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(d) 
Fig. 1. Microgrid architecture for: (a) residential application (case 1); (b) electric vehicle charging station application (case 2); (c) industrial application (case 3); and (d) community 

application (case 4).
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Symbols 

𝑃𝐻 Prediction horizon (ℎ) 𝐶𝑜𝑠𝑡𝑀𝑃𝐶 Economic cost of the MPC-based EMS considering microgrid architecture (€) 

𝑇𝑠 Sample time (ℎ) 𝐶𝑜𝑠𝑡𝑀𝑃𝐶
𝐵𝑆𝑆  Economic cost of the MPC-based EMS considering microgrid architecture without hydrogen system (€) 

𝑆𝑂𝐶𝑏𝑎𝑡
𝑖𝑛𝑖  Initial battery state of charge (%) 𝐶𝑜𝑠𝑡𝑟𝑒𝑛 Economic cost considering microgrid architecture without energy storage systems (€) 

𝑆𝑂𝐶𝐻2
𝑖𝑛𝑖 Initial hydrogen state of charge (%) 𝐶𝑜𝑠𝑡𝑟𝑒𝑛

𝑃𝑉  Economic cost considering microgrid architecture without energy storage systems and without wind turbine (€) 

𝑉𝐵𝑈𝑆
𝑖𝑛𝑖  Initial bus voltage (𝑉) 𝐶𝑜𝑠𝑡𝑀𝐸𝐺 Economic cost traditional case based on the exclusive connection to the main electrical grid (€) 

 

 

This document compiles all the simulations performed to validate the EMS developed in the paper. Details of the development and discussion of 

results can be found in the paper1 (if used please cite article). Tests have been performed for different microgrid architectures (see Fig. 1) and in 

various scenarios (see summary Table 1, Table 2, Table 3 and Table 4). 

 

 

 

 

 

 

 

 

 

 

  



 

1. Microgrid architecture for residential application (case 1, Fig. 1). 

 

Fig. 1. 1. Power and SOC profiles obtained for scenarios 1 and residential application. 

 

Fig. 1. 2. Power and SOC profiles obtained for scenarios 1 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 3. Power and SOC profiles obtained for scenario 1 and 2 and residential application. 

 

Fig. 1. 4. Power and SOC profiles obtained for scenario 1, 2, 8, 9, 15 and 16 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

     

   

   

   

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

     

   

   

     



 

 

Fig. 1. 5. Power and SOC profiles obtained for scenario 2 and residential application. 

 

Fig. 1. 6. Power and SOC profiles obtained for scenario 2 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 7. Power and SOC profiles obtained for scenario 3 and residential application. 

 

Fig. 1. 8. Power and SOC profiles obtained for scenario 3 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 9. Power and SOC profiles obtained for scenario 4 and residential application. 

 

Fig. 1. 10. Power and SOC profiles obtained for scenario 4 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 11. Power and SOC profiles obtained for scenario 5 and residential application. 

 

Fig. 1. 12. Power and SOC profiles obtained for scenario 6 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     



 

 

Fig. 1. 13. Power and SOC profiles obtained for scenario 6 and residential application. 

 

Fig. 1. 14. Power and SOC profiles obtained for scenario 7 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     



 

 

Fig. 1. 15. Power and SOC profiles obtained for scenario 7 and residential application. 

 

Fig. 1. 16. Power and SOC profiles obtained for scenario 8 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     



 

 

Fig. 1. 17. Power and SOC profiles obtained for scenario 8 and residential application. 

 

Fig. 1. 18. Power and SOC profiles obtained for scenario 8 and 9 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

     

   

   

   

     



 

 

Fig. 1. 19. Power and SOC profiles obtained for scenario 9 and residential application. 

 

Fig. 1. 20. Power and SOC profiles obtained for scenario 9 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 21. Power and SOC profiles obtained for scenario 10 and residential application. 

 

Fig. 1. 22. Power and SOC profiles obtained for scenario 10 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 23. Power and SOC profiles obtained for scenario 11 and residential application. 

 

Fig. 1. 24. Power and SOC profiles obtained for scenario 11 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 25. Power and SOC profiles obtained for scenario 12 and residential application. 

 

Fig. 1. 26. Power and SOC profiles obtained for scenario 13 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     



 

 

Fig. 1. 27. Power and SOC profiles obtained for scenario 13 and residential application. 

 

Fig. 1. 28. Power and SOC profiles obtained for scenario 14 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     



 

 

Fig. 1. 29. Power and SOC profiles obtained for scenario 14 and residential application. 

 

Fig. 1. 30. Power and SOC profiles obtained for scenario 15 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     



 

 

Fig. 1. 31. Power and SOC profiles obtained for scenario 15 and residential application. 

 

Fig. 1. 32. Power and SOC profiles obtained for scenario 15 and 16 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

     

   

   

   

     



 

 

Fig. 1. 33. Power and SOC profiles obtained for scenario 16 and residential application. 

 

Fig. 1. 34. Power and SOC profiles obtained for scenario 16 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 35. Power and SOC profiles obtained for scenario 17 and residential application. 

 

Fig. 1. 36. Power and SOC profiles obtained for scenario 17 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 37. Power and SOC profiles obtained for scenario 18 and residential application. 

 

Fig. 1. 38. Power and SOC profiles obtained for scenario 18 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



 

 

Fig. 1. 39. Power and SOC profiles obtained for scenario 19 and residential application. 

 

Fig. 1. 40. Power and SOC profiles obtained for scenario 20 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     



 

 

Fig. 1. 41. Power and SOC profiles obtained for scenario 20 and residential application. 

 

Fig. 1. 42. Power and SOC profiles obtained for scenario 21 and residential application. 

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

   

      

     



 

 

Fig. 1. 43. Power and SOC profiles obtained for scenario 21 and residential application. 

   

             

        

  

  

  

 

 

 

 

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

     

   

   

    

   

     

      



2 CPU processor Intel Core i7, 3.2 GHz with 16 GB RAM. 

Table 1. Results obtained in the microgrid architecture for residential application (case 1, Fig. 1). 𝑃𝐻 =  4 ℎ.  𝑇𝑠 = 0.1 ℎ. (360 𝑠𝑒𝑐. ). 

Scenario Cost Computational  

Cost2   

(sec.) 
Number Day Initial conditions 

𝑪𝒐𝒔𝒕𝑴𝑷𝑪 
(€) 

𝑪𝒐𝒔𝒕𝑴𝑷𝑪/𝑪𝒐𝒔𝒕𝑴𝑬𝑮 
(%) 

𝑪𝒐𝒔𝒕𝑴𝑷𝑪
𝑩𝑺𝑺  

(€) 
𝑪𝒐𝒔𝒕𝑴𝑷𝑪

𝑩𝑺𝑺 /𝑪𝒐𝒔𝒕𝑴𝑬𝑮 
(%) 

𝑪𝒐𝒔𝒕𝒓𝒆𝒏 

(€) 
𝑪𝒐𝒔𝒕𝒓𝒆𝒏/𝑪𝒐𝒔𝒕𝑴𝑬𝑮 

(%) 

𝑪𝒐𝒔𝒕𝑴𝑬𝑮 

(€) 

1 Sunny 

Starts at 8h 
SOCbat

ini = 56% 
SOCH2

ini =  5% 
VBUS
ini = 375V 

5.48 

Fig. 1. 1 
30.67 

6.28 

Fig. 1. 2 
35.14 

10.58 

Fig. 1. 3 
59.21 

17.87 

Fig. 1. 4 

116.19 (CostMPC) 

0.99 (CostMPC
BSS ) 

2 Sunny 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 6 .5% 
VBUS
ini = 375V 

7.54  

Fig. 1. 5 
42.19 

7.98 

Fig. 1. 6 
44.66 

10.58 

Fig. 1. 3 
59.21 

17.87 

Fig. 1. 4 

11.03 (CostMPC) 

1.06 (CostMPC
BSS ) 

3 Sunny 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 
VBUS
ini = 375V 

6.68 

Fig. 1. 7 
37.38 

7.32 

Fig. 1. 8 
40.96 10.58 59.21 17.87 

8.29 (CostMPC) 

1.08 (CostMPC
BSS ) 

4 Sunny 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 6 .5% 
VBUS
ini = 375V 

5.52 

Fig. 1. 9 
30.89 

6.67 

Fig. 1. 10 
37.33 10.58 59.21 17.87 

33.34 (CostMPC) 

1.024 (CostMPC
BSS ) 

5 Sunny 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 
VBUSbat

ini = 375V 

8.42 

Fig. 1. 11 
47.12 

8.42 

Fig. 1. 11 
47.12 10.58 59.21 17.87 

1.80 (CostMPC) 

1.11 (CostMPC
BSS ) 

6 Sunny 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 6 .5% 
VBUS
ini = 375V 

6.64 

Fig. 1. 12 
37.16 

7.06 

Fig. 1. 13 
39.51 10.58 59.21 17.87 

24.49 (CostMPC) 

1.04 (CostMPC
BSS ) 

7 Sunny 

Starts at 4h 
SOCbat

ini = 56% 
SOCH2

ini =  5% 
VBUS
ini = 375V 

5.36 

Fig. 1. 14 
29.99 

6.09 

Fig. 1. 15 
34.08 10.58 59.21 17.87 

100.54 (CostMPC) 

0.98 (CostMPC
BSS ) 

8 
Sunny 
with 

clouds 

Starts at 8h 
SOCbat

ini = 56% 
SOCH2

ini =  5% 
VBUS
ini = 375V 

5.96 

Fig. 1. 16 
33.35 

6.65 

Fig. 1. 17 
37.21 

10.96 

Fig. 1. 18 
61.33 

17.87 

Fig. 1. 4 

9.46 (CostMPC) 

0.97 (CostMPC
BSS ) 



 

9 
Sunny 
with 

clouds 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 6 .5% 
VBUS
ini = 375V 

7.91 

Fig. 1. 19 
44.26 

8.34 

Fig. 1. 20 
46.67 

10.96 

Fig. 1. 18 
61.33 

17.87 

Fig. 1. 4 

30.13 (CostMPC) 

1.44 (CostMPC
BSS ) 

10 
Sunny 
with 

clouds 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 
VBUS
ini = 375V 

7.14 

Fig. 1. 21 
39.96 

7.69 

Fig. 1. 22 
43.03 10.96 61.33 17.87 

8.40 (CostMPC) 

1.18 (CostMPC
BSS ) 

11 
Sunny 
with 

clouds 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 6 .5% 
VBUS
ini = 375V 

6.02 

Fig. 1. 23 
33.69 

7.05 

Fig. 1. 24 
39.45 10.96 61.33 17.87 

20.53 (CostMPC) 

1.03 (CostMPC
BSS ) 

12 
Sunny 
with 

clouds 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 
VBUS
ini = 375V 

8.73 

Fig. 1. 25 
48.85 

8.73 

Fig. 1. 25 
48.85 10.96 61.33 17.87 

1.70 (CostMPC) 

1.26 (CostMPC
BSS ) 

13 
Sunny 
with 

clouds 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 6 .5% 
VBUS
ini = 375V 

6.95 

Fig. 1. 26 
38.89 

7.37 

Fig. 1. 27 
41.24 10.96 61.33 17.87 

15.49 (CostMPC) 

1.22 (CostMPC
BSS ) 

14 
Sunny 
with 

clouds 

Starts at 4h 
SOCbat

ini = 56% 
SOCH2

ini =  5% 
VBUS
ini = 375V 

5.72 

Fig. 1. 28 
32.01 

6.40 

Fig. 1. 29 
35.81 10.96 61.33 17.87 

7.26 (CostMPC) 

0.97 (CostMPC
BSS ) 

15 Cloudy 

Starts at 8h 
SOCbat

ini = 56% 
SOCH2

ini =  5% 
VBUS
ini = 375V 

8.40 

Fig. 1. 30 
47.01 

8.48 

Fig. 1. 31 
47.45 

13.08 

Fig. 1. 32 
73.20 

17.87 

Fig. 1.4 

14.66 (CostMPC) 

0.98 (CostMPC
BSS ) 

16 Cloudy 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 6 .5% 
VBUS
ini = 375V 

9.93 

Fig. 1. 33 
55.57 

10.17 

Fig. 1. 34 
56.91 

13.08 

Fig. 1. 32 
73.20 

17.87 

Fig. 1.4 

9.09 (CostMPC) 

1.09 (CostMPC
BSS ) 

17 Cloudy 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 
VBUS
ini = 375V 

9.52 

Fig. 1. 35 
53.27 

9.55 

Fig. 1. 36 
53.44 13.08 73.20 17.87 

14.75 (CostMPC) 

1.30 (CostMPC
BSS ) 

18 Cloudy 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 6 .5% 
VBUS
ini = 375V 

8.73 

Fig. 1. 37 
48.85 

8.90 

Fig. 1. 38 
49.80 13.08 73.20 17.87 

6.56 (CostMPC) 

1.18 (CostMPC
BSS ) 



 

19 Cloudy 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 
VBUS
ini = 375V 

10.60 

Fig. 1. 39 
59.32 

10.60 

Fig. 1. 39 
59.32 13.08 73.20 17.87 

1.69 (CostMPC) 

1.11 (CostMPC
BSS ) 

20 Cloudy 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 6 .5% 
VBUS
ini = 375V 

9.04 

Fig. 1. 40 
50.59 

9.23 

Fig. 1. 41 
51.65 13.08 73.20 17.87 

14.11 (CostMPC) 

1.21 (CostMPC
BSS ) 

21 Cloudy 

Starts at 4h 
SOCbat

ini = 56% 
SOCH2

ini =  5% 
VBUS
ini = 375V 

8.17 

Fig. 1. 42 
45.72 

8.27 

Fig. 1. 43 
46.28 13.08 73.20 17.87 

14.53(CostMPC) 

0.99 (CostMPC
BSS ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2. Microgrid architecture for electric vehicle charging station application (case 2, Fig. 1). 

 

Fig. 2. 1. Power and SOC profiles obtained for scenario 1 and electric vehicle charging station application. 

 

Fig. 2. 2. Power and SOC profiles obtained for scenario 1 and electric vehicle charging station application. 
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Fig. 2. 3. Power and SOC profiles obtained for scenario 1 and 4 and electric vehicle charging station application. 

 

Fig. 2. 4. Power and SOC profiles obtained for scenario 1, 4 and 5 and electric vehicle charging station application. 
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Fig. 2. 5. Power and SOC profiles obtained for scenario 1, 2, 3, 4, 5, 19, 20 and 21 and electric vehicle charging station application. 

 

Fig. 2. 6. Power and SOC profiles obtained for scenario 2 and electric vehicle charging station application. 

             

        

   

   

 

  

  

 
 
 
  
  
  
 

     
   1

    

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 2. 7. Power and SOC profiles obtained for scenario 2 and electric vehicle charging station application. 

 

Fig. 2. 8. Power and SOC profiles obtained for scenario 2 and 3 and electric vehicle charging station application. 
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Fig. 2. 9. Power and SOC profiles obtained for scenario 2 and 3 and electric vehicle charging station application. 

 

Fig. 2. 10. Power and SOC profiles obtained for scenario 3 and electric vehicle charging station application. 
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Fig. 2. 11. Power and SOC profiles obtained for scenario 3 and electric vehicle charging station application. 

 

Fig. 2. 12. Power and SOC profiles obtained for scenario 4 and electric vehicle charging station application. 
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Fig. 2. 13. Power and SOC profiles obtained for scenario 4 and electric vehicle charging station application. 

 

Fig. 2. 14. Power and SOC profiles obtained for scenario 5 and electric vehicle charging station application. 
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Fig. 2. 15. Power and SOC profiles obtained for scenario 5 and electric vehicle charging station application. 

 

Fig. 2. 16. Power and SOC profiles obtained for scenario 5 and electric vehicle charging station application. 
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Fig. 2. 17. Power and SOC profiles obtained for scenario 6 and electric vehicle charging station application. 

 

Fig. 2. 18. Power and SOC profiles obtained for scenario 6 and electric vehicle charging station application. 
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Fig. 2. 19. Power and SOC profiles obtained for scenario 7 and electric vehicle charging station application. 

 

Fig. 2. 20. Power and SOC profiles obtained for scenario 7 and electric vehicle charging station application. 
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Fig. 2. 21. Power and SOC profiles obtained for scenario 8 and electric vehicle charging station application. 

 

Fig. 2. 22. Power and SOC profiles obtained for scenario 8 and electric vehicle charging station application. 
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Fig. 2. 23. Power and SOC profiles obtained for scenario 9 and electric vehicle charging station application. 

 

Fig. 2. 24. Power and SOC profiles obtained for scenario 9 and electric vehicle charging station application. 
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Fig. 2. 25. Power and SOC profiles obtained for scenario 10 and electric vehicle charging station application. 

 

Fig. 2. 26. Power and SOC profiles obtained for scenario 10 and electric vehicle charging station application. 
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Fig. 2. 27. Power and SOC profiles obtained for scenario 11 and electric vehicle charging station application. 

 

Fig. 2. 28. Power and SOC profiles obtained for scenario 11 and electric vehicle charging station application. 
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Fig. 2. 29. Power and SOC profiles obtained for scenario 12 and electric vehicle charging station application. 

 

Fig. 2. 30. Power and SOC profiles obtained for scenario 12 and electric vehicle charging station application. 
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Fig. 2. 31. Power and SOC profiles obtained for scenario 13 and electric vehicle charging station application. 

 

Fig. 2. 32. Power and SOC profiles obtained for scenario 13 and electric vehicle charging station application. 
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Fig. 2. 33. Power and SOC profiles obtained for scenario 14 and electric vehicle charging station application. 

 

Fig. 2. 34. Power and SOC profiles obtained for scenario 14 and electric vehicle charging station application. 
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Fig. 2. 35. Power and SOC profiles obtained for scenario 15 and electric vehicle charging station application. 

 

Fig. 2. 36. Power and SOC profiles obtained for scenario 15 and electric vehicle charging station application. 

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

   

    

     

      

  

   1

    



 

 

Fig. 2. 37. Power and SOC profiles obtained for scenario 16 and electric vehicle charging station application. 

 

Fig. 2. 38. Power and SOC profiles obtained for scenario 16 and electric vehicle charging station application. 
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Fig. 2. 39. Power and SOC profiles obtained for scenario 17 and electric vehicle charging station application. 

 

Fig. 2. 40. Power and SOC profiles obtained for scenario 17 and electric vehicle charging station application. 
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Fig. 2. 41. Power and SOC profiles obtained for scenario 18 and electric vehicle charging station application. 

 

Fig. 2. 42. Power and SOC profiles obtained for scenario 18 and electric vehicle charging station application. 
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Fig. 2. 43. Power and SOC profiles obtained for scenario 19 and electric vehicle charging station application. 

 

Fig. 2. 44. Power and SOC profiles obtained for scenario 19 and 20 and electric vehicle charging station application. 
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Fig. 2. 45. Power and SOC profiles obtained for scenario 19, 20 and 21 and electric vehicle charging station application. 

 

Fig. 2. 46. Power and SOC profiles obtained for scenario 20 and electric vehicle charging station application. 
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Fig. 2. 47. Power and SOC profiles obtained for scenario 21 and electric vehicle charging station application. 

 

Fig. 2. 48. Power and SOC profiles obtained for scenario 21 and electric vehicle charging station application. 
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Fig. 2. 49. Power and SOC profiles obtained for scenario 22 and electric vehicle charging station application. 

 

Fig. 2. 50. Power and SOC profiles obtained for scenario 23 and electric vehicle charging station application. 

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 2. 51. Power and SOC profiles obtained for scenario 24 and electric vehicle charging station application. 

 

Fig. 2. 52. Power and SOC profiles obtained for scenario 25 and electric vehicle charging station application. 

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 2. 53. Power and SOC profiles obtained for scenario 26 and electric vehicle charging station application. 

 

Fig. 2. 54. Power and SOC profiles obtained for scenario 27 and electric vehicle charging station application. 

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 2. 55. Power and SOC profiles obtained for scenario 28 and electric vehicle charging station application. 

             

        

   

   

 

  

  

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



2 CPU processor Intel Core i7, 3.2 GHz with 16 GB RAM. 

Table 2. Results obtained in the microgrid architecture for electric vehicle charging station application (case 2, Fig. 1). 𝑃𝐻 =  4 ℎ.  𝑇𝑠 = 0.1 ℎ. (360 𝑠𝑒𝑐. ). 

Scenario Cost Computational  

cost2 

(sec.) 
Number Day Initial conditions 

𝑪𝒐𝒔𝒕𝑴𝑷𝑪 
(€) 

𝑪𝒐𝒔𝒕𝑴𝑷𝑪/𝑪𝒐𝒔𝒕𝑴𝑬𝑮 
(%) 

𝑪𝒐𝒔𝒕𝑴𝑷𝑪
𝑩𝑺𝑺  

(€) 
𝑪𝒐𝒔𝒕𝑴𝑷𝑪

𝑩𝑺𝑺 /𝑪𝒐𝒔𝒕𝑴𝑬𝑮 
(%) 

𝑪𝒐𝒔𝒕𝒓𝒆𝒏 

(€) 
𝑪𝒐𝒔𝒕𝒓𝒆𝒏/𝑪𝒐𝒔𝒕𝑴𝑬𝑮 

(%) 

𝑪𝒐𝒔𝒕𝒓𝒆𝒏
𝑷𝑽   

(€) 
𝑪𝒐𝒔𝒕𝒓𝒆𝒏

𝑷𝑽 /𝑪𝒐𝒔𝒕𝑴𝑬𝑮 
(%) 

𝑪𝒐𝒔𝒕𝑴𝑬𝑮 

(€) 

1 
Sunny and 
high wind 

Starts at 8h 
SOCbat

ini = 55% 
SOCH2

ini = 14% 

4.38 
Fig. 2. 1 

6.46 
4.49 

Fig. 2. 2 
6.63 

13.66 
Fig. 2. 3 

20.16 
34.56 

Fig. 2. 4 
51.01 

67.75 
Fig. 2. 5 

3.59 (CostMPC) 
0.70 (CostMPC

BSS ) 

2 
Sunny with 
clouds and 
high wind 

Starts at 8h 
SOCbat

ini = 55% 
SOCH2

ini = 14% 

6.82 
Fig. 2. 6 

10.07 
6.90 

Fig. 2. 7 
10.18 

13.66 
Fig. 2. 8 

20.16 
38.74 

Fig. 2. 9 
57.18 

67.75 
Fig. 2. 5 

2.51 (CostMPC) 
0.57 (CostMPC

BSS ) 

3 
Sunny with 
clouds and 
high wind 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

5.73  
Fig. 2. 10 

8.46 
6.00 

Fig. 2.11 
8.86 

16.21 
Fig. 2. 8 

23.93 
38.74 

Fig. 2. 9 
57.18 

67.75 
Fig. 2. 5 

4.06 (CostMPC) 
0.65 (CostMPC

BSS ) 

4 
Sunny and 
high wind 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

3.25 
Fig. 2. 12 

4.80 
3.59 

Fig. 2. 13 
5.30 

23.86 
Fig. 2. 3 

35.22 
34.56 

Fig. 2. 4 
51.01 

67.75 
Fig. 2. 5 

5.18 (CostMPC) 
0.55 (CostMPC

BSS ) 

5 
Sunny and 
low wind 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

15.20 
Fig. 2. 14 

22.44 
16.00 

Fig. 2. 15 
23.62 

23.86 
Fig. 2. 16 

35.22 
34.56 

Fig. 2. 4 
51.01 

67.75 
Fig. 2. 5 

3.17 (CostMPC) 
0.82 (CostMPC

BSS ) 

6 
Sunny and 
high wind 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

4.28 
Fig. 2. 17 

6.32 
4.59 

Fig. 2. 18 
6.77 16.21 23.93 38.74 51.01 67.75 

3.65 (CostMPC) 
0.77 (CostMPC

BSS ) 

7 
Sunny with 
clouds and 
high wind 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

6.81 
Fig. 2. 19 

10.05 
7.03 

Fig. 2. 20 
10.38 16.21 23.93 38.74 57.18 67.75 

3.78 (CostMPC) 
0.75 (CostMPC

BSS ) 

8 
Sunny and 
high wind 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

3.25 
Fig. 2. 21 

4.80 
3.93 

Fig. 2. 22 
5.80 13.66 20.16 34.56 51.01 67.75 

5.24 (CostMPC) 
0.59 (CostMPC

BSS ) 

9 
Sunny and 
low wind 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

15.56 
Fig. 2. 23 

22.97 
16.32 

Fig. 2. 24 
24.09 23.86 35.22 34.56 51.01 67.75 

2.98 (CostMPC) 
0.64 (CostMPC

BSS ) 

10 
Sunny with 
clouds and 
high wind 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

5.78 
Fig. 2. 25 

8.53 
6.38 

Fig. 2. 26 
9.42 16.21 23.93 34.56 57.18 67.75 

3.81 (CostMPC) 
0.54 (CostMPC

BSS ) 

11 
Sunny and 
high wind 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

5.22 
Fig. 2. 27 

7.70 
5.54 

Fig. 2. 28 
8.18 13.66 20.16 34.56 51.01 67.75 

5.60 (CostMPC) 
0.69 (CostMPC

BSS ) 



 

12 
Sunny with 
clouds and 
high wind 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

6.10 
Fig. 2. 29 

9.00 
6.33 

Fig. 2. 30 
9.34 16.21 23.93 38.74 57.18 67.75 

3.96 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.57 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

13 
Sunny and 
high wind 

Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 14% 

4.37 
Fig. 2. 31 

6.45 
4.46 

Fig. 2. 32 
6.58 13.66 20.16 34.56 51.01 67.75 

2.75 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.59 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

14 
Sunny with 
clouds and 
high wind 

Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 14% 

6.55 
Fig. 2. 33 

9.67 
6.62 

Fig. 2. 34 
9.77 16.21 23.93 38.74 57.18 67.75 

2.80 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.68 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

15 
Sunny and 
low wind 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

16.95 
Fig. 2. 35 

25.02 
17.26 

Fig. 2. 36 
25.48 23.86 35.22 34.56 51.01 67.75 

3.64 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.65 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

16 
Sunny with 
clouds and 
low wind 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

18.29 
Fig. 2. 37 

27.00 
18.79 

Fig. 2. 38 
27.73 26.95 39.78 38.74 57.18 67.75 

3.23 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.58 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

17 
Sunny and 
low wind 

Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 14% 

16.22 
Fig. 2. 39 

23.94 
16.95 

Fig. 2. 40 
25.02 23.86 35.22 34.56 51.01 67.75 

4.73 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.83 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

18 
Sunny with 
clouds and 
low wind 

Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 14% 

19.07 
Fig. 2. 41 

28.15 
19.67 

Fig. 2. 42 
29.03 26.95 39.78 38.74 57.18 67.75 

1.76 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.54 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

19 
Cloudy and 
high wind 

Starts at 8h 
SOCbat

ini = 55% 
SOCH2

ini = 14% 

15.19 
Fig. 2. 43 

22.42 
15.19 

Fig. 2. 43 
22.42 

25.32 
Fig. 2. 44 

37.37 
53.27 

Fig. 2. 45 
78.63 

67.75 
Fig. 2. 5 

0.90 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.57 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

20 
Cloudy and 
high wind 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

14.29 
Fig. 2. 46 

21.09 
14.29 

Fig. 2. 46 
21.09 

25.32 
Fig. 2. 44 

37.37 
53.27 

Fig. 2. 45 
78.63 

67.75 
Fig. 2. 5 

1.27 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.60 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

21 
Cloudy and 
low wind 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

31.93 
Fig. 2. 47 

47.13 
31.93 

Fig. 2. 47 
47.13 

38.55 
Fig. 2. 48 

56.90 
53.27 

Fig. 2. 45 
78.63 

67.75 
Fig. 2. 5 

0.90 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.59 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

22 
Cloudy and 
high wind 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

15.34 
Fig. 2. 49 

22.64 
15.34 

Fig. 2. 49 
22.64 25.32 37.37 53.27 78.63 67.75 

1.04 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.63 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

23 
Cloudy and 
high wind 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

14.68 
Fig. 2. 50 

21.67 
14.68 

Fig. 2. 50 
21.67 25.32 37.37 53.27 78.63 67.75 

1.11 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.59 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

24 
Cloudy and 
low wind 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

32.29 
Fig. 2. 51 

47.66 
32.29 

Fig. 2. 51 
47.66 38.55 56.90 53.27 78.63 67.75 

0.98 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.65 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 



 

25 
Cloudy and 
high wind 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

15.65 
Fig. 2. 52 

23.10 
15.65 

Fig. 2. 52 
23.10 25.32 37.37 53.27 78.63 67.75 

1.03 (CostMPC) 
0.62 (CostMPC

BSS ) 

26 
Cloudy and 
high wind 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

14.28 
Fig. 2. 53 

21.08 
14.28 

Fig. 2. 53 
21.08 25.32 37.37 53.27 78.63 67.75 

1.40 (CostMPC) 
0.57 (CostMPC

BSS ) 

27 
Cloudy and 
high wind 

Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 14% 

14.58 
Fig. 2. 54 

21.52 
14.58 

Fig. 2. 54 
21.52 25.32 37.37 53.27 78.63 67.75 

0.85 (CostMPC) 
0.80 (CostMPC

BSS ) 

28 
Cloudy and 
low wind 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 60% 

31.51 
Fig. 2. 55 

46.51 
31.51 

Fig. 2. 55 
46.51 38.55 56.90 53.27 78.63 67.75 

0.91 (CostMPC) 
0.73 (CostMPC

BSS ) 

 

 



 

3. Microgrid architecture for industrial application (case 3, Fig. 1). 

 

Fig. 3. 1. Power and SOC profiles obtained for scenario 1 and industrial application. 

 

Fig. 3. 2. Power and SOC profiles obtained for scenario 1 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 3. Power and SOC profiles obtained for scenario 1 and 2 and industrial application. 

 

Fig. 3. 4. Power and SOC profiles obtained for scenario 1, 2, 8, 9, 15 and 16 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 



 

 

Fig. 3. 5. Power and SOC profiles obtained for scenario 2 and industrial application. 

 

Fig. 3. 6. Power and SOC profiles obtained for scenario 2 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 7. Power and SOC profiles obtained for scenario 3 and industrial application. 

 

Fig. 3. 8. Power and SOC profiles obtained for scenario 3 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 9. Power and SOC profiles obtained for scenario 4 and industrial application. 

 

Fig. 3. 10. Power and SOC profiles obtained for scenario 4 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 11. Power and SOC profiles obtained for scenario 5 and industrial application. 

 

Fig. 3. 12. Power and SOC profiles obtained for scenario 5 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 13. Power and SOC profiles obtained for scenario 6 and industrial application. 

 

Fig. 3. 14. Power and SOC profiles obtained for scenario 6 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 15. Power and SOC profiles obtained for scenario 7 and industrial application. 

 

Fig. 3. 16. Power and SOC profiles obtained for scenario 7 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 17. Power and SOC profiles obtained for scenario 8 and industrial application. 

 

Fig. 3. 18. Power and SOC profiles obtained for scenario 8 and 9 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 19. Power and SOC profiles obtained for scenario 8 and industrial application. 

 

Fig. 3. 20. Power and SOC profiles obtained for scenario 9 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 21. Power and SOC profiles obtained for scenario 9 and industrial application. 

 

Fig. 3. 22. Power and SOC profiles obtained for scenario 10 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 23. Power and SOC profiles obtained for scenario 10 and industrial application. 

 

Fig. 3. 24. Power and SOC profiles obtained for scenario 11 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 25. Power and SOC profiles obtained for scenario 11 and industrial application. 

 

Fig. 3. 26. Power and SOC profiles obtained for scenario 12 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 27. Power and SOC profiles obtained for scenario 12 and industrial application. 

 

Fig. 3. 28. Power and SOC profiles obtained for scenario 13 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 29. Power and SOC profiles obtained for scenario 13 and industrial application. 

 

Fig. 3. 30. Power and SOC profiles obtained for scenario 14 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 31. Power and SOC profiles obtained for scenario 14 and industrial application. 

 

Fig. 3. 32. Power and SOC profiles obtained for scenario 15 and 16 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 33. Power and SOC profiles obtained for scenario 15 and industrial application. 

 

Fig. 3. 34. Power and SOC profiles obtained for scenario 16 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 35. Power and SOC profiles obtained for scenario 17 and industrial application. 

 

Fig. 3. 36. Power and SOC profiles obtained for scenario 18 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 37. Power and SOC profiles obtained for scenario 19 and industrial application. 

 

Fig. 3. 38. Power and SOC profiles obtained for scenario 20 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 3. 39. Power and SOC profiles obtained for scenario 21 and industrial application. 

             

        

    

   

 

  

   

   

 
 
 
 
  
  
 
 

 

  

  

  

  

   

 
 
 
  
 
 



2 CPU processor Intel Core i7, 3.2 GHz with 16 GB RAM. 

Table 3. Results obtained in the microgrid architecture for industrial application (case 3, Fig. 1). 𝑃𝐻 =  4 ℎ.  𝑇𝑠 = 0.1 ℎ. (360 𝑠𝑒𝑐. ). 

Scenario Cost Computational  

cost2 

(sec.) 
Number Day Initial conditions 

𝑪𝒐𝒔𝒕𝑴𝑷𝑪 
(€) 

𝑪𝒐𝒔𝒕𝑴𝑷𝑪/𝑪𝒐𝒔𝒕𝑴𝑬𝑮 
(%) 

𝑪𝒐𝒔𝒕𝑴𝑷𝑪
𝑩𝑺𝑺

(€) 
𝑪𝒐𝒔𝒕𝑴𝑷𝑪

𝑩𝑺𝑺 /𝑪𝒐𝒔𝒕𝑴𝑬𝑮 
(%) 

𝑪𝒐𝒔𝒕𝒓𝒆𝒏 

(€) 
𝑪𝒐𝒔𝒕𝒓𝒆𝒏/𝑪𝒐𝒔𝒕𝑴𝑬𝑮 

(%) 

𝑪𝒐𝒔𝒕𝑴𝑬𝑮 

(€) 

1 Sunny 
Starts at 8h 
SOCbat

ini = 55% 
SOCH2

ini = 10% 

111.64 

Fig. 3. 1 
33.49 

120.51 

Fig. 3. 2 
36.15 

153.32 

Fig. 3. 3 
45.99 

333.35 

Fig. 3. 4 

6.47 (CostMPC) 

0.57 (CostMPC
BSS ) 

2 Sunny 
Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 58% 

115.40 

Fig. 3. 5 
34.62 

120.08 

Fig. 3. 6 
36.02 

153.32 

Fig. 3. 3 
45.99 

333.35 

Fig. 3. 4 

186.74 (CostMPC) 

0.56 (CostMPC
BSS ) 

3 Sunny 
Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

117.10 

Fig. 3. 7 
35.13 

125.70 

Fig. 3. 8 
37.71 153.32 45.99 333.35 

5.83 (CostMPC) 

0.55 (CostMPC
BSS ) 

4 Sunny 
Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 58% 

111.56 

Fig. 3. 9 
33.47 

121.87 

Fig. 3. 10 
36.56 153.32 45.99 333.35 

51.71 (CostMPC) 

0.54 (CostMPC
BSS ) 

5 Sunny 
Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

114.29 

Fig. 3. 11 
34.29 

122.01 

Fig. 3. 12 
36.60 153.32 45.99 333.35 

5.84 (CostMPC) 

0.56 (CostMPC
BSS ) 

6 Sunny 
Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 58% 

110.54 

Fig. 3. 13 
33.16 

119.79 

Fig. 3. 14 
35.94 153.32 45.99 333.35 

7.72 (CostMPC) 

0.54 (CostMPC
BSS ) 

7 Sunny 
Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 10% 

112.52 

Fig. 3. 15 
33.75 

120.46 

Fig. 3. 16 
36.14 153.32 45.99 333.35 

4.43 (CostMPC) 

0.57 (CostMPC
BSS ) 

8 
Sunny 
with 

clouds 

Starts at 8h 
SOCbat

ini = 55% 
SOCH2

ini = 10% 

124.03 

Fig. 3. 17 
37.21 

130.75 

Fig. 3. 18 
39.22 

163.76 

Fig. 3. 19 
49.13 

333.35 

Fig. 3. 4 

5.76 (CostMPC) 

0.55 (CostMPC
BSS ) 



 

9 
Sunny 
with 

clouds 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 58% 

125.43 

Fig. 3. 20 
37.63 

130.40 

Fig. 3. 21 
39.12 

163.76 

Fig. 3. 19 
49.13 

333.35 

Fig. 3. 4 

59.29 (CostMPC) 

0.54 (CostMPC
BSS ) 

10 
Sunny 
with 

clouds 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

129.65 

Fig. 3. 22 
38.89 

136.14 

Fig. 3. 23 
40.84 163.76 49.13 333.35 

6.36 (CostMPC) 

0.58 (CostMPC
BSS ) 

11 
Sunny 
with 

clouds 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 58% 

122.97 

Fig. 3. 24 
36.89 

132.30 

Fig. 3. 25 
39.69 163.76 49.13 333.35 

8.25 (CostMPC) 

0.55 (CostMPC
BSS ) 

12 
Sunny 
with 

clouds 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

125.32 

Fig. 3. 26 
37.59 

131.36 

Fig. 3. 27 
39.41 163.76 49.13 333.35 

14.26 (CostMPC) 

0.58 (CostMPC
BSS ) 

13 
Sunny 
with 

clouds 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 58% 

121.57 

Fig. 3. 28 
36.47 

129.12 

Fig. 3. 29 
38.73 163.76 49.13 333.35 

14.31 (CostMPC) 

0.56 (CostMPC
BSS ) 

14 
Sunny 
with 

clouds 

Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 10% 

123.28 

Fig. 3. 30 
36.98 

129.66 

Fig. 3. 31 
38.90 163.76 49.13 333.35 

0.88 (CostMPC) 

0.56 (CostMPC
BSS ) 

15 Cloudy 
Starts at 8h 
SOCbat

ini = 55% 
SOCH2

ini = 10% 

206.68 

Fig. 3. 32 
62.00 

206.68 

Fig. 3. 32 
62.00 

224.27 

Fig. 3. 33 
67.28 

333.35 

Fig. 3. 4 

14.66 (CostMPC) 

0.98 (CostMPC
BSS ) 

16 Cloudy 
Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 58% 

206.39 

Fig. 3. 34 
61.91 

206.39 

Fig. 3. 34 
61.91 

224.27 

Fig. 3. 33 
67.28 

333.35 

Fig. 3. 4 

0.94 (CostMPC) 

1.09 (CostMPC
BSS ) 

17 Cloudy 
Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

212.71 

Fig. 3. 35 
63.81 

212.71 

Fig. 3. 35 
63.81 224.27 67.28 333.35 

0.92 (CostMPC) 

1.30 (CostMPC
BSS ) 

18 Cloudy 
Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 58% 

208.85 

Fig. 3. 36 
62.65 

208.85 

Fig. 3. 36 
62.65 224.27 67.28 333.35 

0.93 (CostMPC) 

1.18 (CostMPC
BSS ) 



 

19 Cloudy 
Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

202.65 

Fig. 3. 37 
60.79 

202.65 

Fig. 3. 37 
60.79 224.27 67.28 333.35 

0.91 (CostMPC) 

1.11 (CostMPC
BSS ) 

20 Cloudy 
Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 58% 

200.34 

Fig. 3. 38 
60.10 

200.34 

Fig. 3. 38 
60.10 224.27 67.28 333.35 

0.85 (CostMPC) 

1.21 (CostMPC
BSS ) 

21 Cloudy 
Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 10% 

200.73 

Fig. 3. 39 
60.22 

200.73 

Fig. 3. 39 
60.22 224.27 67.28 333.35 

0.84 (CostMPC) 

0.99 (CostMPC
BSS ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4. Microgrid architecture for community application (case 4, Fig. 1). 

 

Fig. 4. 1. Power and SOC profiles obtained for scenario 1 and community application. 

 

Fig. 4. 2. Power and SOC profiles obtained for scenario 1 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 3. Power and SOC profiles obtained for scenario 1 and 4 and community application. 

 

Fig. 4. 4. Power and SOC profiles obtained for scenario 1, 4 and 5 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 



 

 

Fig. 4. 5. Power and SOC profiles obtained for scenario 1, 2, 3, 4, 5, 17 and 18 and community application. 

 

Fig. 4. 6. Power and SOC profiles obtained for scenario 2 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 7. Power and SOC profiles obtained for scenario 2 and community application. 

 

Fig. 4. 8. Power and SOC profiles obtained for scenario 2 and 3 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 



 

 

Fig. 4. 9. Power and SOC profiles obtained for scenario 2 and 3 and community application. 

 

Fig. 4. 10. Power and SOC profiles obtained for scenario 3 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 11. Power and SOC profiles obtained for scenario 3 and community application. 

 

Fig. 4. 12. Power and SOC profiles obtained for scenario 4 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 13. Power and SOC profiles obtained for scenario 4 and community application. 

 

Fig. 4. 14. Power and SOC profiles obtained for scenario 5 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 15. Power and SOC profiles obtained for scenario 5 and community application. 

 

Fig. 4. 16. Power and SOC profiles obtained for scenario 5 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 



 

 

Fig. 4. 17. Power and SOC profiles obtained for scenario 6 and community application. 

 

Fig. 4. 18. Power and SOC profiles obtained for scenario 7 and community application. 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 19. Power and SOC profiles obtained for scenario 8 and community application. 

 

Fig. 4. 20. Power and SOC profiles obtained for scenario 8 and community application. 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 21. Power and SOC profiles obtained for scenario 9 and community application. 

 

Fig. 4. 22. Power and SOC profiles obtained for scenario 9 and community application. 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 23. Power and SOC profiles obtained for scenario 10 and community application. 

 

Fig. 4. 24. Power and SOC profiles obtained for scenario 10 and community application. 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 25. Power and SOC profiles obtained for scenario 11 and community application. 

 

Fig. 4. 26. Power and SOC profiles obtained for scenario 12 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 27. Power and SOC profiles obtained for scenario 12 and community application. 

 

Fig. 4. 28. Power and SOC profiles obtained for scenario 13 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 29. Power and SOC profiles obtained for scenario 13 and community application. 

 

Fig. 4. 30. Power and SOC profiles obtained for scenario 14 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 31. Power and SOC profiles obtained for scenario 15 and community application. 

 

Fig. 4. 32. Power and SOC profiles obtained for scenario 15 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 33. Power and SOC profiles obtained for scenario 16 and community application. 

 

Fig. 4. 34. Power and SOC profiles obtained for scenario 16 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 35. Power and SOC profiles obtained for scenario 17 and community application. 

 

Fig. 4. 36. Power and SOC profiles obtained for scenario 17 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 37. Power and SOC profiles obtained for scenario 17 and community application. 

 

Fig. 4. 38. Power and SOC profiles obtained for scenario 17 and 18 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 



 

 

Fig. 4. 39. Power and SOC profiles obtained for scenario 18 and community application. 

 

Fig. 4. 40. Power and SOC profiles obtained for scenario 18 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 



 

 

Fig. 4. 41. Power and SOC profiles obtained for scenario 19 and community application. 

 

Fig. 4. 42. Power and SOC profiles obtained for scenario 20 and community application. 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

                
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 43. Power and SOC profiles obtained for scenario 21 and community application. 

 

Fig. 4. 44. Power and SOC profiles obtained for scenario 22 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 45. Power and SOC profiles obtained for scenario 22 and community application. 

 

Fig. 4. 46. Power and SOC profiles obtained for scenario 23 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 47. Power and SOC profiles obtained for scenario 23 and community application. 

 

Fig. 4. 48. Power and SOC profiles obtained for scenario 24 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



 

 

Fig. 4. 49. Power and SOC profiles obtained for scenario 24 and community application. 

               
        

   

   

 

  

  

 
 
 
  
  
  
 

 

  

  

  

  

   

 
 
 
  
 
 



2 CPU processor Intel Core i7, 3.2 GHz with 16 GB RAM. 

Table 4. Results obtained in the microgrid architecture for community application (case 4, Fig. 1). 𝑃𝐻 =  4 ℎ.  𝑇𝑠 = 0.16̂ ℎ. (600 𝑠𝑒𝑐. ). 

Scenario Cost Computational  

cost2 

(sec.) 
Number Day Initial conditions 

𝐂𝐨𝐬𝐭𝐌𝐏𝐂 
(€) 

𝐂𝐨𝐬𝐭𝐌𝐏𝐂/𝐂𝐨𝐬𝐭𝐌𝐄𝐆 
(%) 

𝐂𝐨𝐬𝐭𝐌𝐏𝐂
𝐁𝐒𝐒

(€) 
𝐂𝐨𝐬𝐭𝐌𝐏𝐂

𝐁𝐒𝐒 /𝐂𝐨𝐬𝐭𝐌𝐄𝐆 
(%) 

𝐂𝐨𝐬𝐭𝐫𝐞𝐧 

(€) 
𝐂𝐨𝐬𝐭𝐫𝐞𝐧/𝐂𝐨𝐬𝐭𝐌𝐄𝐆 

(%) 

𝐂𝐨𝐬𝐭𝐫𝐞𝐧
𝐏𝐕  

(€) 
𝑪𝒐𝒔𝒕𝒓𝒆𝒏

𝑷𝑽 /𝑪𝒐𝒔𝒕𝑴𝑬𝑮 
(%) 

𝑪𝒐𝒔𝒕𝑴𝑬𝑮 

(€) 

1 
Sunny and 
high wind 

Starts at 8h 
SOCbat

ini = 55% 
SOCH2

ini = 11% 

4.30 
Fig. 4. 1 

1.71 
12.28 

Fig. 4. 2 
4.88 

32.53 
Fig. 4. 3 

12.91 
135.99 
Fig. 4. 4 

53.99 
251.89 
Fig. 4. 5 

11.64 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.91 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

2 
Sunny with 
clouds and 
high wind 

Starts at 8h 
SOCbat

ini = 55% 
SOCH2

ini = 11% 

7.77 
Fig. 4. 6 

3.08 
15.90 

Fig. 4. 7 
6.31 

36.07 
Fig. 4. 8 

14.32 
140.71 
Fig. 4. 9 

55.86 
251.89 
Fig. 4. 5 

12.64 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.98 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

3 
Sunny with 
clouds and 
high wind 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

10.28 
Fig. 4. 10 

4.08 
15.17 

Fig. 4. 11 
6.02 

36.07 
Fig. 4.8 

14.32 
140.71 
Fig. 4. 9 

55.86 
251.89 
Fig. 4. 5 

6.67 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.83 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

4 
Sunny and 
high wind 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

6.71 
Fig. 4. 12 

2.66 
11.56 

Fig. 4. 13 
4.59 

32.53 
Fig. 4. 3 

12.91 
135.99 
Fig. 4. 4 

53.99 
251.89 
Fig. 4. 5 

5.48 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.80 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

5 
Sunny and 
low wind 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

51.63 
Fig. 4. 14 

20.50 
59.04 

Fig. 4. 15 
23.44 

79.79 
Fig. 4. 16 

31.68 
135.99 
Fig. 4. 4 

53.99 
251.89 
Fig. 4. 5 

7.26 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.89 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

6 
Sunny and 
high wind 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

13.48 
Fig. 4. 17 

5.35 
13.48 

Fig. 4. 17 
5.35 32.53 12.91 135.99 53.99 251.89 

795.60(𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.77 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

7 
Sunny with 
clouds and 
high wind 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

16.76 
Fig. 4. 18 

6.65 
16.76 

Fig. 4. 18 
6.65 36.07 14.32 140.71 55.86 251.89 

2792 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.75 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

8 
Sunny and 
high wind 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

7.58 
Fig. 4. 19 

3.01 
12.51 

Fig. 4. 20 
4.97 32.53 12.91 135.99 53.99 251.89 

2.05(𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.69 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

9 
Sunny and 
low wind 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

49.14 
Fig. 4. 21 

19.51 
60.74 

Fig. 4. 22 
24.11 79.79 31.68 135.99 53.99 251.89 

21.24 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.72 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

10 
Sunny with 
clouds and 
high wind 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

10.82 
Fig. 4. 23 

4.30 
15.75 

Fig. 4. 24 
6.25 36.07 14.32 140.71 55.86 251.89 

2.56 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.78 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

11 
Sunny and 
high wind 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

15.98 
Fig. 4. 25 

6.34 
15.98 

Fig. 4. 25 
6.34 32.53 12.91 135.99 53.99 251.89 

719.53(𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.69 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 



 

12 
Sunny with 
clouds and 
high wind 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

9.39 
Fig. 4. 26 

3.73 
18.93 

Fig. 4. 27 
7.52 36.07 14.32 140.71 55.86 251.89 

11.63 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.81 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

13 
Sunny and 
high wind 

Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 11% 

14.07 
Fig. 4. 28 

5.59 
16.33 

Fig. 4. 29 
6.48 32.53 12.91 135.99 53.99 251.89 

4.21 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.80 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

14 
Sunny and 
low wind 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

61.29 
Fig. 4. 30 

24.33 
61.29 

Fig. 4. 30 
24.33 79.79 31.68 135.99 53.99 251.89 

1161 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.65 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

15 
Sunny with 
clouds and 
low wind 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

56.56 
Fig. 4. 31 

22.45 
64.82 

Fig. 4. 32 
25.73 83.78 33.26 140.71 55.86 251.89 

17.68 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
1.03 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

16 
Sunny with 
clouds and 
low wind 

Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 11% 

57.90 
Fig. 4. 33 

22.99 
65.73 

Fig. 4. 34 
26.09 83.78 33.26 140.71 55.86 251.89 

12.28 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
1.06 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

17 
Cloudy and 
high wind 

Starts at 8h 
SOCbat

ini = 55% 
SOCH2

ini = 11% 

23.82 
Fig. 4. 35 

9.46 
26.82 

Fig. 4. 36 
10.65 

46.35 
Fig. 4. 37 

18.40 
166.69 

Fig. 4. 38 
66.18 

251.89 
Fig. 4. 5 

13.66 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.74 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

18 
Cloudy and 
low wind 

Starts at 8h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

78.39 
Fig. 4. 39 

31.12 
78.39 

Fig. 4. 39 
31.12 

98.79 
Fig. 4. 40 

39.22 
166.69 

Fig. 4. 38 
66.18 

251.89 
Fig. 4. 5 

1.39 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.59 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

19 
Cloudy and 
high wind 

Starts at 22h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

28.41 
Fig. 4. 41 

11.28 
28.41 

Fig. 4. 41 
11.28 46.35 18.40 166.69 66.18 251.89 

55.88 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.63 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

20 
Cloudy and 
low wind 

Starts at 22h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

80.41 
Fig. 4. 42 

31.92 
80.41 

Fig. 4. 42 
31.92 98.79 39.22 166.69 66.18 251.89 

3.16 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.65 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

21 
Cloudy and 
high wind 

Starts at 4h 
SOCbat

ini = 90% 
SOCH2

ini = 100% 

29.40 
Fig. 4. 43 

11.67 
29.40 

Fig. 4. 43 
11.67 46.35 18.40 166.69 66.18 251.89 

122.56(𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.62 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

22 
Cloudy and 
high wind 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

25.21 
Fig. 4. 44 

10.01 
28.83 

Fig. 4. 45 
11.45 46.35 18.40 166.69 66.18 251.89 

13.65 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
1.16 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

23 
Cloudy and 
high wind 

Starts at 4h 
SOCbat

ini = 55% 
SOCH2

ini = 11% 

27.01 
Fig. 4. 46 

10.72 
29.68 

Fig. 4. 47 
11.78 46.35 18.40 166.69 66.18 251.89 

8.69 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.93 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

24 
Cloudy and 
low wind 

Starts at 4h 
SOCbat

ini = 75% 
SOCH2

ini = 55% 

79.06 
Fig. 4. 48 

31.39 
79.42 

Fig. 4. 49 
31.53 98.79 39.22 166.69 66.18 251.89 

2.15 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶) 
0.75 (𝐶𝑜𝑠𝑡𝑀𝑃𝐶

𝐵𝑆𝑆 ) 

  


