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UNG DUNG MANG NORON NHAN TAO DU’ BAO SAN LUQNG DIEN
CUA NHA MAY PIEN MAT TROI

Trinh Qudc Céong', H6 Ngoc Dung'

Tém tit: Viét Nam dwoc danh gid la quéc gid ¢ tiém néing lom vé ndng lwong mdt troi. Pay la nguon
nang lwong than thién véi méi truong va tdi tao trong thién nhién. Trong nhitng ndm gan ddy, véi nhiéu
co ché khuyén khich, cac dw an dién ndng leong mdt troi phdt trién manh & nwée ta, gép phan dam bdo
an ninh nang heong quéc gia. Tuy nhién véi sw phdt trién nhanh ké ca vé sé heong dir dn, tong cong sudt
Icfp dat va san luwong dién cua cac nha may dién mdt troi nén cong tdac van hanh hé théng dién gap kho
khan. Dé cé co so phoi hop van hanh hop Iy cdc nguon dién trong hé thong can c¢é cong tic du bdo
céng sudt ciing nhw san leong dién cia cdc nha mdy dién mdt troi. Nghién ciu ndy da img dung mang
noron nhan tao dw bdo san lwong dién cua nha mady dién mat troi dua trén cdc yéu 16 vé thoi tiét.
Nghién citu dwoc ting dung dir bdo dién lwong ngay ciia nha mdy dién mdt troi cong sudt 752KWp tai
tinh Hung Yén cho két qua tin cdy. Két qud nghién ciu cung cdp mot phwong phdp hitu ich trong dir
bdo san lwong dién cua cdc nha mdy dién mdt troi, gdp phan xdy dung ché @ van hanh hop 1y cho hé
théng dién.

Twr khéa: Nang luong di€én mat trdi, mang than kinh nhan tao ANN, du bao dién luong.

1. PAT VAN PE

Nhiing nam qua, dudi tdic dong nghiém trong
tir bién ddi khi hau, Viét Nam da chuyén hudéng
phat trién manh nganh ning lugng tai tao. Cac
ngudn ning luong gié va nang luong mat troi co
nhiéu co ché khuyén khich dé phat trién. Dén thoi
diém hién tai, tong cong suat lip dat vé& dién mat
tro1i trén ca nude da dat toi 19.400 MWp (trong do
c6 gan 9.300 MWp 1a dién mat troi mai nha),
twrong tmg 16.500 MW, chiém khoang 25% tong
cong suit lap dat ngudn dién cua hé thong dién
quéc gia. Theo du thao Quy hoach dién 8, dén
nam 2030 téng cong suat lip dat dién mat troi
khoang 22.040 MW va dén nam 2045 cong suat
lép dat dién mat troi dat khoang 63.640 MW (Du
thao Quy hoach phat trién dién qudc gia, 2021).

Céc du an dién mat tro1 da dong gop lon vao
viéc ddm bao an ninh nang lugng quéc gia, gop
phan phét trién dat nude. Tuy nhién voi sy phat

! Khoa Céng trinh, Trwong Pai hoc Thiy loi

trién nhanh ké ca vé s6 lugng du 4n, tong cong suét
lip dat va san luong dién nén cong tac van hanh hé
thong dién gip kho khin. Dé c6 co sé phdi hop van
hanh hop 1y cac ngudn dién trong hé thong can c6
cong tac du bao cong sudt ciing nhu san lugng dién
cua cac nha may dién trong hé théng, dac biét la
cong tac du bao ngan va trung han vé san luong
dién ctia cac nha may dién mat troi.

Cong sudt phat va dién luong cuia nha may dién
mat troi phu thude vao bire xa chiéu xuéng bé mat
tAm pin ning luong. Su bién thién bic xa chiéu
xudng tim pin phu thudc rat 16n vao cac yéu tb
khi hau nhu nhiét d6 khong khi, ché d6 mua, ché
d6 v& may phu, sb gio ning ...vv. Do d6 c6 thé
du bao dién nang cuia nha may di€n mat troi dua
trén cac yéu t6 vé thoi tiét. Cac sd liéu vé thoi tiét
nhu nhiét d6 khong khi, sé gio mua, ché do may
pht dugc luu trit & cac tram khi tugng hodc cac
trang web dy bdo uy tin. Trong nghién ctu nay,
cac tdc gid su dung phuong phdp mang noron
nhan tao (ANN) du bédo san lugng dién ctia nha
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may dién mat troi dwa trén sd liéu vé nhiét do
khong khi, s6 gio mua, sé gid may phu. Nghién
ctru duoc ap dung du bao san lugng dién cho nha
may dién mit troi 4p mai cong suét 752,4kWp tai
huyén Tién L, tinh Hung Yén.

2. PHUONG PHAP NGHIEN CUU

2.1.Tinh toan dién lwgng nha may dién mét troi

Pién niang san xuat trong khoang gio t; trong
ngay tinh theo cong thirc (Kandasamy CP, 2013):

E = N odui L AN gpp (1)

Trong d6: Nmodu, Z, At,Mepy- twong Ung la

SPV i

cong suit phat, s6 lwong modul, thoi gian phat
dién va hiéu suét trong thoi doan i trong ngay cua
nha may di€n mat troi.

Thanh phan cong sudt phat dién cua tdm pin
trong cong thic (1) xac dinh can cir vao duong
dic tinh cong sudt ciia tim pin:

Nmod uli = f(GZ,tt,i ’Nmod ul G ) ()

Trong do: Gy ,; la tong xa chiéu xudng bé mit

tAm pin. N 1a cong suét phat dién Gmg voi

mod ul,Gy:
cuong do buc xa chiéu t6i bé mat tim pin do nha
san xuét cung cép.

Dbi véi cong trinh da lép dat, san lugng dién phat
duogc trong thoi doan i phu thudc vao téng xa chiéu
xudng bé mit tim pin. Tong xa nay phu thudc rat
nhiéu vao diéu kién thoi tiét nhu diéu kién vé ning,
mua, swong mu vv... nén cong sudt phat va san
lugng dién cua nha mday dién mdt troi cling phu
thudc vao cac yéu tb thoi tiét. Tir d6 c6 thé sir dung
mang noron nhan tao dé du bao san lugng dién phat
duogc trong ngay ctia nha may dién mat troi dua trén
cac yéu td thoi tiét duge dy bao.

2.2. Mang than kinh nhan tao
Artificial Neural
Network (ANN), goi tit 1a mang noron 1a mot mo

Mang noron nhadn tao,

hinh xtr 1y thong tin phong theo cach thic xu ly
thong tin ctia cac h¢ noron sinh hoc. N6 duoc tao
nén tir mot sd lwong 16n cac phan tir (goi 1a phan
tir xir Iy hay noron) két nbi v6i nhau thong qua cac
lién két (goi 1a trong s lién két) 1am viéc nhu mot
thé thong nhat dé giai quyét mot van dé cu thé.
Trong nhitng thap nién gan day, trén thé gidi

cling nhu nudc ta da ung dung md hinh toan ANN
vao giai quyét cac bai toan du béo cho két qua dang
tin cdy. Mang than kinh nhén tao c¢6 wu diém la kha
ning hoc va xur Iy chudi sé lidu dau vao, tin dung
triét dé duoc cac thong tin dit liéu do dac hién co
trong qua kht, dira vio mdi quan hé giira cac dir lisu
dau vao dé tir d6 dua ra cac du bao. Trong cic md
hinh ANN thi m6 hinh Mang than kinh nhén tao
truyén thing nhiéu 16p (Multilayer Perceptron -
MLP) duoc sir dung phd bién dé giai quyét cac bai
toan phi tuyén, phuc tap, khi ma méi quan hé gitra
cac qua trinh khong d& thiét 1ap mot cach tudng
minh. Cu tric cia mang ANN truyén thang MPL
gdm 16p bién dau vao input, 16p két qua dau ra
output va cac 16p 4n hidden. (Vi Hiru Tiép, 2018).

W w2 W
Input Hidden 1 Hidden 2 Qutput

Hinh 1. Cdu truc mang novon nhan tgo

Céc trong sb lién két giita cac noron cua cac
16p trong ANN duogc xac dinh qua qua trinh luyén
mang (hoc) tur dir li€u qua khr. Qua trinh hoc 1a
qua trinh cép nhét trong sb lién két sao cho gia tri
ham 13i (sai s6) 1a nho nhit. Mot mang noron
duoc huin luyén sao cho vdi mot tdp cac vec-to
dau vao X, mang c6 kha nang tao ra tap cac vec-to
dau ra mong muén Y cia no. Tap X duoc sur dung
cho huin luyén mang dugc goi 1a tap huén luyén
(training set). Cac phﬁn tor x thudc X duogc goi la
cac mau huén luyén (training example). Qué trinh
huén luyén ban chat 1a su thay ddi cac trong sb
lién két cia mang. Trong qué trinh ndy, cc trong
sb cua mang s€ hoi tu dan t6i cac gia tri sao cho
v6i mdi vec-to dau vao x tir tap huén luyén, mang
s& cho ra vec-to dau ra y co sai sd so voi gia tri
thyc do nho nhit. Co nhiéu thuat giai dé xac dinh
cac trong s6 lién két trong do6 thuat giai lan truyén
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nguoc (back-propagation algorithm) dugc Ung
dung rat phé bién. Cac bude luyén mang xac dinh
trong s6 lién két dugc cho trong so d6 sau:

Nhgp s6€ ligu
(S48 lidu thyc do)

Gid thigt cac
trong s& lign k&t

Tinh toan sai s6
gitla két qua dy bdo
vd s8 ligu thyc do

Kiém tra sai s

Thay ddi trong sd
(Thuat gidi lan truyén nguge)

Ding

Hinh 2. So do khoi luyén mang ANN

Sau khi xac dinh dugc cac trong sb, mang
ANN s€ duoc st dung du bao trén tap sb lidu
kiém dinh (testing set). Do chinh xac cta két qua
du bao dién lugng dugc danh gia thong qua tri sb
sai s& quan phuong (RMSE) va phén trim sai s6
tuyét d6i trung binh (MAPE).

3. KET QUA TINH TOAN

3.1. Thong sb cita nhia may dién mét troi 752KWp

Str dung mang noron nhan tao du bao san lugng
dién trung binh ngay dua trén yéu t6 thoi tiét 1a nhiét
do trung binh ngay, s6 gio mua va s6 giod may phi
trong ngay cua nha may dién mat tro1 4p mai cong
suat 752,4kWp tai huyén Tién Li, tinh Hung Yén.
Nha may c¢6 thong s6 co ban nhur sau:

Théng sé chung ciia nha may:

Cong suit lip may 752,4kWp

Cuong d6 buc xa trung binh: 3,83
kWh/m?/ngay.

Dién lugng trung binh nam: 857.500
kWh/nam.

Hiéu suét hé théng (PR): 80,1%.

Pin nang luong mat troi:

Loai pin mat troi: Pon c- Si.

Cong suat tim pin: 440 Wp.

S6 lwong tAm pin: 1710 Tam.

Hiéu suét tim pin: 19,8%.

Inverter

Loai mdy inverter: String.

S6 luong inverter: 06.

Cong suét inverter: 110kWac.

Hiéu sut inverter: 98,7%.

Tram bién dp:

Cong suat may bién ap: 750kVA.

Dién ap: 0,4/22kV.

3.2. S liéu sir dung dv bao

SO litu sir dung 1a sb liéu quan sat tr ngay
01/01/2021 dén ngay 25/8/2021 cua nhiét do trung
binh ngay, sb gio mua ngay, s gio may phu trong
ngay va san lugng dién trung binh ngay. Theo quan
sat, nha méay dién mat troi bat ddu phét dién tir khoang
6 gio sang dén 6 gid chiéu nén dé tranh gay nhidu cho
md hinh, cac sb lidu str dung tinh toan chi liy trong
khoang thoi gian tir 6 gid sang dén 6 gid chiéu. Do dic
diém khi héu mién Bac rit khéc nhau gilta cac mua
nén trong tinh toan luyén mé hinh ANN, cac s liéu
dAu vao ciing duoc phan theo mua dé tinh.

S6 liéu vé nhiét do trung binh ngay, sé gio
mua, sb gid c6 may phu tir ngay 01/01/2021 dén
thang 25/8/2021 duoc 1y tir website.

https://www.wunderground.com/ .

Dién luong trung binh ngay tor ngay
01/01/2021 dén ngay 25/8/2021 dwoc liy tir sb
liéu van hanh cua nha may c6 trong website:

https://www.isolarcloud.com .
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Hinh 3. Buong qua trinh nhi¢t do trung binh ngay
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Hinh 6. Duong qua trinh dién lwong ngay

Str dung cac sb liéu thoi tiét va dién luong tir
thang 1 dén thang 7 dé luyén mang ANN bing
ngon ngit R (Bradley Boehmke, 2020) v&i cau
trac mang gém 16p dau vao 1a cac thong sé vé
nhiét d6 trung binh ngay, s6 gid mua, sb gio co
may phi; 16p dau ra 1a dién luong phat dwoc trong
ngdy; 02 16p an. Két qua tinh toan cac trong sb
lién két cho trong hinh 7.

Temp

Cloudy

Season

Hinh 7. Trong s6 lién két mang ANN dy bao dién lwong

3.3. Kiém dinh két qua du bso

Ung dung moé hinh trén du bio dién luong
ngay cho nha may dién mat tro1 752.4kWp tai tinh
Hung Yén dé kiém dinh két qua tinh toan cia mo
hinh. B dit liéu tinh toan kiém dinh 1a dit liéu vé
thoi tiét va dién luong cua 25 ngdy dau thang 8
nam 2021.

Két qua du bao dugc so sanh voi sb liéu thuc
do trong bang sau:

Bang 1. So sanh dién lwong duw bao va thuc do

Ngay/théng 18 | 28 | 38 418 518 6/8 118 8/8 108 | 118 12/8 | 13/8
Nhiét do 280 | 322 | 328 33.2 34.0 35.1 354 309 284 29.0 29.0 31.5
S8 gior mua (gio) 45 0 0 0 0 0 0 5 4 0 0 0
S8 gio may phi (gi®) 5 0.5 0 0 0 0 0 0 9 1.5 8 8
Dién lugng thyc t& (MWh) 146 | 342 | 404 3.80 3.71 3.65 4.14 1.72 1.28 239 224 3.04
Dién luong du bdo (MWh) 128 | 371 | 374 3.80 391 4.05 4.10 1.78 1.35 2.28 218 2.67
Ngay/théng 15/8 | 16/8 | 17/8 | 18/8 | 19/8 | 20/8 | 21/8 | 2218 | 23/8 | 24/8 | 258

Nhiét do 290 | 314 | 316 314 313 32.0 329 324 284 31.5 31.1

S8 gio mua (gio) 45 0 0 0 0 0 0 0 0 0 1

S6 gio may phii (gio) 55 | 1 2 0 0 25 1 4 4 6 4

Dién lugng thyc t& (MWh) 126 | 395 | 355 431 3.90 3.30 3.96 3.02 232 2.99 2.92

Dién luong du bdo (MWh) 147 | 443 | 322 3.82 351 3.34 4.19 3.44 2.55 3.10 3.01
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Két qua du béo dién lugng co: 4. KET LUAN

Sai s0 quan phuong: RMSE = 0.29MWh, Ung dung mang noron nhan tao du béo san

Phén trim sai s tuyét doi trung binh: MAPE=7,7%.  lugng dién trung binh ngay thong qua yéu té du

Ke? qua tinh toan cho thay gia tri dy bao va gia tri  p30 thoi tiét 1 nhiét do trung binh ngay, so gid
thyc t€ cua dién lugng sai s6 khong 16n, ¢6 theé dung mua, s6 gio may phi ddng thoi ké dén yéu t6 anh
két qua du bio phuc vu cong tac van hanh cua nha hudng cua thoi tiét theo mua cho két qua phu hop.

may dlir; mat troi cling ninr hé thong dién. Do nha may di€n mat troi cong sudt 752,4KWp tai

450 tinh Hung Yén mdi di vao hoat dong tur thang 1
ER nam 2021 nén bo s liéu st dung dé du bao con
% 300 kha it. Trong qua trinh lam viéc cua cac nha may
2w dién mat troi, bo dit licu ding dé du bao san luong
5 150

dién thuong xuyén duoc cdp nhat nén két qua du
bdo s& ngay cang tin cay.
Du bao san lugng dién ctia cac nha may dién

1.00
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0.00

—Bién lvgng dy bdo —Dién lugng thuc té

AR R i i . L
@,\@’\ \Q‘Q@@‘b q\@&\@v \I\c‘b\ & 67\&\ ,\\éb\\?\@’\%\’\@\ %\@‘\ & mat troi img dung mang than kinh nhan tao c6 ¥
The gian (ngay/thang/nam) nghia quan trong, goép phan cai thién ché d¢ van
Hinh 8. Puong quda trinh dién luong dw bdo hanh cac nha may dién mat troi cling nhu toan bo
va thiee té hé théng dién cua nude ta.
TAI LIEU THAM KHAO

Chinh pha (2021), D thio Quyét dinh phé duyét Quy hoach dién luc quéc gia thoi ky 2021 — 2030, tam
nhin dén nam 2045.

Vii Hitu Tiép (2018), Machine learning co ban. Nha xuit ban Khoa hoc va Ky thuat.

Bradley Boehmke & Brandon Greenwell (2020), Hands-On Machine Learning with R, CRC.

Kandasamy CP, Prabu P, Niruba K (2013), Solar Potential Assessment Using PVSYST Software. IEEE 667-672.

https://www.wunderground.com.

https://www.isolarcloud.com.

Abtrast:
APPLICATION OF ARTIFICIAL NEUTRAL NETWORK
FOR PREDICTING ENERGY OUTPUT OF SOLAR POWER PLANTS

Vietnam is assessed as a country with great potential for solar energy. This is an environmentally sustainable
and renewable energy source. In recent years, with many incentive mechanisms, solar power projects have
developed in our country rapidly. These projects have contributed to ensuring national energy security.
However, with the rapid development in terms of the number of projects, total installed capacity, and electricity
output of solar power plants, the operation of the electricity system faces difficulties. In order to opperate
energy sources in the electricity system reasonably, it is necessary to forecast the capacity as well as the
electricity output of solar power plants. This study has applied the artificial neural network to predict the
power output of solar power plants based on weather conditions. The study was applied to predict the daily
output of 752,4KWp solar power plant in Hung Yen province. Results of predicted daily output are reliable.
This study provides a useful method for predicting the power output of solar power plants to make a reasonable
operating mode for power plants in the electricity system.

Keywords: Solar energy, Artifical neural network ANN, Energy forecast.
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