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Learning Objectives

o To understand the basic concept and categories of energy storage technology, to
understand the working principles, advantages, disadvantages and current application
status of different energy storage technologies, and construct the overall cognition of
energy storage technology.

e In-depth understanding of the working principle, material system, technology trends,

and composition of lithium-ion battery energy storage system;

e Learn about applications of lithium-ion battery energy storage systems in multiple
areas

e Learn about the safety, service life and other characteristics of lithium-ion battery
energy storage systems .
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Content

n Trends & Challenges

Application of Li-ion Battery

Introduction to Energy Storage
Energy Storage System

Technology

a Introduction to Li-ion Battery Characteristics of energy
Safety and standards of energy
storage systems

Composition of Li-ion Battery
Energy Storage System
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Huawei: Leading provider of ICT infrastructure and smart devices
Vision & mission

Bring digital to every person, home and organization for a fully
connected, intelligent world

' & 207,000 employees

55% employees work in R&D

ot 1

5 e Bt AP S

170+ countries and regions

: \ 3?;% No. 5in global R&D investment
Devices Connectivity Cloud
Intelligent Automotive .
Solution Computing

[.
Digital Power

& 140,000+ active patents held globally
4 Huawei Confidential
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Global R&D teams and technology platforms: Leveraging the domain
specific advantages globally to keep leading. Optimal professional person

for optimal Digital Power Solutions: PV, ESS, EV, DCF
170 countries
3 Sweden: Stockholm )
= Algorithm and Topology Moscow, Russia
10000+ Employees Vancouver Canada Germany: Nuremberg Research Center ® Thermal
0, i :
60%+ RrR&D 3 N Elect;czglrc;s ; Power Electronics Silicon Valley P
3 EU Competence Center ~®® @ Hungary Xi’an
= Japan: Yokohama
® . Supply Center R&D Center . .
/ 12 r&D Centers Spain ® ® @ FElegyic Drive Research Center
A i EU+LATAM Competence Center ® DLUBAI ° JP+KR Competence Center
D N — MEA Competence Center & Supply Center ..M Shanghai
n . . R&D Center
! "‘ ' 20%+ R&D investment ® PANAMA Thailand
4 v Supply Center APAC Competence Center

4 supply Centers Shenzhen and Dongguan

R&D and Manufacturing & Supply Centers

2122 active Patent ]

Watt: Heat: Battery: Bit:
Sweden/Germany/Canada Sweden/China Canada/China China/Germany
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The 5th Industrial Revolution goes hand in hand with low-carbon, digital, and intelligent
The 5th Industrial Revolution goes hand in hand with low-carbon, digital, and intelligent
{ transformations, all of which bring us closer to the intelligent world

PC Internet

Information revolution Mobile Internet

dustrial Internet Intelligent
56

Al world
W N—— \
Agricultura Digital 1 5th
econom economy IR /‘:> |
r——

Hydropower
Nuclear

power

. . O y Gas
" revolution Timber Coal oil

Fossil energy Clean energy
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Huawei Digital Power: Integrating digital and power electronics technologies,
developing clean power, and enabling energy digitalization to drive energy revolution
for a better, greener future

Evolving from high carbon to low carbon, and finally to net-zero carbon

Green building Green factory Green campus Green village :
Green house Green city
DigiPower Management Platform
Professional PaaS & Saa$S for energy
Green power Energy Internet Mobility Green ICT power Integrated smart
generation electrification (inf%astructure energy
SaoN £ (R 5B
g mEF R OL = Ay M B
o z\= e y
o i i it =IM_ R CvE
_PV/Wind/ESS  Micro-grid/Mine  High-voltage ~ Smart EV Charging  Site power Data center Campus Building J/
; transmission distribution network facility facility
network  New power system
70 % Dakalon
Focus on Open
. ¥
products Power electronics technology Digital technology (Bit) ecosystem
(Watt/ Heat/ Battery) & BY
Material Energy storage Sensing C t
(GaN/sic) ((i;:'l"’/‘l)\:g; Heat |_ (Digital/Visual) ?:g;:':'?n (Data/mgomhm)(ChlP/NgOfIﬂ\m)
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Carbon Neutrality has Become a Global Consensus, PV+ESS has Become the

General Trend

Carbon Neutrality Has Become the Global Consensus. Top
Enterprises are Practicing Green Transformation

Carbon Neutrality Targets for Major Economies

China
2030 Carbon Peak
2060 Carbon Neutral

European Union

Released Green New
Deal

2050 Carbon neutral

United States Japan

Return to the Paris Launch of Green Growth
Agreement Plan

2050 Carbon neutral 2050 Carbon neutral

The Top Enterprises Actively Practice Carbon Neutrality

379 companies joined RE100 alliance,
commit to use 100% green electricity

Well-known companies have proposed
carbon-neutral goals

Google ABB Tencenr
2020 2030 2030
amaaces  @mazon PG
— o4 LIl S—
-
PRI i 2030 2040 2030

Energy Transformation Trend: From PV only to PV+ESS
PV + ESS . S%JutionW i
to Avoid Solar Energy Waste and Maximize the

Revenue
PV power generation
+ Only PV power cannot cover
Load power consumption the 24h power Supply
o ——————

* PV+ESS synergy increases
the proportion of green power
supply

AN
7

0 3 6 9 12 15 18 21 Time

With the Increase of New Energy Penetration Rate, the Supply Grid Becomes
Weaker. Adjustment Provided by ESS is Essential.

7
6 Massive access of renewable energy
Power grids continue to weaken, and
« 5 energy storage becomes mandatory
2
-]
g 4
£ 3
= China  Australia
2 Japan
Australia Mexico
1 2020 India Japan
0 2025 renewable energy

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70%
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High penetration renewable energy has led to weak grid and the issue of st

power system

Rapid growth in proportion of renewable energy

TWh/yr

60000

e =3 = =
2017 2030 . 2040 . 2050
Transforming Energy Scenario
Others (incl. marine) Ccsp . Bioenergy . Nuclear . Qil
i Hyd
| @ Geothermal & (e);cclr.(:zumped) ( Natural gas @ coal

Source: IEA Energy Outlook
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1%
High penetration 50% o
TS 4% - 42%  39%  36%
point_ 2Y 0 _ e .
Global Germany Netherland Spain England Chile China

Note® 2024 renewahle nenetratinn estimation

Peak/Frequency Regulation Transient Overvoltage

Thermal power is close to the peak-
shaving limit

HVDC overvoltage issues
Caused 130%+ overvoltage

o ] 135% |

- ( ﬁ)e | Dl:‘,
) = ==
continue e “continue||
100ms | = 80ms||

Broadband Oscillation

0200 2020 Thermal power peak shaving 1 2021 Thermal power PSD

(1.56W PV + Wind added)

Voltage Stability Margin

HVDC is faulty
causing voltage collapse

Risk of low frequency/ sub synchronous /
super synchronous oscillations

"Sg’g‘sjynchronous Oscillation Oteurred in
yuan Wind Farm, Hebei Province
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Convergence of PV & BESS industries towards string architecture

10

I

Energy
Storage
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Central Inverter

o = 3
fejiejiialialie - 2000+ PV modules / MW

DC combiner

1 MPPT centralized Management
Lower availability around 98%

single failure recovery cost longer time
Higher replacement cost

More Spare parts, hard to find in lifecycle

Central ESS: Centralized rack extensive management

§ 5 * One central PCS manages 2000
9: ‘,} = battery cells in series & parallel
eee Iii”iii] iii]“f causes severe mismatch capacity

* Reduced usable capacity, quick

&

degradation & massive O&M costs &
poor safety.

& * Failure recover take more time
* Lower availability

Smart PV Controller

24

* More MPPT, more yields %
*  99.99% availability, more flexibility
* Single failure influence is limited

* Easy O&M and replacement

2022E

Global String Inverter Market Share

2014 2020

* Inverter is spare part

Smart String ESS: Distributed and refined rack management

P P P * Independent control of battery
o o o
= = = packs & racks
- =
Lﬂ@ [N ([ * Isolation of faulty pack
ESS

n

=) < No need of SOC calibration

* Single failure influence is limited

“

* Higher availability

i
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Challenges in Battery Energy Storage System Industry

Complex O&M

Low Available Capacity Fire Risks

16 RAE AETH RAEAE

namme 4

* Battery cell over-charge, over-discharge ,or
other faults

* Key components(circuit boards, contactors,
etc.) failure cause sparking and arcing

* Series & Parallel mismatch due to ¢ On-site battery installation wiring &
inconsistency between battery cells, which commissioning
leads to lower available capacity according to ¢ Regular SOC calibration by professional staff
Cannikin Law

Cell to system safety protection
Avoid thermal runaway

No need for periodic balancing

Pack & Rack Optimi
ac ack Optimizer No need for experts to visit sites

Erli iormlng l

EU considers grid forming as a key

to high wind/solar penetration

2020 EU MIGRATE Project

£
3
5  stable .
§ R
% Unstable Ly
%) \
— Y
)
Improved grfd following
Wind/Solar 30% 50% 70% 100%

The European Power Grid Code (RfG) raised requirements of
Grid Forming for Type A-D power generating modules

Grid forming increase absorption of
PV capacity by 40%

=

Grid Following Grid Forming

Increases absorption by

B roomw
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Network security directly challenge grid stability
r r

r
Cyber Attack Causes Device Vulnerability Vulnerability of industrial control system
Large Power Outages

First power system cyber attack A German solar inverter vulnerability seriously Remote transfer unit vulnerabilities

in Eastern Europe all over the world threatens European grid Lead to grid unstability

OEE 6 s | | s | bt | 0

iesor

Critical Siemens RTU Vulnerahility Could Allow Hackers
to Destabilize Power Grid

Sermens rcentyptched acrtca

Inside the Cunning, Unprecedented Hack of Eastern European
Power Grid

The hack on aric was s i 2 that o edant for the sacurity of pawar
srids averywhare.

ey st

Technology

Hackers ‘could target electricity grid® via
solar panel tech

R G s S i
v oE < 1y 2

Ot Dk D

B

st o i

Tl

Dl frs i e

Cotbi kbbbt
e

P Secieorsti

sy

[
Suayhy

It St i
Caeiei et

[
oy WOt

st ergysecorcudallo st o et o G
Machors couid target siectricity grdn thronngh ety frms i 3oias i i it teesacherswofoun e sty e
et man v

e Dt vav ares

e There is a company industrial control system
* Hackers hacked into SCADA systems of three ¢ According to Netherlands Volkskrant, it is p' .y s y
oo . X X L (ICS) has a critical vulnerability, directly
power distribution companies. claimed that the security vulnerability has affecting remote transfer unit ;
¢ Some substations were disconnected, affected thousands of inverters used in . !
N X X . e Unauthenticated attackers can take complete
* causing power failure for six about 225,000 European grid. Once hackers take control )
| ; control of the device, even cause power
users. inverters and shut them down, it can cause

outages by changing critical automation

widespread blackouts across Europe. parameters.
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BESS system safety design challenge grid stability

T -

—

BESS failure path causes safety risks

EC3

Non-battery risks External risks Electrical risks Internal defects Control failure
Short circuit / Vibration / Drop / Insulation failure / Burr/Bonding / Sampling/Commu Sharp Thermal Thermal runaway Violent
Arcing / Open Condensation Overvoltage and Lithium plating nication / BMS temperature runaway diffusion explosion
flame Risksource fault rise/Open valve
Elkhorn BESS Project in Bouldercum Battery Project Guangtong Logistics Park
location 1 Moss Landing, California, USA location 2 Queensland, Australia location 3 Zhuhai, China
BESS runs for only half a year BESS is in the charging state BESS runs for only 2 years
. ) ) The positive copper foil of the battery is not
Fire The main cause is that the umbrella valve Fire External water flows into the Fire P pp L K v
. ; L evenly coated, which is mismatch in cells
reason warping caused rainwater to drip into BESS reason busbar copper bar reason
caused battery thermal runaway.
Loss Around 2 Million USD Loss Around 3 Million USD Loss Around 0.5 Million CNY
Sep., 2023 Aug., 2023
Pic. Pic. Pic.
13 Huawei Confidential
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Grid Forming is considered a Vital Technology for Weak Power Syste

EU considers grid forming as a key
to high wind/solar penetration

2020 EU MIGRATE Project

s /"—
D S / Grid Forming
3 >N
% Stable \‘
c \
©  Unstable ¥
2 \
(%) \‘
-\
Improved grjd following
Wind/Solar 30% 50% 70% 100%

The European Power Grid Code (RfG) raised requirements of
Grid Forming for Type A-D power generating modules
Type D
Type C

Power generating modules shall be capable of suppressing transient
frequency deviation in hi low frequency conditions.

14 Huawei Confidential

Guidelines and pilot projects are emerging

@ China, UK, USA, Australia has released guidelines for GFM

RIRHROR A

[

Grid Forming Technology -
i S Gt

e

2023. Jul, China 2021. Feb, UK 2021. Dec, USA NERC  2021.Aug, Australia, AEMO

Grid Forming standard Grid Forming standard

Guideline for Grid Forming 'Advanced grid-scale inverter’

® Huawei has participated in multiple GFM tests in real sites

2024, Qinghai , China

2024, X!nllang , 50MW/100MWH
China In multi source
25MW/100MWH i
I SCR 2 PV/Wind/CSP

) 2024, Tibet , China
6MW/24MWH
7 =  In70% penetration rate

® Commercial BESS adopts GFM to enhance system strength

* Based on public news

® UK developer Zenobe plans to build more bigger scale BESS projects (with

ZENOBE
freRer GFM features) from 2023Q4-2024Q4

" ® Australia: A system strength shortfall of 312MVA was identified, AGL
: ’agl proposes to build 250MW/250MWh GFM BESS to support system

strength.
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err Multiple Scenarios Such as Power Generation, Transmission, and
Consumption, Improve Wind and PV Power Integration, Stabilize Pc
Operation, and Reduce Power Consumption Costs

‘ O Generation: Replace the conventional genset power supply with the joint operation of PV+Wind+ESS. Promote
PV+Wind+ESS to optimize the PPA electricity prices of PV+wind.

O Grid: Leverage ESSs in power grid services to ensure the stability and balance of power grid operations.

O Consumption: Promote PV+ESS to improve self-consumption, facilitate time-of-use (ToU) arbitrage, and delay power
distribution network revamping to reduce power consumption costs.

Backup 4 Generation Grid Consumption
duration Microgrid
) .
4h
1h

2 HUAWEI
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| PV+Wind+ESS PPA

Scenarios

revenue based on the ToU
arbitrage model.

& Energy (kWh) 2008/MWh

ow LCOE of PV+ESS power
eneration

he actual charge and discharge
curves match the curves in the
quotation.

utput based on power grid
ispatching requirements

Capacity usage .
*  Round-trip efficiency (RTE) .
. q Availability .

Chile, North America, etc.

16 Huawei Confidential

Sign the ToU PPA to generate 1.

N

Long-duration

PV+Wind+ESS power supply

Generate power based on the
around-the-clock output
curve and obtain the PPA
revenue.

If the output curve is not
followed, corresponding
penalty rules will apply.

Low LCOE of PV+ESS power
generation

Stable supply of constant power
based on constant power to loads
More accurate wind+PV power
generation curve

Capacity usage
RTE

Availability

South Africa, UAE, Philippines, etc.

1

Energy market

. Obtain revenue based on the

electricity price forecast and
charge/discharge price
differences between peak and
off-peak periods.

= Boforopeak shaveg
Aferpeak shning
£55 dscrarging

Esschaging
Essenaging

More accurate electricity price
prediction in the power market
The actual charge and
discharge curves match the
curves in the quotation.
Charge when the electricity
price is low and discharge
when the electricity price is
high based on the power
grid dispatching
requirements.

Capacity usage
RTE

Availability

China, Europe, North America,
etc.

N

Capacity market

. Compete with conventional

generators in grid capacity
compensation bidding.

A fixed contract for 15 to 17
years will be signed if the bid is
won.

. A notice is sent in advance. If

the capacity requirements are
not met, a penalty will be
imposed.

Capacity (kW) e.g. 60$/kW

Time (year)

The discharge capacity at the
POC remains unchanged
within the contract period of 15
to 17 years.

The system keeps online
around the clock at constant
power and can be dispatched
by the power grid at any time.

Capacity usage
Discharge efficiency
Flexible augmentation
Availability

Italy, Poland, and Belgium
UK, Ireland, and North America

Grid

"';{éven Business Models for ESS Customers, Ensuring Safe, Stable,
Balanced Power Grid Operations

Generation

Frequency regulation market

. Fair bidding for ESSs and

conventional generators

Power compensation will be
achieved if the bid is won. Energy
compensation will be available if
required.

If the response time, adjustment
precision, and compensation
requirements for adjustment are
not met, penalties will be imposed.
Frequency

(H2) ESS charging

Time (min)

Keeping online around the
clock, ensuring high availability
in all scenarios

More accurate prediction of
frequency regulation prices
Fast frequency regulation: high
requirements on response time
Primary frequency regulation:
requirement for a wide range at
constant power;
secondary/tertiary frequency
regulation: high efficiency
requirement, directly affecting the
revenue proportion

Online around the clock, high
availability

SOC range at constant power
High SOC precision

Shorter response and adjustment.
time

West Europe (France,
Germany, Czech, Belgium,
etc.), North Europe, HI
region, Singapore, UK,
Ireland, etc.

Grid forming market

1. Fair bidding based on grid
forming service technical
requirements for condensers,
retired thermal power facilities,
and grid-forming ESSs

Penalties will be imposed if the
response time, inertia/reactive
support capability, and availability
requirements are not met.

N

Frovide Provide
reactive g
Ve active
pfor - power for--
voltage frequenc
recover 4
y recovery

Keeping online around the
clock, real-time grid inertia and
transient voltage support

A longer inertia adjustment
process and stronger reactive
support indicate greater
revenue.

+  Online around the clock, high
availability

*  Meeting admission requirements
for the grid forming market

«  Enhanced reactive overload
capability and inertia duration

China and Germany
UK, Australia, etc.

1.

N

Microgrid market

In PPA mode, the IPP sells
electricity only during the period
with sufficient irradiance (8 am
to 18 pm) in the daytime. The
ESS configuration is reduced
as much as possible, the initial
investment is reduced, and the
payback period is shortened.
Only the ROI of the PV+ESS
system is considered.

. The customer-built mode is

used to reduce the
comprehensive power supply
cost. The construction can be
performed in batches, and the
PV+ESS substitution rate will
be gradually increased.

Applies to areas with no or
weak power grids to replace
gensets, ensuring power
supply and reducing the overall
power consumption cost.

Full-stack solution
Availability and reliability
Easy commissioning and O&M

China, Northern and
Southern Africa, Latin
America, etc.

Y4 HUAWEI




Trends & Challenges

Introduction to Energy Storage

Technology

Introduction to Li-ion Battery

Composition of Li-ion Battery
Energy Storage System

17 Huawei Confidential

Application of Li-ion Battery
Energy Storage System

Characteristics of energy
storage systems

Safety and standards of energy
storage systems
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Definition of Energy Storage Technology

| e ey SiEmee @ CReEy i Common Energy Storage Products and Applications

. technology refers to the technology that Consumer domain

stores energy and uses it when needed.

Generalized energy storage: energy storage

is a cyclic process in which energy such as

electric energy, thermal energy, and

mechanical energy is stored from the same
form or converted into another form, and then
released in the form of specific energy when

. used in the future.

Energy storage in a narrow sense: refers to a

series of technologies and measures that use ‘ ™ ’_”_/7/,,—-‘“

chemical or physical methods to store - |
- & |

electrical energy and release it when needed.

— . |

18 Huawei Confidential !_\”é HUAWEI




|
Classification of energy storage technologies

According to different energy conversion and storage forms, energy storage technologies can be div
| categories: mechanical energy storage, electrochemical energy storage, thermal energy storage, electromagnetic energy
storage and chemical energy storage. In terms of energy release, except thermal energy storage, other energy storage

technologies generally release energy in the form of electric energy. supercapacitor energy storage
P d st hvd ' electromagnetic | i i
umped storage hydropower (" TARBREEEEST _l_gn_e_rgy_st_qtagg i superconducting magnetic
flywheel energy storage ' — energy storage
|_energy storage _ . , . .
Electric energy is converted into electric energy
he use of mechanical systems to convert electrical ?rlr:;agnetlc field gn;edr%y by meacr;s of eliectrlc
energy into potential or kinetic energy for storage. leld or magnetic field device and store
energy storage "Eﬁ_eEﬁi_c_a_l_e_ﬂéfg_y‘: Hydrogen and synthetic natural
technology 0 storage ____ ' gas energy storage
Lead-acid battery energy storage The use of chemical equipment to convert
Li-ion battery energy storage heat or electrical energy into chemical energy
— for storage.
liquid flow battery energy
Other new battery energy | €lectrochemical E— sensible heat energy storage
storage —energy storage _ " thermal él_’l_e_l"éSI_ 3

latent heat energy storage

The use of battery devices to convert electrical

energy into chemical energy for storage. Heat energy is stored in the form of sensible
heat or latent heat by means of heat storage
medium (such as water and molten salt).

19 Huawei Confidential g’é HUAWEI




Pumped-Storage Plant

Elevator

N
Powerplant Chamber
| Brookers
Transformer Vault

Huawei Confidential

Mechanical energy storage - pumped storage hydropower

Basic
Principles

Advantages

downsides

Application
Status

When surplus of electricity, the excess power is used to pump water from low-level reservoir to
high-level reservoir, and the electric energy is converted into gravity potential energy for storage.
The water from the high-level reservoir flows back to the low-level reservoir during peak power

consumption to push the turbine generator to generate electricity.

1) Large-scale (GW/GWh) and centralized energy storage technology;
2) Long service life, usually up to 40-60 years

1) The selection of plant site depends on geographical conditions (two reservoirs with different
elevation levels are needed) and has certain difficulties and limitations;

2) Long construction period of pumped storage hydropower station (It takes 7-8 years from start-
up to commissioning of all units);

3) It may have some influence on ecological environment.

1) Mainly applied to large power grid regulation, together with nuclear power and thermal power for
peak regulation, phase regulation, frequency regulation and power system backup;

2) By the end of 2019, the global installed capacity of pumped storage hydropower was 171.0GW,
accounting for 92.6% of the global installed capacity of electric energy storage.

3) By the end of 2019, the accumulated installed capacity of pumped storage hydropower in China
was 30.29GW, accounting for 93.4% of the total installed capacity of electric energy storage.

Y2 HuAWEI




Basic Principles

Advantages

Microgrid Energy Management
System (MEMS)

" Microgrid Po:'arie
conv T .
| e sus oon_;oler Downsides
H AC/DCIAC
e
Charge Application
i Status
Discharge —
Vaccum
pump

Containment

Main shaft

Huawei Confidential

Mechanical energy storage - flywheel energy storage

When surplus of electricity, the motor drives the flywheel to rotate at high speed, converting the
electric energy into kinetic energy storage; When electrical is in shortage, the motor is switched to
generator operation, which converts the kinetic energy of the flywheel into electrical energy. That
is, the flywheel energy storage realizes the storage and release of electric energy through the

acceleration and deceleration of the rotor.

1) High power density (up to 4 kW/kg);

2) Durable with long lifecycle (million level);

3) High charging and discharging efficiency (over 90%);
4) Less maintenance and good stability;

1) The energy density is low (20-80 Wh/kg), and the discharge lasts only a few seconds to a few
minutes;

2) High self-discharge rate due to bearing wear and air resistance.

1) Flywheel energy storage is a typical power-based energy storage technology and is applicable
to power distribution network for frequency adjustment and data center UPS scenarios.
2) By the end of 2019, flywheel energy storage accounted for 0.2% of the total installed electricity

energy storage capacity worldwide.

2 HUAWEI
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electric double layer supercapacitor
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' © (electrolyte)
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- B |
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® @; e e
2 : 2| | At
Q1@
® H . {activated carbon electrode)
@ C 15
H
- (separator)
Before
A charging
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Basic
Principles

Advantages
downsides

Application
Status

Double-electric layer supercapacitor: When the electrode is charged, the electric charge on
the surface of the electrode attracts the heterogeneous ions in the surrounding electrolyte,
and the ions attach to the surface of the electrode to form a double electric charge layer,
forming a potential difference between the two solid electrodes, thereby realizing energy
storage. Double-layer capacitors store energy through electrostatic interaction.

Faraday pseudocapacitor: It is an electrochemical action (Faraday reaction) to realize energy
storage. The electroactive material has reversible chemisorption or redox reaction in the two-
dimensional surface or three-dimensional space of the electrode body phase.

1) High power density (5-30 kW/kg)

2) Many cycles, up to one million

3) charging and discharging efficiency > 90%;

1) Low mass energy density (usually <20Wh/kg);

2) High initial investment cost;

1) It is used for braking energy recovery and instantaneous high power scenarios.
2) Itis applied in the fields of diesel locomotives, tramcars, subways and port hoisting

machinery;

2 HUAWEI
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Electrochemical energy storage-lead-acid battery energy storage kSl

Huawei Confidential

Basic
Principles

Advantages

downsides

Application
Status

Db =munes

Lead-acid batteries are one of the most widely used batteries in the world. The positive electrode
(PbO2) and the negative electrode (Pb) in the lead-acid battery are immersed into the electrolyte
solution (sulphuric acid), and the battery is charged and discharged through the following reaction:
(positive electrode ) (electrolyte) (negative electrode )

PbO2 + 2H2S04 + Pb --->PbS04+2H20+PbSO4 (discharge reaction,
negative electrode oxidation, positive electrode reduction)

(positive electrode ) (electrolyte) (negative electrode )

PbSO4 + 2H20 + PbSO4--->Pb02+2H2S04+Pb (charge reaction, negative
electrode reduction, positive electrode oxidation)

1) simple structure, safe and reliable;
2) Mature application, low price, and high cost-effectiveness

1) poor discharge performance at large discharge C-rate;
2) low energy density (40-80Wh/kg);
3) Relatively less cycles (~1000 times)

Lead-acid batteries are mostly used for starting power supply of automobiles and backup power
supply of electric power system. There is a trend of accelerated replacement by lithium-ion
batteries.

Y2 HuAWEI
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' Electrochemical energy storage-flow battery energy storage

{ In a flow battery system, it usually consists of two containers and a stack in which the electrolyte is

Basic stored (Energy stored in electroactive substances of liquid electrolytes) The electrolyte in the

Pr|nC|pIes container is pumped into the battery stack by a pump. The electrolyte converts electric energy

and chemical energy through an oxidation-reduction reaction at the diaphragm.

1) The system capacity and power can be decoupled based on the application scenario
Advantages requirements. (Capacity depends on electrolyte storage and power depends on the area of

the stack diaphragm);

2) The number of cycles exceeds 10,000;

1) The price of energy storage systems is high.

. ;. downsides 2) low energy density and power density;
Eiev_:r;r:iyte ‘ E]e?;fll(yte 3) Low charging and discharging efficiency;
Application 1) Flow battery has various electrolyte systems, and all-vanadium flow battery is most widely used
Status at present;
) _ 2) By the end of 2019, there were more than 200 all-vanadium flow battery energy storage
demonstration projects worldwide, with a total installed capacity of about 86 MWh.
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Chemical energy storage - Hydrogen

Basic
Principles
Advantages
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Hydrogen obtained by thermochemical Processes Of natural gas, biomass, coal and electrolysis of
water, can be purified and directly used as energy carrier; Alternatively, hydrogen is re-reacted
with carbon dioxide to form synthetic natural gas (methane), which is used as another secondary
energy carrier.

Energy is stored as chemical bonds in hydrogen or methane.

1) the energy storage capacity is large, which can reach the TWh level;
2) Hydrogen can be stored for a long time, up to several months

1) The energy efficiency of the entire chain is low (only 30% to 40%).

2) High cost of hydrogen or synthetic natural gas production

Hydrogen or natural gas fueled thermoelectric cogeneration or cold-heat-electric cogeneration

systems has mature usage in distributed power generation and microgrid.
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Electrochemical energy storage - lithium ion battery
energy storage

|

RS When the battery is charged, lithium ion is removed from the positive electrode material, enters

= > Princiol the electrolyte under the action of electric field force, passes through the diaphragm, migrates to
rincipies . . - . .

) . _P the surface of the negative electrode material, and then is intercalated in the negative electrode
material. When the battery is discharged, the transfer direction of lithium ion is opposite to that
of charging.

- —
- / -
—

1) high energy density up to 300Wh/kg;
2) the charging and discharging efficiency is up to 90%;

A) Charging Process 3) cycles, up to 5000 times

Advantages

= e : ﬁ — 1) The initial investment is higher than that of lead-acid batteries;

Downsides 2) Safety problems such as high heat and fire caused by improper management of over-charge

i & and discharge
] i @
o g— e L. 1) Lithium-ion batteries have excellent comprehensive performance and are widely used in
i BT % Appllcat|on portable and mobile devices such as electric vehicles, laptops, and mobile phones, and have
7 1 o Status become the most widely used batteries in the world;
2) Lithium-ion battery production is rising, prices are falling, and application space is expanding.
Electrolyte In 2019, the installed capacity of power batteries for new energy vehicles is about 115.2 GWh,

while the installed capacity of batteries in global electricity storage capacity is 8.5 GWh.
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Aspects of storage technologies:

« Range of application of storage
technologies: Power output (MW) &
Energy Storage (MWh)

« Storage technologies capacity in terms
of discharge time at rated power which
defined the system power ratings: Power
Quality & UPS, Bridging Power and
Energy Management

discharge time

« Efficiency and lifetime of storage

tecnologies (RTE - Lifetime) e M
e capacity - power (W) and energy (Wh gia’
« Mass and volumen densities of storage pacily gy (Wh) -
t h I . Source: U.5. Energy Information Administration, adapied from Energy Storage Association
ecnno Ogles Mote: This is a general representation of the range of capacities and duration of electricity discharge

for the types of energy storage technologies for electncity generation that are cumently deployed in

the United States. Excludes hydrogen, which potenfially could encompass the entire range of capaci-
¢ CAPEX and OPEX fies and discharge fimes. Some fypes, especially batteries, include technologies with a range of

capacities and applications. kKW is kilowatfts; H is hours, MW is megawafts; GW is gigawatts.
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Comparison of energy storage technology characteristics

Application Areas

leads to safety problems,
and fewer cycles High initial investment

Vehicle starting power supply, Terminals, electric vehicles, and electric

28
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standby power supply

ener; storage

environment, long construction

period, and impact on ecology

Electric energy storage

electrochemical energy storage mechanical energy storage electromagnetic energy storage
Indicators
Lead-acid battery energy storage Lithium ion battery energy storage pumped storage hydropower flywheel energy storage double-layer supercapacitor
Capacity scale 100 MWh 100 MWh GWh MWh MWh
Power scale Dozens of MW 100 MW GW Dozens of MW Dozens of MW
nergy density / Wh. Kg-1 40 - 80 80 - 300 05-2 20 - 80 2.5-15
Power density/V.Kg-1 150 - 500 1500 - 3000 0.1-0.3 > 4000 1000 - 10000
Response Time milliseconds milliseconds minutes milliseconds milliseconds
Number of cycles - 1000 2000 - 10000 > 10000 million times million times
service life 5 - 8 years 10 to 15 years 40 - 60 years 20 years 15 years
charge and discharge
70 - 80% > 90% 70% - 80% 85% - 95% > 90%
efficiency
high energy density, many cycles, Large capacity and power scale, High power density, many cycles, and High power density, more cycles
Advantages High security and low investment high charge/discharge efficiency and good safety
high charge and discharge efficiency Long service life
The discharge performance of large Improper charging and discharging management Slow response, limited by
CHepr it C-rate is poor, Low energy density

Small capacity and high investment.

Small capacity and high investment
Low energy density and high self-—

discharge rate

Low energy density

Grid Power storage (grid frequency Rail transit (braking energy

modulation), UPS recovery, start-up)
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Players and key concepts to understand key metrics for Energy Storage
Tecnology

Customer types in Energy business
<

.\ . .
E hgineering |W

rocurement

” Engineering

pnstruction

Stable
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Owner/ Investor -

Procurement/decision
of main components

Sum of revenue
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Trends & Challenges

Introduction to Energy Storage
Technology

Introduction to Li-ion Battery

Composition of Li-ion Battery
Energy Storage System
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Application of Li-ion Battery
Energy Storage System

Characteristics of energy
storage systems

Safety and standards of energy
storage systems
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