eon + Eoff )T | GBT (4)

72 ref ref

Trong d6: P'®BT 13 téng ton that trén IGBT, cac chi s6 “cond”, “sw” lan luot chi trang

théi dn va chuyén mach cua IGBT, Voo 12 d6 sut ap trén IGBT, R'*®T 1a dién tra, I 1a

dong dién pha cuc dai tai dau ra caa bién tan, V.!°®", 1!°®T |an luot 1a dién 4p va dong dién
tham chiéu/dinh muc caa IGBT, Vi apiied 12 dién ap DC ciia bién tan, Eon va Eofr 12 ton that
nang lugng trong trang thai bat va tat cia IGBT, fsw 1a tan so dong cat cua IGBT, m 1a h¢ so

diéu ché, ¢ 1a goc léch pha giira dién ap va dong dién.

Twong ty, tong ton hao trén di ot trong bién tan, PP°% duge xac dinh trong (5). Trong
Diode

d6 chi s “cond” va “rec” 1an lugt chi trang thai dan va trang thai nguoc, Vdrop

la dién ap
roi trén di 6t, RO 3 dién tré cua di t, Erec 1a ning lwong ton hao trong trang thai nguoc

cha di 6t, V.2°%, 150 13 dién ap va dong dién dinh muc cia di 6t.
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2 3
o o () ) il o (1)
PDlode _ PcoDr:gde + PreDcIOde = lerDolgde peak + RDlode peal Fmcose Vd?c:gde peak + RDlode peal
2 8 3r
1 V g |
+= f E DC,applied peak (5)

SW —rec VDiode IDiode

ref ref

Can luu y rang cac dau higu cia + va F trong (4) va (5) c6 thé dugc hiéu nhu sau:

- Dau + trong (4) va — trong (5) khi bo chuyén doi hoat dong nhu mot bo nghich luu
(trc 1a & ché do xa cua BESS).

- Déu — trong (4) va + trong (5) khi bo chuyén doi hoat dong nhu mét bo chinh Iuu (tic
la ¢ ché d6 sac cua BESS).

2.1.3. So lwoc Vé goc nghiéng va hwdng toi wu ciia pin

Goc nghiéng mo ta do nghiéng doc cua cac tim pin va goc phuong vi 1a huéng ngang
cua chung so voi duong xich dao. Tim goc nghiéng va goéc phuong vi thich hop s€ giup cod
duoc hiéu qua cao trong qua trinh phat dién ctia cac mang pin mat troi.

Tuy thudc vao vi tri dia ly noi dat hé théng dién mit troi ma ta s& dinh husng tém pin
quang dién (PV) sao cho doi di¢n voi mat troi. Truong hop vi tri khao sat ¢ Béc ban cau (tuc
1a nra trén cua xich dao) thi s€ hudng cac tam pin néng luong vé phia nam va nguoc lai néu
¢ Nam ban cau thi s€ hudng ve phia Bac. Viét Nam thuoc Bac ban cau, dong nghia voi viéc
hudng cac tam pin vé phia Nam s€ gitip nhan anh nang hiéu qua hon.

Goi ¢, 5, B lan luot 1a goc vi do, goc nghiéng giira tia birc xa va mat phang xich dao,
gbc nghiéng cua tim pin. Méi quan hé cua cac dai luong nay dugce xac dinh trong cac
phuong trinh sau [14]:

& = 23,45sin 360{284+ ”j (6)
365

p=|p—4] 7)

Trong d6: n 1 sd ngay dai dién trong nim, dugc tinh tir ngdy ngay 01 thang 01 dén
ngay khao sat.

Dua vio cac gia tri thuc nghiém tinh toan goc nghiéng tam pin 1a 10,22°. Cy thé nhu
sau, vi tri dat hé pin la ¢6 vi do 1a 12,67°% ngay md phong 1a ngay 03 thang 7 nam 2020 suy
ran = 185. Tur (6) va (7) tinh duoc gbc nghiéng t6i wu ctia pin 1a 10,22°.

2.2. Phén tich vi tri tai nguyén ngudn di liéu

Nghién ciru da gia dinh khu vuc lap dat hé thong pin quang dién 1a khu vyc dt trong
khéng str dung canh tac & xa Xuan Son, thudc huyén Van Ninh tinh Khanh Hoa. Dat bing
phing va c6 dién tich hon 500 m?. Toa do cu thé va thong tin vé cuong do buc Xa cua vi tri
lip dat gian pin dugc trich xuat tir nguon dit liéu Meteonom 7.1. Cu thé vj tri khao sat ¢ vi
d6 va kinh do twong mg 13 12,67° va 109,15°. Thong tin vé nhiét do va tdc do gid & vi tri 1ap
dat c¢6 y nghia 16n trong viéc phan tich kha ning hoat dong cua pin quang dién. Noi c6 gio va
nhiét do thap thi nhiét d6 cua pin s& thap hon va hiéu suat phat dién s& cao hon. Cac thong
tin vé toc do gié va nhiét do trich xuat tir ngudn dir liéu dwoc thé hién trén Bang 1.
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Bang 1. Thong tin vé nhiét do va tdc do gi6 tai khu vuc lap dat hé théng pin

Théng Bl’rt(; ;(E Qgsng Buc x?élghuéch Nhict do (°C) Tc‘x(: n?/(f;)gié
1 161,8 88,8 24,1 3,30
2 202,2 102,5 24,7 2,90
3 222,8 103,5 26,1 2,20
4 253,7 103,3 27,5 1,70
5 265,3 108,2 28,5 1,18
6 246,0 105,0 28,7 1,10
7 252,8 108,7 29,0 1,11
8 240,3 117,6 29,0 1,20
9 213,2 113,2 27,7 1,00
10 173,5 105,8 26,9 1,70
11 146,0 86,7 25,6 3,00
12 120,6 73,3 24,8 3,49

Ca nam 208,2 101,4 26,9 2,00

Hiéu suit ciia nha mady nang luong dién mat troi dat duoc t6i wu bang cach giam ton
that he thong giam tén that ning luong tong cong qua tat ca cac khau. Xét riéng d6i véi PV
thi ngoai chat lwong cua ching, cac yéu cau lién quan dén viéc lap dat dbi voi tim PV nhu
gdc nghiéng, huéng lip dit cling nhu giam thiéu viéc chay cap va ton that dién lién quan.
Goc nghiéng cang 16n thi ton that bui ban cang nhé, do higu qua cua viéc vé sinh tim pin
bang nudc mua tu nhién.

Phan mém hd tro tinh toan hudng va goc nghiéng t6i wu cia pin 1a 11°. Cy thé nhu sau,
xét sy tdi wu trong ca nam, khi goc phuong vi (d6 léch so véi hudng nam tinh theo chiéu
quay 1a cung chiéu kim déng hd) giit nguyén 1a 0°, goc nghiéng pin thay di tir 8° dén 11° thi
ton that van 1a 0% va ning luong bic xa mat troi dat 1842 kWh/m? (thé hién trén Hinh 3a va
3b), két qua nay ciing dat duoc khi thay ddi goc phuwong vi cua pin trong khoang tir 0° dén 7°
(nghiéng vé huéng Dong Nam) va goc nghiéng pin thay ddi trong khoang tir 8° dén 11°, két
qua thé hién trén Hinh 3¢ 1a khi goc nghiéng 11° va goc phuwong vi 1a 7°. Khi goc nghiéng va
gdc phuong vi Clia pin vurot ngoai cac doan twong Gng [8, 11] va [0, 7] thi hé s6 ton that ting
1én va nang lwong mat troi dén trén mot don vi dién tich pin ting 1én hoic giam xubng, vi du
vé két qua nay duoc thé hién trén Hinh 3d.

Goc nghiéng t6i wu cua pin tim dwoc tir cac s lidu thuc nghiém 1a 10,22°. Ket qua nay
roi vao khoang gia tri tim duoc tir mé phong. Can ddi giira gia tri tinh toan thyc té voi hé sd
t6n that va nang lugng buc xa dén trén mot don vi dién tich bé mat pin, phan mé phong trong
bai bao lya chon thiét lap goc nghiéng cuia pin 11° va goc phuong vi 1a 0° (huéng chinh Nam).

2.3. Thiét 1ap cac thong sb ciia hé thong ning lwgng miit troi va tinh toan mé phéng

Trong nghién ctru niy, phan mém PVSyst dugc ung dung dé tinh toan va thiét ké hé
thdng dién mat troi co cong suat 28 kWp hoa ludi. Hé thong pin dat nghiéng goc 11° trén gia
dd va quay vé& hudng chinh Nam. Khi khao sat hiéu suat phat dién cua cac loai pin thi sir
dung 01 inverter loai ABB TRIO-27,6-TL-OUTD Vvéi thong sb chinh 14 cong suat ngd ra AC
14 27,6 kW, dién ap dau ra AC 400 V, 3 pha, tan s6 50 Hz, dién ap hoat dong ving 200-950 V,
dién ap DC tdi da inverter chiu dugc 12 1000 V, dong dién dinh muc 1a 45 A. Theo thong $6
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tir nha san xuit [15] thi cong suat DC 16n nhit & dau vao caa inverter 1a 34,5 kW, do vay véi
hé pin 28 kW thi dung inverter c6 cong sut 27,6 kW 1a phu hop. Sau khi tim ra mé hinh
ghép pin va loai pin c6 hiéu sut tét nhat, nghién ctru nay tiép tuc sir dung 5 inverter loai
ABB TRIO-5,8-TL-OUTD dé tiép tuc khao sat hiéu qua phat dién véi cau hinh hé théng pin
c6 5 inverter, tur d6 phéan tich dé tim ra cAu hinh t6i wu nhit khi xem xét hai diéu kKién rang
budc 14 t6i wu hidu suat phat dién va do tin cay cung cip dién khi chua xét dén kinh phi dau
tu. Cac théng s6 chinh cua inverter ABB TRIO-5,8-TL-OUTD la cong suat ngd ra AC 5,8 kW,
dién ap dau ra AC 400 V, 3 pha, tan s6 50Hz, dién 4p hoat dong ving 175-950 V, dién ap
DC t6i da inverter chiu duoc 12 1000 V, dong dién dinh muc 1a 10 A.

Field parameters Tile19° Azimuth 0° Field parameters

Plare Tit [1T0 =[] Pl T [F7 011 Tires: Azimuth 0°
fzmuth [0 =11 zimu el
’_J West East s Wﬂ” West East
™" L
South South
Yealy meteo yield Yearly meteo yield
Optimisation by respect to Transposition Factor FT 101 Optirisation by respect to Trarspasition Factor FT 1.01
+ Yearly inadiation yield ? Loss By Respect Ta Optimum ~ 0.0% & ‘Yealy imadistion yield i Loss By Respect To Optimum— 0.0%
" Summer [Apr-Sep] Global on collector plane 1842 kwWh/m?* " Summer [4pr-Sep) Glabal an callector plane 1942 kwh/m?
" Winter (OctMar]  Winter [Oct-Mar]
1 Shaw Optimisation & Show Optimisation
a) Goc nghiéng 11°, goc phuong vi 0° b) Goc nghiéng 8°, goc phuong vi 0°
- ton that 0,0% va nang lugng dén trén 1 don vi - ton that 0,0% va nang luong dén trén 1 don vi
dién tich pin la 1842 kWh dién tich pin 1a 1842 kWh
Field paramlers Tl 11° Azimuth 7° RENC RS Tilk 30° Azimuth 30°
Pana Tik {1011 Plans Tit B0 =11
ez [0 0] e [575 =111
West East West East
e - ’—
South South
Yearly meteo pield ‘Yearly meteo yield
Optimisation by respect to Tiansposition Factor FT 1.01 Optimisation by respect to Transposiion Factor FT 096
& Yearly iradiation yield 2 Loss By Respect To Optinum 0.0 & ‘Yealy inadiation yield 2 Loss By Respect To Optimum~~ -4.3%
€ Summer (Apr-Sep) (lobal on collector plane 1842 kWh/m? " Summer (bprSep) Global on collector plane 1752 KWh/m?
7 Winter [Dct-Mar) 7 Winker [Oct-ar)
= Show Dptimisation £ Show Optimisation
¢) Goc nghiéng 11°, gbc phuong vi 7° d) Goc nghiéng 30°, goc phuong vi 30°
- ton that 0,0% va nang luong dén trén 1 don vi - ton that 4,3% va nang lugng dén trén 1 don vi
dién tich pin 1a 1842 kWh dién tich pin 1a 1752 kWh

Hinh 3. Cira s6 khao sat goc nghiéng va huéng pin téi wu trong PVSyst
2.3.1. Tinh todn lwa chon cau hinh hé thong si: dung pin logi REC Si-poly 350 Wp

Xét truong hop thir nhét: Loai pin duoc sir dung la REC Si-poly 350 Wp (REC350TP2S 72).
bién ap ho mach Voc = 51,6 V, dién ap tng voi dlem cong suat cuc dai Vivee = 33,1 V, dong
dién dinh mtrc sinh ra 1a 9 A. Hé thdng pin gém c6 80 tim pin véi tong dién tich 1a 161 m2

B nghich Iuu hoat dong trong day dién ap t6i uru 200- 950 V, néu hé thdng pin cung
cap dién ap nho hon 200 V thi bién tan khong hoat dong, con néu cung cap dién ap 16n hon
gia tri dién ap DC cuc dai thi bién tan sé& bi chay. Tur thong sO cua pin va inverter ¢6 thé tinh
toan s6 luong pin tdi da va tbi thiéu dugc mac ndi tiép trén mot day [16]:

Nyax = \% = 15(;-02 =19,37 Vay s6 pin téi da dugc lap trén mot diy 1a 19 pin
oc g
Nein = V’“—"‘ 200 _ = 6,04 Vay sb pin toi thiéu lap trén 1 ddy la 7 pin
Vypp 331
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Dé dat du cong suat 28 kW thi can 80 tim pin, vay dé lap dat hé thong co tinh d6i xtung
thi ¢6 3 truong hop:

- M5 hinh 1 gom 16 té[‘n pin mac ndi tiép nhau trén 1 ddy, sau d6 mac song song 5 day
lai v61 nhau nhu mo hinh thé hién ¢ Hinh 4.

- M6 hinh 2 gdm 10 pin mic ndi tiép trén 1 diy, sau d6 mic song song 8 day vai nhau.
- M6 hinh 3 gdm 8 pin méc ndi tiép trén 1 diy, sau d6 mac song song 10 day vai nhau.

2.3.2. Tinh todn lwa chon cau hinh hé thong six dung pin logi REC Si - poly 280 Wp

 Trong kich ban thL’r hai: Loai pin dugc su dung la REC Si-poly 280 Wp (REC 280TP2).
bé dap tmg du cong suat 28 kW thi hé thong pin can c6 100 tam pin vai tong dién tich la 167 m?,
Vi thong s0 Voc = 42,4 V va Viwee = 27 V tinh dugc s6 pin mac toi da trén mot ddy nhu
sau:

Noo = Voems: _ 1000 _ 23,58 Vay s pin t6i da trén mdi day 1a 23 pin
Voo 42,4
o Vown_ 200 _ 7,4 Vay s6 pin téi thiéu trén mdi diy 1a 8 pin
min V 27
MPP

Tuong ty, ta lva chon duoc 2 mé hinh 1ap ghép hop 1y 13 véi tong s6 pin 100 1a:
- M6 hinh 4 gdm 20 pin mic ndi tiép trén mot diy, sau d6 5 ddy méc song song nhau.
- M6 hinh 5 1a mbi ddy c6 10 pin mac ni tiép nhau va c6 10 diy mac song song véi nhau.

So dd thu gon cuia két ndi hé pin voi inverter va két néi luéi dugc thé hién trén Hinh 5.
So d6 cho thay nang lwgng san xuat tir hé thong pin dugc bom toan bd 1én ludi thong qua bo
nghich luu. Sau khi khao sat hi¢u qua phat dién thi do tin cay cung cap dién tiép tuc duoc
phan tich.
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Hinh 4. Mt vi du dién hinh vé& mé hinh két néi cac tAm pin (16 pin/ddy — 5 diy song song).

p—

Cac kiéu két ndi khac ciing twong ty.
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Hinh 5. So d6 két ndi ciia hé pin quang dién

3. KET QUA NGHIEN CUU

Viéc theo doi va du bao qua trinh hoat dong cuia hé théng dién mat troi dac biét 1a qua
trinh phat dién theo thoi gian dién hinh 1a cac thang trong nim c6 ¥ nghia quan trong d6i véi
cong tac van hanh. Phén tich két qua cia mé hinh 1, nhu duoc thé hién trén Hinh 6 ning
luong c6 ich hé théng inverter cung cip vao cac thang mua ha cao ap déo cac thang mua
dong, cu thé hé thong phat nang lugng cao nhét vao thang 4 va thang 5, va giam xuéng thap
nhét & cac thang cudi nam. Diéu nay dugc 1y gidi la do sy chénh 1éch cuong do sang gitra cac
mua, tai khu vic khao sat 1 mot x4 mién nai cia Nam Trung B9, khi hau & ddy c6 4 mua
(xuén - ha - thu - déng) 15 rét. Vao mua ha ning néng, dén mua dong thi mua am wot va lanh,
Trén thyc té, dua vao biéu d6 san luong dién phat hang thang dé 1am co so lap ké hoach thuc
hién cong tac bao tri bao dudng thiét bi nha may phu hop, dam bao téi wu cho du an.

7 T T T T T T T T T T T
. Lec : Collection Loss (PV-array losses) 0.84 KWhikWpi/day

Ls : System Loss (ingedas ...} 0.1 kWhikWp/day
: Produced | v (inveriegouds 4.08 KWh/kWp/day

[KWWhWip/ ey

Marmalized Enengy

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct MNaowv Dec

Hinh 6. Hiéu qué phat dién cac thang trong 1 ndm ciia 1 kWp cia hé thong pin trong mé hinh.
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~ Nang luong hé thong bom vao luéi dién theo thang duoc vthé hién trén Hinh 7, tinh bét
on dinh cua dién mat troi thé hién trén hinh thém lan nira khang dinh d¢ tin cay cua cong
trinh nghién ctru vi phan anh ding ban chat cia nguon nang lugng phén tan la nang lugng

mat troi.

180 vl T T T T T

Energy injecteq intg grid

160 |
140 M
120

100

KWhiday
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Hinh 7. Nang lugng bom vao ludi

3.1. Két qua mé phéng higu qua phat dién theo trudng hop thir nhat

Théng ké két qua mod phong néng lugng bom vao ludi cua inverter, hiéu SUt va cac ton
that cua he thdng trong nim dau tién cho mé hinh 1, mé hinh 2 va mé hinh 3 trong Bang 2,
cho thay rang ¢ cung diéu kién nhiét do va ning lu(jng buc xa trén mdt don vi dién tich bé
mit pin, cling mot inverter thi mé hinh 1 cho hiéu qua phat dién tot nhat voi téng niang luong
bom vao luéi trong mot nam 1a 41,705 MWh va hiéu suat phat dién cua hé thong pin trung
binh trong nam 1 81,3%, va gi4 tri hiéu suat dat trén 80% dugc danh gia 1a kha tot ddi voi

hé thong phat dién ning lugng mat troi.

Bang 2. Tom tat két qua mo phong cua hé théng voi mé hinh 1, 2, 3

Mo hinh 1 Mo hinh 2 | M6 hinh 3

Ning luong bom vao ludi trong nim dau (MWh) 41,705 40,522 38,173
Hiéu suét (%) 81,3 79,0 74,4
Imer (A) 46 74 92
Tonthat | Cuong do birc xa -1,1 11 1,1
ren | Nhigt do -10,2 -10,2 -10,2
mang pin . —
(%) Chat lugng tam pin +0,4 +0,4 +0,4

Su suy giam kha nang hap thu buc xa -1,5 -1,5 -1,5

Mo dun khéng ddng déu -1,1 -1,1 1,1

bién tré trén day -1,1 -1,1 -1,1
Ton that | Inverter -2,4 -3,7 -3,8
tren Vuot ngudng cong suit cua inverter 0 0 0
inverter -
(%) Vuot ngudng dong dau vao 0 -1,6 -7,1
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Phén tich ton thét trung binh trong ca nam, cho thay hiéu suét Chuyen hoa néng luong
clia pin quang dién giam do cac ton that chinh nhu 1a: ton that do hé sé khéi khi gdy ra, t6n
that trén pin quang dién PV do cudng do chiéu xa, ton that trén pin do nhiét, t6n that do chat
luong tAm pin quang dién, ton that do sy suy giam kha nang hap thu birc xa, ton that do su
khong dong déu ciia mo dun, t6n that trén day dan, ton that trén inverter, ton that do vuot
ngudng dong trén inverter. So sanh giita 3 mé hinh vé6i nhau, két qua cho thay ton thit & moi
truong ngodi trwdc khi dén bé mat pin 1a nhu nhau véi tong ton hao 1a 2,8%, ton that do hé
thdng gay ra & pin ciing nhu nhau, trong d6 t6n that gay ra do nhiét d¢ trén pin 1a cao nhét va
ap dao cac nguyén nhan khac.

Nguyén nhén chinh gay ra su khac biét 6 hiéu suat glu'a cac md hinh chinh 14 sy t6n
hao trén inverter gom c6 ton hao trong qué trinh dong cat IGBT, trén di 6t trong sy phan
cuc, do téa nhiét trén céc linh kién. Cudng do dong dién chay qua mdi ddy pin 1a nhu nhau
vi cac pin duoc mac ndi tiép trén cing mot ddy, con cac diy mic song song voi nhau nén
khi s6 day cang 16n thi cuong do dong dién di qua inverter cang nhiéu, két qua mé phong
thu du’()’C |MPPm6hinh1 =46 A; |MPPm6h‘mh2 74 A |MPPmohmh3 92 A nhu mol quan he du’O‘C chi
ra trong (4) va (5), do d6 téng ton thit qua dong trén IGBT va di 6t cang 16n.

Nhu vay, véi hé thong dién mat troi 28 KW st dung 80 pin REC Si-poly 350 Wp va 1
inverter loai ABB TRIO-27,6-TL- -OUTD thi phuong an ghép 16 pin ndi tiép trén mot day va
5 diy song song nhau cho hiu suit phat dién cao nhat, dat dén 81,3%.

3.2. Két qua mé phéng hiéu qua phat dién theo trudng hop thir 2

Tom tit két qua mo phong véi mo hinh 4 va mé hinh 5 thé hién ¢ Bang 3 cho thiy, khi
su dung loai pin REC Si-poly 280 Wp véi 1 inverter ABB TRIO-27,6-TL-OUTD ¢ cung
diéu kién goc nghiéng, ‘hueng pin, nhiét do moi truong va luong nang lwong mat troi chiéu
dén bé mit thi hiéu suat va niang luong bom vao ludi trong ndm dau tién cua hé théng khi
ghép pin theo m6 hinh 4 cao hon khi ghép theo mé hinh 5. Tén that gay ra trén mang pin la
giong nhau trong 2 truong hop, nhung t6n that gay ra trén inverter thi mo hinh 5 hon 4 lan trén
mo hinh 4, trong d6 & mé hinh 5 ton that do tan s6 dong cét va phéan cuc cia IGBT va di 6t cao
gap 1,65 14n so voi & mé hinh 4, ddng thoi ton that do qua dong ddu vao & mé hinh 5 ting 1én
dén 6,4% trong khi & mo6 hinh 4 thi bang 0. Piéu nay ciing dugc 1y giai twong tu nhu &
truong hop 1, vi khi méC song song nhiéu day thi dong dién vao inverter s€ cang tang. Nhu
vay, mo h1nh ghép 20 tam pin ndi tiép trén 1 diy va tong cong co 5 day méc song song tao
thanh mang pin sau d6 ndi vao inverter 1a mo hinh cho hiéu suét t6i wu trong truong hop 2.

Bang 3. Tom tt két qua mod phong cua hé théng véi mé hinh 4 va 5

M6 hinh 4 M6 hinh 5
Ning lugng bom vao luéi trong nam dau (MWh) 41,79 41,705
Hiéu suét (%) 81,44 75,04
Impp (A) 45 91
Cuong d¢ buc xa -1,0 -1,0
o Nhiat do -10,3 -10,3
Tonthattrén | chit lugng tAm pin +0,5 +0,5
EE/:)ng pin Su suy giam kha nang hap thu buc xa -1,5 -1,5
Mo dun khong dong déu -1,1 -1,1
bién tré trén day -1,1 -1,1
Ton that trén | Inverter 2,3 -3,8
inverter (%) | Vuot ngudng cong suat cua inverter 0 0
Vuot ngudng dong dau vao 0 -6,4
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Nhu thé hién ¢ Bang 2 va 3, nang lugng bom vao ludi va higu suét khi ghép pin theo
mo6 hinh 4 cao hon mo6 hinh 1 Ian luot 1a 0,085 MWh va 0,14%.

3.3. Két qua mé phéng ciia h¢ théng khi sir dung 5 inverter loai TRIO 5,8 TL-OUTD-400

Pé tai khao sat lya chon mo hinh t6i wu cua hé thong pin co cong suat 28 kW xem xét 2
diéu kién rang budc 14 toi vu higu suat va nang cao do tin ciy cung cap cap dién khi chua tinh
dén hiéu qua kinh te Trong trudng hop 1 va 2 chi st dung 1 inverter cong suat ngd ra 27,6 kW
dé xem xét hiéu suat phat dién cua loai pin REC Si- -poly 350 Wp va REC Si-poly 280 Wp.
Két qua mo phong thu dwgc, mo hinh ghép 20 pin ndi tiép trén 1 diy va c6 5 ddy méc song
song voi nhau cua loai pin REC Si-poly 280 Wp cho hiéu suit cao hon véi mé hinh t6i uu
cua pin loai 350 Wp. Tur két qua do, tiép tuc khao sat hiéu qua phat dién khi st dung 5
inverter loai ABB TRIO 5,8 TL-OUTD-400 cho mé hinh 5 day pin mdi diy gom 20 pin loai
REC Si-poly 280 Wp. So sanh két qua voi trudng hop chi dung 1 inverter ABB TRIO 27,6
TL-OUTD-400 dé chon ra phuwong 4n t6t nhat.

Inverter loai ABB TRIO 5,8 TL-OUTD-400 c6 ngudng dién ap hoat dong binh thuong
1a 175-950 V, dién ap DC 16n nhét ¢ dau vao 1a 1000 V, cac thong sé nay gidng véi inverter
loai ABB TRIO 27,6 TL-OUTD-400, do d6 viéc stt dung mé hinh pin c6 20 pin trén 1 day
va mic 5 diy song song 1a tuong thich nhu tinh toan & muc 2.3.1. Két qua mé phong cua
truong hop st dung 5 inverter loai 5,8 kW dugc so sanh véi truong hop sir dung 1 inverter
loai 27,6 kW duoc thé hién ¢ Bang 4. Nang lwong bom vao ludi va hiéu suat phat dién khi st
dung 1 inverter 27,6 kW cao hon st dung 5 inverter loai 5,8 kW nhung khong déng ké, su
chénh 1éch nay 1a do tong t6n hao trén inverter trong truong hop sir dung 5 inverter cao hon
0,1% so vai khi chi ¢6 1 inverter.

Xét d6 tin cay cung cap dién, thi khi sir dung 5 inverter ton hao trén mdi inverter chi co
0,48%, ton hao nay la trén IGBT va di 6t, bén canh d6, mdi inverter két ndi voi 1 day gom
20 pin, néu co su ¢6 trén Mot diy dén mic lam hong inverter va gay mat dién trén mot day
d6 thi 4 diy con lai van phat dién 1én ludi. Trong khi d6, néu so d6 chi ding mot inverter lai
khong c6 duoc wu diém nay. Néu cé sy ¢d xay ra thi ¢6 kha ning s& 1am hu ludn inverter, va
nhu vay s& gian doan qué trinh bom dién vao ludi cua ca hé théng.

Tir cac phén tich trén, can ddi gitra toi wu hiéu suat phat dién va do tin ciy cung cap
dién, chua cin nhic dén chi phi dau tu thi lya chon mé hinh 5 inverter 5,8 kW wu viét hon so
véi chi sir dung 1 inverter.

Bang 4. Két qua mo phong khi sir dung loai pin REC Si - poly 280 Wp ghép theo mé hinh 5 diy
(20 pin/1 day) trong truong hop dung 1 inverter 27,6 kW va trueong hgp dung 5 inverter loai 5,8 kW

Strdung 1 inverter Strdung 5 inverter
27,6 kW 58 kW
Ning lugng bom vao ludi trong nim dau (MWh) 41,79 41,76
Hiéu suat (%) 81,44 81,36
Imep (A) 45 45
Cuong dg buc xa -1,0 -1,0
Ton that trén | Nhiét do -10,3 -10,3
mang pin Chat lugng tam pin +0,5 +0,5
(%) Sy suy giam kha niing hap thu burc xa -1,5 -15
M5 dun khong dong déu -1,1 -1,1
bién tro trén day -1,1 -1,1
Ton that trén | Inverter -2,3 -2,4
inverter (%) | Vuogt ngudng cong suat cua inverter 0 0
Vuot ngudng dong dau vao 0 0
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4. KET LUAN

Trong nghién ctu nay, tac gia di thyuc hién tinh toan két hop mé phong va xac dinh
dugc goc nghiéng tbi uu ciia hé thong pin 1a 11°, dit theo hudng chinh Nam, vi tri lap dat 1a
mot khu dat tréng 1au ndm véi dién tich dat hon 500 m?. Két qua thu dugc mo hinh 100 pin
loai REC Si-poly 280 Wp ghép thanh 5 dy song song trén mdi diy co 20 pin ghép néi tiép,
két ndi ludi qua 5 inverter 5,8 kW 1a t6i wu nhat khi xem xét dong thoi 2 diéu kién rang budc
1a t61 wu hiéu suat va do tin cay. Vi higu suat dat dugc 1a 81,36% kha t6t d6i voi hé thong
ning lugng mat troi. Nghién ciru nay c6 thé thay rang phan mém PVSyst 1a mot cong cu hitu
ich cho cac tng dung mo phong, tinh toan va phan tich hé thong dién mat troi. Viéc tng
dung PVSyst vao thiét ké, tinh toan giup nguoi ding cé thé danh gia so bd vé cac thong s6
k¥ thuat, hiéu suat van hanh. Tir 6 c6 thé phan tich toan bo qua trinh san xuat dién cho mot
dur 4n that. Két qua cua nghién ciru nay gop phan trong qua trinh nghién ctu tiép theo 1a tdi
wu ctia hé théng dién mat troi ¢ hoa ludi khi xem xét dén mé hinh phu tai, véi diéu kién
rang budc 1a toi wu hiéu suat, hidu qua kinh té va do tin cay cung cap dién.
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ABSTRACT

STUDY ON OPTIMAL CONFIGURATION
FOR GRID-CONNECTED SOLAR ENERGY SYSTEM

Nguyen Thi Bich Hau
Ho Chi Minh City University of Food Industry
Email: hauntb@hufi.edu.vn

In this study, the optimal configuration for a 28 kW ground-mounted solar power
system is calculated and selected based on consideration of two conditions, namely power
supply reliability and optimization of power generation efficiency into the grid. The system
consists of photovoltaic power source connected to the grid through inverters, calculations
combined with PVSyst simulation software have been done to select the optimal angle and
direction of the battery system. After that, the study on the power generation efficiency of
different battery coupling models for REC Si-poly 350 Wp and REC Si-poly 280 Wp
batteries has been implemented so that the most optimal configuration is chosen. In addition,
the loss in operation is also analyzed, the efficiency and energy emitted from the solar power
system are completely compatible with the characteristics of the photovoltaic battery system.
The results of this research are to optimize the grid-connected solar power system,
considering the load model with the condition of optimizing the efficiency, economic
efficiency and reliability of power supply. Also, they can be applied for a preliminary
assessment of the specifications and performance of a real project.

Keywords: Solar power, PV/Syst software, solar energy, photovoltaic battery (PV).
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