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Overview

Are flow batteries suitable for large-scale energy storage?

Flow batteries have long been considered as a competitive candidate for large-
scale energy storage owing to their advantages of high power density, long
lifespan, and decoupling of energy density/power. However, high membrane
and maintenance costs hinder their further development and application. 

What are aqueous redox flow batteries?

Aqueous redox flow batteries (ARFBs) have emerged as a promising
technology for long-duration, grid-scale energy storage due to their
advantages in safety, scalability, and independent tunability of power and
energy capacities. Enhancing energy density is crucial for reducing system
costs and facilitating large-scale deployment. 

Are redox flow batteries a viable energy storage system?

Redox flow batteries are promising energy storage systems but are limited in
part due to high cost and low availability of membrane separators. Here,
authors develop a membrane-free, nonaqueous 3.5 V all-organic lithium-based
battery and demonstrate its operation in both static and flow conditions. 

Why are membrane-free flow battery systems important?

However, high membrane and maintenance costs hinder their further
development and application. To lower the cost and improve maintainability,
membrane-free flow battery systems were developed.
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Heterogeneous Flow Batteries

Pathways to Realize High-Energy Density ... 
       Jun 11, 2025 · Aqueous redox flow batteries (ARFBs) have emerged as a promising
technology for long-duration, grid-scale energy storage due to ...

Interfacial Engineering of MXene-Based ... 
       Jul 23, 2025 · MXene-based perfluorosulfonic acid (PFSA) heterogeneous membranes enhance
vanadium redox flow battery performance. The ...

Pathways to Realize High-Energy Density Aqueous Redox Flow Batteries   
       Jun 11, 2025 · Aqueous redox flow batteries (ARFBs) have emerged as a promising technology
for long-duration, grid-scale energy storage due to their advantages in safety, scalability, and ...

Toward Membrane-Free Flow Batteries , ACS Applied Energy ... 
       Jul 1, 2025 · Flow batteries have long been considered as a competitive candidate for large-
scale energy storage owing to their advantages of high power density, long lifespan, and
decoupling ...

Membraneless flow battery leveraging flow-through heterogeneous ... 
       We propose and demonstrate a novel flow battery architecture that replaces traditional ion-
exchange membranes with less expensive heterogeneous flow-through porous media. ...

Thermodynamic regulation over nano-heterogeneous ... 
       Apr 15, 2023 · Thermodynamic regulation over nano-heterogeneous structure of electrolyte
solution to improve stability of flow batteries Wenjin Li 1, Shouwei Liao 1, Zhipeng Xiang, ...

Interfacial Engineering of MXene-Based Heterogeneous ... 
       Jul 23, 2025 · MXene-based perfluorosulfonic acid (PFSA) heterogeneous membranes enhance
vanadium redox flow battery performance. The PFSA/CF3SO3-M membrane achieves ...

Theory of Flow Batteries with Fast Homogeneous ... 
       Jan 29, 2020 · For many redox chemistries promising for flow batteries, homo-geneous
chemical reactions occur within the catholyte or anolyte flows which can have significant impact on
...

Suss et al_membraneless bromine_for Arxiv 
       Aug 11, 2021 · Here, we propose and demonstrate a novel flow battery architecture that
replaces traditional ion-exchange membranes with less expensive heterogeneous flow-through
porous ...

Power flow in heterogeneous battery systems  
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       Oct 1, 2019 · Control methods are important for stationary energy systems, especially for
those based on so called second life batteries, due to asymmetrical system design and a mix of ...

Development of high-voltage and high-energy membrane ... 
       Aug 8, 2023 · Redox flow batteries are promising energy storage systems but are limited in
part due to high cost and low availability of membrane separators. Here, authors develop a ...

Flow Battery Manifold Design with Heterogeneous ... 
       Aug 13, 2025 · Next, in Section 3 we will introduce the three-phase design framework for
design with heterogeneous design spaces. Subsequently, in Section 4 we will demonstrate the ...
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