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NGHIEN CUU UNG DUNG PHAN MEM PVSYST VAO THIET KE VA PHAN
TiCH DU AN PIEN MAT TROI HOA LUOI

TOM TAT

Pham Anh Tuan
Truong Pai hoc Dién luc

Nghién clru nay tap trung vao viéc st dung phian mém PVSyst dé hd trg thiét ké, mo phong va
phén tich du 4n cho mot hé théng dién mat troi c6 cong suit dinh 210 kWp gém nhiéu tim Pin mat
troi duge két nbi v6i nhau va 1am viée song song vé6i lugi dién dé cip dién cho phu tai theo cu
hinh On-Grid. Phan mém PVSyst dugc sit dung nhu mdt cong cu dé tinh toan va lwa chon chung
loai, s6 luong tAm Pin mat troi, dién tich lap dat, hudng lép dat, loai va cong suét inverter cho hé
thdng dién mat troi. Ngoai ra PVSyst ciing dugc st dung dé mo phong hé thong dién mit troi nay
trong cac diéu kién thay doi cudong do, gio ning va hudng lap dit cac tm Pin mat troi dé nguoi

ding c6 thé khai thac hé thong hiéu qué nhét.

Tiwr khoa: Nang luong mdt troi, Pin mat troj, phdn mém thiét ké hé thé'ng dién mat troi, phcfn mém

PVSyst

MO DAU

Khai thac cac ngudn ning luong tai tao va
than thién moi truong dang 13 mot van dé
néng trén toan thé gidi trong nhitng nim gan
day. Vi loi thé 1a mot Qudc gia c6 tiém ning
kha t6t vé ning luong mit trdi, trung binh vao
khoang 1500-2500 gid ning mdt nim [1];
Viét Nam s& dau tu vao phat trién khai thac
ngudn ning lugng nay trong tuong lai gan [2].
Du bao dén nam 2030 tong dién nang khai thac
tir dién mat troi s€ vao khoang 6% va dén nim
2050 luong dién ning nay s& chiém 20%, ting
voi khoang 210 MWh/nam [3]. Viéc tmg dung
céc phan mém vao thiét ké va mo phong nham
muc dich khai thac dién mat troi cling la xu thé
tat yéu cia thé gisi. Hién ‘nay c6 nhiéu Vién
nghién ctu va Hang san suat Pin mat troi da va
dang phat trién cac phan mém nay nhu PVSyst
[4], Solar Pro [5], Sunny De5|gn [6]... Trong
nghién ctru nay, phin mém PVSyst s€ duoc
khai thac dé tinh toan thiét k&, mo phong va
phén tich cho mot hé théng dién mat troi voi
cong suat dinh 210 kWp.

UNG DUNG PVSYST VAO THIET KE,
MO PHONG VA PHAN TICH DU AN
DIEN MAT TROI

Phin mém PVSYST

“ Tel: 0923 456000; Email: tuanpa@epu.edu.vn

Phan mém PVSyst duoc nghién cuu va dat
nén méng phat trién bdi nha vat 1y nguoi thuy
si Andre Mermoud va ky su dién Michel
Villoz; sau d6 da phat trién thanh mot nhom
nghién ctru. Phan mém nay duoc cic dién dan
vé dién mat troi danh gia 1a mot trong nhimng
phan mém hd tro phan tich dy an tét nhat hién
nay. Phién ban mdi nhat 1a PVSyst 6.76,
phién ban nay cho phép thyc hién cac chuc
nang chinh sau [7]:

- Quan ly du an di€n mat troi,

- Chon cac modul PV, Inverter;

- Tinh dién tich lap dat;

- Tinh toén, phan tich cac thong s ky thuat
cua hé théng dién mat troi;

- M6 phong va bao cd0 phan tich hi¢u qua dy an. ..
Hé théng dién mit troi can thiét ké, méd
phong va phéan tich

Céc tng dung dién mat troi hién nay tai Viét
Nam phé bién ¢ dang ngudn phan tin véi
cong sudt khoang vai kWp cho qui md gia
dinh va khoang vai chyc dén vai trim KWp
cho qui md trung tdm thuong mai, phén
xudng, nhd may hodc mot toa nha; bao gdm
ca hé théng dién mat troi lam viéc doc lap véi
luoi dién (Off-Grid) va hé théng dién mat troi
lam viéc song song véi dién (On-Grid) [8].
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Hé thdng dién mat trdi ma chang t6i chon dé
nghién ctru tng dung phan mém PVSyst vao
thiét ké, mo phong va phan tich 1a hé thong
v6i cong sudt 210 kWp. Trén thyc té day 1a hé
thong c6 cong suat va cau hinh tuong duong
v6i mot hé thong da duoc trién khai lap dat tai
Cong ty c¢b phan Hang thé thao tai Thai Binh.
Yéu cau ctua Hé théng dién mat troi nay la
1am viéc theo ché dd On-Grid. D€ tinh toén va
phén tich hiéu qua du an nay, mot vai thong
s6 khac dugc chon trén co sé tinh trung binh
hoic dya vao dir liéu thdng ké bao gdm: gia
mua dién dugc tinh bang binh quéan gia dién
clia phu tai san xuét lam viéc theo cac gid cao
diém va thap diém trong ngay cho cap dién ap
0,4 kV vao khoang 8 cent [9]; gia ban dién
phat tir hé théng mat tro1 1én ludi dién tinh
theo qui dinh tai 12 9,35 cent [10], hé s6 triét
(1) string of (15) REC350Wp modul in series

(2) string of (15) REC350Wp modul in series

(3) string of (15) REC350Wp modul in series

Array 1

Cw/XLPE/PVC 2x1Cx6mm2

Array 2

SPD-DC

Cw/XLPE/PVC 2x1Cx6mm?2

CwXLPE/PVC 2x1Cx6mm?2

Cw/PVC 1Cx6mm2

khiu 3% va thoi gian 10 nim bio hanh phan
cing va 25 nam dam bao hiu suat 80%.

Céc thong s6 cau hinh co ban vé hé thong Pin
va Inverter ctia du an nhu sau:

Loai Pin: REC Solar 350Wp (REC350TP2S 72)
S6 lwong module: 600 module

S6 lwong day Pin: 40 string

S6 module mot day: 15 module/string

S6 luong inverter: 6

Loai Inverter: ABB trio-27.6-tl-outd véi
thong s6 chinh 27.6kW 400VAC 3P 50Hz,
trong d6 c6 2 inverter dugc dung cho gian 6
string va 4 inverter dugc dung cho gian 7
string. So dd mach dién d4u ndi vao inverter
cac gian 6 string va 7 string dugc mo ta trong
Hinh 1 va 2:

(4) string of (15) REC350Wp modul in series
(5) string of (15) REC350Wp modul in series

(6) string of (15) REC350Wp modul in series

SPD-DC

CwXLPE/PVC 2x1Cx6mm2

Cuw/XLPE/PVC 2x1Cx6mm2

Cw/XLPE/PVC 2x1Cx6mm?2

Cw/PVC 1Cx6mm2

Hinh 1. So d6 noi gian 6 string (15 module/string) dén cong Inverter

(13) string of (15) REC350Wp modul in series
(14) string of (15) RECZ;S-OWp modul in series
(15) string of (15) REC;;OWp modul in series
(16) string of (15) RECQ;S.OWp modul in series

Array 1

SPD-DC 1
CwXLPE/PVC 2x1Cx6mm?2

Array 2

CwXLPE/PVC 2x1Cx6mm2

CwXLPE/PVC 2x1Cx6mm2

CwXLPE/PVC 2x1Cx6mm2

Cuw/PVCICx6mm2

(17) string of (15) REC350Wp modul in series
(18) string of (15) REC350Wp modul in series

(19) string of (15) REC350Wp modul in series

SPD-DC

CwXLPE/PVC 2x1Cx6mm2

CwXLPE/PVC 2x1Cx6mm2

CwXLPE/PVC 2x1Cx6mm2

Hinh 2. So d6 néi gian 7 string (15 module/string) dén cong Inverter
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Céc gian Pin va hé thong Inverter duoc ddu ndi véi nhau va két ndi véi ludi dién theo ciu hinh
On-Grid nhu Hinh 3. Thong qua Inverter, dién phat ra tir pin ¢6 dang 1 chiéu (DC) s& chuyén d6i

thanh xoay chiéu (AC) va dé hoa vai luéi dién. So

d6 nay sir dung 1 thanh cai dé gom cac dau ra

cia Inverter truéc khi ddu ndi dé phat dién 1én ludi thong qua doan cap Cu/XLPE/PVC

4x1Cx120 mm? + E70.

TRAM DIEN NHA MAY

CAP PIEN CU/XLPE/PVC 4x1Cx120mm2 + E 70
Ngin diéu khién — TU DIEN SOLAR
P P;‘
Ngén dgng lye MCCB 3P
400A 36KA
MCOCB 3P MCCB 3P MCCB 3P MCCB 3P MCCB 3P MCCB 3P MCCB 3P MCCB 3P
S0A 36KA S0A36KA SOA 36KA S0A 36KA SOA 36KA S04 36KA S0A 36KA SOA 36KA
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Hinh 3. So dé noi cdc inverter vao hoa ludi

Thiét 1ap thong s6 cho Hé théng dién mit
troi va tinh toin md phéng trén phin mém
PVSyst

Nhdp thong tin dw an

bé lap mét dy an ta can khai bao cac hang
muc chinh bao gém: Tén du an, Khu vuec,
Qudc gia, Thanh phd, Pién ap mang dién.
Day la nhiing dit liéu chung dé phan mém co
thé truy suat thu vién ciia né va dua ra nhiing
goi ¥ chung hodc canh bao vé k¥ thuét cho
céc tinh toan vé sau. V6i yéu cau thiét ké cua
hé théng dién mit troi nhu trén, cira s giao
dién cua budc nay nhu Hinh 4.

PVSyst cho phép nguoi dung truy cdp thong
tin dia ly (geographic site) va dir liéu khi
tugng theo gid (Associated METEO hourly),
dir li€u nay cho phép viéc md phdong duogc

chinh xac theo toa d9, goc phuong vi cua vi
lap dat, hudng lap dat gian Pin.
Ciu hinh hé théng dién mdt troi, thiét bi
phu tro va dac tinh tdi
Pay 1 budc quan trong cia qua trinh thiét ké,
bao gém viéc thuc hién chon loai Pin mat
troi, chon loai inverter va day dan, cap. Bo
thu vién ciia PVSyst co sin mot s6 loai Pin
cua cac hang khac nhau, dir liéu cua cac
inverter va day dan, cap. Sau khi ngudi dung
céu hinh h¢ théng, phan mém s& tinh toan va
dua ra két qua, bao gdm sd lwong tim Pin, sd
modul trén mot tAm, sb luong va cong suét
inverter, chung loai diy dan, cap va bang tinh
cac thong sb ky thuat, tén thit day va cap.
Trong trudng hop khong dat cac tiéu chudn
ky thuat phan mém s& dwa ra canh bao dé
ngudi dung diéu chinh.
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~Project's designation
The Project includes mainly the geographic SITE definition, and the associated METEDQ hourly file ll
Project's name |Grid-Connected Project at TB, Viet Nam (Demo)  Date [10/10/2018 | oz Reorder variants
atameter & Load project [ New project
l_v -4~ Site and Meteo | EAbedo-sdtngs | ESMPI' Sﬂ_Ddele .

New simulation variant (not saved) -

Reereaeoss p
. Horizon
. Near Shadings

© Module layout
@ Detailed losses

v © Economic eval

) System overview | I Exit |

Hinh 4. Cira s6 nhdp théng tin dy én

EY Save variant

' Grid inverter definition — O X
Main parameter |Efficiency cuvel Additional pararnetetl Output paramekersl Sizes I I:cmmercidl
Model |TRID-27.6-TL-OUTD Manufacturer [ABE
File name INew,DND Data source IManulactwer
(7] New obiect
Input side [DC P¥ field) —Dutput side [AC grid)
Minimum MPP Voltage II‘.I v Pl e e
Min. Vaoltage for PNom IN.JA W & Triphased — 80H
. z
Nominal MPP Voltage N v @
Maximum MPP Voltage [o v Grid Voltage
Absolute max. PV Voltage |mm v Nominal AC Power |3-00 kW
Maximum AC Power |3. oo k!
Power Threshold IBI] W
MNominal AC current INIA A
Contractual specifications, without et S e INM‘ AT
real physical meaning i] Required o
. _Eﬁlmlw
Nominal PV Power NA kW Maximum efficiency 97.0 %
Masimum Py Power N/A KW EURO efficiency sox 2]
Mazximum P Current INM a [~ Efficiency defined for 3 voltages
ERp Copy to table & Print X Cancel | ' OK

Hinh 5. Cita s6 nhdp théng sé kjf thudt ciia hé thong Inverter
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PVSyst xay dung bd thu vién cho phép nguoi
ding chon mdt sd phuy tai dién hinh nhu (toa
nha chung cu, phu tai kinh doanh thuong mai,
khu van phong ...). Trong budc nay, ngoai
viéc luya chon loai hinh phuy tdi ngudi dung
con co thé thay doi cac thong sb nhu dién
nang ti€u thu hang nam... Hinh 5 1a mét ctra
sO cho phép nhap nhimg thong s6 ky thuat
ctia hé thng Inverter.

KET QUA THIET KE, MO PHONG VA
PHAN TiCH DU AN

Két qua md phong hiéu qua phat dién vao
cac thang trong nam

Viéc theo doi va dy bao qué trinh hoat dong
cua hé théng dién mat troi, dac biét 1a qua
trinh phat dién theo thoi gian dién hinh 1a cac
thang trong nim c6 ¥y nghia 16n ddi voi cong
tac van hanh. Can cu vao lugng dién nang
dugc phat ra, ngudi ding s& chu dong can dbi
nhu cau mua ban dién véi ludi dién. Didu nay
dac biét quan trong ddi véi cac du an dién
mit troi duoc dat tai cac khu vuc co sb gio
ning khong ddéng déu vao cac thang trong
nam. Hinh 6 13 két qua md phong va phén tich
luong dién phat ra vao cac thang trong nam
cua nam thir 1 va thir 25 cua du an.

C6 thé dé dang nhéan thay luong dién ning
phat ra trung binh ctia cic thdng mua hé cao
hon gap ddi so voi thang mua dong. Pay la
mét nhuoe diém chung cua hé théng dién mat
tro1 khi lép dat & khu vue mién bic nudc ta do
chénh léch cuong do sang gilta cac mua. Két
qua mé phong cho thay lugng dién ning phat
ra trung binh hang ngay trong thédng cua 1
kWp Pin; dong thoi ciing cho thdy phan ton
that trén gian Pin va hé thong thiét bi phu tro.

Két qua md phong hiéu qua phat dién caa
toan du an qua tirng nam

PVSyst cho phép nguoi dung tinh hi€u qua
phat dién cua hé thong dién mat troi hang
nim xuyén sudt qua trinh van hanh. Gian d6
dién nang cua hé théng dién mat troi dugc mo
ta chi tiét timg thanh phan, tir luong dién ning
phat ra ciia Pin trong diéu kién 1y tudng va trir
di cac thanh phan ton that trén hé théng va
cubi cung 1a dién ning dugc phat ra. Hinh 7 14
Gian d0 dién ning trong nim van hanh thir 1
va nam van hanh tht 25 cta hé thdng. Co thé
nhan thay luong dién ning phat ra hang nim
cia nam tht 25 cta dy an chi bang khoang
80% luong dién nang phat ra ndm thir 1 cua
du an. Piéu nay duogc giai thich 1a do su suy
giam hiéu suit ciia Pin va mot sd thiét bi khac
trong hé thong.

T
0.6 kWh/kWp/day
0.1 kWhikWp/day
put) 3.18 KWh/kWp/day

T T

Lc : Collection Loss (PV-array losses)
Ls: System Loss (inverter, ...)
Yf: Produced useful energy (inve

Normalized Energy [kKWhkW p/day]

Mar

Apr May  Jun Jul Aug Sep

| Dién nang cac thang nam thir 1

Normalized Energy [kWh/kW p/day]

T T T T T T T
Lc: Collection Loss (PV-array losses) 1.18 kWh/kWp/day
Ls: System Loss (inverter, ...) 0.08 KWh/KW p/day
Yf : Produced useful energy (inverter output) 2.61 kWh/kWp/day

Aug  Sep Oct Nov

| Bién ning cac thang nam thir 25

Hinh 6. M6 phong hiéu qua phdt dién cdc thang trong nam thir 1 va thir 25 cia 1 kWp
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1419 kWh/m?2 1419 kWh/m?

A an £ .> k A an X .> k -0.2%
Phan hiéu suat giam do: \ -0.2% Phan hiéu suat giam do: , D
- Khung vién 3.8% - Khung vién ) -4.0%
- He s6 khéi khi (AM) e - Hé s6 khéi khi (AM) 3.0%
- Bui 2-3.0% - Bui '

1319 kWh/m?2 * 1204 m? coll.
1321 kWh/m? * 1204 m?2 coll.
efficiency at STC = 17.48%
efficiency at STC = 17.48%
277.8 MWh |
278.2 MWh
N 02% ’ S
Phan higu suat giam do: NS 1.8% Phan hiéu suat giam do: G i
- Hiéu suat module 7 ’ - Hiéu suat module . e
- Cuwong do bwc xa ) -6.0% - Cwdng do bure xa ) -6.0%
- Nhi,ét do cao +0.4% - Nhi§t dé cao . +0.4%
- Chat lwgng module 4 ' - Chat lwgng module ‘M
- Kha nang hap thu anh sang | 5 59, - Kha nang hap thu anh sa g —-25%
- Module khéng dong deu \ 1.0% - Module khéng dong déu |\ 7.8%
- Trén day dan e - Trén day dan A
+-0.9% \
246.1 MWh 5-0.9%
Phan hia At aiam do: 206.8 MWh
dn higu suat glam do: s i Phan hiéu suit giam do: |
- Inverter ; K
Vuot . . NS 0.0% - Inverter = -2.8%
i u;c: ng'u’gpg oong ., 0'00/ - Vuotngudngcong  -0.0%
b T =i suatquadiénap |\ 0.0%
Yangvarqua dien ap \_. O'OOA’ thwdng va qua dién ap - 0.0%
nguong 0.0% nguéng N 0.0%
ok h_A239'9 ":Wh . 201.0 MWh

an hiéu suat giam do: Phan hia £y «2 J
- Phu kién (quat,..) - 0.0% h;ﬁ h,iﬁ“ns“attg'am o W
- Trén mach AC 5 -0.4% ~ e (quet;..) e pra

: -0.4% - Trén mach AC -0.4%

238.9 MWh

bién nang phat |én |ui
(NAM THU 1)

200.3 MWh

bién nang phat Ién woi
(NAM THU 25)

Hinh 7. Gidn do dién nang nam thw 1 va thir 25 nam cia toan dy an

KET LUAN

Trén co s yéu cau thiét ké mot hé thdng dién
mit troi co cong suat 210 kWp, ndi ludi va
lam viéc song song theo ché do On-Grid,
ph?m mém PVSyst da duoc Iya chon lam cong
cu tinh toan phan tich du 4n boi mot s6 dic
diém va tinh ning phu hop. Két qua tinh toan
va phan tich cho phép xac dinh dugc sb lugng
tam PV cén thiét, dién tich lip dat, huong lap
dit phu hop, cong suét va lugng inverter, cich
ghép ndi cac modul. Ngoai ra phin mém ciing
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cho phép md phong hoat dong cta hé thong
dién mat troi trén trong cac diéu kién thay doi
dién hinh nhu: cuong do sang t6i khac nhau,
hudng, 46 nghiéng ctia tim PV .... Thong qua
nghién ciru nay c6 thé thiy PVSyst la mot
phan mém hitu ich cho cac tng dung thiét ké
va md phong va phan tich hé thong dién mit
troi. Viée nghién ctru ing dung phan mém
nay vao thiét ké, mé phong va phan tich s&
gitip nguoi dung dé dang danh gid dugc cac
thong s6 k¥ thuat, phan tich qua trinh san xuat
dién trong toan b du an.
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STUDY DESIGN ON-GRID PHOTOVOLTAIC SYSTEM BY

USING SUNNY DESIGN SOFTWARE

Pham Anh Tuan”
Electric Power University

This study focuses on the use of PVSyst software to assist in the design, simulation and analysis of
a solar power system with a peak power of 210 kWp consisting of multiple solar panels that
operate in parallel with the power system (On-Grid configuration). This software is used to
calculate and select the type, number of solar panels, installation area, installation direction, type
of inverter and the capacity for the solar power system. PVSyst is also used to simulate this solar
system under conditions of varying the brightness and direction of installation of solar panels so
that users can exploit the most efficient of the system.

Keywords: Solar Power, Photovoltaics, Software for PV design, PVSyst software.
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