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Summary

This dissertation proposes a design method considering the transient stability of a
stand-alone microgrid based on multi-ESS(Energy stroage system), The proposed
method contributes to securing transient stability of the power system by maintaining
the output margin of the CVCF ESS. In this system, the auxiliary ESS prepares for
disturbances such as cut-off accidents. In addition, the three-phase reactive current
components and the unbalanced current components are shared with the CVCF ESS
to prevent PCS(Power conversion system) overload situations. In the event of a
CVCF ESS failure that cannot be operated in a single ESS, the power system is
restored by switching roles with the auxiliary ESS. To verify the transient stability
analysis, Floriana Island, in the Galapagos Islands of Ecuador, was selected as a
sample model, and its simulation model, which made by the PSCAD/EMTDC
program, was applied with actual power system parameters such as weather data and
power load of the island.

The assumed accident simulation analysis to verify the transient stability
improvement effect was performed based on a total of five cases that may occur in
the actual microgrid. In the case of transient stability, the operation of the voltage
relay and the overload of the inverter-based facilities were checked. The recovery
process for the CVCF ESS dropout was also presented compared with the single and
multi-ESS cases. As a result of the transient state analysis in multi-ESS based on
power balance control, it was confirmed that 130% overload occurred due to the lack
of output margin of the CVCF ESS when renewable energy rapidly increased.
However, in the proposed method, only a momentary voltage rise was shown.

Therefore, the design method considering transient stability will be able to
contribute to stable microgrid operation. And in the event of a long-term failure of
the CVCF ESS, it can be economically helpful to the microgrid by the switching

roles of auxiliary ESS.
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Fig. 4.2 Actual single line diagram of sample island
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0.03 [MVA]
0.22 [kv]/ 13.8 [kv]

P =1.918e-010
Q = 2.515e-016

V =13.88
BRKSWY =

72 )#1
A T
I
1.0 [ohm]

0

23.45 kW Desalination plant

Table 4.1 Parameters of desalination plant

Fig. 4.6 Simulation model of desalination plant

Units Values
Rated power kVA 4
Rated RMS phase voltage A\ 127
Rated RMS phase current A 19
Polar moment of inertia ms 1700
Stator resistance pu 0.066
Stator unsaturated leakage reactance pu 0.046
Unsaturated magnetizing reactance pu 3.860
Rotor unsaturated mutual reactance pu 0.122
Mechanical damping pu 0.010
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Table 4.2 Parameters

of distributed resources

Items Units Values
Maximum power kWp 100
PV array
Maxumum voltage \% 530
Inductance uH 100
DC/DC )
Capacitance uF 1000
converter
switching frequency Hz 2000
Filter inductance mH 2
Filter capacitance uF 91
DC/AC O
] Switching frequency Hz 2500
mverter
DC link capacitance uF 1100
DC link voltage \% 700
Rated power kVA 60
Rated RMS phase voltage \Y% 220
Diesel Rated RMS line current A 150
generator Unsaturated reactance pu 1.014
Unsaturated transient reactance pu 0.314
Unsaturated transient sub reactance pu 0.280
42 ESS 74 ¥ HAFH 4 2=
3o A et e dAHAEE 1#H3 thF ESS AA WHY ASE HEl
AFEH sy nde ddx} tpF ESSE yyol 2dd Felon ths ESS+
A EY 5 ACE FdsE 499 vad £ QRS ESSY AoE
WAste] F71 maae Fas
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Table 4.3 Parameters of single ESS

Items Units Values
Battery capacity kWh 600
Converter capacity kW 200
Filter inductance mH 1
Filter capacitance ulF 350
Switching frequency Hz 2500
DC link capacitance uF 2200
DC link voltage \% 800
Rated line current A 428
Maximum line current A 471

[MV Al

1.0 [ohm]
P =0.05878
Q =0.020594 0.15 [MVA]
V=16 13.8 [kv] / 0.38 [kv] PV 100 kw
—8 G*B ﬁ
BRKEPY 1_new
1.0 [ohm]
P = -0.2538
Q = -0.00656 0.15 [MV A] )
V=16 13.8 [kv] / 0.38 [kv] PV 100 kw
o Gl
BRKFY 2_new
] = .

1.0 [ohm]
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Fig. 4.11 Simulation model of PV and ESS
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Table 4.4 Parameters of multi-ESS

Items Units Values
Battery capacity kWh 300
Converter capacity kW 100
Filter inductance mH 2
Filter capacitance uF 150
Switching frequency Hz 2500
DC link capacitance uF 1100
DC link voltage \% 800
Rated line current A 214
Maximum line current A 235
P = 0.05378 Battery
Q =0.02094 0.15 [Mv A]
V=16 13.8 [kv] [ 0.38 [kv]
&
> |
1.0 [ohm]
P = -0.258 Battery
Q =-0.006%6 0.15 [MV A]
V=16 13.8 [kv] J 0.38 [kv]
— —
_@)]— e'a BRESIV 1
ol S
1.0 [ohm]
P =0.05878
=0.,02094 0.15 [MV A
Q V= 18 13.8 [kv] ,,E 0.3% [kv] PV 100 kw
= —
e
i - BRKPY 1_new
v i
1.0 [ohm]
P =-0.2538
= -0.00656 0.15 [MVA
" V=16 13.8 [kv] ,.E 0.3% [kv] PV 100 kw
= —
A
@J - BRKPY 2_new
v i
1.0 [ohm]

Fig. 4.16 Simulation model of PV and

multi-ESS
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Table 5.1 Summary of simulation results

Fault cases Scenario 1 | Scenario 2 | Scenario 3

CVCF ESS break down | Black out Emergency operation

PV inverter cut off Normal Normal Normal
PV fluctuation Normal Overload Normal
Power load fluctuation Normal Normal Normal
Power load cut off Normal Normal Normal
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