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Tom tit - Bai bio nay trinh bay mot phuong phép xac dinh san
lwong dién mit troi dwa trén nén tang web duoc goi 1a PV_Cal.
Trong nghién ctru nay, xay dung mot cong cu xac dinh san luong
dién mat troi bao gom dit liéu buc xa, hiéu xudt ciia hé théng va
cac thong sb cua pin quang dién thwong mai. Hé théng xay dung
dé x4c dinh san Iuong tai 5 huyén va hai thanh phé thudc tinh
Déng Nai. Thong sb birc xa mit troi duge thu thap tr v€ tinh
thong qua hé thdng cia Meteonorm. Két qua tinh toan dugc so
sanh véi phin mém thuong mai PVSyst. Tir két qua tinh toan cho
thiy, hé théng c6 cac vu diém nhu 1a d& dang truy cép, hiéu qua
v& chi phi va d¢ chinh xac dugc tin cdy.

Tir khéa - Xac dinh san luvgng; Nang lugng mat trdi; birc xa mat troi

1. Giéi thi¢u

Trong nhitng ndm gan day c6 nhiéu nghién ctru vé phan
tich tiém nang cling nhu san lugng dién cac dy an dién mat
troi duge nghién ciru tai mot ) quéc gia dién hinh nhu
Bang 1. Theo thong ké Bang 1, nhimg nghién ctru nay cac
tac gia tap trung vao cac két qua do ludng san lugng dién
tu cac nha may di€n mat troi trén mai hodc ndi ludi tir d6
tinh toan hiéu suat (PR) cta hé théng. Theo két qua nghién
ctru duoc tai An Do v6i cong suat lap dat I0OMWp [1] thi
san lugng dién hang nam 1a 15798MW va tai Tay Ban Nha
[6] chi dua ra hiéu suat ctia nha may (PR) 1a 84,13%.

Bdng 1. Mot $0 nghién ciru vé tiém nang dién mdt troi tai

cac quoc gia

Abstract - This paper presents a web-based method of determining
the final Yield. It called PV_Cal. In this study, to develop a tool to
estimate the final Yield based web environment that includes solar
radiation data, system efficiency and commercial photovoltaic
module. In addition, the system was developed to estimate the final
yield of 5 districts and two cities in Dong Nai Province.
Furthermore, the Solar radiation parameters are collected from
satellites based Meteonrom to simulation the final yield. These
results are compared with commercial software PVSyst. The
simulation results show that, the system has advantages such as ease
of access, cost effectiveness and reliable accuracy.

Key words - Estimate final yield; solar energy; solar radiation

nang nang lugng mat troi dir licu vé burc xa mit trdi tai khu
vuc du an 14 rat can thiét.

T dit liéu blrc xa mat troi két hop véi cac dir liéu thoi
tiét khac, cac chuyén gia vé nang lugng mit trdi s& tinh
toan san luong dién cua nha may tuy vao cong sudt lap dat.
Hién tai, dé udc luong san luogng dién cac nha dau tu can
trang bi cac phan mém thuong mai, wu diém cua cac phan
mém thuong mai 1a wdc lugng san luogng dién mat troi
nhanh va tich hop cac dit liéu thoi tiét nhu 1a birc xa mat
troi, nhiét d§ khu vuc cén tinh toan. Tuy nhién, chi phi dau
tu cho phan mém thuong mai twong ddi cao (xem Bang 2).

Bing 2. So sanh gid thanh ciia cdc phan mém thirong mai

woc lwong san luong dién

Quéc gia C(ég% [Sl\l/l[%]]]ép Sal:rll(\l/\lll'r%ng Hiéu suét
An d6 [1] 10 15798 86,12
Mauritania [2] 15 - 73,56
Ghana [3] 2.5 - 70,4
Tay Ban Nha [4] 1000 - 84,13

Theo d6, nhiing nghién ctru ndy cac tac gia tap trung vao
cac két qua do ludng san dién tir cic nha may dién mat troi
trén mai hodc néi ludi, tir d6 tinh toan hiéu suat cua hé théng,
nhidm muc dich cho thay, hiéu qua ctia cdc nha may quang
dién trong giai doan van hanh. Tl cc két qua phan tich higu
suat ciia nha may, 1am tién dé cho nhimg phan tich tién kha thi
cac dy an dién mat troi tiép theo tai khu vuc khao sat.

Bén canh d6, ddi véi cac du an dién mat trdi ¢ cong
suat lap dat 1on (tir 50kw dén vai trim MW) khi quyét dinh
dau tu mot hé thong quang dién nha dau tu can phan tich
tiém ning nang lugng mat troi tai vi tri dat nha may ciing
nhu kha ning sinh 16i cta dy an. Dé phan tich dugc tiém

1 Lac Hong University (Le Phuong Truong, Nguyen Thi Huong)

Phin mém Chirc niang Gia EJSD/ Thong tm
Nam phan mém
PV syst Uéc lggmg san 1300 https://www.
luong dién mat troi pvsyst.com
Ude lu(:mg san https://Aww.
luong cac dy an
Homer < . 2160 homerenergy.
nang luong tai tao com
va tinh toan chi phi
Udc lugng san
RETscreen Vlugmg cac du an ‘ 869 https:/iww.
nangluong tai tao va nrcan.gc.ca/
tinh toén chi phi

Céc phan mém thwong mai nhu Bang 2 ban theo nam
va gidi han ngudi sir dung phin mém nguoi dung can duoc
dao tao va la cac chuyén gia trong linh vire nang lwong mat
troi. Ngoai phuong phap xac dinh san luong bang c4c phén
mém thuong mai cac nha khoa hoc trén thé gidi di xay
dung phuong phap udc lugng dua trén cac cong thirc toan
hoc dugc trinh bay nhu Bang 3.
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Bdng 3. Phuong phap nghién ciru woc lwong san lwong dién mat troi

Muc tiéu
nghién ctru

Phuong phap nghién ctiru

Két qua

Udc luwong san
luong dién dya
trén mo dun
quang dién
thuong mai [5]

Xay dung phuong trinh
udc luong san lugng dién
mat troi dua trén cac
thong s6 ky thuat cua pin
quang dién, blrc xa mat
troi, va cac yéu t6 ton hao
ctia hé théng. Sir dung
Phan mém MATLAB/
Simulink ~ d&  kiém
nghiém cong thic toan

D06 chinh xac ctua
phuong trinh
tuong dbi cao, két
qua mo phong cbd
sai s6 dao dong tir
5% dén 7% so v6i
cic  phin mém
thuong mai.

Xay dung cong
thirc toan dé
tinh todn san
lwong hé thdng
dién mat troi
nbi ludi [6]

Xay dung cng thic todn
hoc tinh toan san lugng
dién dua trén thong ) ky
thuat mo dun quang dién va
thét thoat do tdn hao. So
sanh voi nha may dién thuc
té dé tinh toan do chinh xac

D06 chinh xac cta
phuong trinh todn
dugc kiém nghiém

va ¢d do chinh xac
dang tin  cay
(6,5%)

Hiéu sudt cua
pin quang di¢n
anh huong dén
san luong dién
cia hé théng
dién mat troi [7].

Tir céc thong sb thoi tiét
nhu blrc xa mat troi, nhiét
d6 moi truong xay dung
cong thie toan hoc dé
tinh toan higu suat va uéc
luong san luong dién

Xay dung phuong
trinh xac dinh san
lugng. Chung minh
su anh hudéng cua
hidu suét céc loai
pin quang di¢n.

Theo Bang 3, Wilhelm va cong sy d8 dua ra mo hinh tinh

toan san lugng nhu Hinh 1 [7].

Burc xa mat troi

Mo hinh nhigt ¢ pin  Tinh toan
quang di¢n

hiu sudt  pypp i lwong

pin quang dién

G,t

GAm, T h

> P=hGA

Hinh 1. Phuong phdp xdc dinh san luong dién mat troi

Trong d6, G: birc xa mit troi, Am 1a khbi khong khi,
h 14 hiéu suét, A dién tich cua pin quang dién, P 1a cong
sudt ctia pin quang dién, E 1a san lugng dién, t nhiét 36 moi
truong, T nhiét d¢ hoat dong cua pin quang dién.

Trong nghién ctru nay st dung thuat toan xac dinh san
luong dya trén blrc xa mét troi, pin quang dién thuong mai
va hiéu suét cua hé théng. Cac dir liéu duoc luu trix va tinh
toan dya trén nén tang web.

2. Mb ta h¢ thong
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Giao dién hién thj trén Web

Hinh 2. H¢ tho”hg xac dinh san luong dwa trén nén tang web

H¢ théng xac dinh san luong di¢n mat troi dya trén nén
tang web duogc trinh bay nhu Hinh 2. Theo Hinh 2 cac dit
lidu dau vao do ngudi st dung thiét dit bao gdm tong cong
sudt lap dat, loai pin quang dién, vi tri lép dit va hiéu suét
du kién, mic dinh hiéu suat chon 14 0,75. Dua trén dit liéu
dau vao hé thdng s& xac dinh san luong dién théng qua md
hinh xac dinh san luong. Céc thong sb tinh toan s& duoc
hién thi trén nén tang web bao gém s6 luong pin quang
dién, dién tich lép dat, buc xa mat troi va san luong dién
mat troi hang thang. Hé thong dang chay thir nghiém tai dia
chi https://www.lephuongtruong.com/p/blog-page.html.

3. Phuwong phap
3.1. Cong thirc tinh todn sdan luwong dién

Hé théng xac dinh san lugng dién dugc tinh toan dua
trén blrc xa mat troi, thong so tir tam pin quang dién thuong
mai va hi¢u suat ciia hé thong duoc trinh bay nhu cong thirc
bén dudi [8].

PR(%)G,\-P.
Epc = (%) INC F'sTC (1)
Psrc :VMPP_STC Ioutput_STC (2)

Cuong d6 dong dién ngd ra cua pin quang dién dugc
tinh toan dya trén mo hinh mét di 6t va dugce trinh bay nhu
cong thuce (3)

g (V IR
IOquuthTC =N, Iy, _Npls{exp{k.r A(N + NS -1r- (3)
PV s P

;( N,V
RSH NS

0y

Trong d6, E ¢ san lugng dién ctia hé thong; Psrc cong
suit lap dat (tai didu kién chuén); Gnc blic xa mat troi;
lsrc birc xa mat troi tai diéu kién chudn, 1oy, s cuong do
dong dién cua pin quang dién tai diéu kién chun, N » va Ng
s0 lwong t& bao quang dién méc ndi tiép va song song, | py dong

quang dién, |, dong bdo hoa nguoc, q dién tich clia electron,

k hing s Boltzmann, 7 dong dién hoat dong ctia pin quang
dién, A hﬁng ) Iy tuong clia diode, Ry, va Ry dién trd.
3.2. Dir li¢u birc xa mdt troi

Hién nay, dé thu thap dit liéu burc xa mat troi co nhiéu
¢o s6 dir liéu nhu: 3TIER, CM SAF, DLR-ISIS, EnMetSol,
focus solar, HelioClim-1, HelioClim-3, Land SAF,
meteonorm, NASA SSE Release 6.0, OSI SAF, PVGIS

CM-SAF, Satel-Light, SolarAnywhere, SolarGIS, Solemi
[9]. Tuy nhién, cac nha nghién ctru thuong st dung tir ba
nguf‘m dir liéu nhu sau: Dir liéu tor Meteonorm, dir liéu tir
Hé¢ thong thong tin dia Iy (PVGIS CM-SAF), dit liéu tir Co
quan hang khong vii tru Hoa Ky (NASA SSE Release 6.0).
Cac ngudn du liéu nay gan giéng nhau 1a déu phan tich tir
céc dir liéu khi tugng va hinh anh ma vé tinh chyp dugc va
tor d6 xay dung nén ban dd buc xa mat troi cho cac khu vuc
khac nhau trén thé gi6i. Trong nghién ctru nay st dung sb
liéu birc xa mat troi thu thap tir vé tinh (Meteonorm) cta 6
huyén va 2 thanh phé thugc tinh Pong Nai nhu Bang 3.
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Bdng 3. Burc xa mdt troi tai cgic Huyén va Thanh Phé thuéce
tinh Dong Nai

Théang

Bién
Hoa

Long
Khanh

Long
Thanh

Tan
Phu

Pinh
Quan

Thépg
Nhat

Xuan
Loc

Trang
Bom

152,6

154,9

146,7

156,4

158,8

157

159,8

155,9

150,5

154,5

146,6

152,9

155

155,2

161,5

1535

166,7

1713

161,5

166,3

168,9

171,3

182

169,6

152,7

153,1

146,7

152,0

155,5

155,0

161,5

153,7

163,7

161,5

158,3

161,5

165,2

164.,6

167,2

164,0

A=LWn,_ (5)

Trong d6, n, 1a s6 lugng tdm pin quang dién; Poc src

la tong cong suat lap dat; Puoc_stc €Ong sudt mot tim pin

quang dién; A dién tich lip dat; L chiéu dai cua tim pin
quang dién; W chiéu rong cta tim pin quang dién.

4. Két qua va thao luan
4.1. Giao di¢n ciia hé thong

TINH TOAN SAN LUONG DIEN MAT TRO
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3.3. Méi trwong xdy dung hé thong xdc dinh sin lwong
dién mdt troi

Trong nghién ctru nay, hé thdng x4c dinh san lugng dién
mat troi trén nén tang web dugc phat trién dya trén GitHub.
GitHub la mét dich vu server mi€n phi gitip ngudi dung quan
1y nhiéu phién ban code VA luu trir ching. Sau khi hé thong
hoan thanh ban thir nghiém va luu tri trén server c6 tinh phi.
3.4. Lwu d6 gidi thudt ciia hé théng

Bit dau

Cai dat
- Vitri
- Loai pin quang dién
- Téng cong suat lap dat
- Hiéu sudt cua h¢ lhong

Y

o i
- Buc

i
- Thong s6 ky
thujt pin quang

R= Biic xa mat
troi

A= di¢n tich pin

quang di¢n

R=Hiéu suat

A J

A
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Théng sé d4u vao - Input parameters
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56 lugng pin quang
dién

[

Hién thi birc xa mat
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Trong Iy
Két qua- Results
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Hinh 3. Luu do gidi thudt ciia hé thong

Luu dd giai thuat cta hé thdng dugc trinh bay nhu Hinh
3. Theo Hinh 3, dit liéu dau vao dé tinh toan san lwong dién
mait troi bao gém: Vi tri lép dat, loai pin quang dién, téng
cong suét lap dit va hiéu suit cua hé thdng. Mot co so dir
liéu dugc Iuu trit sin trong server bao gém dir liéu birc xa
mit trdi va thong sé k¥ thuat cua cac loai pin quang dién.
Dua trén cac sb liéu nay sé tinh toan san lugng dién cua hé¢
thong pin quang dién nhu céng thirc 1. Bén canh do, tinh
toan dién tich le’ip dat, va sb luong pin quang dién dugc tinh
toan dua trén cong thirc 4 va 5.

PIDC_STC

(4)

n =

m
Puoc _sTC

m||||||||||||

Hinh 4. Giao dién ciia cong cu tinh todn san luong dién mat
troi diea trén nén tang web (a) truy cdp dit liéu birc xa mat troi;
(b) nhdp thong so dau vao, (c) théng tin pin quang dién va két
qua tong hop; (d) két qua san heong dién hang thang
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Hé théng xac dinh san lugng dién mat troi dya trén nén
tang web co6 giao dién nhu Hinh 4. Cac thong s6 dau vao
nhu cong suat 1ap dat va lya chon vi tri lap dét do nguoi
dung thiét dat dat nhu Hinh 4(a) va 4(b) két qua sé hién thi
nhu Hinh 4(b) va 4 (c).

4.2. Phén tich két qud

Két qua tinh toan san luong dién dya trén nénvté’mg web
dugc so sanh v6i phan mém thwong mai PVSyt d€ danh gia
do chinh xac cua phan mém. Trong nghién ciru nay sir dung
cung thong so6 birc xa mét troi, cong suat lap dat 1a 20kWp
va pin quang dién dung d¢ tinh toan cho tat cac cac truong
hqp l1a Jinko 315P co6 cén~g S}lét dinh muc 1a 315W, hiéq
suat 16,2% va dién tich moi tam 1a 1,94m? cho 2 thanh pho
va 5 huyén thudc tinh Pong Nai.

Bén canh do, sai sé cua phﬁn mém duge so sanh dua
trén cong thirc

e= E;-Ep (6)

Trong d0, E,la san lugng dién tham khao, E, 1a san
luong dién tinh toan.

Tir cong thic trén két qua so sanh dugc trinh bay nhu
Bang 4. Theo Bang 4, sai s6 dao dong tir 1% dén 9,89%.
Tuy nhién, sai s6 tinh toan san lwgng ca nam la 1,74%. Két
qua tinh toan san luong 5 huyén va 2 thanh pho tai tinh
Pong Nai duoc trinh bay nhu Bang 5.

Bing 4. So sdanh két qud giita PV _cal va PVsyst Bién Hoa

) San lugng (KWh) Sai sb
Théang
PV_Cal PVSyst | e (KWh) e%

1 2.533 2.795 262 9,39

2 2.407 2.623 216 8,22

3 2.667 2.737 70 2,58

4 2.443 2.381 -62 (2,59)

5 2.619 2.457 -162 (6,57)

6 2.567 2.371 -196 (8,28)

7 2.595 2.430 -165 (6,77)

8 2.604 2.525 -79 (3,13)

9 2.209 2.232 23 1,03

10 2.355 2.515 160 6,38

11 2.307 2.510 203 8,10

12 2.295 2.547 252 9,89

Céa nam 29.599 30.123 524 1,74

Bing 5. Két qua tinh todn san luong tir cong cu PV_Cal
Thang Long | Long | Tan | Pinh Thé?g Xuan | Trang
Khé&nh| Thanh | Phi | Quan | Nhat | Loc | Bom
1 2478 | 2347 | 2502 | 2540 | 2511 | 2556 | 2494
2 2471 | 2345 | 2446 | 2479 | 2483 | 2583 | 2455
3 2740 | 2583 | 2660 | 2702 | 2740 | 2911 | 2713
4 2449 | 2347 | 2431 | 2487 | 2479 | 2583 | 2459
5 | 2583 | 2532 | 2583 | 2643 | 2633 | 2675 | 2623
6 | 2563 | 2553 | 2446 | 2500 | 2582 | 2569 | 2575

2636 | 2569 | 2435 | 2475 | 2627 | 2628 | 2620
2566 | 2558 | 2335 | 2390 | 2564 | 2551 | 2580
2179 | 2185 | 2020 | 2075 | 2191 | 2177 | 2199
10 | 2332 | 2257 | 2260 | 2323 | 2361 | 2379 | 2366
11 | 2295 | 2167 | 2163 | 2195 | 2281 | 2393 | 2259
12 | 2155 | 2129 | 2139 | 2172 | 2177 | 2222 | 2182
n(?:lfn 29447 | 28572 | 2842028980 |29629 | 30227 | 29525

5. Két ludn

Bai b&o nay trinh bay mot phuong phap xdc dinh san
luong dién mét troi dva trén nén tang web. Hé thong dugc
danh gia c6 sai s6 so v6i phan mém thuong mai 1a 1,74%.
Tir quan diém thuc té hé thong cho thay, nhitng vu diém
(1) hi€u qua chi phi; (2) do chinh xac tin cay; (3) dé dang
sir dung trén moi thiét bi di dong co6 két ndi internet.

Ngoai ra, nghién ctru nay la mét tham khéo cho nhiing
nghién ctru tiép theo phat trién dién mat troi Viét Nam.

Loi cam on: Tac gia xin chan thanh cam on S6 Khoa Hoc
va Cong Ngh¢ Tinh Dong Nai da ho tro tai chinh cho
nghién cru nay voi ma so de tai DTT2020-12-C.
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