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ABSTRACT: In this paper, a machine learning model by using a regression algorithm is proposed to estimate the power generation
performance of the BIPV system. The physical model formula for estimating the generation performance and the proposed model were
compared and analyzed. For the physical model formula, simple efficiency model, temperature correction model, and regressive physics
model for changing an irradiance were used. As a result, when comparing the regressive physics model for changing an irradiance and
the proposed model with the actual generation measured data, the respective RMSE values are 0.1497 kW, 0.0451 kW and the accuracy
values are 86.44%, and 96.56%. Therefore, the proposed model implemented in this experiment can be useful in estimating power

generation.
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Nomenclature

P, ;p : maximum power, W

V.. : open circuit voltage, V

L : short circuit current, A

Ve - maximum voltage, V

1, - maximum current, A

N : conversion efficiency of the PV module at STC
A : area of the PV array, m?

Gpp, : total irradiance incident on the plane of the PV array,

w/m?®
1, : power loss caused by temperature rising thermal loss
~ : power temperature coefficient of the PV module provided by

manufacturers, 1/°C
T

module

: PV module operational temperature, °C

*Corresponding author: koreal9@kier.re.kr (Suk Whan Ko);
hschang@cnu.ac.kr (Hyo Sik Chang)

Tsr¢ : PV module temperature at STC, °C

T, : ambient dry-bulb temperature, °C

Tnoer : PV module temperature at NOCT, °C
m,; : measured value for the instance “i”

s; : simulated value for the instance “i”
N : number of data in the dataset

m : average value of all measured data.

Subscript

O&M : operation and maintenance

PV : photovoltaic

STC : standard test condition

NOCT : nominal operating cell temperature

PM : physical model
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Fig. 1. BIPV system applicated building

Table 1. Spec. of pyranometer

Specification

Value

Spectral Range

400 to 1100 nm

Sensitivity 60 to 100 p V/ W/m?
Response Time <500 ns
Non-linearity 0 to 1000 W/m?
Maximum solar irradiance 2000 W/m?
Operational Temperature range -40°C to +80°C
<10 W/m?

Directional response

(up to 80° with 1000 W/m? beam)

Field of view 180°
Non-stability < 2% (changelyear)
Table 2. Spec. of the K type thermocouple
Specification Value

Measurement Temperature range

-200°C to 1250°C

Std. Limits of Error Greater of 2.2°C or 0.75%

Spec. Limits of Error Greater of 1.1°C or 0.4%

Table 3. Spec. of Color module

pax [WI 96
Ly [A] 7.34
Vip V] 13.25
I, [A] 7.69
V.. [V] 15.53
Area [m?] 0.9
Table 4. Spec. of system
Series module number 26
Parallel module number 1
Capacity [kW] 2.50
Table 5. Spec. of inverter
MPPT voltage range [V] 100 ~ 400
DC Maximum voltage [V] 500
Maximum current [A] 18
AC Rated power [kW] 35
Maximum efficiency [%] 97~
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Fig. 3. Comparison between physical models result and measured data for January 2022
(a) Simple efficiency model, (b) Temperature correction model, (c) Regressive physics model for changing an irradiance
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Fig. 4. Linear regression analysis between physical models

result and measured data

Table 6. Summary of the physical models

Slope R-Square | RMSE (kW) | Accuracy (%)
(a) 1.176 0.9791 0.2746 74.86
(b) 1.054 0.9631 0.2019 81.15
(c) 1.027 0.9636 0.1497 86.44
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Table 7. Summary of the proposed model
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0.9798

Accuracy (%)
96.56

X

Eo2dg Hr} RMSEZRE 0.1046 kW ZF43t9ial, A=
10.12% FHAEI QAT wheha] B e Rol A ol melghe ALg
Slo] WEre 2AsHe 7| T A B X o] AgkE

%
5o 7hsrt e

2 ol gt urt Hek 34 U =
ik 3 AN RHo] YRS FAA717] s G

of Yol el tfgre
& Fa3ichd wek g

o

B AT ARIEAA AR} gl U 4 7| S 71 Ee) 4|2
dhol 42333k 17 114|211 tHN0:20223030010200).

References

1. Ministry of Trade, Industry and Energy, Renewable Energy
3020 Implementation Plan, Ministry of Trade, Industry and
Energy (2017).

2. DiLorenzo, Gianfranco, G., Araneo, R., Mitolo, M., Niccolai,
A., & Grimaccia, F., Review of O&M practices in PV plants:
Failures, solutions, remote control, and monitoring tools, IEEE
Journal of Photovoltaics, 10(4), 914-926 (2020).

3. Klise, G., & Balfour, J. A Best Practice for Developing Availability
Guarantee Language in Photovoltaic (PV) O&M Agreements,
Office of Scientific and Technical Information (OSTT) (2015).

4. Ko, S.-W., So, J.-H., Hwang, H.-M., Ju, Y.-C., Song, H.-J.,
Shin, W.-G., ... Kang, 1.-C. The Monitoring System with PV
Module-level Fault Diagnosis Algorithm. Journal of the Korean
Solar Energy Society. The Korean Solar Energy Society (2018,
June 1).

5. Shin, W. G., Oh, H. G, Bae, S. H., Ju, Y. C., Hwang, H. M.,
& Ko, S. W. Fault Diagnosis of PV String Using Deep-Learning
and I-V Curves. Current Photovoltaic Research, 10(3), 77-83
(2022).

6. Shin, J.-Y., Ko, S.-W.,, Shin, W.-G., Hwang, H.-M., Ju, Y., Kang,
G.-H., & Chang, H.-S. Proposal of Power Estimation Model of
Color BIPV System. Journal of the Korean Solar Energy



H. G. Oh et al./ Current Photovoltaic Research 11(1) 27-33 (2023) 33

Society. The Korean Solar Energy Society (2021, October 1).
. Makrides, G., Zinsser, B., Schubert, M., & Georghiou, G. E.
Energy yield prediction errors and uncertainties of different
photovoltaic models. Progress in Photovoltaics: Research and
Applications. Wiley (2011, November 15).

. Roberts, J. J., Mendiburu Zevallos, A. A., & Cassula, A. M.
Assessment of photovoltaic performance models for system

simulation. Renewable and Sustainable Energy Reviews. Elsevier
BV (2017, May).

. Lee, Y. K., Shin, W.-G., Ju, Y.-C., Hwang, H.-M., Kang,

G.-H., Ko, S.-W., & Chang, H.-S. Estimation of PV Power
Generation by Linear Regression Model Using Voltage and
Current Data. Journal of the Korean Solar Energy Society. The
Korean Solar Energy Society (2021, October 1).





