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Dive into the sustainable future of energy storage with our
comprehensive comparison of Vanadium redox and
Saltwater flow batteries. Discover how these innovative flow
battery technologies differ in design, cost, and application,
making them key players in renewable energy storage.
Learn about the unique membrane systems of VRFBs, the
simplicity of SWFBs, and their implications for large-scale
energy solutions like grid stabilization and excess power
management. Perfect for industry professionals and
renewable energy advocates looking to deepen their
understanding of flow battery advancements.
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Vanadium versus Saltwater: Redox Flow

Battery Comparison Introduction

Comparing the Currents: Vanadium vs. Saltwater Flow Batteries in Renewable Energy Storage

In the quest for sustainable and reliable energy storage solutions, flow batteries emerge as a

promising technology, offering the ability to store large amounts of renewable energy. Among the

various types, Vanadium redox flow batteries (VRFBs) and saltwater flow batteries (SWFBs) stand

out for their unique properties and applications. This summary dives into the operational differences

between these two technologies, with a special focus on the impact of using a membrane in VRFBs

gfi;sus the membrane-less design of SWFBs, and evaluates the cost implications tied to these
ifferences.

Understanding Flow Batteries

Flow batteries store energy in liquid electrolyte solutions, which flow through a cell containing an
electrode and a membrane (in the case of VRFBSs) to produce electricity. This design allows for the
decoupling of power and energy, making flow batteries ideal for large-scale energy storage
applications, such as stabilizing the electric grid or storing excess renewable energy.

Flow batteries have a number of attractive features, such as:

*because energy is stored in the electrolyte, the storage capacity can be sized independently from the
power

+the electrodes are not chemically changed during operation

battery components can be replaced during and at end of life, extending operational lifetime.

Typically, flow batteries are made up from a number of flow cells arranged in a stack, like pages in a
book. The cells are electrically in series (i.e., each electrode surface of one sheet is the cathode or
anode of the adjacent cell) and hydraulically in parallel. During normal operation, electrolyte is
pumped over the electrodes which can be under charge, discharge, or standby. The electrolyte is
normally stored in tanks (one for the anolyte and one for the catholyte) and circulated through the
stack by small pumps. Because of the need to flow electrolyte over the electrode surface, flow
batteries are not normally designed for very high power, but rather for extended periods of discharge,
usually 1 h or more. This makes them more suitable for load shifting and peak shaving than voltage
or frequency control.

Short History of Redox Flow Batteries
Zn-Br2 (Zinc Bromine)flow battery by John Doyle, patent US22440469 filed on September 29, 1879.



In 1884 the Chlorine Flow Battery powered the Airship La France. Modified 1971 Vega hatchback
powered by 24 40V x8A Zn-CI2 (Zinc Chlorine) batteries. Electrically rechargeable REDOX flow cell
from NASA in 1976. Maria Skyllas-Kazacos presented the first successful demonstration of an All-
Vanadium Redox Flow Battery employing dissolved vanadium in a solution of sulfuric acid in the
1980s. NASA Redox Storage System Development Project in 1984 (many modern-day companies
use this format, like ESS).
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