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encoding historic values ensures that all the internal 
vectors are up to date for the first forecast time steps. 
Secondly, load time-series show a strong auto-correlation 
for short time lags. We have found that exploiting this 
auto-correlation by refeeding the forecasted value of the 
previous time step to the current time step further 
improves the forecast accuracy.  
Employing this algorithm, we were able to produce 
reasonably accurate results for 24h forecasts on synthetic 
load data from Simris. These forecasts we utilized in our 
MPC. Adding ambient temperature readings as 
exogenous inputs, we obtained a normalized percentage 
root mean square error of 0.867% and a R2 coefficient of 
determination of 0.9496. 
We have found that the employed forecasting 
architecture outperforms similar RNN based forecasting 
techniques. A standard RNN as presented in [5] resulted 
in a R2 of 0.9168. 

SIMULATION RESULTS 
The Simris MPC energy management approach is 
simulated and tested for one month in 2016. The 
simulated period starts on 26.5.2016 at 20h and ends on 
26.6.2017 at 19h. As a forecast input the MPC uses the 
forecasted load for the specified period as well as on site 
measured PV and wind production. The battery’s 
charging and discharging efficiency is 0.9. The 
maximum household battery power for charging and 
discharging is 3 kW. The prediction of the household PV 
production is included from the PVWatts calculator [7]. 
The chosen prediction and control horizon for the MPC 
is 24 steps (24 hours). At the beginning of the simulation, 
it is assumed that all household batteries and the main 
battery system are charged to 50% of their capacity.  
Results show that the microgrid is capable of staying in 
islanded mode for 617 hours of the 744 simulated hours, 
totaling 83% of the time. We assume that the microgrid 
is capable of being in islanded mode if there is no energy 
exchange with the main grid in an hour. One reason for 
such a good result is that the simulated time span from 
end of May until end of June exhibits an extensive PV 
production. The following Fig. 4 shows the grid 
exchange with the main grid for the first 7 days of the 
simulated period. In the problem statement, importing 
energy from the main grid results in a negative value of 
power exchange with the main grid and vice versa. Fig. 4 
shows that the microgrid is not in islanded mode because 
it is importing energy from the main grid. For the time 
steps during which the microgrid is not in islanded mode, 
the production of renewables does not suffice to cover the 
entire consumption and the batteries are empty, so we 
need to extract energy from the main grid (load peak in 
the afternoon hours). Without the MPC implementation 
and the same set-up of the microgrid, the islanded mode 
would have expanded to only 215 hours. The grid 
exchange for the same first 7 days is shown in Fig. 5. 
Comparing Fig .4 with Fig. 5 also shows that the global 
peak of exchanged power is lower with the implemented 

MPC.  

 
Fig. 4 Grid exchange with the main grid for the first 7 days 
simulated 

 
Fig. 5 Grid exchange without MPC algorithm for the first 7 
days simulated 
The SOC (state of the charge) of the main battery system 
and the forecasted residuals between production and 
consumption is simulated and shown for the first 7 days 
in Fig. 6. 

 
Fig. 6 SOC of the main battery and difference between 
production and consumption for the first 7 days simulated 
The rolling horizon control bases its optimization on 
future scenarios. This approach showed good results in 
dealing with renewable peak production. It discharges 
batteries while building up towards the peak and uses the 
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energy to meet load demand. During the production peak 
(84h-96h in Fig. 6), the MPC does not charge the main 
battery to its full capacity because of a high renewable 
production forecast that exceeds the forecasted demand 
in the future time steps (during entire prediction horizon). 
Instead, the MPC starts charging the battery whilst 
curtailing renewables at the same time. The MPC tries to 
optimize usage of batteries together with curtailing 
renewables, since the algorithm in its current 
implementation does not penalize curtailing of 
renewables.  
As the MPC aims at minimizing the energy exchange 
between the microgrid and the main grid, it curtails 
renewables to prevent feed in to the main grid. This is 
depicted in the following Fig. 7. The figure shows a 
regularity in curtailing PV in off-peak load hours in 
combination with the highest PV production during the 
day as well as high state of charge of the batteries. 

 
Fig. 7 Curtailment of renewables for the first 7 days simulated 
Increasing the percentage of customers with installed 
household battery and PV systems can support the system 
to stay in islanded mode for longer periods. Assuming 
double the number of the customers having household 
battery and PV systems installed, shows an increase in 
the capability of islanding to 632 h. In a second scenario 
with double the main battery system capacity, increases 
the capability of islanding to 658 h.  
Taking the actual measured data for load, wind and PV 
as a forecast and simulating the MPC over the entire year 
2016, shows that the overall time during which Simris is 
capable of islanding is 4500 hours, equalling 51.23 % of 
the time.  
For comparison, an instantaneous minimization of the 
energy exchange between the microgrid and the main 
grid is performed. This instantaneous minimization 
optimizes each time step without looking into future and 
uses only the data available in each time step, i.e. current 
measurements. This optimization results in a possible 
islanded time of 4062 hours. Hence, the MPC showed a 
better performance in comparison to the non-rolling 
optimization. Table 1. shows the different results for the 
MPC (rolling optimization) and the instantaneous 
minimization. The results also show that the 
instantaneous minimization curtails renewable 

production more than the MPC. The renewable 
curtailment of the instantaneous minimization is 797.93 
MWh, whereas the MPC curtails 715.57 MWh. 
Therefore, the MPC outperformed the instantaneous 
optimization in this field as well. The main reason for this 
is that the MPC is capable of utilizing the batteries more 
effectively. 
Table 1. Potential islanding time of Simris microgrid with 
optimization and MPC algorithm  

Percentage 
of 
customers 
with PV 
and battery  

Instantaneous  
minimization- 
Percentage/Potential 
number of hours in 
islanded mode 

MPC- 
Percentage/ 
Potential number of 
hours in islanded 
mode 

20 % 46 %; 4062h 51%; 4500h 
40 % 48%; 4233h 55%; 4797h 

CONCLUSION AND FUTURE WORK 
In this paper, we proposed and proved the effectiveness 
of centralized MPC approach to address the problem of 
minimizing the energy exchange between a microgrid 
and a main grid utilizing battery flexibility. We further 
demonstrate the viability of this approach for the Simris 
test site. Our results show that the MPC approach 
outperforms a static minimization in the key aspects of 
maximizing the use of RES as well as the minimization 
of energy exchange with the main grid. 
In future work, we will evaluate alternative optimization 
goals and enhance the forecasting techniques by a more 
sophisticated data pre-processing using auto-encoders. 
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