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B.2 Impact on Energy Storage System

Case A) No Storage Connected

Table B.2: Active power in Case A. When active power generation is fed into the MV grid,
the need for additional active power P12 from the stiff grid is reduced. As the wind farm
consumes an increasing amount of reactive power Qwind, Q12 increases

Parameter t>0 s t>300 s t>600 s
Active power [MW]

Pwind - -2.0 -8.0
P12 -12.28 -10.33 -5.086

Total -12.28 -12.33 -13.09
Grid losses 0.929 0.66 0.5032

Reactive power [MVAr]
Qwind - 0.303 1.001
Q12 -3.98 -4.33 -5.432

Total -3.98 -4.027 -4.431

Figure B.5: Active power in the grid, P12 and Pwind in Case A. As Pwind increases, the need
for additional active power P12 from the stiff grid is reduced



B6 APPENDIX B. ADDITIONAL SIMULATION RESULTS

Figure B.6: Reactive power in the grid, Q12 and Qwind, in Case A. As the wind farm consumes
an increasing amount of reactive power Qwind, Q12 increases
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Case B) Storage Connected at Bus 3

Table B.3: Active power in Case B. When active power generation is fed into the MV grid
in the second time period, the need additional power from the stiff grid, and P12 is reduced.
Also active power from the storage system is reduced, and when WF production increases in
the third time period the storage system starts consuming active power. Grid active losses
is reduced due to the WF in the second time period, while increased in the third as more
reactive power is consumed in the MV grid, and hence Q12 is increasing

Parameter t>0 s t>300 s t>600 s
Active power [MW]

Pwind - -2.0 -8.0
P12 -10.0 -9.623 -8.672

Pstorage -2.341 -0.757 3.583
Total -12.34 -12.38 -13.09

Grid losses 0.675 0.605 1.007
% change -30.27 -13.45 85.45from Case A

Reactive power [MVAr]
Qwind - 0.307 0.926
Q12 -1.743 -3.609 -8.794

Qstorage -2.341 -0.757 3.583
Total -4.084 -4.06 -4.285

Figure B.7: Storage system active and reactive power, Pstorage and Qstorage, in Case B. When
active power generation is fed into the MV grid, the need for active power from the storage
system is reduced, and eventually is starts consuming active power. As x = −y = 0.707,
Qstorage = Pstorage
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Figure B.8: Active power in the grid, P12 and Pwind, in Case B. As Pwind increases, P12
decreases

Figure B.9: Reactive power in the grid, Q12 and Qwind, in Case B. As reactive power con-
sumption by the WF increases and in addition the storage system consumes reactive power
in the third time period, Q12 increases
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Case C) Storage Connected at Bus 6

Table B.4: Active power in Case C. When active power generation is fed into the MV grid,
the need for additional active power P12 from the stiff grid is reduced. Also active power
from the storage system is reduced, and when WF production increases in the third time
period the storage system starts consuming active power. Grid active losses is reduced due
to the WF in the second time period, while increased in the third as more reactive power is
consumed in the MV grid, and hence Q12 is increasing

Parameter t>0 s t>300 s t>600 s
Active power [MW]

Pwind - -2.0 -8.0
P12 -9.91 -9.091 -7.014

Pstorage -2.62 -1.408 2.142
Total -12.53 -12.5 -12.87

Grid losses 0.57 0.502 0.786
% change -41.12 -28.18 44.75from Case A

Reactive power [MVAr]
Qwind - 0.314 0.933
Q12 -1.492 -3.009 -7.366

Qstorage -2.62 -1.408 2.142
Total -4.111 -4.103 -4.291

Figure B.10: Storage system active and reactive power, Pstorage and Qstorage, in Case C. When
active power generation is fed into the MV grid, the need for active power from the storage
system is reduced, and eventually is starts consuming active power. As x = −y = 0.707,
Qstorage = Pstorage
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Figure B.11: Active power in the grid, P12 and Pwind, in Case C. As Pwind increases, P12
decreases

Figure B.12: Reactive power in the grid, Q12 and Qwind, in Case C. As reactive power
consumption by the WF increases and in addition the storage system consumes reactive
power in the third time period, Q12 increases
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Comparison of Results

Table B.5: Percentage change in voltages when storage system is connected at Bus 3, when
comparing the voltage at one bus at one time with (Case B) and without (Case A) the storage
system connected. No wind generation is connected at t=0 s. At t=300 s, 2 MW of active
power is fed from the wind farm into the grid at Bus 6, while at 600 s additional 6 MW is
produced from the wind turbines

Change [%] t>0 s t>300 s t>600 s
V1 0.26 0.09 -0.35
V2 0.90 0.27 -1.41
V3 1.66 0.46 -2.40
V4 1.61 0.47 -2.23
V5 1.54 0.47 -2.11
V6 1.54 0.47 -2.09

Table B.6: Percentage change in voltages when storage system is connected at Bus 6, when
comparing the voltage at one bus at one time with (Case C) and without (Case A) the storage
system connected. No wind generation is connected at t=0 s. At t=300 s, 2 MW of active
power is fed from the wind farm into the grid at Bus 6, while at 600 s additional 6 MW is
produced from the wind turbines

Change [%] t>0 s t>300 s t>600 s
V1 0.26 0.09 -0.17
V2 0.99 0.54 -0.79
V3 1.76 0.82 -1.33
V4 3.32 1.68 -2.40
V5 4.90 2.53 -3.52
V6 5.67 2.90 -4.01

B.2.1 Change in Power Angle

Table B.7 on the next page shows all tested angles θ with corresponding x and y and asso-
ciated results for the case testing change in power angle
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Table B.7: Power angle test for Case C. The table show all tested angles θ with corresponding x and y and associated results.
Notation: “D”=discharge, “C”=charge

x y P Q C/D θ Pstorage Qstorage V1 V4 V6 Loss P12 Q12
1. Quadrant - Discharge

0.985 -0.174 Pos Pos C 10 3.059 0.54 11.48 10.95 11 0.603 -7.72 -5.779
0.866 -0.5 Pos Pos C 30 2.536 1.464 11.47 10.95 11 0.697 -7.309 -6.69
0.707 -0.707 Pos Pos C 45 2.142 2.142 11.47 10.96 11 0.7863 -7.014 -7.366
0.5 -0.866 Pos Pos C 60 1.68 2.91 11.46 10.97 11 0.9084 -6.688 -8.142

0.174 -0.985 Pos Pos C 80 0.7706 4.362 11.44 10.98 11 1.202 -6.093 -9.635
2. Quadrant - Discharge

0.174 0.985 Neg Pos D 110 - - - - - - - -
0.5 0.866 Neg Pos D 120 - - - - - - - -

0.707 0.707 Neg Pos D 135 -5.833 5.833 11.43 10.98 11 1.44 -5.737 -10.62
0.866 0.5 Neg Pos D 150 -3.249 1.876 11.48 10.95 11 0.6589 -7.476 -6.345
0.985 0.174 Neg Pos D 170 -2.404 0.4246 11.49 10.93 11 0.5383 -8.172 -4.848

3. Quadrant - Discharge
0.985 -0.174 Neg Neg D 190 -1.974 -0.349 11.5 10.93 11 0.5074 -8.554 -4.065
0.866 -0.5 Neg Neg D 210 -1.649 -0.952 11.51 10.92 11 0.4993 -8.858 -3.461
0.707 -0.707 Neg Neg D 225 -1.404 -1.404 11.51 10.91 11 0.5023 -9.091 -3.009
0.5 -0.866 Neg Neg D 240 -1.128 -1.953 11.52 10.91 11 0.5158 -9.373 -2.473

0.174 -0.985 Neg Neg D 260 -0.5503 -3.115 11.53 10.89 11 0.5808 -9.987 -1.345
4. Quadrant - Discharge

0.174 0.985 Pos Neg C 280 - - - - - - - -
0.5 0.866 Pos Neg C 300 - - - - - - - -

0.707 0.707 Pos Neg C 315 6.424 -6.424 11.55 10.86 11 0.8251 -11.15 -6.871
0.866 0.5 Pos Neg C 330 4.7723 -2.756 11.52 10.91 11 0.5105 -9.274 -2.634
0.985 0.174 Pos Neg C 350 3.707 -0.6548 11.5 10.93 11 0.5263 -8.268 -4.62


	
	
	
	
	

	
	
	
	
	
	

	
	
	
	

	
	
	
	
	
	


	
	
	
	
	
	

	
	
	

	
	

	
	
	
	
	
	

	

	
	
	
	
	

	
	

	
	
	
	
	

	
	
	
	



