Fundamentals for the design of energy management strategies for smart grids based on predictive control techniques.
Methodology and case studies

Pajares A.*", Vivas F.J.2, Blasco X.}, Herrero J.M.}, Segura F.? and Andujar J.M.?

! Instituto Universitario de Automatica e Informatica Industrial, Universitat Politécnica de V aléncia, 1V alencia, Spain
2 Research Centre on Lechnology, Energy and Sustainability (CITES), University of Huelva, Spain

(c) (d)
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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 paper? (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).
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1. Microgrid architecture for residential application (case 1, Fig. 1).

T 100
9
6 -1 80
R —
N ’ A ~—— - 60
3 Rk
S . / -+ 40
D‘i _3 L
-6 = Pyria = Pyvac |1 20
Pyy =7* SOCpq| |
9 1 1 1 —Ppy Py, "**SOCy,
0
8h 13h 18h 23h 4h
Time (h)
Fig. 1. 1. Power and SOC profiles obtained for scenarios 1 and residential application.
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Fig. 1. 2. Power and SOC profiles obtained for scenarios 1 and residential application.
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Fig. 1. 3. Power and SOC profiles obtained for scenario 1 and 2 and residential application.
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Fig. 1. 4. Power and SOC profiles obtained for scenario 1, 2, 8, 9, 15 and 16 and residential application.
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Fig. 1. 5. Power and SOC profiles obtained for scenario 2 and residential application.
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Fig. 1. 6. Power and SOC profiles obtained for scenario 2 and residential application.
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Fig. 1. 7. Power and SOC profiles obtained for scenario 3 and residential application.
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Fig. 1. 8. Power and SOC profiles obtained for scenario 3 and residential application.
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Fig. 1. 9. Power and SOC profiles obtained for scenario 4 and residential application.
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Fig. 1. 10. Power and SOC profiles obtained for scenario 4 and residential application.
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Fig. 1. 11. Power and SOC profiles obtained for scenario 5 and residential application.
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Fig. 1. 12. Power and SOC profiles obtained for scenario 6 and residential application.
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Fig. 1. 13. Power and SOC profiles obtained for scenario 6 and residential application.
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Fig. 1. 14. Power and SOC profiles obtained for scenario 7 and residential application.
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Fig. 1. 15. Power and SOC profiles obtained for scenario 7 and residential application.
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Fig. 1. 16. Power and SOC profiles obtained for scenario 8 and residential application.
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Fig. 1. 17. Power and SOC profiles obtained for scenario 8 and residential application.
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Fig. 1. 18. Power and SOC profiles obtained for scenario 8 and 9 and residential application.
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Fig. 1. 19. Power and SOC profiles obtained for scenario 9 and residential application.
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Fig. 1. 20. Power and SOC profiles obtained for scenario 9 and residential application.
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Fig. 1. 21. Power and SOC profiles obtained for scenario 10 and residential application.
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Fig. 1. 22. Power and SOC profiles obtained for scenario 10 and residential application.
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Fig. 1. 23. Power and SOC profiles obtained for scenario 11 and residential application.
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Fig. 1. 24. Power and SOC profiles obtained for scenario 11 and residential application.
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Fig. 1. 25. Power and SOC profiles obtained for scenario 12 and residential application.
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Fig. 1. 26. Power and SOC profiles obtained for scenario 13 and residential application.
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Fig. 1. 27. Power and SOC profiles obtained for scenario 13 and residential application.
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Fig. 1. 28. Power and SOC profiles obtained for scenario 14 and residential application.
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Fig. 1. 29. Power and SOC profiles obtained for scenario 14 and residential application.
100

Power (kW)

_Pbat PHA "'SOCbat —

(=]

8h 13h 18h 23h 4h
Time (h)

Fig. 1. 30. Power and SOC profiles obtained for scenario 15 and residential application.
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Fig. 1. 31. Power and SOC profiles obtained for scenario 15 and residential application.

T T T T
or = Ppy ]
—p, = Pyyac
6 Pya |-
= Lgrid

=

50

S

3 /

_ 3k i
6 I a
9L ] ] ] ] ]

8h 13h 18h 23h 4h

Time (h)

Fig. 1. 32. Power and SOC profiles obtained for scenario 15 and 16 and residential application.
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Fig. 1. 33. Power and SOC profiles obtained for scenario 16 and residential application.
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Fig. 1. 34. Power and SOC profiles obtained for scenario 16 and residential application.
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Fig. 1. 35. Power and SOC profiles obtained for scenario 17 and residential application.
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Fig. 1. 36. Power and SOC profiles obtained for scenario 17 and residential application.
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Fig. 1. 37. Power and SOC profiles obtained for scenario 18 and residential application.
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Fig. 1. 38. Power and SOC profiles obtained for scenario 18 and residential application.

SOC (%)

SOC (%)



T T T T 100
9 -
n T T e e ) e e mm—————— -~ -, — —
T - -~ " al
6 —T Y 5 -1 80
g
L I —
b 4
s B = 60
= | .
~ 0 " n.ulL n
Q.) ]
' gl T .
3 |
sk =Ppy = Pyria = Puyac 15
_Pbat PHA ne SOCbat
oL =—Pgy Py, ***SOCy, ]
B 1 1 1 1 0
4h %h 14h 15h 24h
Time (h)
Fig. 1. 39. Power and SOC profiles obtained for scenario 19 and residential application.
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Fig. 1. 40. Power and SOC profiles obtained for scenario 20 and residential application.
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Fig. 1. 41. Power and SOC profiles obtained for scenario 20 and residential application.
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Fig. 1. 42. Power and SOC profiles obtained for scenario 21 and residential application.
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Fig. 1. 43. Power and SOC profiles obtained for scenario 21 and residential application.
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Table 1. Results obtained in the microgrid architecture for residential application (case 1, Fig. 1). PH = 24 h. T, = 0.1 h. (360 sec.).
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2CPU processor Intel Core i7, 3.2 GHz with 16 GB RAM.
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2. Microgrid architecture for electric vehicle charging station application (case 2, Fig. 1).
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Fig. 2. 1. Power and SOC profiles obtained for scenario 1 and electric vehicle charging station application.
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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.
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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.
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Fig. 2. 6. Power and SOC profiles obtained for scenario 2 and electric vehicle charging station application.
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Fig. 2. 7. Power and SOC profiles obtained for scenario 2 and electric vehicle charging station application.
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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.
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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.
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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.
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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.
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Fig. 2. 16. Power and SOC profiles obtained for scenario 5 and electric vehicle charging station application.

SOC (%)



20

=

o .

10

Power (kW)
(e}

-10 |
[~ | ==Ppy == Ppy; =Py
20 F Py Pgyy = SOCpq N
=Py Pyy = SOCy,
1 1 1 1
22h 3h 8h 13h 18h
Time (h)
Fig. 2. 17. Power and SOC profiles obtained for scenario 6 and electric vehicle charging station application.
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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.
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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.
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Fig. 2. 23. Power and SOC profiles obtained for scenario 9 and electric vehicle charging station application.
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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.
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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.
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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.
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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.
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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.
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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.
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Fig. 2. 36. Power and SOC profiles obtained for scenario 15 and electric vehicle charging station application.
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Fig. 2. 37. Power and SOC profiles obtained for scenario 16 and electric vehicle charging station application.
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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.
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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.
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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.
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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.
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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.
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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.
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Fig. 2. 50. Power and SOC profiles obtained for scenario 23 and electric vehicle charging station application.
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Fig. 2. 51. Power and SOC profiles obtained for scenario 24 and electric vehicle charging station application.
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Fig. 2. 52. Power and SOC profiles obtained for scenario 25 and electric vehicle charging station application.
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Fig. 2. 53. Power and SOC profiles obtained for scenario 26 and electric vehicle charging station application.
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Fig. 2. 54. Power and SOC profiles obtained for scenario 27 and electric vehicle charging station application.
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Fig. 2. 55. Power and SOC profiles obtained for scenario 28 and electric vehicle charging station application.
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Table 2. Results obtained in the microgrid architecture for electric vehicle charging station application (case 2, Fig. 1). PH = 24 h. Ty = 0.1 h. (360 sec.).

Scenario Cost Computational
o . Costypc | Costypc/Costypg | Costsss, | CostBss.[Costyp | COStren |COSt en/Costypg| Costhl, | CosthY, [Costypg | Costyge cost?
Number Day Initial conditions €) %) €) ) €) %) € %) €) (sec.)
Starts at 8h
Sunny and A 4.38 4.49 13.66 34.56 67.75 | 3.59 (Costupc)
1 ini — 550 . . . .
highwind | S0Cbat =25% | g0 s 4 6.46 Fig. 2.2 6.63 Fig. 2. 3 20.16 Fig. 2. 4 >1.01 Fig. 2.5 | 0.70 (CostBSS.
socit = 14%
Sunny with Starts at 8h
2 cloudsand | - socgy. = 55% Fi6 82 6 10.07 Fi6 920 7 10.18 Fi13 568 20.16 F?S 549 >7.18 F?7 ZSS 3 ii (((cjostgspSC )
high wind SOC%?Zi = 149, g. 2. g. 2. g. 2. g. 2. g. 2. . ostyipc)
Sunny with Starts at 8h
T 7 . 16.21 . . .
3 cloudsand | socy =75% |, . 2310 8.46 Fi X (2)011 8.86 Fi X 2.8 2393 Fi38 249 >7.18 F?7 355 ggg (((cjost?g:)
high wind sociy = 60% g < 8- 2 8- & g <. 8. 2. . ostypc)
Starts at 8h
Sunny and - 3.25 3.59 23.86 34.56 67.75 | 5.18 (Costypc)
4 ini — 750 . . . .
highwind | S0Ckt=75% g 5 45 4.80 Fig. 2. 13 >-30 Fig. 2. 3 35.22 Fig. 2. 4 >1.01 Fig. 2.5 | 0.55 (CostBSS,)
socit = 60%
Starts at 8h
Sunny and T 15.20 16.00 23.86 34.56 67.75 | 3.17 (Costupc)
ini — 0
> lowwind | SO0Chat=75% | 5 44 2244 Fig. 2. 15 23.62 Fig.2.16] 3222 Fig. 2. 4 >1.01 Fig. 2.5 | 0.82 (CostBSS,)
socii = 60%
Starts at 22h
Sunny and r 4.28 4.59 3.65 (Costypc)
6 ) socim, =90% | 6.32 . 6.77 16.21 23.93 38.74 51.01 67.75 P
high wind S0ciM = 100% Fig. 2. 17 Fig. 2. 18 0.77 (CostB5%)
Sunny with | Starts at 22h
7 cloudsand | soci = 90% |_. 6'§ 119 10.05 i 7'2320 10.38 16.21 23.93 38.74 57.18 67.75 3'?? EEOStg“;’SC)
high wind | socii =100% | '& = g 2. 75 (CostBSS.)
Starts at 22h
Sunny and - 3.25 3.93 5.24 (Costypc)
8 ) socim, = 75% | 4.80 . 5.80 13.66 20.16 34.56 51.01 67.75 P
high wind S0CH = 60% Fig. 2. 21 Fig. 2. 22 0.59 (CostB5)
Starts at 22h
r 15. 16.32 .
9 Slunny 2 ndd sociit =75% | 525623 297 | 623 Ja| 2409 23.86 35.22 34.56 51.01 67.75 ézi EEOStg“;’SC)
ow win socin — 609 |Fi8-2- ig. 2. . ostBSS
Sunny with Starts at 22h
10 | cloudsand | soci=75% | 5'3825 8.53 . 6';’82 6 9.42 16.21 23.93 34.56 57.18 67.75 g'ii ((EOSEEASPSC)
high wind soci = 60% 8 < g 4 . ostBS%
Starts at 4h
Sunny and . 5.22 5.54 5.60 (Costypc)
ini — 0
11 highwind | SOCE: =90% |0 7.70 Fig. 2. 28 8.18 13.66 20.16 34.56 51.01 67.75 | Jcq (CosthS5)
socii = 100%

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




Sunny with

Starts at 4h

12 clouds and soci = 75% |, 6';029 9.00 i 6';330 9.34 16.21 23.93 38.74 57.18 67.75 z'zg ((g"s’;{;;’;)
high wind socm = 60% | & g2 .57 (CostBSs.
Starts at 4h
Sunny and - 4.37 4.46 2.75 (Costuypc)
13 L socini =55% |_. 6.45 . 6.58 13.66 20.16 34.56 51.01 67.75 e
high wind Socim = 14% Fig. 2.31 Fig. 2. 32 0.59 (CostESs.
Sunny with Starts at 4h
" . 62 2.80 (C
14 clouds and sociy, = 55% |, 6 ;’533 9.67 Ei 6;’ 34 9.77 16.21 23.93 38.74 57.18 67.75 | ig ((C"Sig;’;)
high wind sochi = 14% | ‘& g 2. .68 (CostBss.
Starts at 4h
15 Slun”y f"mdd socint = 90% F.16'2925 25.02 F.17'22636 25.48 23.86 35.22 34.56 51.01 67.75 (3)'2‘; ((g”““;;’;)
oW win socim = 100% ig. 2. ig. 2. . ostipe
Sunny with Starts at 4h
" 18.2 18.7 2
16 clouds and socim, = 75% |-, 82 27 27.00 i 82 %8 27.73 26.95 39.78 38.74 57.18 67.75 ‘Z’) 52 ((ZOSZ{;;’;)
low wind soci = 60% g < g 2 . ostBSy.
Starts at 4h
Sunny and o 16.22 16.95 4.73 (Costypc)
17 . socin. =559 | _. 23.94 . 25.02 23.86 35.22 34.56 51.01 67.75 e
low wind S0CiH = 149% Fig. 2. 39 Fig. 2. 40 0.83 (CostESs-
Sunny with Starts at 4h
18 cloudsand | socin = 55% Fi19'2074 . 28.15 Fi19'26742 29.03 26.95 39.78 38.74 57.18 67.75 é‘éi ((g"s‘;g;c)
low wind sochi = 14% | ‘& g 2. .54 (CostESs,
Starts at 8h
Cloudy and " 15.19 15.19 25.32 53.27 67.75 | 0.90 (Costype)
ini — 0, . . . .
19 highwind | S0Cbat =55% g 5 43 22.42 Fig. 2. 43 22.42 Fig.2.44] 737 Fig. 2. 45 78.63 Fig. 2.5 | 0.57 (CostESs.
socii = 14%
Starts at 8h
Cloudy and " 14.29 14.29 25.32 53.27 67.75 | 1.27 (Costype)
1mni — 0, . . . .
20 highwind | S0Chac=75% oo 5 4l 2109 g5 ael 2109 pg o aa 373 kg 2as| 789 Ihig 2.5 0.60 (coseEs
socii = 60%
Starts at 8h
Cloudy and " 31.93 31.93 38.55 53.27 67.75 | 0.90 (Costypc)
ini — 0, . . . .
21 low wind SOChar = 75% g0 5 47 47.13 Fig. 2. 47 47.13 Fig.2.48 0% Fig. 2. 45 78.63 Fig. 2.5 | 0.59 (CostESs.
socii = 60%
Starts at 22h
Cloudy and - 15.34 15.34 1.04 (Costypc)
22 o socin =90% | 22.64 . 22.64 25.32 37.37 53.27 78.63 67.75 e
high wind S0Ci = 100% Fig. 2. 49 Fig. 2. 49 0.63 (CostESs.
Starts at 22h
Cloudy and - 14.68 14.68 1.11 (Costypc)
mi— Y . . . . . . .
23 high wind S0CH, = 75% Fig. 2. 50 21.67 Fig. 2. 50 21.67 25.32 37.37 53.27 78.63 6775 | ocg (CostES
soci = 60%
Starts at 22h
Cloudy and - 32.29 32.29 0.98 (Costypc)
mi— 0 . . . . . . .
24 low wind socin. = 75% Fig. 2. 51 47.66 Fig. 2. 51 47.66 38.55 56.90 53.27 78.63 6775 | Jee (CostESS

soci = 60%
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SOC (%)

SOC (%)



100

150 T T T T
100
—~
= 50
N3
~
2
S 0
A
-50 '-'1 ".r —ﬁpv —P 20
4 L P“’ad = SOCy,
-~ ——— = Fpat
o= S0Cyq
-100 I I I H I 0
4h %h 14h 15h 24h
Time (h)
Fig. 3. 11. Power and SOC profiles obtained for scenario 5 and industrial application.
150 100
100 80
—~
= 50 :
60
N3
~
2
S 0
< 40
-50 == Ppy 720
Pluad — ?glg
== Pyt H2 17
-100 1 1 1 0
4h %h 14h 15h 24h

Time (h)

Fig. 3. 12. Power and SOC profiles obtained for scenario 5 and industrial application.
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Fig. 3. 14. Power and SOC profiles obtained for scenario 6 and industrial application.
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Fig. 3. 16. Power and SOC profiles obtained for scenario 7 and industrial application.
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Fig. 3. 18. Power and SOC profiles obtained for scenario 8 and 9 and industrial application.
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Fig. 3. 19. Power and SOC profiles obtained for scenario 8 and industrial application.
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Fig. 3. 21. Power and SOC profiles obtained for scenario 9 and industrial application.
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Fig. 3. 22. Power and SOC profiles obtained for scenario 10 and industrial application.
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Fig. 3. 24. Power and SOC profiles obtained for scenario 11 and industrial application.
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Fig. 3. 28. Power and SOC profiles obtained for scenario 13 and industrial application.
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Fig. 3. 29. Power and SOC profiles obtained for scenario 13 and industrial application.
150 100
100 80
N 50 )
60
N3
~
2
0
< 40
-50 20
-100 1 1 1 1 0
4h %h 14h 15h 24h
Time (h)

Fig. 3. 30. Power and SOC profiles obtained for scenario 14 and industrial application.
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Fig. 3. 31. Power and SOC profiles obtained for scenario 14 and industrial application.
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Fig. 3. 32. Power and SOC profiles obtained for scenario 15 and 16 and industrial application.
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Fig. 3. 33. Power and SOC profiles obtained for scenario 15 and industrial application.

150 T T T =P —p .
grt

100

N
(e}

Power (kW)
(e}

-100 1 1 1 1

8h 13h 18h 23h 4h
Time (h)

Fig. 3. 34. Power and SOC profiles obtained for scenario 16 and industrial application.
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Fig. 3. 35. Power and SOC profiles obtained for scenario 17 and industrial application.
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Fig. 3. 36. Power and SOC profiles obtained for scenario 18 and industrial application.
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Fig. 3. 37. Power and SOC profiles obtained for scenario 19 and industrial application.
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Fig. 3. 38. Power and SOC profiles obtained for scenario 20 and industrial application.
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Table 3. Results obtained in the microgrid architecture for industrial application (case 3, Fig. 1). PH = 24 h. T = 0.1 h. (360 sec.).
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4. Microgrid architecture for community application (case 4, Fig. 1).
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Fig. 4. 1. Power and SOC profiles obtained for scenario 1 and community application.
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Fig. 4. 2. Power and SOC profiles obtained for scenario 1 and community application.
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Fig. 4. 4. Power and SOC profiles obtained for scenario 1, 4 and 5 and community application.
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Fig. 4. 6. Power and SOC profiles obtained for scenario 2 and community application.
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Fig. 4. 10. Power and SOC profiles obtained for scenario 3 and community application.
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Fig. 4. 16. Power and SOC profiles obtained for scenario 5 and community application.
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Fig. 4. 17. Power and SOC profiles obtained for scenario 6 and community application.
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Fig. 4. 18. Power and SOC profiles obtained for scenario 7 and community application.
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Fig. 4. 19. Power and SOC profiles obtained for scenario 8 and community application.
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Fig. 4. 20. Power and SOC profiles obtained for scenario 8 and community application.
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Fig. 4. 21. Power and SOC profiles obtained for scenario 9 and community application.
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Fig. 4. 22. Power and SOC profiles obtained for scenario 9 and community application.
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Fig. 4. 23. Power and SOC profiles obtained for scenario 10 and community application.
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Fig. 4. 24. Power and SOC profiles obtained for scenario 10 and community application.
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Fig. 4. 25. Power and SOC profiles obtained for scenario 11 and community application.
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Fig. 4. 26. Power and SOC profiles obtained for scenario 12 and community application.
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Fig. 4. 27. Power and SOC profiles obtained for scenario 12 and community application.
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Fig. 4. 28. Power and SOC profiles obtained for scenario 13 and community application.
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Fig. 4. 29. Power and SOC profiles obtained for scenario 13 and community application.
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Fig. 4. 30. Power and SOC profiles obtained for scenario 14 and community application.
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Fig. 4. 31. Power and SOC profiles obtained for scenario 15 and community application.
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Fig. 4. 32. Power and SOC profiles obtained for scenario 15 and community application.
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Fig. 4. 33. Power and SOC profiles obtained for scenario 16 and community application.
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Fig. 4. 34. Power and SOC profiles obtained for scenario 16 and community application.
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Fig. 4. 35. Power and SOC profiles obtained for scenario 17 and community application.
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Fig. 4. 36. Power and SOC profiles obtained for scenario 17 and community application.
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Fig. 4. 37. Power and SOC profiles obtained for scenario 17 and community application.
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Fig. 4. 38. Power and SOC profiles obtained for scenario 17 and 18 and community application.
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Fig. 4. 39. Power and SOC profiles obtained for scenario 18 and community application.
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Fig. 4. 40. Power and SOC profiles obtained for scenario 18 and community application.
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Fig. 4. 41. Power and SOC profiles obtained for scenario 19 and community application.
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Fig. 4. 42. Power and SOC profiles obtained for scenario 20 and community application.
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Fig. 4. 43. Power and SOC profiles obtained for scenario 21 and community application.
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Fig. 4. 44. Power and SOC profiles obtained for scenario 22 and community application.

S0C (%)

SOC (%)



80 = 100
40
S
<
- 0]
)
=
Q
S
-40
- =Ppy =Pgiq | ] 20
PW Pload
-80 — Pyt **SOCy,
| | | | 0
4h 9h 14h 15h 24h 4h
Time (h)
Fig. 4. 45. Power and SOC profiles obtained for scenario 22 and community application.
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Fig. 4. 46. Power and SOC profiles obtained for scenario 23 and community application.
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Fig. 4. 47. Power and SOC profiles obtained for scenario 23 and community application.
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Fig. 4. 48. Power and SOC profiles obtained for scenario 24 and community application.
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Fig. 4. 49. Power and SOC profiles obtained for scenario 24 and community application.
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Table 4. Results obtained in the microgrid architecture for community application (case 4, Fig. 1). PH = 24 h. T, = 0.16 h. (600 sec.).

Scenario Cost Computational
. ops COStMpc COStMpc/COStMEG COStll\;/lSPSC COStﬁSPFC/COStMEG COStren COStl‘en/COStMEG COStEXn Costfgn/COStMEG COStMEG COStZ
Number Day Initial conditions €) %) €) ) €) %) €) ) €) (sec.)
Starts at 8h
Sunny and - 4.30 12.28 32.53 135.99 251.89 |11.64 (Costuypc)
1 e socint =55% | .. 1.71 : 4.88 . 12.91 ; 53.99 : e
high wind socim = 11% Fig. 4.1 Fig. 4.2 Fig. 4.3 Fig. 4.4 Fig. 4.5 | 0.91 (CostESs.
Sunny with Starts at 8h
- 7.77 15. .07 140.71 251. 12.64 (C
2 cloudsand | s0Chi =55% | o 4 308 Fi 5207 031 Fi362 g| 1432 Fi 04 9 >>-86 Fi5 4895 0 968 ((c osgggd
high wind socii =119% |''& ™ g4 g4 g4 g.4.5 | 0.98 (CostESs.
Sunny with Starts at 8h
- 10.28 15.17 36.07 140.71 251.89 | 6.67 (Costuypc)
3 clouds and socini = 75% . 4.08 . 6.02 . 14.32 . 55.86 . BSS
high wind SocH — 5505 |Fi&-4-10 Fig. 4. 11 Fig. 4.8 Fig. 4.9 Fig. 4.5 | 0.83 (CostZS.
Starts at 8h
Sunny and T 6.71 11.56 32.53 135.99 251.89 | 5.48 (Costypc)
ini — 0, . . . .
4 highwind | S0kt =75% g0 g 49 2.66 Fig. 4. 13 4.59 Fig. 4.3 1291 Fig. 4. 4 23.99 Fig. 4.5 | 0.80 (CostESs,
socit = 55%
Starts at 8h
Sunny and T 51.63 59.04 79.79 135.99 251.89 | 7.26 (Costypc)
ini — 0
> low wind SOChae = 75% |bio 4 14 2050 Fig. 4. 15 2344 Fig.4.16) .98 Fig. 4. 4 23.99 Fig. 4.5 | 0.89 (CostESs.
sociti = 55%
Starts at 22h
Sunny and o 13.48 13.48 795.60(Costypc)
6 . . soci, = 90% . 5.35 . 5.35 32.53 12.91 135.99 53.99 251.89 BSS
high wind S0cin = 100% Fig. 4. 17 Fig. 4. 17 0.77 (CostESs-
Sunny with Starts at 22h
7 cloudsand | soci =90% Fi1647618 6.65 Fi1647618 6.65 36.07 14.32 140.71 55.86 251.89 207352 ((g"fgg)
highwind | socii =100% | &% g 4. 75 (CostESs,
Starts at 22h
Sunny and - 7.58 12.51 2.05(Costypc)
i — Y . . . . . . .
8 high wind SOC?SF = 750/0 Fig. 4. 19 3.01 Fig. 4. 20 4.97 32.53 12.91 135.99 53.99 251.89 0.69 (CostESS,
socim = 55%
Starts at 22h
o 49.14 74 21.24
9 sunny and |G g0, | 49 19.51 60 24.11 79.79 31.68 135.99 53.99 | 251.89 (Costurc)
low wind e _ Ero Fig. 4.21 Fig. 4. 22 0.72 (CostESs.
socim = 55%
Sunny with Starts at 22h
10 cloudsand | socin = 75% Filofzz3 4.30 Fi154752 A 6.25 36.07 14.32 140.71 55.86 251.89 ‘(7')"32 ((g"si{;;’;)
high wind soci = 55% A g = . ostESy.
Starts at 4h
Sunny and . 15.98 15.98 719.53(Costypc)
ini — 0
11 high wind SS(;)CCiE?t_ 19()%{;0 Fig. 4. 25 6.34 Fig. 4. 25 6.34 32.53 12.91 135.99 53.99 251.89 0.69 (CostEsS.
H2 —™

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



Sunny with

Starts at 4h

ol 9.39 18.93 11.63 (c
12 clouds and SOCH = 75% |0 4. 26 3.73 Fio 4. 27 7.52 36.07 14.32 140.71 55.86 251.89 0.81 ((C "St’;ﬂg’f)
high wind soci =550 | &% g% oL (Costupe
Starts at 4h
Sunny and - 14.07 16.33 4.21 (Costypc)
mi - — 0, . . . . . . .
13 high wind S0Cig, = 55% Fig. 4. 28 5.59 Fig. 4. 29 6.48 32.53 12.91 135.99 53.99 251.89 | oo (CostESS
sociy =11%
Starts at 4h
14 Slun”y f"mdd socini = 90% F_6142930 24.33 F'612122,o 24.33 79.79 31.68 135.99 53.99 251.89 21251 ((g”“g;f)
oW win socim = 100% ig. 4. ig. 4. . ostiipe
Sunny with Starts at 4h
ol . 4.82 17.68 (C
15 cloudsand | socin = 75% Fi564563 1 22.45 Fi6 48 3 25.73 83.78 33.26 140.71 55.86 251.89 | 538 ((C "S;“;Q’C)
low wind socim = 550, | &% g- 4 .03 (CostESs,
Sunny with Starts at 4h
T 7. 7 12.2
16 cloudsand | socin =55% Fi5 49033 22.99 Fi65 A 3’3 A 26.09 83.78 33.26 140.71 55.86 251.89 | : ((Ccost’;“g’d
low wind socin = 11% | ‘&% g% Lo lCostipe
Starts at 8h
Cloudy and ol 23.82 26.82 46.35 166.69 251.89 [13.66 (Costypc)
ml — 0, . . . .
17 highwind | S0Cht =55% gy 35 9.46 Fig. 4. 36 1065 Fig.4.37 1840 Fig. 4. 38 66.18 Fig. 4.5 | 0.74 (CostESs.
sociti =11%
Starts at 8h
Cloudy and " 78.39 78.39 98.79 166.69 251.89 | 1.39 (Costypc)
i — 0, . . . .
18 low wind SOChar = 75% g0 4 39 31.12 Fig. 4. 39 31.12 Fig.4.40, 5022 Fig. 4. 38 66.18 Fig. 4. 5| 0.59 (CostEss.
sociti = 55%
Starts at 22h
Cloudy and rn 28.41 28.41 55.88 (Costupc)
19 o sociti =90% | 11.28 . 11.28 46.35 18.40 166.69 66.18 251.89 e
high wind S0CiH = 100% Fig. 4. 41 Fig. 4. 41 0.63 (CostESs-
Starts at 22h
Cloudy and r 80.41 80.41 3.16 (Costupc)
20 . socint =75% | 31.92 . 31.92 98.79 39.22 166.69 66.18 251.89 e
low wind S0CH = 55% Fig. 4. 42 Fig. 4. 42 0.65 (CostESs-
Starts at 4h
Cloudy and " 29.40 29.40 122.56(Costypc)
21 o socint =90% | 11.67 . 11.67 46.35 18.40 166.69 66.18 251.89 R
high wind S0Cil = 100% Fig. 4. 43 Fig. 4. 43 0.62 (CostESs.
Starts at 4h
Cloudy and - 25.21 28.83 13.65 (Costypc)
mi— Y . . . . . . .
22 high wind S0Ck, = 75% Fig. 4. 44 10.01 Fig. 4. 45 11.45 46.35 18.40 166.69 66.18 251.89 |/ ¢ (CostES
socim = 55%
Starts at 4h
Cloudy and - 27.01 29.68 8.69 (Costuypc)
mi— Y . . . . . . .
23 high wind S0CH, = 5% Fig. 4. 46 10.72 Fig, 4. 47 11.78 46.35 18.40 166.69 66.18 251.89 | oo (CostES
soci =11%
Starts at 4h
Cloudy and . 79.06 79.42 2.15 (Costypc)
mi— 0 . . . . . . .
24 low wind socin. = 75% Fig. 4. 48 31.39 Fig. 4. 49 31.53 98.79 39.22 166.69 66.18 251.89 | o (CostES

soci = 55%




