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Loi mé dau

Trong nhung nam gan day Viét Nam quan tim dau tu cho nghién ciru khai thac
st dung ngudn ning lwong mit trdi, tng dung cac cong nghé tién tién quang dién dé
cip dién va quang nhiét dé cp nhiét phuc vu cho nhu cau phat trién kinh té xa hoi.
Trong d6, ngudn ning lwong mit trdi duge danh gia 1a kha doi dao va phong phu, va la
ngudn ning luong co ban co tinh chién lugc khong chi cap dién cho ving chua c6 dién
lw6i ma con 1a ngudn bo sung quan trong cho hé théng ning lwong quéc gia, gop phan
dam bao an ninh ning luong va bao vé méi truong sdng. Viét Nam di tmg dung ning

luong mat troi dé cap dién va cap nhiét.

Cac hé théng ludi dién mat tro1 da c6 mat ¢ 38 tinh, thanh trong ca nudc va mot
s6 bo, nganh st dung. Cac nguén dién pin mat troi déu khong ndi ludi, trir hé théng
pin mit troi 150kW tai Trung tam Hoi nghi Qudc gia 13 c6 ndi ludi. Téng cong suat

dién pin mat tro1 ctia Viét Nam hién nay khoang 1,4AMW.

Puogc sy hudng dan tan tinh cia GS.TSKH Than Ngoc Hoan truéng bo mén
Dién ty cong nghiép trudng DH Dan 1ap Hai Phong, va cac thdy co gido trong bd mon
Dién tu dong cong nghiép em di bat tay vao nghién ciru va thuc hién dé tai “Xay dung
hé thong st dung niang lwong mat trdi cho chiéu sang ” do GS.TSKH Than Ngoc Hoan

hudng dan chinh. Dé tai gdm nhitng nodi dung chinh sau:

Chuong 1:NHUNG UNG DUNG CUA NANG LUQGNG MAT TROI

Chuong 2:CAU TRUC CHUNG MOT LUOGI PIEN MAT TROI

Chuong 3: XAY DUNG MO HINH HE THONG NANG LUQONG MAT TROI

Chuong 4: THUC HIEN THI NGHIEM TREN MO HINH MO PHONG VA MO
HINH THUC

I. Tinh cép thiét cia dé tai (tinh thoi sw, ddp tng yéu ciu phat trién kinh té - x4

hoi, gido duc vay té...)

Hién nay truéc thach thirc vé thay ddi khi hau, can kiét ngudn tai nguyén

khoang san, do d6 cac nguon nang lugng tai tao va nang luong sach dan dugc dua vao



dé thay thé cho cac ngudn ning luong khoang san. Mot trong cac ngudn nang lugng do

la ngudén nang lugng mat troi.
Il. Muc tiéu cta de tai:

Xay dung hé thong sir dung ning lugng mit troi cung cap cho mot ho gai dinh

v61 cac phu tai nhé
I11. Tinh méi, tinh doc dao va tinh sang tao cua de tai:

e St dung bo bién doi buck va boost dé thyc hién bién doi va 6n dinh dién ap.
e S dung ngudn nang lugng mat tro1 dé san xuat ra dién nang.

IV. Tinh hinh nghién ciru trong va ngoai nudéec:

Nudc ta dd phat trién ngudn niang luong dién mat troi tir nhimg nam 1960, t6i
nay hoan toan 1am chu cong nghé dién mit troi. Tuy nhién, du c6 ngudn tai nguyén
nang luong mit troi 1on nhung sau mot thoi gian phat trién, viéc ung dung cac thiét b
st dung nang luong mat troi vao cude séng, véi muc dich tiét kiém dién, cling chi moi
¢ muc giam chan tai chd va chua dugc khai thac hiéu qua do thiéu kinh phi va chua
dugc pho bién rong rii v6i cac doanh nghiép va ngudi tiéu dung. Hé thong nang lugng
mat tro1 cua Viét Nam chu yéu duoc nép dat ¢ khu vuc nong thon, mién nui, vung sau,
vung xa, hai ddo. Cac hé théng pin mat tro1 da c6 mat ¢ 38 tinh, thanh trong ca nudc
va mot sb bo, nganh sur dung. Céc nguén dién pin mat troi déu khong ndi ludi, trir hé
théng pin mit troi 150kW tai Trung tAm Hoi nghi Qudc gia 1a ¢6 ndi ludi. Tong cong

suat dién pin mat troi cta Viét Nam hién nay khoang 1,4MW.
V. Nbi dung nghién ciru ciia dé tai:

Nguén dié _— ) bicn doi i
guon dién | > Bo didu khién | > B4 bién do1 Phu tai

pin mét trén | DC/AC

Yy




VI. Phwong phap va thiét bi nghién ctu:

Str dung bd bién d6i buck dé 6n dinh dién ap dau ra khi dau vao thay d6i dé
nap vao dcquy. Tir acc quy ta sir dung bo bam xung két hop inverter dé ting dién ap
nén di¢n ap 220 v dé su dung thiét bi dién chiéu sang trong sinh hoat.

VIL Kha niing trién khai ing dung, trién khai két qua nghién citu cia dé tai:

Viéc nghién clru st dung pin nang luong mat troi ngay cang dugc quan tam,
nhat 13 trong tinh trang thiéu hut ning luong va van dé cip bach vé moéi truong hién
nay. Nang luong mat troi1 dugce xem nhu l1a dang nang luong uu viét trong twong lai, do
12 ngudn ning luong sach, san co trong thién nhién. Do vay niang lugng mit trdi ngay
cang duoc sir dung rong rii ¢ cac nude trén thé giéi.

VIIIL Dy kién nhirng két qua nghién ctru ciia dé tai:
1. Boéng gop vé mat khoa hoc, phuc vu cong tac dao tao:
* Bo sung thiét bi phuc vu cho cong tac giang day ciia nha truong
e Gop phan giai quyét van dé thiéu hut nang luong dién trong sinh hoat
2. Nhimng dong gop lién quan dén phat trién kinh té:
e Tiét kiém chi phi dién ning cho chiéu sang
3. Nhiing dong gop vé mat xa hoi (cac giai phap cho van dé xa hoi):
e Gop phan giai quyét van dé thiéu hut ning luong

e Gop phan bao vé moi trudng



Chuong 1:

NHUNG UNG DUNG CUA NANG LUQNG MAT TROI
1.1.  Mé dau

Ning lwong mit troi 1a ngudn ning lwong sach nhit va vo han nhit trong cac
ngudn ning luong ma chung ta duge biét. Birc xa mat troi 13 sirc nong, anh sang dudi
dang cac chum tia do mit troi phat ra trong qua trinh tu dét chiy minh. Btrc xa mit troi
chtra dung mot ngudn ning luong khong 16 va 1a ngudn gbe ctia moi qua trinh tu nhién
trén trai dat. Nang luong ctia mat troi du rat réi dao nhung viéc khai thac hiéu qua

ngudn nang lugng nay thi van con la mdt cau chuyén dai.

Ning lugng mit troi c6 thé chia lam 2 loai co ban: Nhiét ning va Quang ning.
Céc té bao quang dién (Photovoltaic cells - PV) str dung cong nghé ban dan dé chuyén
hoa tryc tiép ning luong quang hoc thanh dong dién, hodc tich trit vao pin, ac quy dé sir
dung sau d6. Cac tim té bao quang dién hay con goi 13 pin mat troi hién dang duoc st
dung rong rai vi ching rat dé chuyén doi va dé dang lap dit trén cac toa nha va cac cau
tric khac. Pin mat troi c6 thé cung cép nguén nang lugng sach va tai tao, do vay 1a mot
nguodn bd sung cho ngudn cung cap dién chinh. Tai cic ving chua c6 dién ludi nhu cac
cong ddng dan cu ¢ xa, ndng thon, hai déo, cac truong hop khan cp.,... pin mit troi cd
thé cung cip mot ngudn dién dang tin cay. Diéu bat cap duy nhat 14 gia thanh cua Pin
mit troi dén nay con cao va ty 1é chuyén d6i ning luong chua that sy cao (13-15%).
Trai lai strc néng ctia mit troi ¢ hiéu sudt chuuyén d6i 16n gip 4-5 1an hiéu suat cia

quang di¢n, va do vay don gid cua mdt don vi nang luong dugc tao ra ré hon rat nhiéu.

Nhiét nang cé thé duoc sir dung dé suoi néng cac tdoa nha mdt cach thy dong
thong quan viéc str dung mat s6 vat liéu hodc thiét ké kién trac, hodc duoc sir dung truc
tiép dé dun néng nudc phuc vu cho sinh hoat. O rat nhiéu khu vyc khac nhau trén thé
gidi thiét bi dun nudc ndng dung ning lwong mit troi (binh nude ndng ning lwong mat
troi) hién dang 1a mot sy bo sung quan trong hay mot sy lya thay thé cho cac thiét bi

cung cap nudc noéng thong thudng dung dién hoic gaz.



1.2.  Giéi thiéu vé pin ning lwong mit troi

1.2.1. Pin ning lwong mit troi la gi? Lam sao ¢6 thé tao ra dién.

Pin mit troi (solar cell) duoc cdu tao boi nhitng chat ban dan (semiconductor),
thong thuomg 1a Silicon (Si). Trude tién cac 16p ban dan nay duoc lam nhiém thira dién
tich duong (goi 1a p-conducting semiconductor layer) c6 thua cac 16, va lam nhiém
thiéu dién tich duong (goi 13 n-conducting semiconductor layer) c6 thira cac electron.
Néu ta kep mot 16p p co du dién tich duong c6 thira 16 v&i mot 16p n bi thiéu dién tich
duong c6 nhiéu electron thi rd rang cac electron & 16p n s& chyc chd muén nhay sang
16p p dé chiém céc 15. Electron tir 16p n di chuyén dén gan 16p tiép giap n-p junction
dé nhay sang 16p p. Bién giéi nay bi mat thang bang dién tich nén phan tng lai bang
cach tao ra 1 di¢én truong doc theo no, déy cac electron sang tan mép bén kia cua 16p n
va day cac 10 sang tan mép bén kia cua 16p p. Ngin cach xay ra. Cac electron tir 16p n

khong con qua dugc cac 16 bén 16p p dugc nira.

Bay gid néu ta bat cau ndi day dan tir 16p n sang 16p p dé cac electron tir 16p n
c6 thé nhay sang 16p p? Chung qué yéu dé di chuyén. Dudi blic xa cta 4nh ning mat
troi, cac photon cham vao 16p silicon va mang niang lugng dén cho ching: cac photon
cung cdp ning luong dé cic electron thoat ra khoi nhan tao thanh cac electron di
chuyén tu do, tir mit ngoai cua 16p n, chung theo diy dan chay sang 16p p bén kia dé
gip cac 13, tao thanh dong dién. Va khi 4nh ning mit trdi con mang photon dén thi qua

trinh nay lai xay ra, tao ra dong dién lién tuc d¢é ta sir dung.

silicon
junction

p-type
silicon

Hinh 1.1: Cau tao bén trong clia cac 16p pin ning lugng mit troi



1.2.2. Hiéu sudt pin ning lwong mdt troi

Hiéu suat bién doi nang luong (conversion efficiency) cua pin mat troi., la ti so
gitta lugng dién nang nd san xuat ra voi luong ndng luong nd nhan dugce tr anh sang
mat tro1. Khi hi€u suat bién doi cang cao, pin mat tro1 san xuat ra nhi€u nang lugng

hon. Hi€u suat bién doi cia pin mat troi la do cau tao cua no.
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Bang 1.1. Bang thong ké hiéu suét pin nang luong mit troi

1.3.  Tiém niing vo tan ciia niing lwong mit troi

Vi tri dia Iy d4 vu ai cho Viét Nam mot ngudn ning luong tai tao vo cung 16n, dic
biét 1a nang luong mat troi. Trai dai tir vi do 23°23° Béc dén 8°27° Bic, Viét Nam nim
trong khu vuc c6 cuong do birc xa mat troi tuong ddi cao. Trong do, nhiéu nhat phai
ké dén thanh phé H6 Chi Minh, tiép dén 14 cac ving Tay Bic (Lai Chau, Son La, Lao
Cai) va ving Béc Trung B6 (Thanh Hoa, Nghé An, Ha Tinh). ..

Ning lugng mit trdi c6 nhimg wu diém nhu: Sach, chi phi nhién liéu va bao dudng
thip, an toan cho nguoi sir dung... Pong thoi, phat trién nganh céng nghiép san xuét
pin mat troi s& gop phan thay thé cac ngudn ning luong héa thach, giam phat khi thai
nha kinh, bao vé méi trudng. Vi thé, day duoc coi 1 ngudn ning luong quy gid, co thé
thay thé nhirng dang ning luong cii dang ngay cang can kiét. Tir l4u, nhiéu noi trén thé

gidi di sir dung nang lugng mit troi nhu mot giai phap thay thé nhitng ngudn tai



nguyén truyén thong. Tai Pan Mach, nim 2000, hon 30% ho dan sir dung tdm thu
ning luong mit troi, co tac dung 1am ndng nuée. O Brazil, nhitng ving xa x6i hiém
tré nhu Amazon, dién nang lugng mat trdi luon chiém vi tri hang dau. Ngay tai Dong

Nam A, dién mit troi & Philipines cling ddm bao nhu cau sinh hoat cho 400.000 dan.

st Kiu v (Wbneagiy) | biahgrnan
1 | Khu vire Dong Bic 33-41 1500 - 1800
2 | Khu vyc Tay Biic 41-49 1890 - 2102
3 | Khuwvue Bic Trung Bo 46-52 1700 - 2000
4 | Khu vire Nam Trung b va Tay Nguyén 49-5.7 2000 - 2600
5 | Khu vie Nam bo 43-49 2200 - 2500
Trung binh ca nude 4.6 2000

Béng 1.2. Gi4 tri trung binh cudng d birc xa MT ngay trong ndm va sb gid ning
ctia mot s6 khu vuc khac nhau ¢ Viét Nam [1]
1.4. Nhirng vu diém ciia nang lwgng mat troi
Ning lwong mit trdi ¢6 nhitng vu diém nhu:

e Sach, chi phi nhién liéu va bao dudng thip, an toan cho ngudi sir dung... Pong
thoi, phat trién nganh cong nghiép san xuét pin mit troi s& gbp phan thay thé cac
nguén nang lugng hoa thach, gidm phat khi thai nha kinh, bdo vé moi truong. Vi thé,
day duoc coi 1a ngudn ning luong quy gia, co thé thay thé nhitng dang ning luong cii
dang ngay cang can kiét. TUr lau, nhiéu noi trén thé gidi di sir dung ning lugng mat
troi nhu mot giai phap thay thé nhitng ngudn tai nguyén truyén théng. Tai Pan Mach,
nam 2000, hon 30% hd dan st dung tam thu nang lugng mat troi, ¢ tdc dung lam
néng nude. O Brazil, nhitng ving xa x6i hiém tré nhu Amazon, dién nang luong mit
troi ludn chiém vi tri hang dau. Ngay tai Dong Nam A, dién mit troi ¢ Philipines ciing
ddm bao nhu cau sinh hoat cho 400.000 dén.

1.5. Nhirng irng dung niang lwgng mat troi cia Viét Nam

Tai Viét Nam, theo cac nha khoa hoc, néu phat trién tot dién mat troi sé gop
phan ddy nhanh chuong trinh dién khi hoa néng thén (Du kién dén nim 2020, cung

cép dién cho toan bd 100% ho dan nong thon, mién nui, hai déo.. D).


http://farm8.staticflickr.com/7057/7077454839_17e4fd40b2_b.jpg

Tir nhitng nam 1990, khi nhiéu thén xom ngoai thanh chua c6 luéi dién qudc
gia, phan vién vat ly TP HO Chi Minh d trién khai cac san phém tor dién mat troi. Tai
mot s6 huyén nhu: Binh Chanh, Can Gio, Ci Chi, dién mat trdi duoc s dung kha
nhiéu trong mot s6 nha van ho4, bénh vién... Pic biét, cong trinh di¢én mat troi trén
dao Thiéng Liéng, xa Can Géo, huyén Can Gid cung cip dién cho 50% s6 ho dan séng

trén dao.

Nam 1995, hon 180 nha dan va mot sb cong trinh cong cong tai buéon Cham, xa
Eahsol, huyén Eahleo tinh Pik Lik da sir dung dién mat troi. Gan day, du an phat dién
ghép gitra pin mat troi va thuy dién nho, cong suat 125 kW dugc lap dat tai xa Trang,
huyén Mang Yang, tinh Gia Lai, va du an phat di¢n lai ghép gilta pin mat tro1 va dong
co gi6 véi cong suat 9 kW dat tai lang Kongu 2, huyén Pak Ha, tinh Kon Tum, do
Vién Ning luong (EVN) thuc hién, gbp phan cung cip dién cho khu vuc dong bao dan

toc thiéu so.

Tu thanh cong cia Dy an nay, Vién Nang lugng (EVN) va Trung tam Nang
lugng méi (truong dai hoc Bach khoa Ha Noi) tiép tuc trién khai tmg dung gian pin
mit troi nham cung cap dién cho mot s6 ho gia dinh va cac tram bién phong & dao Co
T6 (Quang Ninh), dong thoi thyc hién Du 4n “Ung dung thi diém dién mat troi cho
vung sau, vung xa’ tai xa Ai Qudc, tinh Lang Son. Dy an dugc hoan thanh vao thang

11/2002.

Ngoai chiéu sang, ning lugng mit troi con c6 thé tng dung trong linh vuc
nhiét, dun ndu. T ndm 2000 — 2005, Trung tdm Nghién ctru thiét bi ap luc va nang
lugng moi (dai hoc Pa Ning), phdi hop véi to chirc phuc vu nang luong mit troi trién
khai Dy an “Bép nang lugng mat troi” cho cac hd dan tai lang Binh Ky 2, phuong Hoa
Quy, quan Ngii Hanh Son (Pa Nang). Bén canh d6, trung tim nghién ctru ning lugng
moi ciing nghién ctru ning lugng mit troi dé dun nudc nong va dua loai binh dun nudc
néng ndy vao ung dung tai mot sd tinh: Hai Phong, Quang Ninh, Nam Dinh, Thanh

Héa, Son La...



1.6.  Nhitng vi du cu thé vé hé théng ning lwong mit troi, cac hé thong lwéi dién
mat troi
1.6.1 Gidi thi¢u: La hé thong dién mit troi hoa ludi co dy trit dau tién tai TP Hai

Phong duoc lép dat tai Bi¢t Thu Gia dinh Bac Stru, Nui Beo, Thuy Nguyén Hai phong

Hinh 1.2: Toan canh khu biét thy dugc lip hé thdng pin nang lwong mit troi

Hién nay van dé st dung ndng luong hi¢u qua va tiét kiém dang dugc xa hoi rat
quan tdm. Do vdy ngay tir khau thiét ké, gia dinh Bac Stru dd yéu cau cac kién trac su
thiét ké ngoi nha hai hoa vai thién nhién:

e Tan dung tdi da anh sang tu nhién va gio troi

e Sur dung vat licu TKNL nhu gach khong nung, kinh cach nhiét

Va duogc su tu van ciia cac ki su Cong ty SYSTECH Eco, Gia dinh Bac Stru d3 lip
dat thém hé théng dién mat tro1 hoa ludi va may nudc néng nang luong mat troi nham
tan dung birc xa mat trdi dap tng nhu cau sir dung dién ning va nudc néng trong gia

dinh, han ché su phu thudc vao nguén dién nang khong 6n dinh hién nay.

STT Thiét bi Pon vi S6 lugng
1 | Tam pin mat troi 170W Tam 18
2 | B hoa luoi 1400W Bo 3
3 B Solar controllar charger Bo 3
4 | Bo Inverter SKVA 48VDC/220VAC Bo 1
5 | Bo Charger 48VDC/45A Bo 1
6 | Ac quy kin khi 180Ah/12V Cai 8

Béang 1.3: Thong s0 ki thuat ctia hé théng ndi ludi co dy trit 3060w:



1.6.1.1. M{t s6 hinh anh ld'p dat hé thé'ng dan pin mdt troi

Hinh 1.3: Toan canh Biét thu gia dinh Bac Stru chua lip dat hé thdng pin mat troi

va may nudc nong NLMT

Hinh 1.4: Khung dan tam pin dugc han co dinh trén mai

Hinh 1.5: Lép dit dan pin sb 1
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Hinh 1.6: Lap dat dan pin s6 2
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1.6.1.2. Cdy cdu itng dung ndng liwong mdt troi Iom nhdt toan cau

Chinh phti Anh quéc vira tién hanh khéi cong xdy dung cau Umg dung ning
luong mit troi 16n nhat thé gidi voi ude tinh cung cap khoang 900.000 kWh mdi nam.
C6 khoang hon 6.000m2 tdm pand quang dién s& dugc lip dat trén cdy cau bic qua

sbng Thames.

Theo ké hoach, mang ludi duong ray st dung khoang 50% ning luong duogc
cung cap tir nang lwong mit troi 1on nhat thé gisi gitp cat giam khoang 511 tan khi

thai CO2 mdi nam. Kinh phi dé xay dung khoang 7,3 triéu bang Anh.

s

Y / //y

Z

2

Hinh 1.9: Cac cong nhan dang lap rap cac tAm pin mat trdi 1én gia do

Hinh 1.10: Cy cau sau khi d3 lp dit hé thong cac tim pin ning luong mit troi

12
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Hinh 1.11: Céc tim pin da duoc lap rap

Bang 1.4: Bang dic tinh cta ciy cau

Maximum Power (W) 55W Walt
Power Tolerance(%) 3 %
Maximum Power Voltage(Vmp) 17.1 Volt
Maximum Power Current(Imp) 3.22 Ampere
Open circuit Voltage(Voc) 21.0 Volt
Short circuit Current(lsc) 3.76 Ampere
Temp-coefficient Voc -0.35+0.02 %/°C
Temp-coefficient Isc -0.04+0.0015 | %/°C
Temp-coefficient Power -0.5+£0.05 %/°C
Nominal operating cell temperature (NOCT) | 47°C+2°C °C
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Béang 1.5: Co tinh

Length(mm) | 715mm
Dimensions Width(mm) 680mm

Depth(mm) 40mm
Installation Dimensions Length(mm) | 643mm

Width(mm) 311mm
Weight(kg) 6.5kg
Frame structure(Material,Comers) Aluminium
Front side Glass
Front glass thickness 3.2mm
Encapsulant EVA
Back side TPT

Junction Box

made in china

Bang 1.6: Bang tiéu chuan kiém tra diéu kién anh sang

AM AML1.5
Irradiation 1000W/m2
Tc 25°C

Béang 1.7: Cac thong so co ban vé cay cau

Operating Temperature

40°C-+90°C

Storage Temperature

from-40°C-+90°C

Dielectric Isolation Voltage

1000 VDC max 1000V

Maximum Wind Resistance

60m/s N/m2 or max Km/h

Maximum Load Capacity

200 Kg/m2

Maximum Hail diameter @80Km/h

25mm@380km/h
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Chwong 2:

CAU TRUC CHUNG MOT LUOI PIEN MAT TROI

2.1. Giéi thiéu
Lud1 dién nang luong mat troi st dung trong cac ngdi nha. Dé ¢ co s thiét ké
tinh toan dé tai thyc hién dé tai thuc hién x4y dung mé hinh luéi dién nip cho mot ho

gia dinh ¢ coéng suit 3060 W/h.

SR
solar
Solar Inverter Thiét bi tiéu
controller R pwm R thu dién
A
o _/ Y

Binh acc quy

Hinh 2.1: So d6 khoi hé thong ning lwong mit troi

2.2. Phan tich cac thanh phan ciia h¢ thong dién niing lwgng mit troi
2.2.1. Solar
Solar 14 pin nang lwong mit trdi ¢ tic dung 14 sinh ra ngudn dién nho sy hap

thy 4nh sang mat troi qua cac 16p ban dan tao ra dién ning.

15



Hinh 2.1: Solar panel 170 W

Céc thong s ciia tAm pin:

Cong suat 16n nhat: 170 W

Dién &p hd mach: 44.2 V

Dong dién ngin mach: 5.14 A

bién &p lam viéc: 36.14 V

Dong lam viéc: 4.71 A

Hiéu suat chuyén ddi ctia tAm pin: 15.75%
Kich thude: 1580 x 808 x 35mm(L*W*H)
Trong luong: 16 kg

Nhiét do hoat dong: -40 ° ~ +90 °

Cong suit chénh 1éch: +- 3%

16



Do nhitng tam pin nay phu thudc vao cuong dd chiéu sang ctia mat troi. Vi thé
dién &p ra cua cac tam pin nay bi dao dong. Do d6 ta phai c6 mdt bd dieu khién dé vira
on dinh dién 4p dau ra cho pin ning lugng vira phai dong md cac van ban dan dé nap

nang luong vao binh acc quy. Sau day la bd solar contronller.

2.2.2. Solar controller

Solar charge controller c6 dién thé vao phu hop véi dién thé cua pin mit troi va
dién thé ra trong tmg vai dién thé cua battery. Vi solar charge controller c6 nhiéu loai
cho nén can chon loai solar charge controller nao pht hop véi hé solar. Pbi véi cac hé
pin mit troi 10n, n6 duoc thiét ké thanh nhiéu diy song song va mdi diy s& do mot
solar charge controller phu trach. Cong suit ctia solar charge controller phai da 16n dé

nhan dién ning tir PV va du cong suit dé nap cho hé thong binh ac-quy.

inverter.vn

Tel: 08.35 976 003 - 0909 296 297

\;’V"\I A mn & i N N % men e A=)

WW. KN umﬁmuuumm eihnay-:!

maykichdien.com

Hinh 2.2: Bo solar controller
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Model uC1220DC3St

2.2.3.

Dién ap Solar vao (VS): :<=42V

Acquy (VB): 24V/ (20V-29V)

Dong sac dinh mic: 20A Max.

Dong tai dinh muec: 20A Max.

Bao vé: Qua tai: 120% / 5 phat, 130%/ 5s
Ngung lam vi¢c: Ngén mach

Dong dién tiéu thu (khong tai): 50ms
Nhiét d6 lam viéc: 0 dén 45°C
Dung luong ic quy (dé nghi): 50Ah — 200Ah

Thong sb sac: Ac quy nuée — Acid Ac quy kho - Gel
Mirc ap sac nhdi (V_Full) 29 V 28.6 V

Murc 4p sac duy tri (V_Float): 276V 27.2V

Mirc 4p sac nhdi lai (V_Reboost): 26.4 V 26.2V

Mirc ap st dung lai (V_ReUse)* 26.4V 26V

Murc 4p bao can (V_Empty) 21.4V 21V

Mirc 4p cat tai (V_LVD) 21V 20.4 V

Binh ac quy 12 V 180 Ah
Binh ac quy 12V 180 Ah c6 kha ning luu trit ndng lugng dién

Hinh 2.3: Binh ac quy 12v 180Ah

18



Ac quy vién thong kin khi 180AH - 12V.

Chuyén dung cho may kich dién, trong nganh vién thong, dan dung va cac thiét bj dién

mot chiéu, pin mat troi... Bién ap: 12V.

Dung lugng: 180Ah.

Tudi tho: 1én t&i 12 nam.

Céc ban cuc duoc 1am tir hop kim chi canxi/thiéc.

Céc tAm ngan cach (Separator): sir dung cong nghé AGM (Absorbent Glass Mat).

Kich thude: 240 x 417 x 172 mm (H*L*W). Trong lugng: 57kg. Vat li¢u vo: nhya
ABS chéng chay.

2.2.4. Inverter

Inverter c6 tac dung bién d6i dién ap tir 48VDC/220VAC

of@alin power.en.alibab ajlcloling

Hinh 2.4: B§ inverter
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Thong sb ky thuat:
e PDiénap dduvao: 48 VDC
e Dién ap dau ra: 110/120/220/230 VAC

e Congsuitdiura: 3,2 kW

e Loai: DC->AC

e Dang song: Séng sin chuan

e Tan sb dau ra: 50hz hoac 60hz

e Trong lugng: 37.5kg

e Kich thudc: 550 x 305 x 350mm

bi¢n nang sau khi dugc dua qua bd inverter nay thi s€ dugc cap truc tiép vao tai

va cap tryc ti€p 1én ludi dién,

Sau day 1a mo hinh hé théng nang lwong mit troi cap dién cho mot ngdi nha vai

hé théng on_grid

BACKUP
AC LOADS

CHARGE e <—> [

CONTROLLER
SERVICE PANEL,
ELECTRIC METER AND
UTILITY GRID

-

-
VRl ) buaL

PURPOSE

BATTERY BANK INVERTER

Hinh 2.5: M6 hinh hé théng ning luong lam on_grid

Hé théng nay c6 kha nang dua dién tryc tiép 1én ludi dién thong qua bo dual
purpose inveter, b nay tao ra dién ap sin chuan véi tan sb ¢ dinh 1a 50 hz.
20



Hé théng nay ciing c6 thé lugc bo di hé théng binh ac quy. Vi khi cac tim pin
ning luong hip thu anh sang tao ra dién ning, dién ning nay duoc dua truc tiép vao
inverter thong qua bo charge controller solar. Tai day bo inverter c6 tac dung bién doi
dién ap mot chiéu thanh xoay chiéu nhd phuong phdap PWM diéu chinh xung déng mé
cac van cOng suat. va tao ra dién ap c6 dang sin chuan véi tan sé 50 hz 220 VAC. T

bd inverter dién nang dugc hoa vao ludi dién.

____ Monitoring
System
— Meter
Thin Film
Inverter PV Modules WAL RE
BN S R BIPV Modules
R

—_— )
. ﬂ ,1}ﬁ‘._

i

On-Grid System

Hinh 2.6: M6 hinh mé phong hé théng on_grid
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Chwong 3:

XAY DUNG MO HINH HE THONG NANG LUQNG
MAT TROI

3.1. Giéi thiéu
Lu6i dién ning luong mat troi dung trong cac ngdi nha, toa nha. Dé co co so
thiét ké tinh toan dé tai cho mot ho gia dinh v6i cong suat 3060 W/h ta xét hé théng

dién nang luong mat troi sau:

T
solar
Solar Inverter Thiét bi tiéu
controller T pwm | thudién
A
\§ _J Y
Binh ac quy

So d6 khéi hé thong dién nang lugng mat troi

3.2. Thiét ké md hinh hé thong pin niing lwong mit troi.
3.2.1 Tinh tong lwong tiéu thu dién (W/h) ciia tit cd cdc thiét bi ma hé thong solar
phai cung cap mdi ngay.
Tinh tong s W/h str dung mdi ngay cua timg thiét bi. Cong tat ca lai chung ta
c6 tong s6 W/h toan tai str dung mdi ngay.

Pl=pi+p2+pst...+ps

trong do: P1: téng luong tiéu thu dién

P123n: CONg suit cua timg phu tai
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Thi du: tai 13 tivi c6 cong suat tiéu thu 1a 8OW, st dung trung binh 8g mdi ngay
thi s6 watt-hour str dung mdi ngay 13 80 x 8 = 640 wh. Ctr tinh cho mbi thiét bi nhu thé
r0i cOng tat ca lai s& c6 tong watt-hour cua tat ca thiét bi ma hé solar cung cap. Tinh s6
W/h cac tim pin mit troi phai cung cip cho toan tai mdi ngay. Do ton hao trong hé
thng, s6 Watt-hour ctia tAm pin mat troi cung cap phai cao hon tong sé6 W/h cia toan
tai. Thuc nghiém cho thiy cao hon khoang 1,3 1an. S6 W/h cac tAm pin mat troi (PV
modules) = 1.3 x tong s6 W/h toan tai s dung

Thi dy & trén thi W/h cac tAm pin mat troi 1a 640 x 1.3 = 832 W/h.

3.2.2. Tinh todn céng sudt ciia tém pin mdt troi can sir dung.

Dé tinh toan kich c& cac tAm pin mit troi can st dung, ta tinh Watt-peak (Wp)
can ¢6 cua tAm pin mat tro1. Luong Wp ma pin mat troi tao ra lai tuy thudc vao khi hau
clia ting vung trén thé gigi. Cung 1 tAm pin mit troi nhung dat ¢ noi nay thi mirc do
hap thu ning luong s& khac vaéi khi dit no noi khac. Bé thiét ké chinh xac, nguoi ta
phai do dac khao sat do hap thy birc xa mit trdi ¢ ting ving cac thang trong nim va
dua ra mot hé s trung binh goi 1 "panel generation factor", tam dich 14 ¢ s6 hdp thu
bitc xa ciia pin mdt troi. Hé sd "panel generation factor" nay la tich s6 cua hiéu suat
hép thu (collection efficiency) va do blrc xa nang lwong mat trdi (solar radiation), don
vi tinh cia n6 la (kWh/m2/ngay).(xem bang phu luc)

Thi du mirc héip thu nang luong mat troi tai 1 dia diém cua nudc Viét Nam ta la
5 kWh/m2/ngay, ta liy tong s6 W/h cac tim pin mat troi chia cho 5 ta s& c¢6 tong sd
Wp cila tAm pin mit troi.

Thi du & trén thi W/p cac tAm pin mat troi [a: 832 /5 = 166 Wp.

Mdi PV ma ta sir dung déu c6 thong s6 Wp cua nd, 1ay tong s6 Wp can ¢ cua
tAm pin mit troi chia cho thong s6 Wp cila no ta s& cé duoc sb lugng tim pin mit troi
can dung.

Két qua trén chi cho ta biét s6 luong téi thiéu sd lugng tim pin mat troi can
dung. Cang cé nhiéu pin mat troi, hé théng s& 1am viée tt hon, tudi tho cta battery s€
cao hon. Néu c6 it pin mit troi, hé thong s& thiéu dién trong nhitng ngay rAm mat, rit
can kiét battery va nhu vy s& 1am battery giam tudi tho. Néu thiét ké nhiéu pin mat
troi thi lam gia thanh hé thdng cao, vugt qua ngan sach cho phép, doi khi khong can

thiét. Thiét ké bao nhiéu pin mit troi lai con tiy thude vao do dy phong cua hé thong.
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Thi du mdt hé solar c6 do du phong 4 ngay, ( goi la autonomy day, 1a nhitng ngay
khong c6 ning cho pin mit troi san sinh dién), thi bt budc lugng battery phai ting
hon va kéo theo phai ting sb luong pin mat troi. R6i van dé sir dung pin loai ndo 1a tbi
uu, 13 thich hop vi mdi vung dia 1y déu c6 thoi tiét khac nhau. Tat ca doi hoi thiét ké
phai do cic chuyén gia c6 kinh nghiém thiét ké nhiéu nim cho cic hé solar trong
vung.

Khi ta di co6 tong sb tAm pin mat troi thi khong nhét thiét phai ghép nbi tiép tat
ca cac tam nay lai voi nhau ma c6 thé ghép chung thanh céac t6 hop két hop ndi tiép va
song song, do mot hay nhiéu solar controller dam trach. cac viéc nay co twong tac 1an
nhau dén cach thiét ké hé battery va hé solar charger duéi day.

3.2.3. Thiét ké hé thong binh ac-quy cho hé thong néing lwong mit troi cé dUng ac-
quy

Battery dung cho hé solar 1a loai deep-cycle. Loai nay cho phép xa dén mirc
binh rat thap va cho phép nap diy nhanh. N6 c6 kha ning nap xa rat nhicu lan (rat

nhiéu cycle) ma khong bi hong bén trong, do viy khé bén, tudi tho cao.

Trudc tién ta tinh dung luong cta hé binh ac-quy cho toan hé théng. Dung
lugng battery can ding cho hé solar 1 dung lugng battery du cung cap dién cho nhiing
ngay du phong khi cic tAm pin mit troi khong san sinh ra dién duoc.

Ta tinh dung lugng battery nhu sau:

Hiéu suét cua battery chi khoang 85% cho nén chia sé Wh cua tai tiéu thu véi
0.85 ta c6 Wh cua battery

Véi mie deep of discharge DOD (mtc xa siu) 13 0.6, ta chia s6 Wh cua battery
cho 0.6 s€ c6 dung lugng battery

tong Wh tiéu thu moi ngay

Dung luong Batte:’y':_-'ahzl =— - - — -
hiéu suatbattery xmite DOD x dién thé battery

tong Wh tiéu thu moi ngiy

Dung leong Batterv(Ah) = — - -
) 0.853 % 0.6 x dién thé battery

Két qua trén cho ta dung luong battery tdi thiéu cho hé solar khong co du
phong. Khi hé solar c6 sb ngay du phong (autonomy day) ta phai nhan dung luong

battery cho sb autonomy-day dé c6 s luong battery can cho hé thng.
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tong Wh tiéu thu maoi ngay

P oae -
Dung lwong Batteryldh) = X 56 autonomyday

0.85 x 0.6 x dién thé battery
Khi d3 c6 dién thé V va dung luong Ah cta binh acquy, ta c6 thé lya chon

acquy va tinh toan cach ghép chung lai voi nhau sao cho tdi wu, nhat 13 phai dé y dén

tinh du phong. Thi du 1 h¢ ac-quy 12V/1000AH ghép 5 day 12V/200AH song song s€

c6 do an toan cao hon 1 diy 12V/1000AH, néu 1 vai ac-quy bi hong thi ta van con céac

day khac lam viéc tdt trong thoi gian cho stra chita.

3.2.4. Chon solar charge controller

Solar charge controller c6 dién thé vao phu hop véi dién thé cta pin mat troi va
dién thé ra twong tmg véi dién thé cua battery. Vi solar charge controller c6 nhiéu loai
cho nén can chon loai solar charge controller nao phu hop véi hé solar ciia ban. Ddi
v6i cac hé pin mit troi 10n, né duogc thiét ké thanh nhiéu diy song song va mdi day s&
do mot solar charge controller phu trach. Cong suat cta solar charge controller phai
da 16n dé nhan dién nang tir PV va du cong suat dé nap cho hé thong binh ac-quy.

Dé chon Solar charge controller, ta phai tinh ra cac thong s6 Wp, Vpm, Voc,
Ipm, Isc ctia hé thong pin mat troi két ndi véi nd. Cac tri s6 dong va ap cua bo solar
charge controller phai chdp nhan duogc céc tri s6 dong 4p trén cia hé théng pin mit
troi.

Thong thudng ta chon Solar charge controller ¢c6 dong Imax = 1.3 x dong ngan
mach Isc ctia h¢ pin mat troi.

Déi v6i cac Solar charge controller c6 MPPT thi cach chon c¢6 khac. Trude tién
tim hiéu MPPT charge controller, sau d6 tham khao chi tiét thiét k& MPPT Charge
Controller sau day.
3.2.4.1. Hé thong bam diém cuc dai ciia tdm pin (MPPT solar charge controlle)r.

Tir dién ap danh dinh cia hé thong ac-quy di biét, ta chon ra 1 loai MPPT solar
charge controller dap tng cho dién 4p danh dinh acquy nay. Leonics MPPT solar
charge controller vdi cdc model thuong dat tén goi nhg. SPT-XXYY vo1 XX 1a dién
ap danh dinh cta acquy, YY la dong charge max. Thi du model SPT-2412 dung cho
dién ap danh dinh binh 1a 24VDC va dong nap max la 12A.

Thi du dién ap danh dinh cta hé acquy la 24VDC ta chon solar charge
controller SPT-24YY

o Tur Wp ctia h¢ pin mat troi ta tinh ra dong nap c6 dugce: Ic = Wp/XX
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e TinhraYY béng cich cach nhan Ic v6i hé sd an toan, thidu 1,2: YY=1,2xIc
Nhu vay ta chon ra duogc charge controller la Leonics Solarcon SPT-XXYY
Céc diéu can luu y: dién ap va dong ctia pin mat troi 13 dién ap va dong ctia module
pin mit troi két ndi voi charge controller chir khong phai cua 1 tAm pin mit troi.
Module pin mat trdi c6 thé 13 cac tim pin mit troi ghép ndi tiép hodc song song hay
ghép két hop ca 2 cach v6i nhau.

e Voc cua hé pin mat tro1 khong dugc 16n hon Vmax cua charge controller SPT-

XXYY

e Vpm cia hé pin mit trdi phai nim trong pham vi diéu khién cta charge

controller SPT-XXYY
3.2.5. Thiét ké solar inverter.

C6 nhiéu loai inverter c6 thiét ké phu hop cho tung tmg dung riéng biét:
inverter dung cho hé solar doc lap cé battery, inverter ding cho hé solar néi ludi,
inverter dung cho cac hé solar tich hgp nang lugng mat troi, gid, may diesel ...,
inverter ding cho tur-bin gié ndi ludi. Tuy theo hé solar cta ta thudc loai ndao ma chon

loai inverter nao cho phu hop.

3.2.5.1. Poi vdi hé solar stand-alone:

Thiét ké bd inverter phai du 16n dé co thé dap tng duogc khi tat ca tai déu bat
1én, thudng thi nd phai c6 cong suat bang 125% cong suat tong tai. Cong suat tong tai
1a téng s cong suat cua tat ca cac tai ma hé solar cung cap.

Pl=pi+p2+pst...+pn

trong do: P1: téng lugng tiéu thy di¢n

P123n: COng suét ctua ting phu tai
Nhu vay bg inverter ¢ cong suét
P,=P;x 125%
Thi du cdp cho 10 bong dén 80w va 1 mot tivi 80w thi tong tai s& 1a
P;=10x 70w + 1x80w = 780 (W).

Nhu vay bg inverter phai c6 cong suat
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P2 =780 x 125%=1000 (W).

Néu tai c6 motor dién thi phai tinh thém cong suat dé chiu duoc dong khoi dong
cua motor. Chon inverter c6 dién 4p vao phu hgp véi dién ap ra cua battery.

3.2.5.2. H¢ solar két noi vio lwdi dién:

H¢ solar khong cé battery, do dé ta chon dién &p vao cua inverter phai phu hop
vo1 dién ap ra cia hé pin mat troi.
3.2.6. Thiét ké mé hinh tram nding lwong mdt troi.
3.2.6.1. Tinh hé solar cho 1 hé dén viing sdu cé yéu cau sir dung nhuw sau:
- 1 bong deén 18 Watt st dung tir 6-10 gid toi.
- 1 quat may 60 Watt modi ngay sir dung khoang 2 gio.
- 1 tu lanh 75 Watt chay lién tuc

3.2.6.2. Chon pin mat troi (PV panel)
Mudn chon cong suat pin mit troi ta phai tinh tong lugng tiéu thy trong mot

ngay:
Ps=p; X ty+p, X t+ps X t3+....4+p, X t, (Wh/day)
Trong d6 p; 1a cong suat clia ting tai. t; 1a thoi gian st dung tai
Xéc dinh tong lwong dién tiéu thu mdi ngay

P;= (18 W x 4 gio) + (60 W x 2 gid) + (75 W x 12 gio) = 1,092 (Wh/day)
(tt lanh ty dong ngat khi du lanh nén xem nhu chay 12 gid nghi 12 gid)

Tinh sé Watt-hour cac tam pin mit troi phai cung cip cho toan tai mdi ngay.

Do t6n hao trong hé théng, s6 Watt-hour clia tim pin mat troi cung cap phai
cao hon tong s6 Watt-hour cua toan tai.

Py =1.3XPs3
Vidu: W, =1,092 x 1.3 = 1419.6 Wh/day.

3.2.6.3. Tinh pin mat troi (PV panel)

Mubn tinh sb pin mat troi ta can phai tra ciru hé sé panel generation factor tai
dia diém lip dat goi 1a hé s k
Toéng Wp ctia PV panel

Ps= P, x k =310 (Wp)
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Trong d6 hé s6 k tra bang 1 phu luc
vi du: Chon loai PV ¢6 110Wp thi sb PV can dung 14 310/ 110 = 3 tim

3.2.6.4. Tinh to&n Battery

Véi 3 ngay du phong, dung luong binh = 178 x 3 =534 Ah
Nhu vy chon battery deep-cycle 12V/600Ah cho 3 ngay du phong.
Ta thiét ké 3 binh 12VDC/200AH ndi song song
3.2.6.5 Tinh solar charge controller

Thong s cta pin mit troi:
Pm =110 Wp, Vpm = 16.7 VVdc, Ipm =6.6 A, Voc =20.7 A, Isc=75A

Thiét ké hé acquy 1a 12VDC, ta chon SPT-12YY
V61 310Wp thi dong charge 14 Ic = Wp/XX =310/12 = 25.83A
Véihé séantoanla 1.2 thi YY = 1.2 x 10.67 =31A, chon YY=30

Vay ta chon charge controller 1a Leonics SPT-1230

Ba tAm pin mit troi dugc ghép ndi tiép nén
Vpm cua cic tAm pin mit troi 1a Vpm = 16.7 x 3=50.1 VDC
Voc clia cac tAm pin mat troi 1a Voc =20.7x 3 =62.1 V
Tat ca déu ndm trong diéu kién cho phép ciia SPT-1230, c¢6 dai MPPT tir 26 — 75 VDC
va Voc max = 96VDC
3.2.6.6. Chon inverter

Chon inverter c6 cong suit 1on hon cong suat str dung 125%
Téng cong suat st dung

P, =18+ 60 + 75 =153 (W)
Cong suét inverter
P, =153 x 125% =190 (W)
Chon inverter 200W tré Ién. Dién dp vao danh dinh inverter = 12VDC

3.3. Xay dung mé hinh thuec cho luéi dién mat troi

Duya vao cic phuong phap tinh toan va thiét ké o trén ta c6 thé xdy dung mo
hinh thyc cho lu6i dién mit troi. Dé tinh toan ta tim hiéu qua mét sb linh kién dién tur

c6 thé duoc st dung trong mo hinh thyc.
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3.3.1. Tinh todan xdy duwng moé hinh thuc cho lwoi dién mat troi
3.3.1.1. Tinh tong lwong tiéu thu dién (W/h)

Tong luong tiéu thu dién (W/h) cua tat ca cac thiét bi 1a: Tai c6 1 bong dén
compact 11 W va mot dong co quat coéng suit 20 W sir dung trong 7 tiéng > tong
luong tiéu thy dién= (20 W + 11 W)x6=186 Wh/day. Do t6n hao trong hé théng lén
s6 W/h cta pin niang luong s& 16n hon td sé W/h cua toan tai 1,3 1an. Vay cong suat

tam pin la:
Pev)= 1.3 X 248 = 241 (Wh/day)

3.3.1.2. Tinh todn cong sudt tam pin can sir dung.

Tra ctru panel generation factor tai dia diém nip dat k = 4.58 ta co:
Toéng Wh ctia PV panel
Ps =241/4.58=52.7 (Wh)
Vay chon PV 55W/h thi s6 PV 1a 1 tim.

3.3.1.3. Tinh toan dung lwong binh ac quy
Véi 2 ngay du phong thi dung luong binh = 186 x 2/12=31Ah. Nhung vi diéu kién
kinh té nén ta chon binh 12VDC/30Ah cho ca 2 ngay du phong.

3.3.1.4. Tinh solar charge controller

Dua vao bang thong sd cua pin ta c6
Pm=55 Wp, Vpm=17,5 Vdc, Ipm=4A, Voc=21.95A, Isc=4.19 A
Thiét ké hé ac quy 1a 12VDC
Véi 52.7 Wh thi dong charge 1a Ic=Wp/12=52.7/12=4,3A
Vi hé s6 an toan 1a 1.2 thi dong nap = 1.2 x 4.3=5.2
Viy Vpm ctia tAm pin 1 55Wp
Voc cua tdm pin 1a 21.95 Vde.

3.3.1.5. Tinh inverter

Téng cong suét st dung
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P; =20+11=33 (W)
Viy cong suat inverter
P, = 153 x 125%=41.25 (W)

Viy chon inverter c6 dién ap vao 1a 12VDC c¢6 cong suit 50W

3.3.2. Lwa chon cdc linh kién dién tir sir dung trong mo hinh luoi di¢n mdt troi.

3.3.2.1. IRF 3205

Hinh 3.1: Mosfeet IRF 3205

IRF 3205 la mosfeet 13 mot Transistor dic biét co cdu tao va hoat dong khac
voi Transistor thong thuong ma ta da biét, Mosfet c6 nguyén tac hoat dong dua trén
hiéu trng tur truong dé tao ra dong dién, la linh kién c6 tré khang dau vao 16n thich hon
cho khuyéch dai cac ngudn tin hiéu yéu, Mosfet duoc st dung nhiéu trong cac mach
ngudn Monitor, nguén may tinh . IRF 3205 c6 cic thong s6 sau VDSS = 55V,
RDS(on) = 8.0mQ, ID = 110A
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3.3.22.LM 324

V2

Q2

J/S
N
© Solarbotics Ltd. WWW.SOLARBOTICS.COM 7N

Hinh 3.2: IC khuyéch dai LM 324

LM324 13 mét IC cong suit thap bao gdm 4 bo khuéch dai thuit toan (Op Amp)
trong n6. Tuy nhién cdc Opamp trong LM324 dugc thiét ké dac biét dé su dung véi
ngué)n don. Tuc 14 ban chi can Vee va GND la du. Mot diéu dic biét nita 1a nguén
cung cip ctia LM324 c6 thé hoat dong doc 1ap voi ngudn tin hiéu. Vi du ngudn cung
cap cia LM324 1 5V nhung né c6 thé 1am viéc binh thuong véi ngudn tin hidu & ngd
vao V+ va V- 1a 15V ma ko bi sao ca.

Dual-In-Line Package
OUTPUT 4 INPUT A~ INPUT &' GND INPUT 3" INPUT 3™ OQUTPUT3

14 13 12 " 10 9 B

-+
1
1 2 3 q 5 6 7
OUTPUT 1 INPUT 1~ INPUT1® vt INPUT 2°  INPUT 2~ OUTPUT 2

00929301

Hinh 3.3: So dd chan LM324
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Pic diém cua LM324:
- Tht nhdtdé 1a dién ap cung cip: Ngudn cung cdp cho LM324 tim
tu SV~32V.
- Thir hai d6 1a ap t6i da ngd vao: cling na na Vee. ap ngd vao tir 0~32V ddi véi
ngudn don va cong trir 15V dbi voi ngudn doi.
- Thtr ba 13 cong suit ciia Lm324 loai chan cim (Dip) khoang 1W
- Thir tu 1a dién ap va dong ngo ra. dién ap ngo ra tu 0~Vee-1,5V.

Dong ngd ra khi mac theo kiéu ddy dong (dong Sink) thi dong day toi da dat
duoc 20mA.

Dong ngd ra khi méic theo kiéu hut dong (dong Souce) thi dong hut tdi da c6 thé
1én dén 40mA

- Thir ndm 1a tan s6 hoat dong ciia LM324 1a IMHz

- Thir sdu 13 d6 loi khuéch dai dién 4p DC ctia LM324 t6i da khoang 100 dB
Khi dién 4p V+ > V- thi ng0 ra cua op amp & muc +Vee

Khi di¢n ap V+ < V- thi ngd ra ctia op amp & mirc Gnd hoac —Vcc.

3.3.2.3. Khuyéch dai ddo NOR CD 4001

Hinh 3.4: NOR CD4001

NOR CD4001 c0 tac dung dao so sanh va dao tin hiéu déu ra.
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4001

1 [] - 114 wDD +3-15 ¥
2[@ 113
3 [ @]12
4 [ 111
5[@ 10
6 [ @]9
vesov 7 [ i

Hinh 3.5: So @ chan cua CD4001

Nguyén 1y hoat dong 1a khi tin hiéu dau vao & ca 2 chin 1 va 2 & mic logic thap thi tin

hiéu dau ra ¢ chan 3 s€ & muic logic cao. Va khi tin hiéu dau vao chan 1 hodc chan 2

cung & muc logic

3.3.2.4. Mosfeet IRF 540

Hinh 3.6: Mosfeet IRF 540

Mot s6 thong sb quan trong cua IRF 540

Dong lam viéc ma tir 23A->33A tuy vao nhiét d6 méi truong cao hay thip
Kich dan bang dién ap +- 20V

Nhiét o 1am viéc -55°C~> 175°C

Thoi gian tré: turn on (11ns) va turm off (39ns)

Tén s6 chuyén mach cuc dai IMhz
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3.3.2.5. ATmega8
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Hinh 3.7: Hinh anh ATmega8

Arduino Pin Mapping

digital pin 0 {RX)
digital pin 1 {TX)
digital pin 2
digital pin 3
digital pin 4

(XTAL1/TOSC1) PB6 [}

(RESET) PC6
(RXD) PDO ]
(TXD) PD1 [
(INTO) PD2 [
(INT1) PD3

(XCK/TO) PD4

vcc O
GND ]

G =~ & h s L ha =

]

(XTAL2TOSC2) PB7 (10

digital pin 5
digital pin &
digital pin 7
digital pin &

(T1) PD5 ] 11
(AIND) PD6 [ 12
(AIN1) PD7 (] 13
(ICP1) PBO ] 14

EEREERBEENE

19
18
17
16
15

1 PC5 (ADCS/SCL)
[ PC4 (ADC4/SDA)
] PC3 (ADC3)

] PC2 (ADC2)

1 PC1 (ADC1)

1 PCO (ADCO)

1 GND

] AREF

] AVCC

1 PES (SCK)

1 PB4 (MISO)

[ PB3 (MOSI/OC2)
] PB2 (SS/0C1B)
1 PB1 (OC1A)

Almegas

wiwwlarduino.co

analog input 5
analog input 4
analog input 3
analog input 2
analog input 1
analog input 0

digital pin 13 (LED)
digital pin 12

digital pin 11 (PWM)
digital pin 10 (PWM)
digital pin 9 {PWM)



So

STT| Tén thiét bi
luong

Don vi

(W/h)

Cong o
p Thoi gian
suat v d
st dun
(W/h) e

Tong cong
suit (W/h)

Hinh 3.8: so d6 chan cia ATmega8

arameter Name Value
Program Memory Type Flash
Program Memory 8 Kbyte
EEPROM 512 byte
RAM 1 Kbyte
I/0 PIN 23 1/0
F.max 8MHz

Bang 3.1: Thong s6 k¥ thuat cia AVR ATmega8

3.4. Tinh toan kinh té cho hé thong lwéi dién ning lwong mit troi ciia mot ho dan

v6i cong suit 3060 W/h.

Dé tinh toan kinh té cho hé thong ludi dién ning luong ta xét mot ho gia dinh

c6 nhirng thiét bi tiéu thu dién binh dan. Ho ndy c6 nhitng thiét bi sau:
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1 Quat phong lan 4 45 180 12 2160
2 Bdng compact 8 25 200 8 1600
3 Tivi LG 21 ihn 2 125 250 12 3000
4 May tinh ban 1 200 200 1600
5 Noi com dién 1 700 700 1400
6 Diéu hoa furi 1 1200 1200 10 12000
7 Tu lanh 1 210 210 12 2520
8 Téng cong suat trong 1 ngay 24.280
9 Tong cong suat trong 1 thang 728.400

2011 méi tinh sb tién ho nay phai tra.

Bang 3.2: Bang thong ké thiét bj tiéu thu dién ctia mo ho gia dinh.

Duya vao bang trén ta thdy mot ngay cong suat tiéu thu trung binh ctia mot ho dan
la: P;= 24.280 (W/h), va mot thang ho nay tiéu thu hét 724 (sé dién). Pé tinh s6 tién

cua hd nay phai tra trong mot thang ta phai dua vao bang gia dién cua nha nudc nam

STT |Mikc sir dung ciia mgt h trong thang Gia ban dién (dong/kWh)
1 Cho 50 kWh (ho nghéo va thu nhap thip) 993

2 Cho kWh tir 0-100 1.242

3 Cho kWh tur 101- 150 1.369

4 Cho kWh tur 151-200 1.734

5 Cho kWh tur 201- 300 1.877

6 Cho kWh tur 301- 400 2.008

7 Cho kWh tir 401 tro 1én 2.060

Bang 3.3: Bang gid dién nam 2011

O muc dién 1a 724 (s dién) thi gia tién cua ho dan nay s& duoc chia 1am 6 cap

gi& khac nhau:
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e Cép thir nhat cho kWh tir 0-100. O cap nay thi gia ban dién s& 1a 1.242 vnd.

e Cip thir hai cho kWh tir 101-150. O cip nay thi gia dién s& 1a 1.369 vnd.

e Cip thir ba cho kWh tir 151-200. O cap nay thi gia dién s& 1a 1.734 vnd.

e Cip thir tu cho kWh tir 201-300. O cép nay thi gia dién s& 1a 1.877 vnd.

e Cip thir naim cho kWh tir 301-400. O cip nay thi gia dién sé& 1 2.008 vnd.

e Cép thi sau cho kWh tir 401 trg 1én. O cap nay thi gia dién s& 1a 2.060 vnd.
Vay s6 tién ho dan phai tra tong mot thang chu tinh dén GTGT sé 1a:
A;=(100x1242+50x1.369+50x1.734+100x1.877+100x2.008+328x2.060=
=1.343.530 (vnd)

Nhu vay trén thyuc té s6 tién nha nay phai tra la:
A,=A;+A;x10%=1,343,530+1,343,530x10%=1,477,883 (vnd)
Viy sau 25 ndm véi phu tai khong doi thi tong s tién nha nay phai tra s& 1a:
As=A, x s6 nim x sb thang trong nim=1,477,883 x 25 x 12=443,364,900 (vnd)

Nhu vy sau 25 nim véi tai tiéu thu 1a khong do6i va bang gia dién 1a ¢ dinh thi

s6 tién ho dan nay phai tra 13: 443,364,900 (vnd) d6 1a muc chi phi néu dung dién ludi.

Ho nay tiéu thy dién trung binh mot ngay dung hét 24,280 Wh/day. Vi do
ngudn ning lugng mat troi phai phu thudce vao thoi tiét va thoi gian. Do d6 dé cung
cAp ngudn ning luong dé cip ngudn day du cho cac phu tai thi ta phai dung toi 18 tAm
pin nang luong mit troi c6 cong suat 170W/h mot tAm. Vay tong cong suat ciia ca dan
pin ning lugng mit troi nay s& 13 Ps=3060W/h. Vi diéu kién thoi tiét & Hai Phong thi
thoi gian céac tam pin ndng luong co thé hép thu dugc anh sang va cho hi¢u suit cao 1a
trong khoang 9 tiéng mot ngay. Nhu vy cong suit cta dan pin c6 thé tao ra la:

Ps=P5x9=3.060x9=27.540 (W/h).
Ta coi ton hao toan hé théng 1a 10% nhu vy cong suit c6 thé sir dung ctia dan

pin nay la:
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P7 = Pgs X 90% = 27,540 x 90% = 24,786

Tir day ta c6 thé thidy P,>P; vay dan pin nay c6 thé cung cdp du ning luong cho tit ca

cac phu tai c¢6 trong ho gia dinh nay trong 1 ngdy. Xét thiy cong suit ciia dan pin nay

- bt b don | sé | dongia | thanh tién Signzf
, : \’/1 luong | (1000vnd) | (1000vnd) (1000vnd)

tam pin mat troi 170w | tam | 18 7,140 128,520 128,520
bd hoa ludi 1400w bd 3 13,167 39,501 118,503
B6 Solar controllar

3 bd 3 890 2,670 8,010
charger
Bo Inverter 5KVA

4 bd 1 27,000 27,000 54,000
48VDC/220VAC
Ac quy kin khi chuyén .

5 cai 8 2,986 23,888 191,104
dung 180Ah/12V

6 | tong 221,579 | 500,137

bang v6i cong suat cua dan pin da duoc gidi thiéu ¢ trén ta chon cac thiét bi sau:
Bang 3.4: Thong ké thiét bi va gia thanh dé lap rap cho hé thong ludi dién
mat troi.
Vay tong chi phi cho ca hé théng ning lugng mat troi trong 25 nam c6 tinh dén
bao dudng sura chita va thay méi la

A, =500,167,000 (vnd).

Ta dem so sanh Az va A, thi ta théy néu su dung luoi dién nang luong mat troi
thi thay néu str dung ning lwong mit troi thi hién tai s& thiét hon vé kinh té. Nhung
trong tuong lai thi s€ lgi hon vi gia dién ngay cang tang ma gid pin dang c6 xu hudéng

giam.
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Chwong 4:
THU'C HIEN THi NGHIEM TREN MO HINH MO PHONG
VA MO HINH THUC

4.1. Gi6i thiéu moé hinh thuc
Mo hinh thue boa gdom: 1 tAm pin nang lwong mat trdi cong sut 55W/h 1 b

solar controller

1 binh ac quy 12VDC/30Ah
1 inverter PWM

1 bong compact 11W

I quat 20W

4.1.1. Gidi thi¢u vé tdm pin ning liong mdt toi cong suit 55W/h

Hinh 4.1: TAm pin mit troi ¢6 cong suat 1a 55 W/h
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Model

CTC-55W-POLY - 6.4 KG

Maximum Power(Pmax) 55W(£5%)
Rated Voltage(Vmp) 17.5V
Rated Current(Imp) AA

Open Circuit Voltage(Voc) 21.95V
Short Circuit Current(Isc) 4.19A
Maximum System Voltage 1000V

Test Condition

AM1.5,1000W/m?,25°C

Hail diameter@80km/h Up to 25mm
Continues Wind pressure Up to 130 km/h
Operation Temperature -30°C ~ + 85°C
Dimensin 1200 x 550x35mm
Tudi tho 25 Nim
Bao hanh 5 Nam

Bang 4.1: Thong s6 k¥ thuat ciia tim pin ning lwong mit troi cong suat 55 W/h

4.1.2. B¢ solar controller

Mach diéu khién nap 1am viéc trén nguyén 1y dong md mot van ban dan, gia sur
vao luc 7h30 lac nay pin nang lugng mat troi bat dau hap thy anh sang va dat gia tri 13
V thi mach diéu khién s& léy tin hiéu vé sau do qua bo khuyén dai thuét toan nham so
sanh dién ap d6 véi dién ap trong binh acc quy. Néu dién 4p trong binh acc quy thap
hon dién 4p pin ning luong thi mach diéu khién sé& kich mét xung mé cho van ban dan.
Khi dién 4p dat dén 18 V thi mach diéu khién sé& thay d6i chu ky dong mé cho van ban
dan dé dua vé 15 V (mitc dién ap nap 6n dinh cho binh acc quy).

Tuong tu nhu vady mach diéu khién s& lam viéc khi dién ap 1a 21 V. Khi khong
con &nh ning mit troi nita thi tAm pin ning lugng giam dan dién ap xudng. Lic nay
mach diéu khién s& so sanh dién ap cua pin ning luong voi dién 4p trong binh. Néu
dién 4p & pin nho hon dién 4p trong binh acc quy thi mach s& doéng van ban dan lai, va
cit pin ning luong ra ngoai mach nap. Két thiuc qua trinh 1am viéc cua mach diéu

khién nap.
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Hinh 4.2: So d6 nguyén 1y bo solar controller.

Trong mach trén c6 st dung 1 IC khuyéch dai thuat toan LM324, 1 NOR
CD4001, 1 mosfeet IRF 3205.

e Nguyén ly mach nay hoat dong nhu sau:

Start: U2>U1>Uo => 1/324 = L => 14/324 =H => 10/4001 = L => 4&2/4001 = H =>
IFR Open
=>7/324 =H =>8/324 = L => 11/4001 = H => 3&5/4001 = L
***x U2>Uo>Ul => 7/324 = L => 8/324 = H => 11/4001 = L => 3&5/4001 = L (do:
2/4001 = H)
**x U2>U1>Uo => 1/324 = H =>.......=> 10/4001 = H => 2&4/4001 = L (3&5/4001 --
-> H) => IFR Closed
4.1.3. B¢ inverter PWM

Dé 6n dinh dién 4p va bao vé cac thiét bi dién khoi cac song da hai bac cao khi
st dung bo inverter. Trong db 4n nay em xin gidi thiéu mot bo inverter sir dung bd xur
Iy ATmega8 dé diéu khién va thay d6i d6 rong ciia xung kich mo cho 2 mosfeet IRF

540 thdng qua d6 tao ra dién ap xoay chiéu va c6 tan sd 50hz. Sau d6 ngudn dién xoay

41



chiéu nay s& dugc cap vao 3 dau vao ciia may bién ap 9V/220V dong dinh mirc 3A.
Dau ra cia may bién ap c6 dién ap 220V xoay chiéu véi cong suit 30W. Sau day 1a so

d6 nguyén 1y str dung AVR ATmegas8.

i |
el LR

i

il
I
I
IIIX—)I——|

e

=

N
Lo

Hinh 4.3: So d6 nguyén ly inverter sir dung ATmega$8

Nguyén 1y hoat dong ctia mach nay dya trén nguyén ly diéu bién do rong xung
PWM : Dé thay d6i tir DC sang AC ta sir dung chip ATmega8 da duoc 1ap trinh sin dé
tao ra cac tin hi€éu mo xung cho 2 bong mosfeet IRF 540. Hai bong nay sé dong mo
theo chu ky da duoc 1ap trinh sin trong chip ATmega8 va sé& tao ra dang song gan song
sin v6i chu ky 50hz. Sau d6 nho may bién 4p 220V 3 A kich 1én 220 V xoay chiéu véi
tan s6 50hz. Nho ¢6 su tham gia ciia bo vi diéu khién AVR ma ta ¢ thé 1ap trinh thay
d6i bién do va do6 rong cua xung diéu khién nham ap dit cho tin hiéu dau ra bam gan
sin chuén.
Uu diém cta phuong phap nay la:
e Ta c6 thé tao ra mot b inverter gan sin chuan nham dé cung cép cho cac tai c¢6
tré khang 16n.
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e Giam thiéu t6n hao trén may bién ap, ciing nhu cudn day.

e (C6 thé lap trinh thay d6i dé tao ra cac tan s6 khac nhau.

e Kha ning diéu chinh diéu chinh chinh xéc, sai s6 thép.

e Do 6n dinh tan sb cao, do mach dao dong cua vi diéu khién st dung thach anh.

e Tan s tin hiéu PWM cao: ¢6 thé dat t6i vai MHz.

e (06 thé cung lc tao nhiéu tin hiéu PWM

e Ngoai ra, ta con c6 thé sir dung cac phan con lai cta vi diéu khién dé thyc hién
cac chtrc nang khac nhu giam sat, diéu khién, hién thi ...

e (Co cong suit 1am viéc 16n va ton hao it.
Nhuoc diém cua phuong phap nay la:

e Lap trinh phtec tap.

So d6 khoi cua bo inverter

Control Mosfeet Out put ::>
— — AC output
system IRF 540

A

comparison and

A

adjustment control
A

ideal output
reference

Hinh 4.4: So d6 khoi cta bo inverter nay la:

B6 inverter nay lam viéc trén nguyén 1y bim xung va diéu chinh d6 rong xung
PWM. Dé c6 tan s 1a 50hz ta chia dai xung ra thanh 2 ms. Tai thoi diém bat dau thi
bo vi diéu khién s& tao ra mot xung kich mo cho IRF540 A mé trong 0.1 ms sau d6 bo
vi diéu khién s& ngit xung ra va IRF540 A khoa trong 0.1 ms sau thi bd vi diéu khién
lai kich 1 xung kich m& cho IRF540 A xung nay ton tai trong 0.6 ms. Vay tai thoi
diém nay IRF540 A mo trong 0.6 ms sau do lai dugc cit ra trong 0.1 ms lai dc m¢ lai
trong 0.1 ms. Tuong ty nhu vay ¢ nira chu ky sau bd vi diéu khién ciing cip xung mo
cho IRF540 B tuong tu nhu chu ky thir nhat. Nhd nhimg khoang déng cat ndy ma va

thay d6i d6 rong xung tao ra cho ta duoc mot dang song bé theo duong hinh sin.
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Hinh 4.5: Miéu ta nguyén ly tao xung.

4.1.4. Chwong trinh Code inverter dung AVR Atmega$8
#include <mega8.h>

#define PWM_A OCR1AL

#define PWM_B OCRI1BL

#include <delay.h>

unsigned char t=0;

I/ Timer O overflow interrupt service routine
interrupt [TIMO_OVF] void timerQ_ovf_isr(void)
{

// Reinitialize Timer 0 value

TCNTO0=0xC1;// Ngat ~1ms

// Place your code here

if(t>=0 && t<1) PWM_A=250,PWM_B=0;
else if(t>=1 && t<2) PWM_A=0,PWM_B=0;
else if(t>=2 && t<8) PWM_A=250,PWM_B=0;
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else if(t>=8 && t<9) PWM_A=0PWM_B=0;

else if(t>=9 && t<10) PWM_A=250,PWM_B=0;

if(t>=10 && t<11) PWM_B=0,PWM_A=0;

else if(t>=11 && t<12) PWM_B=250,PWM_A=0;

else if(t>=12 && t<13) PWM_B=0,PWM_A=0;

else if(t>=13 && t<19) PWM_B=250,PWM_A=0;

else if(t>=19 && t<20) PWM_B=0,PWM_A=0;

else if(t>=20 && t<21) PWM_B=250,PWM_A=0;

t++:

if(t>=21) t=0;

b

#define FIRST_ADC_INPUT 0

#define LAST_ADC_INPUT 0

unsigned int adc_data[LAST_ADC_INPUT-FIRST_ADC_INPUT+1];

#define ADC_VREF_TYPE 0x00

/ ADC interrupt service routine

// with auto input scanning

interrupt [ADC_INT] void adc_isr(void)

{

static unsigned char input_index=0;

// Read the AD conversion result

adc_data[input_index]=ADCW,;

/I Select next ADC input

if (++input_index > (LAST_ADC_INPUT-FIRST_ADC_INPUT))
input_index=0;

ADMUX=(FIRST_ADC_INPUT | (ADC_VREF_TYPE & 0xff))+input_index;

// Delay needed for the stabilization of the ADC input voltage

delay_us(10);

// Start the AD conversion

ADCSRA|=0x40;

b

Il Declare your global variables here
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void main(void)

{

// Declare your local variables here

// Input/Output Ports initialization

// Port B initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=0Out Funcl=0ut
FuncO=In

I State7=T State6=T State5=T State4=T State3=T State2=0 State1=0 StateO=T
PORTB=0x00;

DDRB=0x06;

// Port C initialization

// Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In

/] State6=T State5=T State4=T State3=T State2=T Statel=T StateO=T
PORTC=0x00;

DDRC=0x00:// Port D initialization

I/l Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
I/ State7=T State6=T State5=T State4=T State3=T State2=T State1l=T State0=T
PORTD=0x00;

DDRD=0x00;

// Timer/Counter O initialization

/I Clock source: System Clock

Il Clock value: 62.500 kHz

TCCR0=0x04;

TCNTO0=0xC1,

// Timer/Counter 1 initialization

/I Clock source: System Clock

/I Clock value: 250.000 kHz

// Mode: Ph. correct PWM top=0x00FF

// OC1A output: Non-Inv.

// OC1B output: Non-Inv.

/I Noise Canceler: Off

/I Input Capture on Falling Edge
46



// Timerl Overflow Interrupt: Off
// Input Capture Interrupt: Off

/l Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0xA1;

TCCR1B=0x01;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;

OCR1BL=0x00;

// Timer/Counter 2 initialization

/I Clock source: System Clock

I/ Clock value: Timer2 Stopped

/ Mode: Normal top=0xFF

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00:;

OCR2=0x00;

I/ External Interrupt(s) initialization
/[ INTO: Off

/[ INT1: Off

MCUCR=0x00;

// Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x01;

/I USART initialization

I USART disabled

UCSRB=0x00;
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I/l Analog Comparator initialization
/I Analog Comparator: Off
I/l Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;
SFIOR=0x00;
/I ADC initialization
// ADC Clock frequency: 1000.000 kHz
// ADC Voltage Reference: AREF pin
ADMUX=FIRST_ADC_INPUT | (ADC_VREF_TYPE & 0xff);
ADCSRA=0xCC;
// SPI initialization
// SPI1 disabled
SPCR=0x00;
Il TWI initialization
I TWI disabled
TWCR=0x00;
// Global enable interrupts
#asm("'sei")
delay_ms(10);
while (1)
{

I/ Place your code here

¥
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4.2 Mot s6 hinh anh vé mé hinh thuc
Mo hinh dugc do bang Oscilloscope. Dé khao sat tin hiéu ra cia mé hinh ta do

tin hiéu ra ¢ 3 diém.

e Piém tht nhét: Ta dit que do sau tim pin ning lugng mat troi

Hinh 4.6: Dién ap ra cta pin nang lugng mat troi

Muc dich 12 kiém tra dién aprao tAm pin ndng lugng mat troi.

49



e Diém thir 2: Po sau b solar controller

Hinh 4.7: dién ap nap vao binh ac quy.

Muc dich 1a kiém tra tin hi€u ra cua b0 solar controller, tr d6 suy ra dién ap nap vao

cho binh ac quy.
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e Diém do thir 3: Do dau ra cua inverter khi co tai.

Hinh 4.8: Dién ap ra cta bd inverter.

Muyc dich: Kiém tra tin hi¢u dién &p dau ra cta bd inverter. Va cling 1a ki€ém tra tin

hiéu dién dp ra cia hé thong ludi dién nang luong mat troi.

Hinh 4.9: M6 hinh lu6i dién nang lugng mat troi
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KET LUAN

Trén day em da trinh bay tit ca nhitng co so 1y thuyét xoay quanh dé tai “Xay
dung hé thong pin ning lwong mit troi cho chiéu sang” ma ban than em di thu thap
duoc, tir d6 ché tao thanh cong va dua hé théng vao hoat dong nhu mot bai thi nghiém
thue té vé hé théng ludi dién niang luong mit troi. Sau khi hoan thanh dé tai nay da

gitp em dat dugc nhitng van dé sau:

e Tim hiéu dugc nhiing tng dung ciia ning luong mit troi
o Nguyén 1y va cdu tao cua pin ning luong mit troi.
o Nhiing ing dung cu thé ctia ning luong mit troi.
o Uu va nhuogc diém cua ngudn niang luong mit troi.
e Tim hiéu duoc cau tao va nguyén 1y hoat dong cua mot hé¢ théng luéi dién nang
lwong mat troi.
o Tim hiéu duoc cac thanh phén cAu tao 1én mot hé théng ludt dién mat
troi.
e Xay dung mot mé hinh hé thong ning lwong mat troi.
o Tinh toan thiét ké mot hé théng ludi dién nang luong mat troi
o Tinh toan kinh t& cho mét lué6i dién ning luong mat troi.
e Thuyc hién thi nghiém trén mo6 hinh thyc.

Em xin cam on!
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PHU LUC

Bang 1: Hiéu suat hap thu cta pin ning lugng ¢ chau A

Year

Country|City Latitude |Longitude Jan [Feb [Mar|Apr|May|Jun |Jul |Aug|Sep [Oct [Nov [Dec

AE Abu Dhabi  24° 28' N 54° 22' E

AU Adelaide 34°55'S |138° 36'E

AU Brishane 27°99'S 153°8'E

AU Hobart 42°52'S (147°19'E

AU Melbourne  37°47'S 144°58'E

AU Perth 31°57'S [115°52'E
AU Sydney 34°S 151°0'E
BD Dhaka 23°42'N 90° 22'E
CN Beijing 39° 55'N [116° 25'E
CN Nanjing 32°03'N [118°53'E

CN Shanghai 31°10'N [121° 28'E

CN Hongkong 22°18'N [114° 10'E

ID Jakarta 6°11'S |106°50'E
IL Tel Aviv 32°05'N 34° 46'E
IR Tabriz 38°48'N 46° 18'E
IR Tehran 35°40'N 51° 26'E
IR Mashhad 36° 16'N 59° 34' E
IR Bandar' Abbas27° 15' N 56° 15'E
IN New Delhi 28°N 77° E

IN Bombay 18°33'N 72°32'E
IN Bangalore 12°57'N [77° 37'E

Avg

3.9214.50/5.22 5.877.06 |7.33/6.906.64 6.39/5.53 4.54 3.79/5.64

7.2 6.58/5.18 3.852.65 2.232.48 3.2 4.465.696.59/6.744.74

6.93/6.095.44 4.343.5 3.293.52/4.435.6216.186.74/6.935.25

5.975.3314.05 2.73/1.79 1.441.682.41 3.6 4.78)5.926.183.82

6.7816.224.76 3.4 2.29 1.842.0412.793.945.27 6.28/6.46 4.34

7.7 6.755.41 4.163.06 2.672.893.66 4.766.097.04|7.765.16

6.34/5.684.87 3.6 2.74 2.5 2.673.534.675.616.32/6.6 4.59

4.44/5.08/5.87 6.065.50 4.414.094.374.174.504.374.134.75

2.372.9213.58 5.614.83 5.685.424.49 4.253.202.66 2.04 3.92

2.0412.2212.6514.503.84 4.474.934.503.67 3.022.882.08 3.40

2.292.63/3.07 4.54/4.38 4.595.52/5.234.033.392.972.38 4.01

2.592.56/3.06 3.93/4.13 4.74/5.814.954.68 4.053.56|2.934.18

4.154.59/5.00 4.944.88 4.715.095.46/5.66|5.36 4.76 4.47/5.03

2.783.5 4.7316.03/6.86 |7.87(7.817.2216.19 4.633.322.62/5.73

1.792.403.37 4.585.54 6.71/6.97/6.06 5.203.26|2.141.56 4.13

2.2312.843.72 5.12/5.99 [7.32/7.20/6.41/5.59.3.90 2.61|2.02 4.58

2.2212.97/3.88 5.2116.29 |7.49/7.416.785.704.132.78|2.06 4.74

3.634.435.14 6.297.43 7.96/7.4116.97/6.58/5.514.293.375.75

3.68'4.47/5.50 6.607.08 6.555.014.62/5.114.994.153.425.10

5.2216.03/6.66 [7.056.77 4.59.3.543.404.72/5.395.154.80/5.28

5.005.906.44 6.4216.13 4.764.48 4.59 4.98/4.68 4.344.405.18
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Baghdad 33°20'N
Amman 31°57'N
Tokyo 35°45'N
Phnom penh [11° 33'N
P'yongyang [39° N
Seoul 37°31'N
Vientiane 18° 07'N
Beirut 33° 54N
Yangon 16°47'N
Ulaanbaatar 47° 55'N
Kuala Lumpur3° 07" N
Auckland 36°52'S
Christchurch 43¢ 32s
Wellington  41°17'S
Mascat 23°37'N
Cebu 10°19'N
Manila 14° 37'N
Riyadh 24° 39'N
Singapore

City o
Bang Kok 13°45'N
Chiang Mai  [18° N
Ankara 39°57'N
Hanoi 21° N

44° 24'E

35°57'E

139° 38'E

104°51'E

125°18'E

127° E

102° 35'E

35° 28E

96° 09' E

106° 54' E

101° 42'E

174° 45'E

172° 37e

174°47'E

58° 37'E

123°54'E

120° 58' E

46° 42' E

103° E

100° 30'E

99° E

32°53'E

105°54'E

2.793.64/4.59 5.766.83 8.10(7.97|7.29 6.254.443.042.52/5.27

2.933.674.8316.046.88 7.91/7.867.276.254.71 3.472.76 5.80

2.3112.993.70 4.905.07 4.474.885.42|3.822.982.50(2.23 4.00

5.27/5.78/6.02 5.76 5.09 4.304.554.07 4.34/4.41 4.885.03 4.85

2.5013.354.50 5.175.60 5.35/4.514.63 4.22 3.51 2.462.09 4.20

2.623.404.295.245.63 5.154.26 4.553.99 3.64 2.602.24 4.16

4.304.945.52 5.74/5.11 4.244.22/4.194.614.264.21 4.24 4.63

2.643.4 4.636.036.96 7.9 7.847.19/6.134.5 3.14]2.445.68

5.406.06/6.65 |6.695.14 3.24.3.302.994.12/4.51 4.825.05 4.65

1.7912.774.24 5.53/6.26 [6.155.55/4.88/14.173.001.821.40 4.30

4.54/5.275.14 5.05/4.80 4.9814.914.78 4541451 4.234.074.70

6.375.9 4.713.432.442 2.252.954.135.23/6.05/6.56 4.34

5.9 4.953.862.751.72 1.311.472.153.3 4.345.435.643.57

6.275.314.173 |1.951.5411.742.463.66 4.7 5.73/6.013.88

4.34/5.00/5.85 6.697.54 7.5616.9116.7116.55/5.934.954.23/6.29

4.53/5.15/5.83 6.25/5.90 4.8314.764.93'4.96 4.754.49 4.44/5.07

4.82/5.62/6.4216.756.19 4.964.944.41 4.864.63 4.594.505.22

4.034.92/5.56 6.247.27 [7.99/7.867.46 6.83/5.80 4.58 3.82/6.03

4.43/5.52/5.05 5.05/4.62 4.664.514.614.494.503.983.934.61

4.42'4.654.84 5.03/4.75 3.774.22/3.46 3.63|3.89/4.16 4.40 4.27

4.795.51/6.11 6.29/5.53 4.4414.164.18 4.504.34/4.28 4.48 4.88

1.77|2.38/3.69 4.54/5.53 6.63/6.99/6.555.2213.24(1.991.514.17

2.5212.943.814.34/4.66 4.514.624.62 4.57 3.643.293.17 3.89
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