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High Controllability

* Why AC/DC Hybrid Microgrid(HMG)?
* Improving DER hosting capacity

and bi-directional power flow control

* Improving grid stability and efficiency

Integration of DC systems enables flexible
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Fig. 1. The simplified target HMG
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Fig. 2. The advantages of HMG
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Enhance hosting capacity

The integration of DC systems
enhances the renewable hosting
capacity by handling voltage and
loading problems.
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The utilization of DC power
minimizes

Reduced Power Losses

electronic  interfaces

conversion and conduction losses,
improving overall system efficiency.

Power Transfer Capacity

R— The absence of reactive

—%power  and
@) increases the effective power
)~ transfer capability.
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* Increasing uncertainty with DER penetration

«  Wind output PV output
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* Uncertainties in DER

* forecast error, output fluctuation

* Impact of uncertainties
Ciouty

Fig. 3. Intermittent characteristic of DERs

* Voltage violation issue, power imbalance
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> Probabilistic analysis Is required to mitigate voltage violation issues

E Methodology

* Using voltage sensitivity matrix, standard deviation of each bus voltage 1s calculated
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Fig. 4. Bus voltage mean, standard deviation, voltage violation probability

under uncertainty (PPF results)

Proposed droop gain determination method

E Basic idea of proposed method

* Reduce voltage violation probability to below 1% by adjusting droop gains
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* Droop gain adjustment — Changes 1n voltage standard deviation — Reduce 1n voltage

violation risk
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Fig. 5. (a) Droop gains, (b) PDF, and (¢) CDF with respect to droop gain adjustments

* Derivation of the required standard deviation variation to maintain the voltage violation

probability below 1%
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E Framework of proposed method
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Fig. 6. Framework of proposed method
E Optimization algorithm

Droop gain decision algorithm
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Constraints

- Voltage, Current limit
- Standard deviation

- Amount of Droop gain variation
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Fig. 7. Optimization algorithm of proposed method
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Fig. 10. (a) Voltage profiles under WCS condition, and (b) pdf and cdf of the severe bus voltage
with the conventional and proposed methods
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Case Study

E System Configuration Cs3
2 substations, 11 Feeders %
° 229 kV 229 kV
2 decoupled AC MG (22.9 kV) T %_@
« 20.8MW load, 4 PVs, 1 ESS CAC -|Z|_ —
*AC system 1 : DER rich system “"™' e
* Meshed DC MG (20 kV)
DC line
*34.7 MW load, 6 PVs, 3 ESS AC line
Fig. 8. System Configuration
E Necessity of optimal droop gain determination
Power variations in the DC network influence the AC side
 AC/DC interdependency
* DC droop changes — AC voltage changes
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Fig. 9. Voltage variations of (a) DC and (b) AC under droop gain variations in CSs 3 and 4
E Case 1 : Voltage violation risk in AC MGs
* Voltage violation risk in AC MG 1 and 2 (max prob. 3.1%)
* Bus 34, 35, and 83
* By adjusting both AC and DC droop gains, Probab111ty of VQ,lt age V101at10n 1s mitigated
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E Case 2 : Voltage violation risk in AC MG and DC MG
* Voltage violation risk in AC MG 2 and DC MG (max prob. 11.1%)
* Atotal of 23 buses, including Bus 10(DC), Bus 83(AC)
* By adjusting both AC and DC droop gains, Probability of voltage violation 1s mitigated
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Fig. 11. (a) Voltage profiles under WCS condition, and (b) pdf and cdf of the severe bus voltage
with the conventional and proposed methods

) Discussion & Conclusion

g Minimizing the probability of voltage violation to below 1% by
optimal droop gain adjustment

E Validation of the proposed method in HMG with a high penetration
of uncertain resources




