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ABSTRACT

Nowadays, different Battery Energy Storage Systems (BESS) are of
profound interest due to the need to balance energy in the grid and
maximize the utilization of Renewable Energy Sources (RES) [1].
However, Li-lon Dbatteries are high-price consumable materials, and
special inverters and converters are necessary to connect them to RES,
load, and grid.

Predicative algorithms are usually used for such tasks. Algorithm
model can be described by different complexity. A complex algorithm
model should provide more accurate results, but at the same time, It
takes more time to calculate lIt.

This work defines several algorithms and tests it on a virtual smart grid.
Additionally, the work shows that it Is necessary to find a compromise
between the complexity and speed of the algorithms.

WORKFLOW

1. Specify system of smart hybrid PV-battery microgrid

2. Specify predictive controller and different complexity variants

3. Run the set of protective controllers in parallel on the virtual model
4. Compare controllers work

SYSTEM OVERVIEW

This paper considers a system consisting of RES, BESS (hybrid high
voltage inverter, converters, and battery), load, and connection to the main
grid.

Electricity prices are not flat and are based on the local electricity market
(day-ahead market).
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CONTROLLER STRUCTURE

Economic Model Predictive Control (EMPC) can be used for a system that
Includes BESS [2], [3]. The basic idea behind this combination is to minimize
total electrification expenses by transferring energy from one time to another.
It can be used for load pick shaving in a system with renewable energy or a
system with a non-flat price program.

In extended representation, EMPC equations for system with BESS is
represented by (1-4).
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COMPLEXITY VARIANTS

It can be possible to highlight 3 components which can have different
representation. They are listed in below:

TYPE EQUATIONS ORDER

Battery voltage

Constant ppat = ypatmean 0
Linear Vbet = k-SOC; + b 1
Converter dead zones
No Piout = Pim Oorl
fn'Pii", & Piin>a Oorl
pn . a +
Yes Piout — #, & P"< —; binary
L 0, &otherwise variables
Battery aging
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1-st order = fi(IiC» Il-D,SOCl-,SOH) 1
l
dSOH =~
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RESULTS AND DISCUSSION

The virtual smart grid model is the model of the considered system. Figure
below shows the day-ahead electricity price, load, SOC, battery current, and
final cost for different controllers.

It Is seen that the most complex controller, which includes linear battery
voltage, converter dead-zones, and 2nd-order battery aging function, cannot
reach minimal cost for 4 operation days. One of the reasons, it iIs because
solving such a controller takes a significant amount of time.
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