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Growing recognitioh of the electricity grid modernization to enable new electricity generation and
consumption schemes has found articulation in the vision of the smart grid platform as well as the
focus of the power industry is shifted to large-scale propagation of renewable energy. Photovoltaic
(PV) energy is one such energy. However, PV output power fluctuates with the variation of
weather conditions. Fluctuating PV power causes problems like frequency and voltage deviations
when large PV power is penetrated in the power utility. Therefore, from the perspective of smart
grid, especially to be an automated control and an auto healing system, PV system should provide
dynamic grid support e.g. frequency and voltage controls .

Firstly, in this research, to provide frequency control by a large PV system or by clustered PV
systems in a smart PV micro-grid, a simple fuzzy based method is proposed in individual and
coordinated manner. These fuzzy controls have average insolation, change of insolation, and
frequency deviation as inputs. Numerical simulation results show that the proposed methods work
efficiently and deliver power near the maximum PV power level for the PV micro-gird.

Secondly, in this study, a control method based on a load power estimator and an energy storage
system is proposed to provide frequency control in individual and coordinated manner for the PV
micro-grid. PV power is controlled according to the load variation. Load power is estimated by a
minimal-order observer. Then, a load variation index is calculated. A base PV power is produced
from the available maximum PV power using a low-pass filter and is adde'd with the load variation
index to generate the command PV\power. Simulation results show that the proposed methods are
capable of providing frequency control and also deliver the maximum PV power using an energy
" storage system for the smart PV micro-grid. ‘

Thirdly, this study presents a voltage and frequency control strategy by grid-connected MW class
PV generators. The frequency control is proposed based on a disturbance observer from the view
point of the frequency fluctuation problem. An aggregate model and a model suitable for transient
~ study of PV generation are used. An automatic voltage control and frequency control are provided
by the distributed PV inverters. The proposed system is simulated with the IEEE 14-bus test
system by connecting large number of PV generators and is found satisfactory to provide voltage
" and frequency control which are the qualities of a smart grid.

Finally, the merits and demerits of all the proposed methods for creating a smart and green power
system by penetrating large PV power are discussed. Scopes of future research are also been

described.
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