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Presentation Outlines

1. Closed-loop operation of the distribution networks
2. DER integration standards
3. Adjustment rule for local voltage control characteristics
4. Why robust control? Why not stochastic control?
5. Formulation of robust voltage control
6. Simulation of robust voltage control in the UKGDS network
7. Conclusions and future works
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Closed-loop operation of the distribution network
Description

• : states , : control inputs, and :
disturbance vector

• Time step of network controller is
generally 5 to 15 minutes1;2.
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Figure 1: Distribution network control.

Note: computational efficiency is the
necessity.

• mixed-integer-convex/convex
modeling of optimization problem

1Valentina Dabic and Djordje Atanackovic. “Voltage VAR optimization real time closed loop deployment - BC Hydro challenges and opportunities”. In:
2015-Septe (2015), pp. 1–5. issn: 19449933. doi:

2K P Schneider and T F Weaver. “A Method for Evaluating Volt-VAR Optimization Field Demonstrations”. In: 5.4 (July 2014),
pp. 1696–1703. issn: 1949-3053. doi: 2

https://doi.org/10.1109/PESGM.2015.7286313
https://doi.org/10.1109/TSG.2014.2308872


Implication of discrete time-step on distribution network model

• For each time-step, the distribution network is modeled ( _ = ( ; ; ^)).
• The disturbance is not a constant within the time-step rather stochastic.
• Therefore, the states of network also becomes stochastic in nature.

Example: PV generation as the disturbance input to a controller
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Figure 2: Instantaneous value.
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Figure 3: 5 min distribution.
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Figure 4: 15 min distribution.

• Generation uncertainty (band between lower and upper bound) is large at larger
time-step3.

3Enrica Scolari, Fabrizio Sossan, and Mario Paolone. “Irradiance prediction intervals for PV stochastic generation in microgrid applications”. In:
139 (2016), pp. 116–129. issn: 0038092X. doi: . url:
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http://dx.doi.org/10.1016/j.solener.2016.09.030


Robust voltage control

What is voltage control?

• Nodes’ voltage are modeled as the state variables

• All node voltages are regulated within the desired limit

Challenge in voltage control at higher penetration of renewables

• Nodes’ voltage are uncertain

• What to regulate? (expected value or lower/upper bounds)

What is robust voltage control?

• it regulates lower/upper bound of nodes’ voltage
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Why robust voltage control?

• generation uncertainties are predicted using short-term prediction
intervals 4.

• short-term prediction intervals provides lower/upper bound of
generation rather than probability distribution function (PDF).

• Without knowing PDF of uncertain variables, stochastic voltage control
may not be feasible.

• Robust control can be designed with lower computational burden
compared to stochastic control.

Why model predictive control?

• to minimize the frequent usage of resources (cost)
• trade-off voltage fluctuation and cost of control resources.

4Qiang Ni et al. “An Optimized Prediction Intervals Approach for Short Term PV Power Forecasting”. In: 10.10 (Oct. 2017), p. 1669. issn: 1996-1073.
doi: . url:
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DER integration standard

• North America and Europe have
defined the requirement of
minimum Q-capability of DERs 5;6

• local voltage support has become
the requirement

• One of the local voltage control
recommended in the standard is
Q(V) control
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Figure 5: Minimum Q capability curve of DERs

Figure 6: Local Q(V) characteristics.

5IEEE Standard Association.
. IEEE, 2018, pp. 1–138. isbn: 9781504446396. doi:
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