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Tom tit

Dién nang thu dwoc tir hé théng tam quang dién phu thugc rat nhiéu vao nhiéu
yéu 16 nhuw vi tri dia ly, cuong do burc xa mat troi, diéu kién thoi tiét, hwong lcfp dat tam
pin quang dién. Bai bdo ndy trinh bay vé thiét ké chi tiét va danh gid hiéu sudt ning
luwong cua mot hé théng dién mat troi ap mdi 5kWp cho ho gia dinh tai Thanh phé Thu
Dau Mét, Viét Nam bcing phdn mém PVsyst. Két qua cua dé tai cho thd'y san lwong dién
nang thu duwoc trung binh nam 6.77 MWh, dién nang thu duwoc trén kWp la 1324 kWh,
hé s6 hiéu sudat hé théng la 81.4%. Dé tai giup danh gid tien kha thi duw én dién mat troi
cong sudt nho, dong thoi thiic ddy vmg dung nang heong mdt troi vao cude song.
Tir khéa: dién mat troi, hiéu suat, nang leong
Abtracts

PERFORMANCE ASSESSMENT OF 5 KWP ON-GRID CONNECTED
PHOTOVOLTAIC SYSTEM USING PVSYST SOFTWARE

The electricity obtained from the photovoltaic panel system depends a lot of many
factors such as geographical location, solar radiation intensity, weather conditions, and
orientation of photovoltaic panels. This article presents the detailed design and energy
efficiency assessment of a SkWp rooftop solar power system for households in Thu Dau Mot
City, Vietnam using PVsyst software. The results of the project show that the average power
output obtained in a year was 6.77 MWHh, the generated power per kWp was 1324 kWh, the
system efficiency factor was 81.4%. The topic helps to evaluate the pre-feasibility of a
small-capacity solar power project, and at the same time promote the application of solar
energy in life.

1. Pit van dé

Khai thac cac ngudn ning luong tai tao, than thién moi truong dang 1a mot van dé
thiét yéu cua toan thé gi6i trong nhitng nam gan day. Btc xa mit troi 1a mot nguon tai
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nguyén vo cliing quan trong tai Viét Nam. Trung binh, tong bic Xa nang luong mat troi
& Viét Nam vao khoang 5kW/h/m?/ngay & cac tinh mién Trung va mién Nam, va vao
khoang 4kW/h/m?/ngay & cac tinh mién Béc; sé gio ning trong nim & mién Bic vao
khoang 1500-1700 gid trong khi ¢ mién Trung va mién Nam Viét Nam, con sé nay vao
khoang 2000-2600 gio mdi nam (la Cruz-Lovera, 2017 ; Bataineh, & Alrabee, 2018).
Viét Nam di ban hanh chién lugc phat trién nang lugng tai tao dén nam 2050, d6 co
dién mat troi 4p mai (Tha Tuéng Chinh Phu, 2015). Bac biét, quyét dinh sb
13/2020/QD-TTg da tao hanh lang phap 1y r6 rang, chat ché cho 2 bén mua va ban dién
mit troi 4p mai, dong thoi tao dong lec khuyén khich ngudi dan, doanh nghiép tich cuc
dau tu vao cac du an dién mat troi ap mai (Tha Tudng Chinh Phu, 2020).

Cho dén nay, di co nhiéu két qua nghién ciru, ddnh gia, phan tich vé ning luong
mat troi 4p mai. Paras Karki va dong su (2012) da trinh bay mot nghién ctru so sanh hiéu
suat caa hé théng quang dién 60kW tai Kathmandu va Berlin str dung PVsyst. Téac gia da
danh gia mirc nang luong thu duoc, cac ton that khi moé phong cho hai thanh phd. Mounir
Bouzguenda va cs., (2019) di thiét ké, mo phong, phan tich hé théng dién mat troi doc lap
tai Pai hoc King Faisal. Trong nghién ctru nay van dé bong che duoc phan tich va cho
thdy né anh huong dén hiéu suat cua hé thong. Sharma va Gidwani (2017) sir dung phan
mém PVSOL md phong cho hé thdng dién mit troi 234kW, nghién ctru cho thay hé théng
c6 thé tao ra du niang lwong dién so véi muc tiéu thu va giam thiéu muc tiéu thy ning
luong tir viéc cung cap ludi ciing nhu giam sy phu thudc vao ludi dién. Phéan tich tai
chinh ctia cac hé théng nay bang cach gia dinh mét sé thong sé ciing dugc thuc hién trong
nghién ctru ndy. Priya Yadav va cs., (2015) da trinh bay két qua mo phong hé théng dién
mit troi IKWp sir dung PVsyst cho Hamirpur, An D6. Ty Ié hiéu suat 1a 72,4% va niang
luong san xuét, t6n that hé théng ciing dwoc mod phong. Trong mot du an mé phong hé
thong dién mat troi ndi ludi 100kWp, Kumar va Kumar (2017) sir dung phan mém
PVsyst m6 phong vai dir ligu thoi tiét meteonorm 7.1 cho két qua nang luong thu duoc
hang nim 1a 165.38 MWh, ty 1¢ hiéu suat 1 80%.

Dbién mat troi 4p mai dang la mdt linh vuc mai tai Viét Nam, vai nam gén day co
nhiéu phat trién vuot bac. Tuy vay, cac nghién ctu vé dién mat troi con han ché, dac
biét 1a linh vyuc dién mat troi ho gia dinh. Trong nghién ctru nay, tac gia si dung phan
mém Pvsyst dé thiét ké, mé phong cho mot du an dién mat troi ap mai SkWp caa mot
ho gia dinh tai Thanh phd Tha Dau Mét, Viét Nam.

2. Co sé va phuong phap

Hé théng dién mat troi ndi lugi & Viét Nam gém cO cac thanh phén chinh gém
tAm pin mit troi, inverter, day dién, két cau co khi, tu dién, dong ho hai chiéu (hinh 1).
Néu nhu luong dién nang cua hé théng nang lugng mat troi san sinh nhiéu hon mirc
dién ning ma tai yéu cau thi chu dau tu dugc phép ban phan dién nang du 1én ludi dién
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qudc gia thong qua cong to hai chidu cua so dién luc véi gia 8,38 centUS (1,916
VND)/kWh. Trong d6, chét luong inverter va tdm pin ning lugng mat troi quyét dinh
I6n dén gia thanh va hiéu suat ning luong cua hé thng.

INVERTER
DC disconnect VA
PV Array box
. THT — Consumer
Distribution
kWh
R Panel AC disconnect

Power Grid Bi-directional

bbox
meter

Consun'ner Load
Hinh 1. So do hé théng dién mat troi dp mai (Thanh Ba Nguyen, 2021)

2.1. Tinh todn, thiét ké

Quy trinh thiét ké gdm cac budc: 1) Khao sat cong trinh: thu thap dir lidu vé vj tri
dia 1y, mit bang, huéng nha, thong sd thoi tiét, d6 bong; 2) Xac dinh cong suit cua hé
thong; 3) Luwa chon inverter, ddy dan, ti dién, thiét bi bao v¢, bao vé chong sét. ...

Vi tri dia ly, thong sb thoi tiét duoc mo ta tai bang 1-2. Phuong hudng cua cong
trinh duge thé hién nhu hinh 2. Dién tich mai: 130 m? Goc nghién cta toan b tat ca
cac mai la 38°.

Bdng 1. Vi tri dia ly va cuwong do birc xa cua cong trinh

Cac chi sb Gia tri

Kinh do 11°00'09"N
Vido 106°39'19"E
Do cao 13m

Cuong d6 buc xa mat troi 1804
(kWh/ngay/m2)

S6 gio nang 43-4.9

Bdng 2. Cuong do burc xa mat troi hang thang

Théang Horizontal irradiation Optimal angle Direct normal
[KWh/m?] irradiation[kWh/m?] irradiation[kWh/m?]
1 170.51 188.59 164.22
2 165.57 176.32 140.55
3 194.42 198.63 151.17
4 194.83 191.18 147.99
5 182.48 173.41 142.18
6 173.05 162.11 130.53
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7 152.84 145.13 98.2

8 172.2 167.57 116.85
9 150.93 151.39 96.19

10 174.27 182.38 140.37
11 149.18 161.16 120.68
12 138.46 15155 111.39
Tong | 2018.74 2049.42 1560.32

MM MEGA MAF 2 13-thang 7-2020 17:22
I 1 ~ Binh Du GMT+07:00
Lwa chon tam pin: Céng suat @ editlons Al

hé théng 1a 5kWp, chon tdim pin
365W, s6 luong tim pin can lap dat
la: Npv = Ppvya ciu [Ppvarray =
5000/365 = 13.7 (tam). Trong do:
Npy 1a s6 luong tam pin can lap dat,
Ppv, yeu ciu la cong suat hé théng can
Iép dat, Ppy, amay 12 cong suat dinh
muc cia mdi tam pin. Trong dé tai
nay tdm pin c6 s6 hiéu AE365hM6-
72 duoc chon, sé lugng gdbm 14 tam.
Thong s6 ky thuat cia tim pin duoc
mo ta nhu bang 3.

Hinh 2. Phuong huong cua cong trinh
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Bing 3. Théng s6 ky thudt ciia tam pin AE365hM6-72

Théng sb Gia tri tai diéu kién chuin (STC)
Model AE365hM6-72
Manufacturer AE Solar
Maximum power(Pmax) 365 Wp
Maximum power voltage (Vmp) 39.55V
Maximum power current 9.23 A

Open circuit voltage(\VVoc) 479V

Short circuit current (Isc) 9.99 A

Module efficiency STC 18.42%
Operating temperature -40°C~+85°C
Maximum system voltage 1000VvDC (IEC)
Cell-type Mono-crystalline

Lwa chon inverter: Inverter dugc lya chon theo cong thuc (Thanh Ba Nguyen,
2021): Piny > Ppy, yeu cau /1.2 = 5000/1.2 = 4166.6 (W). Trong do: Piny : Cong suat dinh
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muc cua Inverter (W); Ppy, yeu ciu: TONg cong suat tim pin. Can clr vao bang thong sb ki
thuat cua nha san xuat Inverter ABB ¢6 model ABB UNO-DM-5.0-TL-PLUS-S dugc
chon. Bang 4 mo ta chi tiét thong so k¥ thuat caa inverter.

Béng 4. Thong s6 ky thudt ciia inverter ABB UNO-DM-5.0-TL-PLUS-S

Model ABB UNO-DM-5.0-TL-PLUS-S
Manufacturer ABB

Rated Output Power: 5000W
Maximum Power Point (MPP) Voltage: 145V to 530 V
Maximum DC voltage 900V

Input Current Maximum (lin): 38 A

Input Voltage (Uin): 90V to 580V
Maximum Input Power DC: 6250 W

Package Level 1 Gross Weight: 18kg

Ambient temperature range -25 °Cto +60 °C
Rated Efficiency (EURO/CEC): 97%

Country of Origin: Italy (IT)

Kiém tra twong thich inverter va pin:

Dong dién toi da ngd vao (trén 1 string/inverter) dugc kiém tra theo cong thirc:
Impp = 9.23A < Ij, = 38 A (thoa diéu kién). Trong d6, lypp: dong dién tai cong suét 16n
nhét ctia tim pin; Ii;: dong dién DC 16n nhat ngd vao DC cua inverter.

Dién ap t6i da cta hé thong (trén 1 string/inverter) dugc kiém tra theo cong thirc:
Vmppmin < Vmpp x ) luong tam pin < Vppmax - Trong d6: Vmppmin: dién &p DC nho
nhat ma dau vao DC cua inverter quy dinh (V), Vmpp: dién ap t6i da cua tdm pin (V); n:
la sb luong tAm pin trén 1 string; Vvppmax: dién ap DC 16n nhit ma dau vao DC cua
Inverter quy dinh (V).

Thay sb vao, ta dugc : 145< 39.55 *n < 530. Suy ra: 3.6 < n < 13.4. Chon theo s6
nguyén, ta duoc: 4 <n < 14 (tim pin).

Theo datasheet cia Inverter hoa luéi ABB UNO-DM-5.0-TL-PLUS-S thi ciu
hinh gom c6 2 MPPT, mdi MPPT c6 2 string. Ma trén hé thong c6 14 tim pin, ma
thudng thi ta s& chon sd pin trén céc string 1a nhu nhau. Do d6, nén mdi string ta s&
chon: 7 tAm pin.

2.2. Mé phéng véi phan mém PVsyst

Phan mém Pvsyst duoc phat trién boi nha vat Iy Andre Mermoud va k¥ su dién
Michel Villoz ngudi Thuy Si. Cac chitc ning cua phan mém 13 tinh toan, thiét ké hé
théng nang luong mat troi, bao gém hé théng dién mat troi ndi ludi, hé théng dién mat
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tro1 doc 1ap, hé théng bom nang lugng mat troi va hé théng dién nang lugng mat troi
ludi DC. Trong nghién ctru nay, phan mém PVsyst phién ban 7.1 dwoc khai thac dé
danh gia hiéu sudt cta hé thong dién. Dit lidu thoi tiét tich hop trong phin mém la
meteonorm 7.3.

Quy trinh thiét ké, mé phong duoc mé ta nhu hinh 10. Budc dau tién 1a thiét 1ap
cac thong sb cia dy an nhu vi tri dia 1y, thoi tiét; bude thi hai 13 thiét 1ap phuong,
hudng cua tam pin; budc th 3 1a thiét 1ap cong suit, chon loai solar module dugc lép
dit; budc thir bon 1a chon inverter; bude thir nim 1a sip xép cac string phu hop; budc
thir sau 1a chay mé phong va va budc cudi cung 1a xem bao céo.

3. Két qua
Normalized productions (per installed kWp)
6 T T T T T T T T T T T
- Lc: Collection Loss (PV-array losses) 0.72 KWh/kWp/day .
5 Ls: System Loss (inverter, ...) 0.11 kWh/kWp/day _|

ced usef Er \ > 3.63 kWh/kWp/day

Normalized Energy [kWh/kWp/day]

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

Hinh 3. Céc thanh phan céng sudt cia hé thang

Bang 5 mo ta két qua cac thong sé chinh cia hé thong duge md phong bang phan
mém PVsyst 7.1. Theo d6, ning luong san xuét caa hé théng 13 6.77 MWh/nim; ning
suat trén kWp 1a 1324 kWh, hé s6 hiéu suat 1a 81.40%. D4y 1a nhimng thong sb rat kha
quan dé lép dat hé théng dién mat troi. Hinh 3 mo ta cac thanh phén con suét cua hé
thong. Bang 6 mo ta thong sd thoi tiét va nang suat ctia hé thong theo thang.

Bdng 5. Céc thong sé chinh ciia hé thong

Produced Energy 6.77 MWh/year
Specific production 1324 kWh/KWplyear
Performance Ratio 81.40 %
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Bdng 6. Sé lidu thoi tiér va san heong dién cia hé thong

GlobHor DiffHor T_Amb Globlinc GlobEff EArray E_Grid PR

kWh/im? | kWh/m* °C kKWh/m? | kWh/m? MWh | MWh ratio
January 152.2 67.27 26.31 135.1 130.9 0.580 0.563 0.815
February 148.6 63.49 27.11 131.3 127.7 0.559 0.542 0.808
March 166.7 83.51 28.44 148.3 144.7 0.630 0.612 0.807
April 151.8 86.83 29.08 135.4 131.9 0.578 0.561 0.810
May 164.0 89.48 28.50 146.5 142.6 0.626 0.608 0.812
June 161.8 76.95 27.52 143.9 140.0 0.616 0.598 0.813
July 162.7 86.73 27.39 145.0 141.0 0.624 0.606 0.817
August 161.9 82.67 27.28 144.3 140.7 0.620 0.602 0.816
September 136.4 70.52 26.71 121.0 17.8 0.520 0.504 0.815
October 145.0 75.75 26.80 129.2 1255 0.556 0.539 0.816
November 137.9 70.03 26.33 123.3 119.4 0.533 0.517 0.821
December 138.9 68.82 26,23 1231 119.0 0.531 0.515 0.819
Year 1827.9 922.05 27.31 1626.4 1581.0 6.972 6.766 0.814
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio

GlobInc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings

Hinh 4 mo ta cac loai ton that ciia hé thong, theo d6 ton that do nhiét chiém ty 18
cao nhat 10.49%, vi diéu kién khi hau ¢ khu vuc phia nam Viét Nam cao hon so voi
diéu kién chuan 25°C. Céc ton that khac khong dang ke.

1828 kWh/m?

Global horizontal irradiation
-11.02% Global incident in coll. plane
-2.79% IAM factor on global
1581 kWh/m? * 27 m? coll. Effective irradiation on collectors
efficiency at STC = 18.81% PV conversion
. rray nominal energy (at effic.
8.08 MWh Array inal gy (at STC effic.)
-0.89% PV loss due to irradiance level
-10.49% PV loss due to temperature
+0.35% Module quality loss
-2.10% Mismatch loss, modules and strings
-0.99% Ohmic wiring loss
0.00% Mixed orientation mismatch loss
6.97 MWh Array virtual energy at MPP
-2.95% Inverter Loss during operation (efficiency)
N 0.00% Inverter Loss over nominal inv. power
\) 0.00% Inverter Loss due to max. input current
™ 0.00% Inverter Loss over nominal inv. voltage
N 0.00% Inverter Loss due to power threshold
M 0.00% Inverter Loss due to voltage threshold
6.77 MWh Available Energy at Inverter Output
6.77 MWh Energy injected into grid

Hinh 4. Biéu do ton thdt cia hé thong
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4. Két luan

Bai bdo nay da danh hiéu suit cua hé thdng dién mat troi 4p mai ndi ludi ho gia
dinh 5kWp duya trén mo phong. Nghién ciru di trinh bay két qua md phong tir phan
mém PVsyst. Tlr nghién ctru nay, nhimg két luan thu duoc sau day tir phdn mém PVsyst
chirng minh cho tinh kha thi cua hé théng voi vi tri thiét ké cu thé: dién nang thu dugc
trung binh nam 6.77MWh, di¢n nang thu dugc trén kWp 1a 1324kWh, hé $6 hiéu sut hé
thong 1a 81.4%. Dé tai gitip danh gia tién kha thi k§ thuat cho dy an dién mat troi ap
mai tai Thi Dau Mot. Viéc lap dat dién mit troi 4p mai cho ho gia dinh tai Thanh phd
Tha Dau Moét, Viét Nam hoan toan dap tng dugc yéu cau vé ky thuat.
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