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Renewable Energies become more and more important

Energy storage plays a critical role in widespread application of renewable energies!



Energy Storage Application
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Energy storage is the key technology to support the smart grid



Long Duration Energy Storage (LDES)

Å DOEɎEnergy EarthshotsɏεLong Duration Energy Storage Progam

Å In next 10 yearsεduration >10 hεCost reducing by 90%εto meet 100 GW renewables connecting to grid



Flow Battery

Fire accidents reported on Li-

ion, Na-S, advanced Pb-acid, 

etc.

FB is economic competitive 

with long duration 

application (Red) 

Capacity degrades over 

cycling for traditional 

batteries, but remains stable 

for FB (blue)

Å High safety

Å Independent design of power and capacity

Å Long cycle life, no degradation under deep discharge

Å High efficiencies, environmentally friendly

Å Not suitable for power batteries due to relatively low energy density 

Flow battery is one of the preferred technologies for large-scale energy storage!



Change of valence states of vanadium

Positive :

Negative :

Overall :

É Aqueous electrolyte, high safety 

É Large scale of output power and capacity

Output power σ10 kWs-100 MWs

Capacityσ10 kWhs-100 MWhs

É  Quick response, good cycle performance

É  Long lifespan, high cost performance

        Cycle numbers >16000, lifespan >15 years 

É  Recyclable electrolyte, environmental friendly

Features Working principle
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Vanadium Flow Battery (VFB)



The industrialization of VFB has recently received high attention.

RedTin the UK startedthe 2MW/5MWhVFB project and cooperatedwith

Bushveldin vanadiumfinancelease

Pivot Power has developedthe world's largest hybrid energy

storageprojectwithlithium-ionandVFB

The newly merged Invinity Energy Systems is

developingflow batteriesfor megawattsof solar and

Energystorage

Saudi Arabia plans to build the worldôs

largestVFB manufacturingplant

Bushveld South Africa plans to

increase vanadium production

andfullydeploytheVFBmarket

Build an integrated VFB industry chain in Yichun, Jiangxi

ZhongnengNew source 600MW VRB 

project in Zhaoxian, Hebei

Shanghai Electric plans to build a 100MW/400MWh large-scale 

VFB power station demonstration project

GuizhouJunengCentury plans to build three 

production lines of 10MW/40MWh VFB project

VFB cell stack project in Shangnan, Shanxi 

Global Development of VFB

RKP

200 MW/800 MWh VFB project

UET: 2MW/8MWh Washington DC

Sumitomo Electrician, Japan

15MW/60MWh

Sumitomo Electrician, Japanε17MW/51MWh

1MW/4MWh VFB Energy Storage System from 

EneroxHoldings, Austria (South Africa)

7.5 MW / 22.5 MWh in xinjiang

Xinjiang AwatiVFB energy storage power station



Research and Development of Flow batteries at  DICP

Deep integration of basic, applied and 

translational research
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The Research and Development of VFB in DICP

More than 300 patents were filled.

Responsible for the formulation of domestic and international flow battery standards



Ion conducting membranes

High-performance and low-cost ion conducting membranes are the key to accelerate

the industrialization of VFBs.

Function

üConducting H+

ü Separating V ions

Membrane requirements 

üHigh ions selectivity 

üHigh H+ conductivity

üHigh chemical stability

üLow cost

Working operation

üStrongly oxidized and acidic electrolytes



Challenges of ion conducting membranes

Per-fluoride ion exchange membrane

V High ions conductivity

V Good chemical stability

X High Cost

X Poor ions selectivity

ε~700 $/m2ζ

Non-fluoride ion exchange membrane

V Low cost

V High ions conductivity

V High ions selectivity

X Poor chemical stability

The poor chemical stability of non-fluoride ion exchange membrane restricts their

large-scale application in VFBs.



Degradation mechanism of ion conducting membranes

The existence of ion exchange groups induces the poor stability of non-fluoride ion 

exchange membranes.

Phys. Chem. Chem. Phys., 2014, 16, 19841



Energy Environ. Sci. 2011, 4, 1676 

Porous Ion Conducting Membranes

Schematic diagram of "ion screening" Regulating the structure of porous ion conducting membrane



Å  The concept of "ion screening" without ion exchange groups was put forward.

Å  The screening of vanadium ions and protons on the molecular scale was realized by using

theñporesize exclusion".

Porous Ion Conducting Membranes in Flow Battery

Energy Environ. Sci. 2011, 4, 1676 



Composite membranes with ultrathin functional layers were prepared by interfacial polymerization.

Nat. Commun. 2020, 11, 13

Composite Porous Ion Conducting Membranes



The composite membrane prepared by interfacial polymerization has typical "ridge-and-valleyñ

morphology. The functional layer is about 180 nm thick.

Composite Porous Ion Conducting Membranes

A

B C

polyamideSchematic diagram of IP

Surface morphology of membranes Cross-section morphology of membranes 



Performance of the Composite Membranes

VFB with a thin-ýlm composite membrane achieves energy efýciency higher than 80% at a 

current density of 260 mA cm-2, which is the highest ever reported.

CE>98% VE>93% EE>92%

80 mA cm-2

Power density comparisonVFB performance assembled with composite membranes



Highly mechanically stable ultrathin membranes

Ultrathin membranes with high selectivity, high conductivity and ultrahigh mechanical strength 

were fabricated by a novel reaction-non-diffusion induced phase separation method.



Highly mechanically stable ultrathin membranes

0.009 P=4.86x10-7 cm2 h-1

The VFB assembled with the ultrathin membrane with high selectivity and high conductivity exhibited excellent 

performance with an energy efficiency of >80% at 300 mA cm-2.
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Optimization of porous membranes for FB

20

Å The developed non-fluoride porous membranes have high selectivity, high conductivity and low 

cost, superior to Nafion 115, and the cost is only 10% of that of Nafion 115.

Å Over 20,000 durability test has been completed. 



Mass production of non-fluorinated porous membrane 

Realized the mass production of non-fluoride ion conducting membranes (80000 m2/year).

Signed a sales contract for s membrane materials, and the sales volume of membrane materials exceeded 40,000 square 

meters.



High power density stack

¸ Performance evaluationχ

Coulombic efficiency

Voltage efficiency and

Energy efficiency

¸ Operating mode

¸ Operating condition

¸ Design of seal

¸ Design of anti-corrosion

¸ Machine the channel

¸ Design of the endplate

¸ Load mechanic design

¸ Assemble process

¸ Design of flow channel

¸ Design electrode shapes

¸ Match compression ratio

¸ Regulate electrolyte flow

¸ Control the shunt current

¸ Minimize flow resistance

Process Test

Scale up: From cell to large stack 

Structure

Based on modeling and simulation , design and assemble the high power density stack



Simulationσestablish model with different material

Transient 

equation

Momentum 

equation

Mass equation

Charge equation

Electrochemical 

equation

Geometry and equations Geometry and mesh



SimulationσPolarization regulation and factor analysis

ζEffect of flow structure on concentration 

polarization distributionζ

Electrode thickness: 3.5mm Electrode thickness: 2.5mm

ζEffect of electrode structure on polarizaitonζ

Electrode thickness: 1.5mm Electrode thickness: 0.5mm



Simulationσ Current density regulation and factor analysis

Introduce variance to quantitatively define uniformity of current 

density distribution

Effect of applied current on uniformity of current 

density distribution

Effect of flow rate on uniformity of current density distribution during 

different cycles

3=
В

VHigh porosity enhances uniformity of current density distributionτ

VHigh porosity prevents the deterioration of uniformity of current density distribution

Effect of porosity on uniformity of current 

density distribution
Effect of flow rate on uniformity of current 

density distribution



SimulationσGuide material design and optimization

Improve the permeability and thermal conductivity of the membrane by modifying the membrane to obtain 

the uniformity of temperature and concentration distribution inside the battery.

Temperature distribution in the cell Velocity distribution in the membrane

M-base

M-BN

T u (104 m s-

1)



Å The energy efficiency is up to 80.6%@10kW, the current density is about 195 mA/cm2.

Å The energy efficiency is up to 81.8%@30kW, the cost has dropped by 40%.

New Gen weldable high power density stack

10kW stack 30kW stack



Å A new 70kW stack was developed for large scale applications. The output power is more than

twice than previous 30kW stack with the same volume. The current density is 160mA/cm2.

New Gen Weldable high power density stack

Reduce stack volume and increase stack power

Twice power with 

same volume

Previous generation 30kW stack New design 70kW stack



Build a production platform with 300MW/ annual

The largest industrial equipment base for vanadium flow batteries in China has 

been built.α300MW/annualβ



Å 500kW/ 2MWh

Å Substation side energy

storage

Demonstration projects at Dalian Institute of Chemical Physics

2008 -Beijing Goldwind  

Å 200kW/ 800kWh

2008 -Beijing State Grid

Å 100kW/ 200kWh

2015 - Ningxia Goldwind 

Å 125kW/ 1MWh

2020 - Qinghai Wind Farm

Å 1MW/ 5MWh

2009 -Tibet  photovoltaic 

Å 5kW/ 50kWh

2012 - Shaanxi solar power

Å 6kW/ 50kWh

2015 -Beijing Beijing New 
Energy Base Microgrid

Å 600kW/ 2.4MWh

2019 - Henan Hebi 

Å 1MW/ 4MWh

2019 -Dalian Peak regulation

Å 200 MW/ 800 MWh

Å Largest scale in the world

2020 -Dalian  Wind farm

Å 10MW/ 40MWh

Å 10kW/ 200kWh

2010 -Dalian Rongke Power

Å 60kW/ 300kWh

2010 -Dalian Youyi Street

Å 60kW/ 600kWh

2010 -Dalian snake - island

2012 - Liaoning Woniushi 
Wind Farm

Å5MW/ 10MWh

ÅChina's largest at that time

2013 - Liaoning Jinzhou Heishan

Å 3MW/ 6MWh

2014 - Liaoning Jinzhou Wind Power

Å 2MW/ 4MWh

2014 - Liaoning Shenyang

Å 100kW/ 400kWh

2016 -Dalian Puwan base

Å 750kW/ 3MWh

2014 - German BOSCH project

Å BOSCH Wind Farm Energy

Storage

Å 250kW/ 1MWh

2017 - Italian terna energy 
storage project

2015 - Washington project

ÅAVISTA Power Company Cooperation

Å1MW/ 3.2MWh

ÅFor Smart Microgrid

2015 - Seattle project

Å 250kW/ 1MWh

2017 -Snohomish PUD

Å 2MW/ 8MWh

Å For Smart Microgrid

China's largest: Shenyang Faku

5MW/10MWh

North America's largest: Washington 

state 2MW/8MWh

W orldós largest: Dalian200MW/800MWh 

(under construction)



Dalian 100MW VFB Demonstration Project

The worldõs largest 100MW/400MWh flow battery energy storage system was connected to 

the grid

Provide technical and equipment support for energy revolution and energy structure adjustment

 to realize low-carbon economy.



License of New Gen VFB

Kaifeng Contemporary New Energy Co. Ltd to construct 300MW/Year Stack Line

Finished 24MW/96MWh system integration


