Grid Architecture Component Class Specification

Component Class Designation: Inverter

Summary Overview

Inverter systems are power electronic devices which convert DC electric energy into an AC waveform of
specific frequency, voltage, power, and reactive power. These devices are typically applied at the
output of DC electric power sources, including photovoltaic (PV) systems, some wind turbines (e.g. Type
4), energy storage devices such as batteries and supercapacitors, and solid-state power system devices
such as power flow controllers.

Definitions
Solid state — an electronic device made using semiconductor materials.

Inverter — a collection of solid state components arranged in a manner to convert DC energy into an AC
waveform of specified frequency, voltage, power and reactive power. Smart inverters include
capabilities to aid the management, performance, and efficiency of the grid to which it is connected.

Synchronous generator — an electric power system generator that utilizes a rotating shaft that is
electromagnetically coupled to a rotating magnetic field created by a three-phase grid.

Power flow controller — a solid state device that is used to transfer real and reactive power between two
power systems without the need for them to be synchronously aligned.

Component Class Description

Purpose and Function

Basic inverter functionality provides the ability to inject real power into an AC power system. Some of
these inverters are single phase, and some are three phase. Basic inverters are typically designed as
either voltage source inverters or current source inverters. Voltage source inverters control real power
and voltage (P-V) but let current and reactive power swing. Alternatively, current source inverters
control real power and reactive power (P-Q) and allow voltage to swing. Basic inverters as they are
normally created with two quadrant inversion, which includes plus and minus real power but omits plus
and minus reactive power. Basic inverters are set to disconnect from the grid upon immediate
detection of a system contingency.

Smart inverters require four quadrant controls, with the ability to control P-Q, P-V, I-Q, or |-V as the
situation demands. They are designated as ‘smart’ because they are made with a variety of control
functions such as the ability to autonomously regulate voltage by supplying reactive power output
(termed voltage regulation), and to regulate frequency using real power output (termed frequency
regulation). The latter is possible only when sufficient power is available to the inverter and it is
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connected to a system which has a positive ar response where P is power injected by the source into the



system and f is the system frequency. This applies to systems with synchronous generation, but not all
static power systems.

Other functions of smart inverters include their ‘grid forming’ ability, which establish and maintains a
60Hz system frequency to which other inverter resources can synchronize using a phase-lock-loop. This
functionality is necessary for a grid or microgrid formation that does not include synchronous
generation.

Smart inverters also have voltage and frequency ride through capability, which are fully defined in
reference UL 1741 and UL7141 SA. These capabilities define how a grid connected inverter must behave
in the presence of a system disturbance such as a fault (voltage drop) or frequency increase (most
commonly due to an instantaneous load drop). Generally, these requirements allow the inverter to help
secure the grid during a contingency but require the inverter to separate from the grid when traditional
protection devices have cleared a fault. This is done for safety reasons to ensure a line de-energized by
system protection devices does not remain energized from the inverter.

Many smart inverters are starting to employ functionality to detect and protect the DC side of the
system in the case of DC faults or short circuits. These features are meant to protect the power source
devices from damage, such as a PV panel, or a DC energy storage device.

Inverters are designed with an inherent output limitation based on total current. This means that their
design will limit their apparent power, S, where S=P+jQ. When constrained by this limit, inverters are
required to utilize their resources to prioritize Q supply over P supply, which aids the grid security at the
cost of lost power production.

Key externally visible properties

Smart inverters have a communication link to an owner/operator or an OEM. This link can be used to
upload new types of operating rules, such as a new definition of voltage regulation behavior, or of lesser
benefit, they can be used to make manual changes to the operating condition of the smart inverter.

Most inverters also utilize this communications link to export information in near real-time about the
operation of the inverter and its performance.

Interface descriptions
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