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Renewable Energies become more and more important

7/ Annual Additions of Renewable Power Capacity, by Technology and Total, 2016-2021,
/ and to Achieve Net Zero Scenarios for 2030 and 2050
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Energy storage plays a critical role in widespread application of renewable enejgies!



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



There are 4 kinds of
novel LDES

All LDES allow energy to be stored
when there is a generation surplus
and released when there is a shortage.

Thermal

Thermal energy storage systems use thermal
energy to store and release electricity and heat.

E.g., heating a solid or liquid medium and then
using this heat to power generators at a later
date.

* Sensible heat
* Latent heat

é
* Thermochemical heat )

Electrochemical

flow batteries.
* Aqueous flow batteries
« Metal anode batteries
* Hybrid flow batteries

E.g., air-metal batteries or electrochemical

Long Duration

Mechanical

Mechanical LDES store potential or kinetic
energy in systems for future use.

E.g., raising a weight with surplus energy and
then dropping it when energy is needed.

* Novel PSH
* Gravity based
* CAES

*LAES

* Liquid CO,

e 9

Chemical

Chemical energy storage systems store electricity
through the creation of chemical bonds.

E.g.. using power to create syngases, which can
subsequently be used to generate power.

Electrochemical LDES refers to batteries of
different chemistries that store energy.

* Power-to-gas-to-power

Energy Storage (LDES)
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Flow Battery
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Flow battery is one of the preferred technologies fordeatgeenergy storage!



Vanadium Flow Battery (VFB)

Working principle

Change of valence states of vanadiun

Features

E Aqueous electrolyte, high safety

E Large scale of output power and capacity

Output poweo 10 kWsl00 MWs

Capacitg 10 kWhg.00 MWhs

E Quick response, good cycle performance

E Long lifespan, high cost performance

. charge
- Positive :  VO*+H,0 - ¢ ====VO0,' +2H"
Cycle numbers >16000, lifespan >15 years O O onarge
: : : Negative : 3y o NG, 2
E Recyclable electrolyte, environmental friendgly " discharge
Overall :  vo? +V“‘+H20M=v2' VO, 121’

discharge




Global Development of VFB
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The industrialization of VFB has recently received high attention.



Research and Development of Flow batteries at DICP

Deep integration bfsic, applied and
translational research
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The Research and Development of VFB in DICP

1 kW stack 9 MW system 900 kW module 10 MW system 100 MW system

' Y

2003 2012
® oe ee (® oo
2000 2007 H RONG 9
POWE
‘ !J

Single cell 10 kW stack 32 kW stack New-gen18 kW stack New-gen 30 kW stack

.

More than 300 patents were filled.

Responsible for the formulation of domestic and international flow battery standards



lon conducting membranes

Function
U Conducting H*
U Separating Vions

© o ©c © o Working operation
U Strongly oxidized and acidic electrolytes

. . 0/ Membrane requirements

g — _--== UHigh ions selectivity
&/ ﬁ %" )’,' U High H* conductivity
-y 7 /._‘/'/ \“\-,‘, __._‘,~'- ‘e . . -
U High chemical stability
@ Transport of protons and vanadium ions U Low cost

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

the industrialization of VFBs.



Challenges of ion conducting membranes

Per-fluoride ion exchange membrane Non-fluoride ion exchange membrane
EZ—C C— HO3S o
£, R I
0—C —C5-0—10C—C—8—0 O 0 C
(0—€'"—thro—c'—c"—5—on T O O @
CF3 0
V' High ions conductivity \V Low cost
V Good chemical stability L .
. V' High ions conductivit
X High Cost J Y
X Poor ions selectivity V' High ions selectivity
€ ~700 $/m3( 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
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The existence of ion exchange groups induces the poor stability of non-fluoride ion

exchange membranes.

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



Porous lon Conducting Membranes
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Schematic diagram of “ion screening" Regulating the structure of porous ion conducting membrane

Energy Environ. Sci. 2011, 4, 1676
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A The concept of "ion screening” without ion exchange groups was put forward.

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

A p o size exclusion".

the

Energy Environ. Sci. 2011, 4, 1676



Composite Porous lon Conducting Membranes

Interfacial polymerization Thin-film composite membrane

Functional layer
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Porous substrate

Proton transfer mechanism The functional layer

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

Nat. Commun. 2020, 11, 13



Composite Porous lon Conducting Membranes

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

morphology. The functional layer is about 180 nm thick.



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



Highly mechanically stable ultrathin membranes

: > 2 9
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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
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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,



Optimization of porous membranes for FB
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Zhang HM* Li XF*et al, Energy Environ. Sci, 2011, 4, 1676 Zhang HM*, ~ Li XF* et al. Angew. Chem. Int. Ed., 2016, 55, 3058
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A 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.
A Over 20,000 durability test has been completed.
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Mass production of non-fluorinated porous membrane
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Realized thenassproductiorof nonfluoride ion conducting membranes (800gear).
Signed a sales contract for s membrane materials, and the sales volume of membrane materials exceeded

meters.



High power density stack

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

Design of flow channel . Design of seal . Performance evaluationy
Design electrode shapes . Design of anti-corrosion Coulombic efficiency
Match compression ratio . Machine the channel Voltage efficiency and
Regulate electrolyte flow . Design of the endplate Energy efficiency
Control the shunt current . Load mechanic design . Operating mode
Minimize flow resistance . Assemble process . Operating condition

Scale up: From cell to large stack
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Simulationo Polarization regulation and factor analysis

Effect of flow structure on concentration ( Effect of electrode structure on polarizaiton(
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Simulationo Current density regulation and factor analysis

Introduce variance to quantitatively define uniformity of current 3 B B
density distribution
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VHigh porosity enhances uniformity of current density distributiont

VHigh porosity prevents the deterioration of uniformity of current density distribution



Simulationog Guide material design and optimization

Temperature distribution in the cell Velocity distribution in the membrane
u(l0*ms

- 1

1.8
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114
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N~

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.



New Gen weldable high power density stack
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10kW stack | 30kW stack

A The energy efficiency is up to 80.6%@10kW, the current density is about 195 mA/cm?2.

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



New Gen Weldable high power density stack

Reduce stack volume and increase stack power
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Previous generation 30kW stack New design 70kW stack

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/cm?.



Build a production platform with 300MW/ annual

The largest industrial equipment base for vanadium flow batteries in China has
been built.a 300MW/annualf3




Demonstration projects at Dalian Institute of Chemical Physics

2015 - Beijing Beijing New
Energy Base Microgrid
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2015 - Seattle project
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2014 - Liaoning Shenyang China's largest: Shenyang Faku
- 5SMW/10MWh

¥§_./_3\____.1_09|§\./}/_/_499_|<_V\_/h _________________ ' North America's largest: Washington
L i state 2MW/8MWh
s ALl | W orl doés | a209Mw/800MADa
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Dalian 100MW VFB Demonstration Project

The worl® largest 100MMOOMWHow battery energy storaggstemwas connected to

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

to realize low-carbon economy.



License of New Gen VFB
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Kaifeng Contemporary New Energy Cdoldadnstruct 300MW/Year Stack Line
Finished 24MW/96MWh system integration



