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1- Co’ ban ve ban dan va PN junction ]k

Chat ban dan la gi?

- Chat ban dan (semiconductor) la vat liéu c6 dd dan dién (conductivity) nam
khodng gitra cla vat liéu dan dién (nhw dong) va vat liéu cach dién (nhw thay tinh,
nhya)

 C6 2 loai chat ban dan:

- Single-element (don chat): nhw Germanium, Silicon

- Compound (hén hop, hop chat): nhw gallium-arsenide

Electrical Classification of Solid Materials

MATERIALS RESISTIVITY (2 - cm)
Insulators 10° < p
Semiconductors [0 = o =107

Conductors p<=10"



1- Co’ ban ve ban dan va PN junction
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1- Cor ban vé ban dan va PN junction
Valence

Nguyén tur Silicon electrons

- CO 4 electron hoa tri
(valence electrons)

- Can 4 electron hoa tri khac dé tao
céc lién két hoa tri (covalent
bond)

- O nhiét do tuyét déi (0 °K -273.15
oC): céc lién két héa tri bén virng.

- Do dan dién la zero & nhiét do
thap

Covalent
bonds

Bs prii me
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! E solar energy solutions

Silicon atoms
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1- Co ban ve ban dan va PN junction ms|PLI0S
Electron tw do va 16 trong (hole) - thanh phan tao ra dong dién
(current) trong ban dan R— e

O nhiét d phong, mot
s lién két bi pha v& dé
tao electron tw do va I0
trong. Tuy nhién, so
lwong van khéng du dé
tao dong dién - Giai
phap la pha thém tap
chat vao ban dan de
tang do dan dién.

Broken

covalent
bond

Hole

Covalent
bond

Silicon atoms




1- Co’ ban vé ban dan va PN junction

Valence Covalent
electrons bonds
Ban dan loai N &

- Thanh ph&n mang dién tich am @O@.@

(free electron) chiém da sO - N-
- Silicon dtyo’c pha tap v&i cac _

nguyén t6 nam trong nhom 5.

- Gia tang so lwong free electron
trong chat ban dan

-----

Free electron donated
by impurity atom

Pentavalent impurity
atom (donor)

Silicon atoms
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1- Co ban vé ban dan va PN junction ]
Trung hoa dién tich trong PN junction
I, ——
-

Bound charges
Holes Free electrons
S, g @
+ + 4+ + G e
S 2 o — :
Barrier
+ + + + ’e e el voltage ¥

+++ + eﬂ - —— - |

Depletion region x
- [
(a) (b)

o

!

Potential

* Dbien ap can V, (barrier voltag(‘e): 0.6 — 0.9 V (ddi vai silicon) )

* Neéu dien ap dwong dat vao dau anode, PN junction s€ phan cwc thuan va dan dién.

« NE&u dién ap dwong dat vao dau cathode, PN junction sé phan cwc nghich va khong
dan dién.
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2- Solar cells (Té bao quang dién) ga|prime
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(a) Cell (b) Module with m cells (c) Array with n modules
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2- Solar cells (Te bao quang dién) gs|Prime
. Reflection Sunlight

MO hinh vé dién cua solar

cells

- Dong dién tao ra trong diode pn-
junction thong thwdng la tr dién + i
ap bén ngoai dat vao 2 cwc cua -
pn-junction prtype 1

- Tuy nhién, dong dién cua solar _+_®
cells dwoc tao ra tr anh sang mat (a) PV cell with load
troi (sunlight) hoac anh sang nhan /i'a§5f:"efff fens
tgo. - comcs i

- Cuwong d6 dong dién, hiéu dién ™~ 1-type material
thé cla solar cell phu thudc nhiéu Sig

Vao bl.’PC Xa Vé. nhlét dé. (b) Parts of a PV cell
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2- Solar cells (Té bao quang dién) ga|prime
Solar cell chuyén d6i nang lwong anh sang sang dién nang nhw
thé nao?

. Dau tién nang lwong tr cac photon anh sang dwoc hap thu vao solar cell va
hinh thanh céc cap electron-hole (dién ti-16 tréng) trong chat ban dan. Nang
lwong clia photon dwoc truyén dén cac hat electron trong mang tinh thé, dwoc
kich thich va tré thanh dan dién.

. CAc cap electron-hole sau do bi phan chia bé&i ngan cach tao b&i cac loai chat
ban dan khac nhau (pn junction). Hiéu (rng nay tao nén hiéu dién thé clta
solar cell.

. Solar cell dwoc ndi ndi tiép thanh 60-cell hodc 72-cell, sau d6 dwoc ndi truwc
tiép vao mach ngoai va tao nén dong dién khi co tai.
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2- Solar cells (Té bao quang dién) gs|Prim

Cong suat va Nang lwong

. CONng suat co don vij 1a watt (W): P (watt) = V (dién ap) x | (dong dién)
« Nang lwgng dién co don vi la watt-hours (Wh): E (Wh) = P x t (th&i gian)
« 1kWh =1 ky dién

Vi du: 1 bong dén 10W thap sang trong 10 gi®, nang lwong dién tiéu thu la 10 W
X 10 h = 100 Wh.
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2- Solar cells (Té bao quang dién) ga|prime

S0 gi® nang cwc dai (peak sun

hours)

 Sb gi® nang cwe dai laA s6 gi® radiance
nang tai mét khu vwe ¢ bire xa
mat tr&i la 1000 W /m2

 Lwuy: sb gio nang cwe dai cla
khu ve khac voi s6 gié nang
cwc dai trén 1 hé théng cu thé.

San lwong dién cua hé thong

« San lwong dién clha hé thong
(kwh) = Céng suat peak cua
cac tam pin mat troi (kW) x SO
gioy néng cwc dai hé théng (h) 7.00 am 10.00 am 2.00 pm 5.30 pm

«— Sun’s path during the day

Hour of
the day
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2- Solar cells (Té bao quang dién) ga|prime

Pac tinh IV va PV cua solar cell

. | dong ngan mach (la dong dién khi chap

A A

2 dau +/-, do bang ampe kém) - I-V curve o
« V... dién ap hé mach (dung volt ké do 2 ifip B

dau cwc +/- khi khdng tai) " .

. “ A p . A X . c v

* Vip ! \d’len aAp tai .co[1g sua’i cwc dai | 9 DAL i 3
e |p: dONg dién tai cong suat cwc dai 3 .
e PMax =vmp xImp ] ]
« Thuat toan do tim diém cong suat cwc dai

nay dwoc goi la Maximum Power Point Voltage Vmp Voc
Tracking (MPPT), thwong nghe dén trong
Inverter.
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2- Solar cells (Té bao quang dién) ga|prime

Pac tinh tai (load lines) cua solar

cell

- Diém hoat ddng (operating point)
cua solar cell phu thuéc vao dién
tré tai

« Khi dién tro tai tang Ién, dién ap
dau ra cua solar cell ciing tang
lén.
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2- Solar cells (Té bao quang dién) ga|prime
Anh huéng cta birc xa (irradiance)

1

e Khi birc xa mat troi ting sé dan - Ry
dén tang dong ngan mach |, dién pz\ \Load line
/’ ? ? 2
ap hd mach V. cua solar cell. Lse
p
1\ 1

>VL
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2- Solar cells (Té bao quang dién) ga|prime
Anh huéng cta birc xa (irradiance)
}1L P1

e Khi birc xa mat troi ting sé dan

dén tang diém cong suat cuc dai — o
P..., CUa solar cell/tam pin. /
Pmax ———————
/93
L o
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2- Solar cells (Té bao quang dién) ga|prime

Anh huéng ctia nhiét dd

(temperature) 'L
Tl > T2 = T3 Tl

e Khi nhiét do ting, dong ngan 3R
mach I sé tang, dién dp ho 2
mach V,_giam = cong suat i
giam (lwong giam cua dién ap 7L
cao hon lwvong tang cua dong /
dién) \




2- Solar cells (Té bao quang dién) ga|prime

Monocrystalline Cells
va Polycrystalline Cells.
Svw khac biét la gi?

Mono

Dé tao ra tdm pin mét trai Mono,
silicon dudc chia ra thanh

cac 6ng nho va cat thanh

cac tdm mong.

Poly

Céac manh silicon dugc
lam nong chay cung nhau
dé tao thanh tdm

pin mét trdi Poly.

& .
e O
)
«“.ff‘l
7

THONG TIN CAU TAO CUA
PIN MAT TRO1 POLY VA MONO
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Bang so sanh giira Monocrystalline va Polycrystalline g: prime
Tiéu chi Monocrystalline Polycrystalline T
Gia S/W DPat hon, khong dang ké (thi trvong hién tai) Ré hon (néu hé théng tir MW tré |1én)
Hiéu suat - Néu cung céng suat tdm pin, hiéu suat cda 2 loai nhw nhau, san lvgng dién tao ra la nhw nhau.
- Tam pin c6 cong suat cao hon lén dén - Tam pin c6 cdng suat |én dén 340W. Luu y: khi so
370W, hiéu suat cao hon vai tdm poly cung sanh, phai so sanh cung mot hang.
cong suat. - Tam pin AE Poly 330W: 17.01%
- Tam pin AE Mono 360W: 18.55%
Nguyén liéu Tu silicon don tinh thé, electrons di chuyén dé T silicon da tinh thé. Dién tré ban dan cao hon.

dang = dién trd ban dan thap
Nhiét dé Suy gidam hiéu suat thap hon khi nhiét dd tdng  Suy gidm hiéu suat cao hon khi nhiét do tang

Dién tich mai nha S dung khi cé gidi han vé dién tich I3p ddt > S dung khi dién tich l1ap dat khéng gidi han. Tuy
tiét kiém chi phi mounting va vat tw khdc. S&n  nhién, v&i cung cong suat hé théng, s6 lvgng tam pin

lwgng dién nang cao hon trén cuing moét dién s& nhiéu hon, chiém dién tich hon, nhiéu thiét bj va
tich nhv nhau. vat tv hon
Uu diém Ludn tot hon vé hiéu suat, san lvgng, tdng von

dau tu toan hé théng.
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3- Solar module (Tam pin mét troi) ga|prime
Cau tao tam pin mat tréi

Serrated-clip design
Tensile strength
Black/ silver colours are optional

o Ultra Clear Tempered AR Glass 2mm-4mm thickness
Lower Reflection

e EVA - Higher Transmittance 91%

L ]

High Efficiency PV Cells - Mono/ Poly - PERC

L ]

EVA - Backsheet 0.45mm

Super Isolation multilayer structure
Withstand fire/dust/UV/tear tests

Innovative full-glue-filled junction box
Outstanding sealability
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3- Solar module (Tam pin mét troi) ga|prime

3 busbars hay 5 busbars tét hon?
e Busbar la cac sgi kim loai két ndi
cac solar cell ndi tiép véi nhau dé
tao dién ap cao hon.
» Moi solar cell c6 dién dp V., trung
binh 0.5 V.
e Tam pin c6 5 busbars sé cd dién
tréd thap hon gitra cac cell 2 cdng Ohms Law
suat tam pin cao hon khoang 2% b | o Yisay o samo

+
+
B
+
+
+
+
B
B

cho cung kich ¢&. Ry
tp =R x I°
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3- Solar module (TAm pin mat trévi) gs|Prime
PERC (Passivated Emitter and Rear Cell) Technology
o P[ERC str dung I&p vat Iiéu‘thu dong trén bé mat sau CG,a solar cells ‘
dé giap phan xa lai mét phan anh sang cho giai doan hap thu birc xa lan 2.
« Cbng nghé PERC giup tang hiéu suat tam pin, tdng ROI (return of investment
trong dau tw

PERC solar cell Standard solar cell

\‘ .\‘.//
pi—
—— Silicon — —— Silicon

)

Power reflector B —
Aluminium - Aluminium
back contact back contact
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3- Solar module (Tam pin mat troi)
Thong so ky thuat trong datasheet — Vi du tam pin AE Solar

@z |prime

-----

! E solar energy solutions

AE345M6-72 AE350M6-72 AE355M6-72 AE360M6-72
Nominal Max. Power Pmax (Wp) 345 350 955 360
Maximum power voltage Vmp(V) 39,34 39,46 39,51 39,55
Maximum power current Imp (A) 8,77 8,87 8,99 9.10
Open-circuit voltage Voc(V) 47,08 47,149 47,3 47,38
Short-circuit current Isc (A) 9,51 9,551 9,58 9,62
Module efficiency (%) 17,78 18,04 18,30 18,55
Power tolerance Pmax (Wp) 0/+5
Maximum system voltage DC (V) 1000
Operating temperature (°C) -40 to +85
Temp. coefficients of Pmax (%/°C) -0.38
Temp. coefficients of Voc (%/°C) -0.29
Temp. coefficients of Isc (%/°C) 0.050
Nom. Operating cell temp.(NOCT) (°C) 45+2

The electrical data apply to standard test conditions (STC): Irradiance of 1000 W/m? with spectrum AM 1.5 and a cell temperature of 25°C.
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3- Solar module (Tam pin mat trovi) ]

Hiéu suat tam pin mat troi 1a gi?

. La hiéu suat chuyén dbi quang nang thanh dién nang.

. Vi du: Blrc xa mat troi tai khu vwe 1ap pin 1& 1000W/m2. Hiéu suat tam pin
la 18.55%, nghia la 1 m2 pin sé tao ra 18.55% x 1000W = 185.5 W (DC).

Dién tich tam pin bao nhiéu m2, nhan lén, sé tinh ra céng suat DC cla tam
pin tai th&i diém co bre xa do.
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3- Solar module (Tam pin mat troi) ms|POT
Thong so ky thuat trong datasheet — Vi du tam pin AE Solar

A
| I-V curve Thwce hanh: Kiém tra cong suat
ISC e DI I Pmax

IMP oo PEnaX < _ L
cua tam pin AE Solar voi cac
thong sé

trong datasheet.

Bs prii me

P-V curve

Current

Voltage Vmp Voc
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3- Solar module (Tam pin mat tr&i) ps|PrME

Suy giam cong suat cwe dai P,.,, dién ap V,. , tang |.. khi nhiét do tang

Mono AE Solar

Temp. coefficients of Pmax (%/°C) -0.38

Temp. coefficients of Voc (%/°C) -0.29

Temp. coefficients of Isc (%/°C) 0.050
Poly AE Solar

Temp. coefficients of Pmax (%/°C) -0.40

Temp. coefficients of Voc (%/°C) -0.31

Temp. coefficients of Isc (%/°C) 0.053

Néu nhiét do tang l1én 10°C, cdng suat tam mono gidam 3.8%, tam poly giam 4%.
Sy khac biét khong dang ké
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3- Solar module (Tam pin mat troi)
“Hot-spot” la gi?
Hot-spot la hién twong nhiét dé tang Ién tai mo6t
khu vwe trong tam pin mat trdi. Hot-spot gay ra do
sut gidm dong dién trong 1 hodc nhiéu cell trong 1
chudi cell.
. Nguyén nhan gay ra do b&i bui ban, tuyét, 1a
cay, bong che, hodc 16i san xuat tam pin
- Nhiét do tich ITy trén solar cell c6 thé 1én dén
1600C -> gidm hiéu suat, hw hai tam pin, hoac hda
hoan.
. Thuwc té, 30% hda hoan trén hé thdng dién mat troi
la ttr hién twgng hot-spot nay.




3- Solar module (Tam pin mat troi)

Hién tworng bong che (shading)

« Khi cell bi che, dong dién qua cell dé
sé bi giam. Do céac cell mac ndi tiép,
nén dong dién cua cell string sé theo
dong cua cell bi che nay.

« Cell bi che hoat dong nhw mot dién
tré ban dan, tiéu thu dién nang tir
cac cell binh thuwong khac >>>Hot -
sSpots

Ba|pr

m

M s

! E solar energy soluti

e
-
ions
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3- Solar module (Tam pin mat troi) Ss|prime

Khong bi che

Cell 1 Cell2

Walng =

Cell 3

'I -

Vi=058V V=058V V=05V
_ String Voltage - I
® Vi=Vi+Vz+V21 @ RS
=15 volts
Maximum
—ower Point
|
Cell 1 Cell 2 : Cell 3
|
- -
05 1.0 String Voltage 1.5 W

Khi bi che

Cell EEIIE Cell 3

V=05V "ul'g ov V=05V

I
Output Voltage + -+

alng -

. 1'l.|""|' 1'!4"1+1'|.|"g+1'u"3

~— Lower Maximum
________________ a~ Power Point
\Eell 1 NEEH 2 NEEH 3

05 String Voltage

Khi bi che, MPP (maximum power point) sé bi giam. Cell bi che tang nhiét dé do
tieu thu nang lwgng tw cac cell kndng chi che.
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3- Solar module (Tam pin mat troi) B[ prime

Bao vé bang Bypass Diode

Bypass Diodes

Cell 2

" @ Cutput o e Cutput o

Bypass diode dwoc dung dé cach ly cell bi che ra khdi cac cell dang lam viéc
binh thuwong



3- Solar module (Tam pin mat troi) s |prime

So sanh hiéu qua cta tam pin AE standard va tam pin AE Smart Hot-Spot Free

- Wﬁ.ﬁ? |
] B. wm L]
L B [ [ | (58 180 (R R
i Coum i
i R || (S (BN
B 107 B D
] R || [ 1D E0ED
. B [ (18 E0 &0
L mESSEE  AYSauS
R s; §!| ! g ~‘ ¥
38% 1%
AE SMART MODULE AE STANDARD MODULE

Video tham khao:
https://www.youtube.com/watch?v=n8PIVko0y14



https://www.youtube.com/watch?v=n8PlVko0y14

3- Solar module (Tam pin mat troi)

So sanh hiéu qua cua tam pin full-cell va tam pin half-cell

Half-Cell Technology
. Tang hiéu suat tam pin (gidm dién noi
tro)
« Giam anh hudong bdi hién twong bong
che (shading) do chuyén bypass

diode vao gilra tam. syess . B

Diodes

« Giam anh hwdng béi hot-spot

. Gidm cdng suat hao hut Hot-S pOt SAFE

Video tham khao:
https://www.youtube.com/watch?v=i_vLV_mDbOU

@z |prime
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120 Half-Cut Cell
10of6 Strings'(3 on top, 3 on bottom)

o i 0 | o e .

:
.
.

f 120 Half-Cut Solér Cells

1

]
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4- PV inverter (Bién tan PV) ]

Bién tan PV (photovoltaic) hoa lwéi 1a gi?
. Bién tan hoa lwoi la thiét bj dién ding dé
chuyén dbi dién DC tir solar panels thanh :
dién xoay chiéu AC ndi tryc tiép vao lwoi =y
dién va tai tiéu thu.
- Pau vao cua bién tan két ndi véi cac solar
panel strings. Pau ra cla bién tan ndi vao tu ] 3
dién vao lwdi dién cla duw an.
. Bién tan hoa Iwéi sé ngwng lam viéc khi
khong co dién lwdi!

FRONIUS ECO
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4- PV inverter (Bién tan PV) ] e

CA&c loai bién tan hoa lwéi

String inverter Microinverter Central inverter

D3ai cHng suat 1.5 kW — 100kW 250-300W MW

Ung dung Rooftop cho ho gia dinh, Rooftop cho ho gia dinh, Solar farms (nha may dién mat
doanh nghiép doanh nghiép troi)

S/W Trung binh Cao nhat Thap nhat

Hiéu qua Gidi quyét MPPT trén mirc d0  Giai quyét MPPT trén murc Giai quyét MPPT trén murc do
string do tirng tam pin = hiéu qua  string

t6t nhat so vadi 2 loai con lai
S6 lvong MPPT 1-6 1 1
bién ap hoat dong 200 - 1000V 16-60V 550V - 1100V

DC dau vao
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4- PV inverter (Bién tan PV) ] e

Bién tan hoa lwéi c6 may loai?

Hoéa lwédi khéng lwu triv (phd bién) Hoéa lwéi cé lwu triv

Gia - Ré hon. Chi phi dau tu hé théng ré hon. - Pt hon. Chi phi dau tu cao hon vi ¢ pin luu
Thoi gian hoan von nhanh hon. trit. Thoi gian hoan von lau hon.

Pin luu triy Khéng can Can

Vidu Fronius Eco (Ao), SMA STP25000 (Ptrc) Fronius Symo Hybrid, SMA Sunny Boy Storage

Video tham khao



https://www.fronius.com/en/photovoltaics/products/all-products/inverters/fronius-symo-hybrid/fronius-symo-hybrid-3-0-3-s
https://www.fronius.com/en/photovoltaics/products/all-products/inverters/fronius-symo-hybrid/fronius-symo-hybrid-3-0-3-s
https://www.sma.de/en/products/battery-inverters/sunny-boy-storage-37-50-60.html
https://www.sma.de/en/products/battery-inverters/sunny-boy-storage-37-50-60.html
https://www.sma.de/en/products/battery-inverters/sunny-boy-storage-37-50-60.html
https://www.sma.de/en/products/battery-inverters/sunny-boy-storage-37-50-60.html
https://www.sma.de/en/products/battery-inverters/sunny-boy-storage-37-50-60.html
https://www.sma.de/en/products/battery-inverters/sunny-boy-storage-37-50-60.html
https://www.sma.de/en/products/battery-inverters/sunny-boy-storage-37-50-60.html
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4- PV inverter (Bién tan PV) Be[prime
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!E argy solutions
So d6 hoat ddong cha bién tan védi hé thong dién mat troi. SMA inverters.

SUNNY PORTAL UTILITY GRID

r 1
UTILITY METER
FOR BILLING
PV GENERATOR APPLIANCE BATTERY INTERNET PURPOSES
RADIO-CONTROLLED SUNNY BOY ROUTER ENERE

SUNNY BOY SOCKETS APPLIANICE SIORAGH (with SWITCH)

—— DC =—— AC —— COM —— Ethemet (7 WIAN




L
4- PV inverter (Bien tan PV) ®s|prime

-----

!E solar energy solutions
So do hoat dong cua bién tan v&i hé thong dién mat tréi. Fronius Symo
Hybrid inverter.

FUTURE OF ENERGY SECTOR INTEGRATION WITH FRONIUS

SOLAR.WEB ELECTRICITY MOBILITY

Bién tan hoa lwdi Hybrid cta

Fronius v&i chirc nang diéu khién Yol O L ‘ { | T
da dong céng suat vao ra (multi N Y /el WL Y
fIOW teChnOIOQy) Cl:lng m(’_jt th(‘),i HOUSEHOLD LOADS EV WALLBOX V

diém. “

Hoat dong ddc 1ap ngay ca méat

dién

lwéi. Recommended!

GENERATOR INVERTER : POWER sWiTcH  FRONIUS

PHOTOVOLTAIK- : FRONIUS EMERGENCY
SMART METER GRID

Video:

(<)

BATTERY PELLET STOVE WITH
STIRLING GENERATOR —— Power path

+ Communication path
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4- PV inverter (Bién tan PV)

DOng cdng suat trong hé thong dién mat troi noi lwéi

CURRENT POWER

&*\N .‘
oO. .
o >| Z\

°

ey

)

Xem truc tiép demo trén Solarweb:

ENERGY BALANCE TODAY ®

120.78 kWh |

e

12.36 kW

00AM 06AM 12PM 06PM 00AM

https://www.solarweb.com/PvSystems/Widgets

@z |prime
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! E solar energy solutions

EARNING ®

Total

1,422.41 Eur

\\\\\\)

(0

CO2 SAVINGS TOTAL

D 7.09t


https://www.solarweb.com/PvSystems/Widgets

4- PV inverter (Bién tan PV) sa[prime

Thong s6 ky thuat can lwu y trong inverter datasheet

TECHNICAL DATA FRONIUS SYMO (10.0-3-M, 12.5-3-M, 15.0-3-M, 17.5-3-M, 20.0-3-M)

Number MPP trackers

Max. usable input current total

(Ide max 1+ lde max 2) 154 51.0 A
Max. aray short circuit current (MPPI/MPP)  405A/248A

DC input voltage range (Udc min - Udc max) 200-1,000V

Usable MPP voltage range 200-800V

Max. PV generator output (Pdc max) 15.0 kW peak 18.8 kWpeak 22.5 kWpeak 26.3 kWopeak 30.0 kWpeak
OWPUTDAW | SMO1005M | SIMOT2S3M || SIMOTSEaN | STMOVSaM | STMOanO3M |

AC nominal output (Pg ) 10,000 W 12,500 W 15,000 W 17,500 W 20,000 W

© 10000VA  12500VA  15000VA  17500VA  20000VA
- AC output current (15¢ nom) 144 A 18.0 A 21.7A 253A 289 A

Frequency (Frequency range) 50 Hz / 60 Hz (45 - 65 Hz)

: Power factor (cos @ac ) 0-1ind./cap
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4- PV inverter (Bién tan PV) gs|P0S

MPP (Maximum Power Point) Trackers

cua inverter la gi?

e MPPT |3 thuat todn diéu khién trong inverter
dua vao sy thay déi dién ap va dong dién
trén tirng string hodc cum string dé do tim
diém cdng suat cuc dai clia string va hé
théng, nham t6i da san lwgng tao ra trén
toan hé thong.

o Chi phi cho inverter chi chiém 10-14% cua
toan hé thong, nhwng déng vai tro quyét
dinh san lwong dau ra rat I&'n cia hé thong.

P/U curve in shading conditions

Power
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4- PV inverter (Bién tan PV) gs|Prime
Hé s6 cong suat (power factor) la gi?
o Laty s6 cda cong suat thuc/hiéu dung (P in kW) trén cdng suat biéu kién (S in VA)
« COng suat hiéu dung la cong suat dién cé thé bién d6i thanh cdc dang cdng suat khac
(co, nhiét, hoa).
« COng suat biéu kién la dai lwong chi sy cung rng dién nang tir ngudn cap.

e Hé s cOng suat cang cao, cang tot
P Vlcosa

S Vi

PF = COSQL

RMS voltage (dién ap hiéu dung) =V v I
RMS current (dong dién hiéu dung) = |

Phase difference (Iéch pha giit Vval) = cos a
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5- Thiét ké hé thong dién mat troi s

Tao cac string (chudi) tam pin mat troi

o Cac tam pin ndi nodi tiép dé tang dién ap, va ndi song song dé tang dong dién.

Vmp = 55V Vmp = 55V Vmp = 55V Vmp = 55V Vmp = 40V Vmp = 55V
Imp = 5A Imp = 5A Imp =5A Imp = 5A Imp = 4A Imp =5A
Pmax = 275W Pmax = 275W Pmax = 275W Pmax=275W  pmax = 160W Pmax = 275W

0#0000*‘
+¢1»+¢

Total Total

S Vmp = 165V ® © Vmp = 150V (55V + 40V + 55V) ®
Imp = 5A Imp = 4A
Pmax = 825W Pmax = 600W

Cac tdm pin cung thong sé ki thuat Cac tam pin khong cung thong s6 k§ thuat mac ndi tiép,

dong dién string s& theo dong cGia tdm pin thap nhat.
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5- Thiét ké hé thong dién mat troi ps RIS

Tao cac string (chudi) tam pin mat troi
o Cac tam pin ndi nodi tiép dé tang dién ap, va ndi song song dé tang dong dién.

Vmp = 55V : Vimp = 55V
Imp = 5A Total Imp = SA
Pmax = 275W A s P Total
mp = 55V Pmax = 275W Vmp = 40V
Imp=15A -
Vmp = 55V _ Imp=14A(5+4+5)
A Pmax = 825W Vmp = 40V Dryast= SEOW
Pmax = 275W 5 'mPIZ(?Vl\\I
max =
Vmp =55V ©)
Imp = 5A ° Vmp = 55V @
Pmax = 275W : Imp = SV'L\\/ ®
=275
. max
» =
Cac tdm pin cung thong sé ki thuat Cac tdm pin khong cung thong sé k§ thuat mac //, dién

ap string s& theo ap clia tdm pin thap nhat.
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5- Thiét ké hé thong dién mat troi ps RIS

Tao cac array (day) tdm pin mat troi
e« Cdac day tdm pin duoc cau thanh tir cac chudi tdm pin dé tang dong dién

String 1 String 2 String 3
Vmp =165V Vmp = 150V Vmp =135V
Imp =5A Imp =4A Imp=4A
I I 7 . V' n n kd AN . s \
Vimp = 55v [BC)8 ssy [ME0 sov (W V@i cac hé thdong nho, thi string chinh Ia
Imp =5A | B 5A | mmma 4A | I arrav.
i )i il © Y
+ “.,,+..,,.
....,,
VTP=_55V il 40V | it 55V | bl Total
mp = 5A | IIBIH 4A | WM S5A | WM
nmm N nwmu Vmp =135V
Tl Imp=13A(5+4+4)
fitt Pmax = 1755W
Vmp = 55V | -4 55v | S qo0v |-
Imp = 5A | DI SA | Il 4A | IBmY
nana @
i I
|




5- Thiét ké hé thong dién mat troi gs|Prime
Két ndi PV strings vao MPP Trackers cua inverter nhw thé nao?
e Khi cac tdm pin nam trén cac vi tri cé cac goc nghiéng (tilt angle) va huéng (orientation)
khac nhau, can sap xép cac tdm pin cd cung diéu kién vé gdc nghiéng va hudng trén
mot string va dau ndi vao mot MPPT cla inverter.
Vi du: madi nha cua cdc villa, mai nha xwong theo hwéng déng tdy...
o Trudng hop nay, khi thiét k& phai lua chon cac inverter cé it nhat 2 k&nh MPPT dé t6i
wu san lwgng dién dau ra cia hé thong.

/ Generator with different orientations (e.g. east/west) / Generator with different tilt angle (e.g. roof/facade)
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5- Thiét ké hé thong dién mat troi pe|PTIME

Tinh toan so lwong tam pin trén string nhw thé nao?
e Can cacthong so sau cho tam pin:

SPECIFICATIONS » AE345M6-72  AE350M6-72  AE355M6-72  AE360M6-72
Nominal Max. Power Pmax (Wp) 345 350 355 360
Maximum power voltage Vmp(V) 39,34 39,46 39,51 39,55
Maximum power current Imp (A) 8,77 8,87 8,99 9,10
Open-circuit voltage Voc(V) 47,08 | 47;149 47 3 47,38
Short-circuit current Isc (A) 9,51 9,551 9,58 9,62
Module efficiency (%) 17,78 18,04 18,30 18,55
Power tolerance Pmax (Wp) 0/+5
Maximum system voltage DC (V) 1000
Operating temperature (°C) -40 to +85
Temp. coefficients of Pmax (%/°C) -0.38
Temp. coefficients of Voc (%/°C) -0.29
Temp. coefficients of Isc (%/°C) 0.050
Nom. Operating cell temp.(NOCT) (°C) 45+2

The electrical data apply to standard test conditions (STC): Irradiance of 1000 W/m2 with spectrum AM 1.5 and a cell temperature ol 25°C.



5- Thiét ké hé thong dién mat troi gs|Prime

Tinh todn so lwo'ng tam pin trén string nhw thé nao?
e Can cac thdong so sau cho inverter: maximum DC voltage va start volage cua inverter

Max. permitted PV power (kWp) 5.7 kw 7.5 kW 9.0 kW

Total max. DC current

Operating voltage range

Nominal input voltage

MPP voltage range 200 - 800 V 240-800 V 240-800V
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5- Thiét ké hé thong dién mat troi gs|Prime
Tinh toan so lwo'ng tam pin trén string nhw thé nao?
Tinh todn V., dé tinh s6 lwgng t6i thiéu trén string.
Vmin = Vmp + (Tcao + Tténg_ TSTC) X (Vmp x TC Of Voc) =
- 39.46 V + (400 C + 279 C - 250 C) X (39.46 X (-0.29/100))
=39.46V+ (42 x (-0.11)) =34.65 V

Gia s, chi s6 suy giam la 12%, suy ra:

V.. =33.16 x 0.88 = 30.5V
S6 lwong tam pin t6i thiéu = 80/30.5 = 2.6 ~ 3 tAm 350W Mono nhuv vi du
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5- Thiét ké hé thong dién mat troi me| D00
Tinh toan s6 lwong tam pin trén string nhw thé nao?
Tinh toan V., dé tinh s6 lwgng toi da trén string.
Vinax = Voc + (Tengp Tstc) X (Vo X TC Of V) =
=47.15V +(200C-259C) x (47.15 x (-0.29/100))
=47.15V + (-5 x (-0.137)) =47.84 V

SO luwgng tam pin tdi da = 1000/47.84 = 20.9 = 20 tdm la s6 lwong toi da khi
stir dung v&i tdm pin nay vdi inverter cdia Fronius da chon trong vi du.
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5- Thiét ké& hé théng dién mat troi gs[Prme

Thiét ké hé thong véi tam pin 350Wp va inverter SkW

e SO lwgng tam pin/string: min = 3 tdm, max = 20 tam.

 Chon hé sb oversize DC/AC =1.2 => cOng suat tdm pin = 5 *1.2 = 6kWp => s0 luong
tam pin 350Wp can chon la 6000/350 = 17.14 tdm => chon 18 tdm

e Hé sd DC/AC thuc té: 18*%350/5000 =1.26

e SO lwgng MPPT cla inverter: 2 MPPT => moi string ddu vao IMPPT 13 18/2 = 9 tam
(thda man diéu kién min =3 tdm, max = 20 tam).

e Kiém tra dién ap chudi: 9 * Voc = 9*47 =423V ~~ 420V dién ap hoat dong t6i wu cla
string.

* Dongdién Imax string = Imax tdm pin =8.87A < 18A |a Imax cla inverter

Nhu vay: hé thong dadm bdo hoat déng 6n dinh trong moi diéu kién.
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5- Thiét ké hé thong dién mat troi pe|PTIME

Lwa chon hé sé DC/AC = cdng suat peak DC cac tam pin / cong suat AC inverter

Hé sb nay thuwong duoc lua chon tir 1.1 — 1.3, hodc ¢o Clipping loss

thé cao hon. Ly do:

e Blrc xa & diéu kién chuan (1000W/m?2) rat hiém cé | l

e Ton that I&n do nhiét d6 lam viéc cta tAm pin
cao hon nhiét do chuan (25°C)

e TOn that khac: day dan, mismatch, inverter

Power (MW)

Trwong hop cong sudt DC that ddu ndi vao inverter
cao hon cong suat AC cla inverter, phan cdng suat
chénh |&ch s& bij cat bd nhu |a tén that, goi la clipping
loss. V&i hé so tir 1.2-1.3, ton that nay thap nhat.




5- Thiét ké hé thong dién mat troi

GAc nghiéng (Tilt angle) — Goc Azimuth

(Hwdng)

- GAc nghiéng la gdc gitra tam pin va bé mat
nam ngang, thuwdng chon 100-130 khi [3p dat
tuy vao vj tri du an.

- GAOc azimuth la géc gitra huwdng cha tam pin
va hwdng phia Bac (True North) theo chiéu
kim dong ho tir 0-3599. Goc azimuth (hudng)
toi wu la hudng vé Nam, tirc 1800.

Altitude

West

@z |prime

-----

! E solar energy solutions

Azimuth

East
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5- Thiét ké hé thong dién mat troi ] [
Anh huéng ctia géc nghiéng tam pin trong hap thu birc xa

Collector A receiving

Incoming 12 rays from the sun all 12 rays

Tilt angle of
collector g

Sun’s altitude
angle y

Incoming 12 rays from the sun

Collector A
receiving

only 9 rays
Sun’s altitude s
angle y z .

Incoming 12 rays from the sun

Collector A
receiving
all 12 rays

-Anh sang mat troi (blre xa) vao tdm pin phu thudc vao géc
nghiéng tam pin va vi tri cia mat troi tlr sang dén chiéu
trong ngay.

-Dé t8i wu lwgng birc xa, can cé hé théng tracking dé diéu
chinh géc nghiéng va hudng cta cac tam pin. Tuy nhién,
thiét ké sé phirc tap va ton kém.
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CONG TY TNHH GIAI PHAP NANG LUONG MAT TRO1PRIME ~ S3|prime
205 Linh Trung, KP1, P. Linh Trung, Q. Thu Blc, Tp. HCM

Lién hé dat hang: dong.do@primesolar.vn
Viber/Zalo: +84 908 336 100
www.primesolar.vn
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