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Closed-loop operation of the distribution network

Description physical power network

0: states ,00: control inputs, and B:
disturbance vector

- Time step of network controller is
generally 5 to 15 minutes'+2
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Implication of discrete time-step on distribution network model

- For each time-step, the distribution network is modeled (0 = 1(C; 0; ).
- 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.

Figure 3: 5 min distribution. Figure 4: 15 min distribution.

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



Why robust voltage control?

- generation uncertainties are predicted using short-term prediction
intervals *.

- 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.
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- North America and Europe have
defined the requirement of
minimum Q-capability of DERs >:®

- 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
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Figure 6: Local Q(V) characteristics.
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