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Abstract of Thesis  
 
  The tremendous resource of solar energy makes solar photovoltaic (PV) generator as one of the most promising 
renewable energy sources for system integration. The fast-growing share of PV in the gross electricity generation 
delivers significant ecological and economic benefits to the world's sustainable development. However, large and 
rapid deployment of PV demands effective technology supports to maintain system power quality. One of the 
major power quality concerns is voltage stability due to power flows from grid-connected PV. To sustain voltage 
stability in power system under large and random PV integrations, this study focused on voltage regulation with 
reactive power injection from PV inverter. Statistical analyses of voltage stability were initially conducted on 
power system under various allocation patterns of PV generators. Moreover, several decentralized control 
schemes of reactive power were applied on inverter to investigate their control performances. Analysis results 
showed random allocation of solar PV may harm voltage stability around the tail part of radial circuit lines, as 
well as connecting buses of circuit lines. In addition, control performances of decentralized control schemes were 
insufficient without considering whole balance of system power flow. Based on these analyses, an efficient control 
method of inverter reactive power was proposed from a centralized approach, which cared for both allocations of 
PV and reactive power injection of inverters. The centralized control model was derived from PV-enabled power 
flow equation, which was a linear model describing the influence of inverter reactive power injection on voltage 
magnitude change. Control objective was formulated as an optimization problem, which aimed to find the best fit 
of reactive power injection that minimizes system voltage variation. Sparse optimization method, named 
constrained least absolute shrinkage and selection operator (LASSO), was adapted on the formulated 
optimization problem. LASSO added L1-norm penalty on reactive power injection, which was expected to shrink 
the number of operating inverters for voltage control. Control performances and efforts of LASSO were 
investigated in power system under random integration of PV generators. The estimated solutions of reactive 
power injection showed that LASSO succeeded in selecting the least essential PV inverters for voltage regulation 
with respect to large and random integration of PV generators, while maintained control performances on voltage 
stability. 
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