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With the increasing awareness of the environmental crisis and energy consumption, the need for sustainable
and cost-effective energy storage technologies has never been greater. Redox flow batteries fulfill a set of
requirements to become the leading stationary energy storage technology with seamless integration in the
electrical grid and incorporation of renewable energy sources. This review aims at providing a comprehensive
introduction to redox flow batteries as well as a critical overview of the state-of-the-art progress, covering
individual components, economic analysis and characterization techniques.

Researchers in Portugal have tested how vanadium redox flow batteries can be integrated with rooftop PV to
balance the system load to ensure firm power output. They proposed a 5 kwW/60 kWh battery configuration for
a 6.7 kW building-integrated PV microgrid. According to their findings, the battery can be used in different
energy management strategy scenarios to better complement solar photovoltaic generation.
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Researchers at the University of vora (U?vora) in Portugal have developed a vanadium redox flow battery
(VRFB) configuration that is able to control the power output of a PV installation by maintaining the ramp
rate within anon&#8211;violation limit and within a battery state of charge (SoC) range.

They explained that a solar system's ramp rate may have a negative impact on the lifetimes of household
appliances and grid stability. &#8220;The redox flow battery technology has advantages in the decoupling of
power and energy ratios, large cycle life, low maintenance, and limited self-discharge,&#8221; they
explained. & #8220;As for disadvantages, it has alow power density.& #8221,

&#8220;The vanadium redox flow battery technology can be upscaled up to any capacity, as it can be
designed with independent power and energy requirements, an advantage over lithium-ion
technology,&#8221; the research project’s corresponding author, Ana Catarina Foles, told pv magazine.
&#8220; The sizing of a battery for this purpose of self-consumption and control of power ramps must be done
taking into account the load profile, the characteristics of the solar photovoltaic system, such as installed
power, inclination, and orientation, among others, as well as the site characteristics, such as solar radiation,
meteorology, and limits imposed by law or regulation on power ramps or grid integration.& #8221,

The 5 kW/60 kWh battery was connected to arooftop PV system with an MPPT inverter capable of receiving
power commands in real-time. The battery operates through three inverters synchronized to the local
three-phase grid. It was built with two electrolyte tanks containing a mixture of vanadium ions and sulfuric
acid, two pumps for electrolyte flowing, and a stack as the energy conversion unit. The latter was fabricated
with 40 cells electrically connected in series, and hydraulically connected in parallel.
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The battery was provided by UK-based redT energy, which was recently renamed Invinity. The device has a
rated capacity of 60 kWh, an operating voltage of up to 60 V, and a capacity of 1.8 cubic meters for each
tank. &#8220;The rated capacity of this battery is used to its fullest, without causing any degradation of its
capacity, lifetime or performance,&#8221; Foles explained. & #38220;The technology type is very tolerable to
over-discharge, and overcharge avoidance is achieved through the open-circuit voltage reference control
outside the stack. Vanadium ions exist in both electrolyte tanks and crossover through the membrane stack
does not lead to contamination.&#8221;

The VRFB is also equipped with a reference cell, which is hydraulically connected in parallel with the stack,
subjected to the same electrolyte flow, without being subjected to charge or discharge voltage, and allows to
make direct real-time voltage measurements.

The storage device was tested to control the ramp rate of a 6.7 kW building-integrated PV microgrid installed
at the university campus. The simulation was performed to analyze how the battery balances the system load
to ensure firm power output at the load. Three different strategies were applied: maximization of
self-consumption; maximization of self-consumption with ramp-rate control; and self-consumption
maximization with ramp-rate control and battery charging based on weather forecasts. Accordingly, three
different algorithms were developed using Matlab software.

&#8220;The inputs of the simulation model include the constraints details of the U?vora microgrid, the PV
generation and load profiles, the developed VRFB electrica model, and the ramp rate calculus and its
premises,& #8221, the academics specified, noting that the VRFB architecture may be reproduced in similar
projects, with the increased advantage of being an easily scalable product.

Through their measurements, the Portuguese scientists found that approximately 5% of the PV power ramps
that occurred were above the rate of 10%/min of the PV nameplate capacity and that the first strategy performs
only a self-consumption maximization without any form of ramp rate control. The second strategy, by
contrast, was able to perform ramp rate control by imposing a 10 %/min of the PV nameplate capacity ramp
rate limit, while also providing additional stability over the grid energy exchange.
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