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A LSTM Based Method for Photovoltaic Power Prediction
in Peak Times Without Future Meteorological Information
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ABSTRACT

Recently, the importance prediction of photovoltaic power (PV) is considered as an
essential function for scheduling adjustments, deciding on storage size, and overall planning
for stable operation of PV facility systems. In particular, since most of PV power is generated
in peak time, PV power prediction in a peak time is required for the PV system operators
that enable to maximize revenue and sustainable electricity quantity. Moreover, Prediction
of the PV power output in peak time without meteorological information such as solar
radiation, cloudiness, the temperature is considered a challenging problem because it has
limitations that the PV power was predicted by using predicted uncertain meteorological
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Photovoltaic Power Prediction, Deep Learning, Time Series Analysis, Long-short

Term Memory
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information in a wide range of areas in previous studies. Therefore, this paper proposes

the LSTM (Long-Short Term Memory) based the PV power prediction model only using
the meteorological, seasonal, and the before the obtained PV power before peak time. In

this paper, the experiment results based on the proposed model using the real-world data
shows the superior performance, which showed a positive impact on improving the PV

power in a peak time forecast performance targeted in this study.
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(Table 1) Overview of Previous Research Related to PV Power Prediction

Approaches Used Features

References

Clear Sky Model and Normalized PV

Bacher et al.[3]

Statistical | Power Generation
Methods Meteorological Information Li, Su, and Shul19),
g Chattopadhyay et al[6], Jurasz and Ciapala [18]
Meteorological Information Zeng and Qiao[29], De Giorgi et al.[8]
Machme Numerical Weather Predictions Da Silva Fonseca et al.[9]
Learning

Weather Classification

Shi et al.[27]

| Meteorological Information
Deep Learning

Izgi et al[16], Lee and Kim[22],
Sulaiman et al.[25], Jiahao et al.[17]

Clearness Index

Ashraf, I, and Chandra, A.[2]
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(Table 2) Inputs and Outputs at Peak Times(i=1,...
Peak Times and j=1,...

v 71 RE AMSEA] e LSTM 71Wke] o ZAIZE ek i

.m, Using The Data at Peak Times)

,n, Using The Previous Data at

Categories Features Notations

Temperature (e) e;

Humidity (k) k,

Meteorological and Cloudiness (¢) G

Inputs Seasonal Information Radiation (r) 7

Month of year (a) a

Day of month (b) b,

Previous PV Power Output in a Peak Time | PV power (y) v,

Output PV Power Output in a Peak Time i]ed;zt;ir ) Y ;
S5 2 i WAAE vl oldel AnE AR AW AW, HUw aE 4R olgs
o] Fol7 MEZ o] g3l Sala, AN of LSTM 7]uke] 25l s & 53k Bl
) MG WAF()S F AFHAT AR R BAFS 53] 9% AN Zejada
s, 2 Uehdith PAHoE B o)A Ak
ZY9as 4% BT HAE Rhow T

3.2 Higrst REol =T R
St Ao A= eol=E Eeeke A9
<Figure 1> 937} o] A o] &A% 7% H5F I AATE o] -8 75 A, B
Learning Phase ’—ﬂ—
Hours 12 12
... 14
> Predivtion Model ' / '

Training datasets

TR N a oo R

Hours
0910 ...

Model deployment

06 ...

14

PV power outputs (Kw)
PV power outputs (Kw)

0
10 11 12 13 14Hours 10 11 12 13 14Hours
(a) Actual PV power Output (b) Predicted PV power Output

20

Trained PV Power
Prediction Model

e

10

[

v
S~

v
PV power outputs (Kw)

10 11 12 13 14 Training phase

--------- Testing phase

(Figure 1) The Proposed Framework for The PV Power Prediction in Peak Times
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(Figure 2) Network Structure of The Proposed LSTM Based PV Power Prediction
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(Table 3) Used Input and Output Values for Learning and Testing The Proposed
Model (August 9, 2015)

Input values Output  values
Hours o6 [0 Jow[oo 0] uf ] 3] u
Temperature (°C) 24 | 244|256 | 27.3
Humidity (%) 0 | 8| &4 | 76
Cloudiness index 3 3 2
Radiation (W/m?) 0 |32.3]1044|2083
Month of year (-) 3
Day of month (-) 9
The PV power output before a peak zone (Kw) 0 1 1
The PV power output in a peak zone (Kw) 10 ‘ 17 ‘ 20 ‘ 21 ‘ 20
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4.698
2.398
4.252
8121
%}

10.177
3.032
4.141
7421

Seasons

SR EELEER

4454

2.351
4764
4703
[¢)

Proposed Model According
o A

to Seasons

Spring | Summer | Autumn | Winter
16.294
17621
10.001
15.755
A

2 ¥

Weeks
1
2
3
4
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(Table 4) RMSE Results of The
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