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KHAO SAT, PANH GIA MOT SO THONG SO VAN HANH CUA PIEN MAT TROI
LAP MAI NOI LUOI TAI KHU VU'C MIEN TRUNG VIET NAM

SURVEYING AND EVALUATING SOME OPERATING PARAMETERS OF GRID-
CONNECTED ROOFTOP PV IN CENTRAL REGION OF VIETNAM

Nguyén Thuy Linh?, Lé Thi Minh Chau’, Trin Dinh Long'
"Truong Dai hoc Bach khoa Ha N¢i
2Truong Pai hoc Pham Van Pong - Qudng Ngdi

Toém tét - Dién mat troi 1ap mai néi IvGi véi nhibng wu diém vwot
tréi cla n6 ngay cang chirng t6 kha nang canh tranh manh mé
v&i cac nguon dién truyen théng. Dién mat troi 1&p mai ndi luwei sé
tré thanh ngudn cung cap nang lwong bén vikng cho cac ngO| nha
théng minh trong twong lai. Bai bao trinh bay mot sé két qua khdo
sat, nghién cru v& dién mat trdi 1ap mai ndi lwéi tai khu viee Mién
Trung Viét Nam, trong d6 gioi thiéu vé cAu tric va thong sb co
ban ctia cac phan ti chinh trong hé thong, s lidu do dac duoc
trong thoi gian khao sat, két qua x& Ii b liéu do, xay dwng mot sb
dac tinh van hanh dac trwng va nhirtng nhan xét danh gia vé dién
mat troi 1dp mai ndi lwsi tai Mién Trung Viét Nam.

Tir khoa - dién mat troi I&p mai ndi IwGi; médun quang dién; bo
bién doi; céng suat dinh; lwdi phan phoi

1. Pit van dé

Nguon dién mat troi 1dp mai ndi ludi (DMTLMNL)
trong nhitng nim gan ddy di phat trién rit manh mé trén
toan thé giéi nho nhitng uu diém vuot trdi: (1) khong
chiém dat dé lap dat; (2) suit dau tu (dong/kWp) ngay
cang giam, gi4 thanh dién ning (ddng/kWh) giam nhanh,
tinh canh tranh v&i cac ngudn dién truyén thong ngay
cang cao; (3) 1a ngudn dién tinh, van hanh don gian va tin
cdy, chi phi bao dudng thip; (4) dién phat ra tu cdc
modun quang dién c6 thé sir dung tryc tiép cho nhu cau
cua gia dinh hodc phat vao luédi thong qua inverter ma
khong can tich trit vao acqui; (5) viéc loai bo cac bd acqui
tich trit nang luong lam giam déng ké tién dau tu, chi phi
van hanh bao dudng va loai trr cac tac dong x4u cua
acqui dén moi trudng; (6) cac phan tir chinh trong hé
thong nhu modun quang dién, inverter, cong to 2 chiéu,
cac thiét bi phu tro...déu co thé ché tao duge & trong
nuéce; (7) che ning va giam bot nong cho tang 4p mai ctia
toa nha; (8) néu c6 chinh sich gia dién hop i,
DMTLMNL s& c6 co hoi phat trién nhanh va trg thanh
ngudn cung cip ning lugng bén viing cho cic toa nha
thong minh trong tuong lai.

Trong nhitng nim gin ddy, Viét Nam di xuét hién
hang tram cong trinh PMTLMNL duogc lép dat tai nha 6,
treong hoc, co quan, cac tdoa nha thuong mai. Nam 2015,
Hoi Pién lyc Viét Nam (VEEA) phi hop v6i Tong cong
ty Pién luc Mién Trung (EVNCPC), Cuc Diéu tiét Dién
luc (ERAV) va Hiép Hoi dong Quéc té Pong Nam A
(ICA -SEA) da tién hanh dé an nghién ctru thi diém vé
PMTLM ndi luéi tai Viét Nam véi cac ndi dung:

1) Lwa chon mét sb déi tuong dién hinh d nghién
clru: nha &t nhan & cac mién (Bic, Trung, Nam) 6 cong
sut ldp dat 1 - 5kWp, nha cong cong c6 cong suét 16n

Abstract - Grid connected rooftop PV with its considerable
advantages more and more shows the competitive capability with
other traditional forms of energy and grid connected rooftop PV
will become a sustainable source of power supply for smart
houses in the future. The paper presents some survey results of
the pilot project carried in Central region of Vietnam concerning
the structure and some basic operating parameters of the
principal elements of rooftop PV installations, the database
collected in the period of the survey, results of treating collected
database, building some operational characteristics and
evaluations of the network connected rooftop PV in Central region
of Vietnam.

Key words - grid-connected rooftop PV, photovoltaic module,
inverter, peak power, distribution network

hon.

2) Lap dat cac thiét bi do dém chuyén dung (cong to
dién tor 2 chifu, thiét bi do song hai, cuong do buc xa,
nhiét do léqm viéc cua mod-dun PV, diéu kién moi
truong...) d€ theo ddi thuong xuyén va lau dai hoat dong
cua cac cong trinh PMTLM noi ludi.

3) Truyén va xu li tp trung cac dir liéu do dém duoc
tai EVNCPC nham:

- Xég dir}h cac thér}g s6 van hanh thuc té so véi tinh
toan thiet ke: cong suat va dién ndng phat cuc dai, cuc
tiéu trong nam, thoi gian hoat dong trong ngay...

- Xay dung cac dic tinh dién hinh: biéu dd phat cong
suat cia DMT va phu tai tiéu thy cua gia dinh; bicu do
trao ddi cong sudt trong ngay giita ludi dlen va phu tai
(nha &); do bién thién dién ap tai diém ket nbi va luong
song hai co ,the xuét hién theo cong sudt phat cuia DMT
anh hudng dén ludi phan phoi dia phuong.

- Ghi nhan nhing thong s6 khéc: nhiét o, do am, so
ngdy mua... lién quan dén hoat dong cia DMT.

~4) Nghién ctu tac dong cua gia dién (gia theo thoi
diém sur dung - TOU va gia dién béc thang) dén chi ticu
tai chinh cua cac cong trinh PMTLM noi ludi, tr d6 dé
xuat nhitng kién nghi lién quan dén viéc ho trg gia nham
khuyeén khich phat trién DPMTLM noi ludi tai Viét Nam.

Mot s6 noi dung va két qua ban dau cia Dé an thi
diém nay sé dugc gidi thi€u trong bai bao.

2. CAu tric va thong so ky thuit co ban cac phan tir
chinh

So d6 chu trac (a) va so 6 lap dit thit bj dé thu thap
dit liéu tr xa (b) cia hé thong PMTLMNL duogc gidi
thiéu ¢ Hinh 1.
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Hinh 1. H¢ théng dién mdt troi lap mdi n6i ludi:
a) So do cdu triic; b) So dé ldp dat thiét bi dé thu thdp div liéu tir xa
C6 4 cong trinh PMTLMNL duoc lwa chon dé khao - Dong ngin A s34 | 834 | 837 | 837
sat tai thanh pho Da Nang. Céc thiét bi do chuyén dung va mach (Isc) : : : :
thiet bi thong tin dugc lap dat thém trong cac cong trinh - Hiéu suit
nay dé phuc vu cho muc dich nghién ctru (Hinh 1b). Cong modul % 95 95 95 95
to 1 c6 lap thém modem d€ do thong so6 dau ra cua médun bien A N
PV, cong to 2 la cong to 2 chicu ciing két ndi qua moderm ilénlftlé?i gg van \% 1000 | 1000 | 1000 | 1000
de¢ do dién nang trao d6i voi ludi dién. SO li€u thu thap tr
thiet bi do cua doi twong khao sit duge truyen vé trung 3. Inverter
tam x@ 1i dir liéu cta Tong cong ty Dién lyc Mién Trung - Loai Invertor CPCAT (Viét | AST (Viét
(EVNCPC) dé luu trir va xtr li. Thong s6 ky thuat co ban j Nam) Nam)
ctia cac phan tir chinh bao gom: (1) thong s6 chung cua a. DAu vao DC
cong trinh; (2) thong so cia modun PV; (3) inverter; (4) " X
A LA \ . . R . - Cong suat DC
hé thong do luong giam sat trong cac cong trinh dwoc t6i da (coso = 1) W 300 3 1400 | 5000
khao sat gigi thi¢u trong Bang 1. bien i 43
Bing 1. Thong s6 ky thudt ciia cdc phén tir chinh trong cdc cong ;/2‘10 tlg?d:p a v 48 48 96 500
trinh DMTLMNL dwoc khao sat
- - - Dai dién 4p tai
Tinh ning/ | o Céng trinh diém cong suat | | 16- | 16- | 52- | 250-
Thang so 1 2 3 4 cyc dai (MPP) 48 | 48 | 96 | 450
1. Théng sb 25°C/50°C
h C Dian 4 X
e Dien dp dau |y 39 | 39 | 62 | 350
- Cong suat lap | kWp | | 15 5 vao danh dinh
dat ? -~ D¢ Au Vi
Dién tich 14 2 té?é);l %IDdcau )V Tl L R RO
Pt 65 | 65 | 97 | 35 B ——
a b. Déu ra AC
Laong chiphi| L |50 | ss | g0 | 1825 | |- Cong suit
au i . danh dinh & | VA | 250 | 250 | 1200 | 4500
- ‘Th(‘yi gian bat | thang/ 12/ 09/ 08/ 02/ 25°C/50°C
dau van hanh ndm | 2015 | 2015 | 2015 | 2016 - Pién dp danh | 229 | 220 | 228 | 225
2. Modun PV dinh dau ra
- Loai Pa C-Si T %
oal : a CSi Lo SO danh g so | so | 50| so
- Cong suat m
danh dinh Wp 230 250 250 250 - Dong dau ra
(Pmax) i da A 1.2 1.2 7.5 25
- Pién 4p &
Pmax (Vinp) v 206 | 29.6 | 302 | 302 té?gaso song hai % <30 | 3% | <304 | <3%
o Dong din o f -y 799 | 799 | 828 | 828 - S6 pha dong | 1 1 1 1
Pmax (Imp) dién
- Pbién 4p ho 37.0 | 37.0 T s X A
mach (Voc) \% 5 5 37.7 37.7 daHlf;u suat toi o 96 96 97 97
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a) Ppymax = 4.4kW (30/08/2016)
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¢) Dién 4p U (30/08/2016)

modun PV A\ 39 39 52 350 Judng, gidm st phut 60 60 60 60
- Dong dién o R
chudi  modun | A 13 | 13 | 3 13 3. Cac s0 li¢u thu thap
PV Céc s0 liéu thu thap tir hé thong do ludng duge gidi
;1* ch?:n Iap DC v 19 19 52 150 thiéu tai muc 3 Pang 1. 7

au vao 'mvertor Tu cac dit liéu do luong nay c6 thé xay dung cac ddc
- Dong dién DC A 13 13 3 125 tinh van hanh cua cong trinh PMTLMNL, trong dé: biéu
dau vao Invertor do6 phat cong suat theo ngay ciia modun PV, bi€u d6 phu
- ;Dlﬁn ap AC v 227 | 227 | 228 | 225 tai ngay cua ho tiéu thu, cong suét trao d6i voi hé thong,
dau ra Invertor dién ap tai diém dAu nbi.
- Dong dién AC A 02 | 02 | o7 29 Hinh 2 gi6i thiéu biéu d6 cua ngay PV phét cong suét

16n nhat (a) va be nhét (b) cing véi bién thién dién ap tai
diém dau ndi trong ngay tuong tng (c va d) & cong trinh 4
trong thoi gian khao sat.
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b) Ppymin = 1.01 kKW (13/05/2016)
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d) Dién ap U (13/05/2016)

Hinh 2. Biéu do ciia ngay PV phat cong sudt I6n nhdt (a) va bé nhdt (b) cing véi bién thién dién dp
tai diém ddu néi trong ngay twong ing ciia cong trinh 4

4. Xir li s6 liéu thong ké va xdy dung mdt sé dic tinh
van hanh déc trung

Pé danh gia dugc cac chi tiéu kinh té - k¥ thuat cua
cong trinh PMTLMNL, can xac dinh mot s6 thong sb va
biéu dd van hanh dic trung trong ndm, trong do co biéu
do ~ngay phat cong sudt cuc dai va cuc tiéu, gia tri cong
sudt phat trung binh (ki vong) cho ting gid trong ngiy
cua tirng thang (mua) trong nam, gidi han dao dong dién
ap tai diém déu nbi trong qua trinh van hanh.

Cong suét phat cia cac modun PV thay doi lién tuc
theo thoi gian, phy thudc vao rat nhiéu yéu t6 ngau nhién.

Vi vay bién thién cua mot dai luong ngau nhién X nao
d6 can khao sat khi ¢6 nhiéu doi twong dugc nghién ciru
dong thoi, c¢6 thé dugc xem nhu c6 qui ludt bién thién
theo phan b6 chuan (Normal Distribution Function) véi ki
vong (gia tri trung binh hoac trung tdm phan bo) M[X]
duoc xac dinh:

M[X]=my=2X;/n (1)

Trong d6: x; - gia tri do dugc trong khao sat thu i;

n - s6 14n khao sat duoc thue hién.

Do tan xa cia X duoc xac dinh:
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D[X]= o’ =M[X-m]*=Z(xi-m)*n  (2)

Trong d6: o - sai s6 (d6 1éch) trung binh binh phwong
ctia dai lwong ngau nhién.

Vi cong suét dat cua cac cong trinh DMTLMNL rat
khac nhau, nén d€ c6 thé danh gia mdt cach tong quat, cac
dai lugng dugc khao sat dugc qui vé hé don vi tuong doi
(pu):

P* =P/Py 3)

Trong do: P - cong suét do dugc (kW); Py - cong sudt
co ban dugc chon bang cong suat dat cua dan PV (kWp).

Cong suat:

t" = t/tey )

Trong do, thoi gian co ban la khoang thoi gian khao
sat (tep = 24h doi v6i bi€u do ngay va te, =8760h doi vei
biéu d6 nam).

Thoi gian:

4.1. 86 liéu vé cong sudt va dign ning phdt ciia cong
trinh PMTLMNL

Béang 2 gidi thiéu ki vong va do tan xa cua cong suét
phat theo gio trong ngay cua thang khao sat dugc lua
chon (08/2016) ctia cong trinh PMTLMNL s6 4 tai thanh
phd Pa Ning.

bién ap: U*=U/Ug = U/Uga 4)
Bing 2. Tri s6 ciia ki vong mp vd sai s6 trung binh binh phuong Gp clia c6ng sudt phat theo ngay tai
cong trinh so 4 trong thang 08/2016 (P = Pa = 5kWp)
Gio 6 7 8 9 10 11 12 13 14 15 16 17 18
mp+ 0.02 0.11 0.28 0.44 0.51 0.62 0.59 0.55 0.44 0.29 0.15 0.06 0.01
O p» 0.01 0.03 0.07 | 0.12 0.13 0.13 0.17 0.18 0.16 0.13 0.08 0.03 0.01

Hinh 3 gi6i thiéu biéu d6 phat cong suit trung binh
ngay cua cac cdng trinh BPMTLMNL dugc khao sat tai
thanh pho Pa Nang trong thang 08/2016.

1.00

mp*4 mp*3 mp*2 = = Mp*1 ==——mp*
- mp* p p P p p
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Y
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Hinh 3. Biéu d6 cong sudt trung binh ngay cua cdc cong trinh
DMTLMNL dvoc khdo sat tai thanh pho Pa Nang (thang
08/2016)

Nhan xét, danh gia:

Sau khi xtt li cac sd liéu do dac thu thap duoc, co thé
xdy duyng cac dac tinh van hanh cua cac cong trinh
DPMTLMNL tai tl‘rng dia phuong dugc khao sat va danh
gia dugc cac thong sO quan trong sau day:

- Cong suét phat cuc dai Pmay ctia dan PV tuong tng 1a
0.3kW (cong trinh 1), 0.8kW (cong trinh 2), 1.17kW
(cong trinh 3), 4.4kW (cong trinh 4).

- Dién nang trung binh ngay trong thang khao sat:

Aw = (X Pi"ti)Pq (6)

Trong d6: Pi"- cong suat phat (pu) trong gio ti; i = (6-
18) la khoang gi& modun PV co6 thé phat cong suat trong
ngay; Pq - cong suat dit cia cong trinh.

- Dién nang PV phat vao gio cao dién} va ti I¢ giita
dién nang phat vao gio cao di€m so voi tong dién nang
PV phat trong ngay, tir bi€u d6 Hinh 3 c6 thé nhan thay:

+ Gia tri cyc dai ciia cong suat trung binh ngay:

Ptbngmax = 5OOA)Pd

+ Khoang thoi gian (gid) phat cac mirc cong suat cao
hon 10%Pg4, 30%P4, 40%P4 trong ngay tuong ung 1a 9.5,
6,2.

+ Dién nang trung binh ngay trong thang khao sat la:

Atng = 3.16P¢

+ Dién ning A phat trong gid cao diém (9h30 -

11h30) trong thang khao sat twong ung la: Acq = 0.85Pg

- Theo biéu dd phu tég thuc t& cua HTD Viét Nam
trong ndm 2015 [5] da xuét hién cao diém trua thir 2 tur
13h dén 16h, n€u tinh thém khoang gio cao diém thir 2
nay thi dién nang phat trong gio cao diém:Acs = 1.67Pg

- Ty 1& dién nang phat trong gid cao diém so voi dién
nang phat trung binh ngay theo qui dinh hién hanh vé gio
cao diem la: Aca/Awne =27%

- Néu xét theo gid cao diém cia biéu dd thuc t& nam
2015: Aca/Awng = 53%,

4.2. Bién thién di¢n dp tai diém diu néi

S liéu thong ké cho thiy, cong suit dit cua cong trinh
PV cang 16n muc bien thi€n dién ap cang cao. Chang han,
tai cong trinh 4 (P4 = 5kW) ki vong m, va sai sO trung
binh binh phuong g, dugc gidi thi¢u trong Bang 4.

Bing 4. Ki vong bién thién mu va sai sé trung binh binh phiwrong O, cua dién dp tai diém dau noi

trong ngay cua cong trinh 4 trong thang 08/2016

Gio 1 2 3 4 5 6 7 8 9 10 11

13 14 15 16 18 19 | 20 | 21 22 23 24

m,= 1.02 1.03 1.04 1.04 1.03 1.04 1.05 1.06 1.07

1.05 1.04 1.04 1.02 1.03 1.02 1.02 1.02 1.02

0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.01

0.02 0.02 0.02 0.02
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M-
098 [ 099 | 099 | 1.00 [ 1.00 | 099 | 099 | 098 | 100 | 1.02 | 1.04
30,

w

1.02 1.01 0.99 0.99 0.98 0.98 0.97 0.97 0.97 0.95 0.96 0.98 0.98

my«+
107 | 107 | 109 | 108 | 108 | 100 | 108 [ 109 | 110 | 110 | 111
30,

w

111 1.10 1.10 1.09 1.09 1.09 1.07 1.08 1.07 1.05 1.07 1.07 1.06

_ Hinh 4 gi6i thi¢u biéu do bién thién dién 4p tai diém
dau noi trong ngay cta cong trinh 4 trong thang 08/2016.
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Hinh 4. Biéu dé bién thién dién dp tai diém dau néi trong ngay
cua cong trinh 4 trong thang 08/2016

Nhan xét:

- Cong sut dat cua PMT cang 16n thi dao dong dién
ap tai diém dau noi cang cao.

- Pién 4p tai diém d4u ndi dwoc nang cao trong gid
PV phat cong suat 16n.

- Do cong suét dat cua PV so v6i cong suét tiéu thy
cua phu tai khong 16n, nén dao dong dién ap tai diem dau
ndi do anh huong cua PV van nam trong gidi han cho
phép (£ 10% Ug) [2].

4.3. Song hai

Khi inverter trong hé théng PMTLMNL hoat dong s&
xuat hién cac song hai bac cao, thuong la cac song hai bac 3,
57.

Hinh 5, 6 giéi thiéu cac thanh phan song hai dién ap
va dong dién tai diém dau nodi trong ngay cia cong trinh
4.

1 AN (%)
8

—_— = = = ——— = = = = = =

HO 1 2 3 4 5 3 7 8 9 10 n

Hinh 5. Biéu d6 cac thanh phdn séng hai dién dp tai diém ddu
noi trong ngay cua cong trinh 4

ScHT AN ()
a

w
"
[ ] e Bl o o s o o

Hinh 6. Biéu 6?5 cdc thanh phan séng hai dong dién tai diém
dau nai trong ngay cua cong trinh 4

Nhéan xét:

- Khi inverter ctia cong trinh 4 hoat dong: cac thanh
phan song hai dién 4p béc cao chiém ti 16 (%) khong dang
ké so voi song béc 1, do do bién thién dién 4ap tai diém
dau ndi nam trong gidi han cho phép [2].

- Khi inverter cua cong trinh 4 hoat dong: xuét hién
c4c thanh phdn séng hai dong dién bac cao; trong d6
thanh phin séng bac 3 chiém khoang 35%, thanh phan
song bac 5 chiém khoang 10%, séng bac 7 chiém khodng
5% s0 v&i song co ban. Tong d bién dang song hai dong
dién so vdi song bac 1 dao dong tir 38% - 43%.

5. Két luan

PMTLMNL véi nhiéu wru diém 16n dang dugc phét trién
nhanh trén thé giéi. Tai Viét Nam, hang trim cong trinh
PMTLMNL da duoc lép dat va dang hoat dong c6 hiéu qua,
cung cap luong dién ning dang ké cho céc gia dinh, toa nha
thuong mai, bénh vién, truong hoc va cong sd. Nghién ctiru
mot s6 cong trinh PMTLMNL tai khu vire Pa Ning da cho
thdy céc dic tinh van hanh co ban ciia loai ngudn nay. Phwong
phap nghién ciru danh gia dugc gidi thiéu & day ciing co thé
duoc ap dung cho cac cong trinh PMTLMNL khac.

Loi cdm on

Trong bai bdo c6 str dung mot ) thong tin trong pé
dn Nghién cieu thi diém vé dién mdt troi ldp mdi noi lwdi
cua VEEA, EVNCPC, ICASEA. Céc tac gia xin tran trong
cam on.
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