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Abstract

In order to increase the power generation efficiency of the photovoltaic system, a new algorithm
that can follow the maximum power point of the photovoltaic power generation system having
nonlinear output characteristics is proposed. Conventional maximum power point tracking
(MPPT) algorithms such as Perturbation and Observation (P&O) and InCond (Increment and
Conductance) schemes can not find the global maximum power point at a plurality of pole
points in the unmatched state of unbalanced PV modules. However, even if the global maximum
power point is found at a plurality of pole points, the global maximum power that can not be the
real maximum power by the photovoltaic generation system. In order to solve this problem, a
few PV companies propose installing several small PV inverters instead of if big one. However,
since this will require additional costs, we herein propose a Multi-MPPT system using
individual 3-point MPPT to track true MPPT at a plurality of pole points in the unmatched state
of unbalanced PV modules.

Keywords: 1% Q1H E|(PV inverter), 55 3% (Partial shadow), 3-point MPPT, =521
A2 FF(Local MPPT), th=2-& X8 S5 (Multi-MPPT)
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Fig. 1 An example of the mismatched situation caused by partial shadow in PV array
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Fig. 2 The partial shade on a photovoltaic array
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Fig. 3 The power from a total photovoltaic array with shade
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Fig. 4 Graph of high-mid irradiation (EN50530)
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Fig. 5 Algorithm of 3-point MPPT flow chart
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Table 1 Efficiency of MPPT according to high-mid irradiation (V. Increase)

Voltage variation period Efficiency (Ve Increase)
0.5 (sec) Low-mid irradiation High-mid irradiation
Gradient (W/m®/s) 5 10 20 40 50 10 20 50 70 100
3-Point 99.71% 99.33% 99.07% 99.18% 99.27% 99.77% 99.86% 99.86% 99.91% 99.91%
P&O 99.61% 99.06% 94.50% 98.66% 98.35% 99.73% 99.07% 95.42% 98.83% 97.80%
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Table 2 Efficiency of MPPT according to high-mid irradiation (Vs decrease)

Voltage variation period Efficiency (Vor Decrease)
0.5 (sec) Low-mid irradiation High-mid irradiation
Gradient (W/m?/s) 5 10 20 40 50 10 20 50 70 100
3-Point 98.56% 98.58% 98.60% 98.73% 98.73% 99.64% 99.51% 99.60% 99.65% 99.69%
P&O 99.61% 98.67% 92.85% 83.62% 88.17% 99.59% 98.81% 88.71% 86.75% 92.86%
3-point, P&O0 algorithm efficiency when 3-point, P&O algorithm efficiency when
high-mid irradiation low-mid irradiation
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Fig. 7 Graph of efficiency of MPPT according to high-mid irradiation
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Fig. 10 Simulation of three boost converters

Table 3 Comparison of MPPT in simulation

Nomal-MPPT (kW) Hybrid-MPPT (kW) Multi-MPPT (kW)

PV3 condition

PV2 PV3  Total PVI PV2 PV3  Total PVI PV2 PV3  Total
100 6.0 4.8 6.0 16.8 5.9 5.1 5.9 16.9 6.0 54 6.0 17.4
90 6.0 4.8 4.8 15.6 5.8 52 53 16.3 6.0 5.4 5.4 16.8
80 6.0 4.8 0.0 10.8 5.5 52 4.6 15.3 6.0 5.4 4.8 16.2
70 6.0 4.8 0.0 10.8 5.0 49 3.9 13.8 6.0 5.4 42 15.6
60 6.0 4.8 0.0 10.8 43 42 33 11.8 6.0 5.4 3.6 15.0
6.4%
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Fig. 11 Result of Multi-MPPT scheme in mismatched situation

Table 4 Comparison of MPPT in 12 kW PCS

i Nomal-MPPT (kW) Hybrid-MPPT (kW) Multi-MPPT (kW)
PV2 condition

PVl PV2 Total PVl PV2 Total PVI PV2 Total

100 6.0 6.0 12.0 6.0 6.0 12.0 6.0 6.0 12.0

90 5.8 52 11.0 5.7 5.2 10.9 6.0 5.3 11.3

30 6.0 0.0 6.0 5.1 4.8 9.9 6.0 4.8 10.8

70 6.0 0.0 6.0 4.5 42 8.7 6.0 42 10.2

60 6.0 0.0 6.0 3.9 3.6 7.5 6.0 3.6 9.6
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