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Strategic Significance of Energy Storage
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Energy storage is supporting technology of energy revolution

‘ Distributed

energy/ microgrid I Energy storage I

THE — THIRD —_ INDUST

| REVOLUTION

Smart grid/ ‘

‘ Energy Internet
New energy automobilel

Fivepillars of the third industrial revolution:

Renewableenergy, distributed energy/ microgrid, smart grid/energy Internet,
new energyautomobile, energystorage




Energy storage is national strategic emerging industry of China

C h i d3h’fige-year plan for national economicand social
development

Promotethe innovation and industrializationof emerging
frontiers including high-efficiency energy storage and
distributedenergysystem,smartmaterial..

The 37th of 100 Keytasks energy storage and distributed
energy

National energycouncilmeeting

dConcentrate on the development and utilization of
renewableenergy,especiallyachievingoreakthrough on the
technologyof new energy grid connection,energy storage

and smartgrid. ComprehensivelgonstructW L y i SshigftS & b Q
energy Seizethe commandingpoint of energy technology
competition€ -Nov17, 2016

KegiangLi



Energy storage possesses huge market demand

Until 2018 global installed energy storage
capacity is about 181 GW covering 2.9% of
globalinstalled power generationcapacity

A In 205Q the shareis estimatedto be 10%-15%.

A Until 2018 the installed energy storage
capacity of Chinais about 31.2 GW covering

1.6% of national installed power generation The percentage of energy storage in
capacity global power generation capacity

In China, the nation’s
rces

A In 2050 the installed energy storage capacity
of China will increaseto 200 GW, covering
10%15% of national installed power
generationcapacity

The installed capacity of Ch i nemérgy
storagewill increaseby 10timesin 30years e

*Source: International Energy Agency
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CAES is one of the main technologies of energy storage
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CAES is one of the main technologies of energy storage

1978, German, Huntorf
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CAES In China: Overview

In China,there is no CAESn commerciallyoperation yet. Most of the R&Dactivities on CAESre in lab or
pilot-scale However, the R&D of CAESNn China have involved various aspectsof CAES And several
demonstration projects havebeenlaunched
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System

Design and Analysis

{ IET,CAS

A North China Electric Power
University

A ZhejiangUniversity

A ShandongUniversity

A BeijingUniversityof Technology

A TsinghuaJniversity

A Huazhong University of Science
and Technology

A Xi'anJiaotongUniversity /

( IET,CAS

A North China Electric Power
University

A Xi'anJiaotongUniversity

A ChonggingJniversity

A ZhejiangUniversity

A HuazhongUniversity of Science
and Technology

A TsinghuaJniversity /

Aystem design and thermodynamic analysis
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System integration and Demonstration
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Bottlenecks of Conventional CAES

1. Excess or off-peak power
is used to compress air

=

4. The electricity produced is
delivered back onto the grid
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Overall Strategy for Advanced CAES

1. High efficiency compression and
expansion, heat transfer and storage
at supercritical state to improve e * e
systemefficiency vd

3. Recycling of compressio
heatto avoid fossil fuel

2. Liquid/highpressure storage
to avoid bulk storage cavern

Bottleneck: Solution:
Relyingon bulk cavern , Recycle compression heat
. Relyingon fossilfuels [> Highpressure/liquid storage
Lowefficiency . Improve efficiency

Advanced compressed air energy storage: Academic ideas

16
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Fundamental Study

Scientific Issue 2 Scientific Issue 3
Internal flow fields of compressor and expapder Flow, heatransfer&storaga confined spac

Coupling and integration /\
—

2 Expanm

8 :; ®
: = ‘ :
©
E 4 \ :
(@) Pu‘np S
(&) (@)}
= o
S i 3
g torge 8
— =
= =

~ ”

s'anc r1—omﬁssorf -
. Oy 9 .
Technical Support Ar T W=y == CO2Nox Technical Suppoft

Scientific Issue 1
: > Process coupling and energy los

mechanism of CAES System




Issue 1: Process coupling and energy loss mechanism of System
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Progresle Correspondingpoint methodology (CPM) for CAES

A new method, CPM,for analyzingand optimizing systemis created on the basisof the correspondenceof the system
flow; a diagramof thermal exergyand mechanicalexergy(E; -E, .., diagram),which reflects energylosscharacteristicsjs
proposedin acomplexplane
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Progress’ZE Mechanism of Energy Conversion, Transmission apds

Therelation of energy conversionand transmissionis established energy loss characteristicsand the matching
characteristicof the key parametersarerevealed
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Progress B Toreveal dynamic characteristics of CAES at full workiogdition
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ISsue 2internal flow fields and loss of compressor and expander

Challenge:L

3. Couplingflow and heat transfer

2. Unstable operationUnsteady & control

1. High pressureMulti-stage, highload & leakage
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Progressiinternal flow fields

Tan and Chen et al. AIAA J.(2003, 20Rd)cIMechEA: J Power Energy(2009,2012, 202816, 2018, 2019)



Progress 20ff-design performance and Unsteady flow

Small Rated Large
flowrate flowrate flowrate

Streamline at SS

Streamline at

High Loss

AN \ Streamline at P

Flow fields and Entropy

Off-design performance and Unsteady flow

P. He andH.Cheri (2013), ASME Journal durbomachinery 135(4), 021004




Progress 3Coupling mechanism of flow and heat transfer
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Issue 3Flow, heat transfer and storage in confined space

Challengesk

3. Unstable operation condition

1. High pressure and supercritical condition
2. Coupling with flow of expander and compressor
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Progress 1Flow and/or heat transfer characteristics ¢fTfluids and heat storage materials
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Progres2: Interaction between heat transfer fluids and heat storage materials
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Progress3. Unsteady behavior and mechanism of flow, heat transfer and storage
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Technical Development
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Integration and Demonstration

1 1kW CAESystem

4 Y
x  §ystemDesignand Analysis

x  TestRig

x  Concepttest

—— Isothermal process
—— Polytropic process
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Integration and Demonstration
15kW CAEIEXxperimentalSystem

x  FundamentalStudies

x  Validationfor modifications




Integration and Demonstration

TheCh i rriestl.SMW CAES

X In operation sinceApril 2013
Over10000hoursoperationin total
Efficiencyis 52,44

X X X

b .
tlnuousoperatlon test




Integration and Demonstration

S ;;M;_.'_'.;'—m E Locatedin GuizhouProvince China

E Inoperation sinceDecember2016
E Efficiencyis 60.2%
E Over4000hourstest operation
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Discussion

Performanceand CostAchieved(1.5MW): - -
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