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the years. The battery management algorithm as cited in [21] 
focuses on reducing the electricity bill price and claims to 
effectively reduce the electricity bill by as much 28% 
verified by experiment results. The algorithm presented 
also takes peak PV feed shaving into consideration. The 
proposed algorithm takes PV module impedance, converter 
losses, battery rate-capacity effect and storage capacity 
limit for given solar irradiance, load profile and billing 
policy into account thus implementing a holistic approach 
for optimization using dynamic programming. Depending 
on the ratio between the peak hour and off peak hour 
electricity price, it is determined whether the PV energy is 
supplied to the load or to charge the battery during off peak 
hours. Also, the charging of the battery is done at cheapest 
grid electricity price whereas the discharging is done when 
the grid electricity price is most expensive. The charging 
and discharging process incurs losses and as such a 
compensation price variable is defined which limits the 
charging and discharging current magnitude and time for 
the battery. 

The algorithm presented in [22] focused more on 
economic power flow in the grid connected PV system with 
batteries. The presented system supplies load demand at 
best cost and takes into account feed-in tariff, grid 
electricity price and cost of battery operation in terms of 
battery replacement cost. The battery replacement cost is 
calculated in terms of degrading sate of health (SOH) 
health of the battery which is derived from difference in 
SOC of the battery over time. The optimization is 
performed using dynamic programming approach and the 
simulations results shows that the peak shaving is achieved 
at this minimal cost of operation which helps the PV 
integration to the grid. Similarly, a fuzzy logic optimization 
for PV battery system has been proposed in [23]. 

So it is clear from the study of different battery 
management strategies that the operation of battery bank 
considering PV peak shave always leads to economical 
operation of the system and vice versa. 

4. Optimization Requirement 
The challenge for the intelligent grid integration related 

to smart coupling and battery management needs to be 
addressed with a proper optimization strategy. The 
optimization needs to be done such that maximum of PV 
energy is economically utilized with meeting local demand, 
grid feeding and storage while monitoring and maintaining 
the grid stability. The system is also constrained with 
battery characteristics and hence limits batter power flow. 
The voltage and frequency of the grid also limits the 
injection of active power. The optimization should also be 
able to predict the response on the system in future in 
reaction to the sequence of control inputs assigned 
beforehand based on forecast data and minimize the error 

between real output and predicted output. The control 
strategy should ensure that the load demand is always met 
with the best optimal power flow algorithm in the system.  

A simulation of system with intermittent source, storage 
and load with multi-step optimization as presented in [24] 
claims to have very good performance assuming the power 
supply from the intermittent sources to be constant over 5 
minutes time horizon. Similarly, multi-step optimization 
has been discussed in [25] to have smooth performance and 
easy to implement. The optimization strategy has to be 
based on real time in order to have superior performance of 
the system[26]. This provides a scope for implementing 
model predictive control (MPC) strategy. The advantage 
with MPC is its ability to provide optimal control signals 
based on prediction from the system model and at the same 
time minimize the output error. Since the system is based 
on forecast model it is prone to disturbance and deviations 
for which MPC approach could be an ideal solution for real 
time[27]. The concept of MPC can be visualized in Fig. 5. It 
can be seen that the control input u varies to minimize the 
difference between set output y and the predicted output ŷ  

over the time horizon [K, K+Nെ1].  

 
Fig. 5. Model predictive control concept[28]. 

5. Conclusions 
The study concludes that peak PV shaving and peak 

load shaving should lead to an economic operation of the 
PV battery system for which the proper battery power flow 
management strategy is required. Predictive features allow 
smart integration of grid integrated systems such that it is 
able to respond to grid conditions and supervise the power 
flow accordingly so that the permissible grid standards are 
not violated. As such energy management system with 
predictive features is necessary and can be termed as 
predictive energy management system (PEMS). The 
uniqueness of this PEMS scheme is its ability to predict 
sequence of events in future and generate control signals 
accordingly. For a real time operation, it is important not 
only to solve the optimization problem on the basis of 
predicted data but also constantly monitor the current state 
and vary the control inputs accordingly to minimize the 
output error.  
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In order to realize the PEMS, the idea is to implement 
model predictive control (MPC) concept to achieve the 
goals of smart coupling and battery management for our 
work at INES. Although the PV battery system has been 
focused in this paper, the implementation of PEMS should 
provide a platform for integration of other renewable 
energy sources too in future. 
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