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GASI - Group of Automation and Integrated Systems

* Power Electronics (topologies, control, power quality,

* Renewable Energy Systems
* Energy Management

* Industrial Automation

* Instrumentation

* Embedded Systems

* Robotics

* Intelligent Systems

* Geoprocessing

* Image processing

« Smart Grids: microgrids, cognitive smart meters, smart buildings, iot, etc.
3






Back to the topic... ——

Advances and Challenges on Cooperative
Control of Distributed Energy Gateways
for Smarter Power Grids
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NIST Framework 2014

onceptual Model

https://www.nist.gov/sites/default/files/documents/2018/06/06/webinar_slides.pdf



Customer

Q¥

S.NIG.
Building /

. Provider ?&:‘: Wt
E?@ Commorclal

\ I

Distributed

wind
Co-Generation "y
%a !

e :
~~Generation including DER_

Sowrce. DRAFT MET Seant Grd Framewesk 40

A3 External Communication Fiows
e Inf8al Communication Flows
=== - Becirical Flows

o - Domain

h ’
_______




Main motivations for the development of

from the TECHNICAL point of view

» Additional and new consumption models (electrical
vehicles, smart homes, and smart buildings);

» Intermittent energy availability from renewable energy
sources (solar, wind);

» The need for improving the efficiency of transmission
and distribution systems;

» The increasing of prosumers (consumers/producers) and
their interaction to the grid.
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Development of new intelligent (cognitive) power metering,
supervision and control systems;

Development of network control devices and methodologies;

Development of cooperative control methodologies for
distributed energy gateways;
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Thinking about modern
distribution grids — on smarter cities




Thinking about modern

distribution grids — on smarter cities

Low voltage micro grids...
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» Certainly not the LV distribution networks and utilities.

...there is much to do in terms of electronic metering, grid
automation, protections, control, storage and the business

itself.

And that is why PV systems are pushing to the Smart Grid
Scenario worldwide, including in Brazil.
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Low Voltage Intelligent Micro Grids

Backup Generator _

& energy storage Energy Wind
Gateway Turbine Energy Gateways (EG)
4 Smart
Utility i ' Connected DGs;
Interface

* Current controlled sources;
* Local control under

Low Voltage

Electrical Network supervision;

* Bidirectional communication.

i Energy
Gateway | ||

|z ' Utility Interface (UI)
@ Pico-system with
N Local optimization * |nterface between MG and
Meter e
ﬁ Utility;
Community Narrowband * Voltage controlled source;
Energy communication link |

Storage Community of Prosumers / * Central controler;

e Bidirectional communication.
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Low Voltage Intelligent Micro Grids

Hierarchical and cooperative control of distributed energy
gateways (multifuncional gateways);

Automatic operation based on smart metering, bidirectional
communication and proper power electronics control.
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» Present a hierarchical control methodology
» Current-Based Control (CBC), based on a master/slave architecture, which

is able to provide current/power sharing in low-voltage microgrids;

= Proportional power sharing considering different power capabilities;
= Balanced thermal stress over the microgrid;
= Selective disturbances compensation;
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Gateways (EG) = INVERTERS
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» Hierarchical Methodology - Central (Master) Controller
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Hierarchical Control -

» The Current-Based Control (CBC)
= Three main operational stages:
1. Local Evaluation of Electrical Quantities
2. Data Collection and Transmission
3. Processing and Delegation of Setpoints
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Hierarchical Topology of Controllers -
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Hierarchical Topology of Controllers -

2. Data Collection and

EGs CC
* Nominal Currents ( [/) - Control Packets ( ™ , %)
* Maximum Currents ( [/ )

* Local Peak Currents ( I, ,I,, ) e
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Low rate communication links can fulfill such task!!!
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Hierarchical Microgrid Architecture
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Computational Simulation

Feature Specification
SPI1 Nominal Peak Current (555 | 33304
SPI2 Nominal Peak Current (/%551) : 23314
SPI3 Nominal Peak Current (I%sr,) 19,994 |
SPI1 LC Filter Inductor (LX5;,) 14TmH
SPI2 LC Filter Inductor (L£5,,) 2.10mH
SPI3 LC Filter Inductor (1£5;5) 4.90mH
(

Switching frequency (f,) 12kH>
Sampling frequency (f,) 2AUkH?

Grid nominal voltage (V) 127V
Grid frequency (f,) 60H>

Line Impedances' (7,) 0.1+30.020
CC-EGs Transmission Time* (fz,,)  16.60ms
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Selective Harmonic Current Sharing Control
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Experimental Evaluation

¥ LCL Filters
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Distributed Harmonic Compensation
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Multiobjective Distributed Control

» Global and Local Goals @'@—lﬁ
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= Respond to codes + standards

% MORE Intelligence / Optimization
= Computer Science







