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Introduction

PV systems are increasingly used for power generation in residential and large-scale setups.
* Energy harvesting from PV modules is achieved by connecting them to inverters with maximum
power point tracking (MPPT) algorithms.
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integrated PV, like facade-based systems. . I I I I

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

300

250

mROOFTOP mUTILITY SCALE

Y
N 3



EU
PVSEC

Method

 Bypass diodes (BPDs) are used to mitigate partial shading effects, but increasing the number of
BPDs complicates MPPT algorithms and leads to efficiency losses.

 Active BPDs, can replace conventional BPDs.

* Inthe smart module architecture, a buck converter is paired with each group of cells to control
shaded groups' current by reducing the output voltage of the converter, ensuring equal current
flow in all converters for efficient shading performance.
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e |TM4611 from Linear Technology Corporation chosen because:

* \Voltage and current specifications matching the small groups of cells,

* Higher switching frequency for improved MPPT algorithm performance,

* No need for extra elements besides the chip itself. function estimation using LS-SVM

20

* To maximize efficiency, LS-SVM technique is used i
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Irradiance variation mainly .
affects the output current at the

Efficiency [%]
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MPP in a linear fashion, while the
voltage at MPP is only slightly

affected.
For simplification, it is assumed " , 5
that the input voltage for the & ! B -
buck converter remains constant. : 5, £l
! 2 ’ ” C:e_s Caée 6 Caée 7
(c) (d)
Case Number 1 2 3 4 5 6 7 8 9 10
# Cells (ng) 60 30 20 15 10 6 4 3 2 1
# Groups (NG) 1 2 3 4 6 10 15 20 30 60
Vmpp (mV)* 29,412 14,706 9804 7356 4902 29412 1961.6 14712  980.8  490.4
Feasibility No No No No Yes Yes Yes No No No

* STC is considered as the highest reference.



Method

The study focuses on two types of shading, random and pole shading.

e Random shadow
e Pole shading
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Prototyping

 The smart panel effectively responded to

rapid changes in shading patterns, response
time of < 0.2 seconds.

 The smart module can extract approximately
5.1 times more power compared to a
conventional module equipped with three
Bypass Diodes under the tested conditions.
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Outdoor testing

* The module is divided into two sections:
a smart and a conventional section.

* The following shading patterns are
tested in this research:

* Pole shadow

* Heterogeneous non-transparent
pattern: representing the effects of
bird droppings
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Homogeneous semi-transparent
pattern: to simulate the effects of
homogeneous fouling like dust and
pollen.
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Outdoor testing

 During the bird dropping test,
measurement point M1 has a
temperature of 53.1°C, while
M2 has a temperature of
49.0°C.

 This results in a temperature
difference of 4.1°C between the
hotspot and the corresponding
location on the smart half.
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New Design

SMD elements is proposed.

Current sensing options are Hall
effect sensors with good EMI
filtering.

Voltage sensing can be achieved
using analog-to-digital converters .

Effective PCB design can minimize
emissions by strategically placing
copper layers in a smart stack-up.

Heat dissipation strategies involve
using a heat sink and an insulating
layer to prevent heat flow to the
back sheet.
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