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Hybrid PV-TEG system maximum power point tracking based on an exponential distribution optimizer

YANG Bo, XIE Rui, WU Shaocong, HAN Yiming
(Faculty of Electric Power Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: To solve the maximum power point tracking (MPPT) problem of a hybrid photovoltaic-thermoelectric
generator (PV-TEG) system to improve energy conversion efficiency and utilization, a hybrid PV-TEG system MPPT
technique based on an exponential distribution optimizer (EDO) algorithm is proposed. The EDO searches the potential
solution space by modeling random variations of the exponential distribution. Because of the randomness, the algorithm
can effectively avoid falling into a local optimum under partial shading condition (PSC), and explores extensively in the
search space to find the optimal solution. The case study includes four parts: start-up test, step change of solar irradiance,
stochastic variation, and actual cases of four seasons in Hong Kong, and is compared to and analyzed with five other
algorithms to more comprehensively verify the feasibility and effectiveness of the proposed EDO technique in the
application of hybrid system MPPT. The simulation results show that the hybrid PV-TEG system with EDO can achieve
superior MPPT performance stably and efficiently in different operating conditions. In particular, the energy generated by
EDO in low irradiance conditions in spring exceeds 68.85%, 66.13%, and 59.69% of the energy outputs of the dragonfly
algorithm (DA), incremental conductance method (INC), and perturbation observation method (P&O), respectively.
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Table 2 Statistics on the results of the four arithmetic studies

SR AL S DA EDO INC MFO MVO P&O
E/W 476.30 480.25 394.70 426.42 471.89 373.50

=k RER/(W-s) 406.39 448.30 393.43 402.68 402.89 372.36
W AV™ /% 70.13 18.37 66.09 23.90 21.83 69.53
AVE/% 0.050 0.0021 0.020 0.016 0.011 0.041

R/W 609.74 641.63 640.28 641.63 641.63 641.17

K R4 e REE/(W-s) 2271.99 2431.31 1875.78 2320.05 2386.93 2256.94
MR AV (% 47.71 46.87 58.68 58.55 56.91 48.77
AVE/% 0.012 0.011 0.041 0.012 0.013 0.018

- AE /(KW -h) 5.33 6.07 4.12 3.30 5.43 4.69
j;;iiicf AV /% 85.25 79.94 84.33 81.17 85.67 80.06
AVE/% 11.56 15.54 217 18.05 12.22 14.97

E/W 451.96 482.96 446.46 445.94 477.69 472.58

AE /(KW h) 1.24 2.06 1.22 2.05 2.04 1.29

o AV™ % 378.10 350.85 379.10 301.57 351.16 379.19
AVE/% 4331 24.68 43.40 2531 26.59 4337

& ER/W 1060.00 1090.22 991.15 1066.47 990.36 1021.13
i it E/(kW-h) 5.45 5.54 4.77 5.47 5.26 5.33
u 2E AV (% 209.04 208.13 226.31 208.82 198.71 210.18
Z= AVE/% 31.31 30.66 34.46 31.37 30.75 30.82
% IR/W 998.23 1002.77 958.89 941.40 988.92 970.18
bR W AEE/(kW-h) 5.72 5.74 5.43 5.69 5.68 5.59
" AV /% 217.87 206.69 219.19 217.71 218.21 218.87
il AV/% 22.21 20.22 22.35 21.31 22.18 22.12
E/W 978.67 970.45 958.35 973.56 958.32 923.59

ko AE /(KW -h) 3.79 3.83 3.72 3.77 3.76 3.76

AV /% 340.64 328.58 339.41 340.33 342.17 247.03

AVE/% 42.40 41.74 4236 42.39 37.04 36.33
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