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Go & cooperate with Fortune Global #44
Huawel. Most bankable partners for customers

Solid operations

Constantly creating value for customers

5G, cloud & digital power, achieving 136.7
robust growth 123.0 @ NO. 44 on Fortune Global 500
Consumer business: Enhancing our 105.2
seamless Al life ecosystem : 1 97 O O O
. employees
925
9.1 70.4

WAER

E 170+ countries and regions

61.3

53.4% R&D employees

@3
-

46.5

NO. 3 in R&D investment
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Digital Power: Constant & high-speed growth, worldwide recognition

-

Huawei Digital Power sales revenue

N[ Huawei Digital Power serves 1/3 of the world's population h

across more than 170 countries and regions

USD: Billion

2,419

2016

2,746

2017

3,168

2018

4,668

2019

5,503

2020

Smart PV Data center facility

No. 1 in the global market for six Prefabricated modular data center solution:
consecutive years Source 1 No. 1 in the global market for six years.
Smart module: No. 1 in the Chinese market
200GW smart PV plants for seven years ~ soucez

Site power mPower

Embeddd power

-

No. 1 for eight years since 2013. The world’s first x-in-1 675+ Million PCS
serving 170+ countries and ePowertrain DriveOne delivered
regions  souwees Source 1. IHS Markit

Source 2. Omdia
Source 3. Frost & Sullivan
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Digital Power Global Platforms: Leveraging the domain specific
advantages globally to keep leading

170 Countries

6000+ Employees
60% R&D

12 R&D Centers

5 Competence Centers

10%+ R&D Investment

Vancouver Canada

Power Electronics + poyer Electronics Silicon Valley

%orage

Sweden: Stockholm _
Algorithm and Topology Moscow, Russia
Research Center ® Thermal

Germany: Nuremberg °

EU Competence Center @@ Xi‘an Japan: Yokohama
Product Development Electric Drive Research
S.ain Cer\x[(irsO ® rainggg  Center
EU+LATAM Competence Cé)nter ® Che:g:: [ HPHh(R Competence Center
DUBAI .&u. angzhou Shanghai
MEA Competence Center Thailang -~ Product Development

nter
APAC Competence Center Cente

Shenzhen and Dongguan
R&D and Manufacturing Centers

V2 HUAWEI



Huawel smart PV: Continuous innovation for PV scenarios
Unique string solution with accumulated shipment > 200GW

Stable operation in all scenarios Harsh environments

o 50MW, floating, Vietham
High humidity & salt spray

. 40MW, utility, Xinjiang
= High temperature to 73°C

, 8 SOMW, utility, Ukraine e
B | Low temperature to -30°C §

2013

2,500 Green energy for
Utility PV plants 250,000 companies

FusionSolar Cloud:
Serving for > 150GW PV plants

50MW, utility, Luhuo, China
Altitude to 4300m

Stable operation in strict grid environments

@ 106MW, utility, Australia
Strict grid requirements

. 2.2GW utility, Qinghai
CRlowto 1.2

Green energy for
<1,400,000 households

)

Huawei ESS installed
200,000 households

Huawei's global shipments ranked No. 1 from 2015 ~ 2020

Promoting String solutions to be mainstream solution

> 200GW

Accumulated shipment
of Huawei Smart PV

Generate green power

470.2 billon kWh

Reduce carbon emissions

230 million tons

2021
Market Share Ranking

Europe No. 1
MEA No. 1
APAC No. 1
China No. 1
Japan

South Korea No. 1
India No. 1
LATAM No. 1

V2 HUAWEI



Huawel Smart PV support world's largest GW-level ESS project

Red Sea 1.3GWh, 100% Renewable Energy Micro-grid Projectj_ Huawei Large-scale Micro-grid Solution

. /ﬁ
/ Grid Forming, Stable PV & BESS power supply, Lower LCOE

MBUS [ | [ T
2 | [
- - . s : - W P [eed e
5 NS 3 Large-scale Micgo;grid -%Igg{guﬂ{: u!

110 KV grid-tied ‘e
p

e

FusionSolar Smart PV & BESS

Module + Trackers SUN2000 STS Mgmt. system

o Smart PV Inverter

Operating mode:

U Power loads: . \
Phase | 124 MW, Phase Il; 210MW! vaaE
A

T T [
100% PV + BESS, BESS one cycle per da g '''' i {[) ;'%fg [E;“g;

- P ' h =] - & | |
Diesel for emergency use & backup only < : ¢ SEH RSTERIEE

AV }‘"' e o Ethernet | Ethernet = 5&’ uggm s

‘A 85-10-1 . .
Shew;h south island ar FieldEd e A, 5 N [ : Step-up Station  Grid
Smart String BESS Smart PCS STS
400MW PV + 1.3 GWh BESS Grid-tied or Standalone

*  100% powered by renewable energy, weak grid environments, high

_ ) . Smart Grid Forming, higher grid-tied ability, passing grid simulation within 1 month
requirements for grid stability

. Large-scale micro grid system, grid networking by 110 kV, requiring

Micro-grid fault ride through enables higher availability and higher revenue
off-grid fault ride through

+ High Temperature, High Humidity, High Salt Spray Online MV off-/on-grid change-over, higher system revenue

The World's Largest 100% Renewable energy Micro-grid Project 2:1 PV / BESS ratio, maximum reducing 50% BESS configurations

0 V2 HUAWEI



New power system bring new challenges to grid: high proportion of
renewable energy, power electronic devices, distribution energy

Synchronous generator

Trends
rod

Power Generation

Traditional Power
System

Renewable energy as mainstream

E -
2 power, solar, wind, storage etc.
)
g
o \I 7 >
[EN BN
z - ﬂ’
Solar ESS Wind
Uncertainty of power generation
Coal Gas
Challenges “\\,//\/\“\_,_-,
Wind power-off
Storage
OOOOOOOOOOOOOOOOOC?OOO
2L
SR Rl R loRC- R psFofoiriafiofe
Charging storage by

pumping

One-way power transmission

I e

Transmission & distribution

Massive power electronic
devices, UHVDC

7 i

Power electronics

Information flow Information flow

Transmission &
distribution grid

Grid-stability decline

Power angle stability declines as
renewable energy surge in UHVDC

— near range
O\

21:00

22:00
23:00

Single electric-power utilization

Electric-power utilization

Massive distributed power supply,
electrification facilities, bi-way power
transmission & distribution systems

b & =

Smart power Residential PV Electric vehicle
distribution

Power operation & supply reliability decline

i 2020 — 2021

60%
40%

V2 HUAWEI

Daily net load curve



China: Multiple policy guidance and UHVDC power transmission,
driving rapid development of PV renewable energy

#1 Large clean energy bases

During the 14th Five-Year Plan period, the construction

of renewable energy bases will be promoted.

9 large energy base wind/solar/hydrogen/ESS

Songliao Northern Hebei Upper Huanghe
Base Base River Base
Yellow River Upper Jinsha Yalong River
Jiziwan Base River Base Base
Hexi Corridor Lower Jinsha

Xinjiang Base

Base River Base

Integration of wind/water/fire/hydrogen/ESS

#3 ESS as mandatory

17 provinces explicitly require ESS mandatory or priority

approval
Shandong | 10% ESS storage as mandatory
Hunan | ESS capacity = 20%
Xinjiang | 20% ESS capacity of PV plant capacity

Jiangsu, Hubei | ESS capacity = 10%

8

UHVDC power transmission

#2 PV construction in whole county important power transmission channel

e YN LT E
Z IR

* In 2020, UHVDC lines transmit 531.8 billion kWh of electricity, of
which 244.1 billion kWh of electricity from renewable energy sources,
accounting for 45.9%.

* By the end of 13th Five-Year, State Grid has completed and put into
v Pilot projectfor PV v Vigorously develop v' Combine solar & operall'tion _24 UHV projects in the "13th Party, 10th _Party and 1Otr_1
construction in solar to revitalize buildings, reducing power _Party ”prOJects, and appr_oved and lﬂnde_r construction 4 UHYV projects
in the "one Party, three direct Party" projects. UHV projects have been
whole county rural areas loads & land demand put into operation with a total line length of 35,583 km and a total
transformation (conversion) capacity of 39,667 million kVA (kW),
accounting for 5 percent of the country's electricity.

#4 Region (province, city, and
district)/source network load storage

Harbin
Integration of source/load/net/storage  Pluripotent complementarity C T g s°":“"’°c'3?::.§¢h,h_
-+ Optimize & integrate local resource « Proper configuration, optimized e $ Sinteng Bbes O e
. . . . =% Shenyang
» Exploit load-side regulation power ratio g Beiji
» Local and nearby flexibility to » Coordinate power supply planning, !
stimulate market vitality design, construction and operation

A RESERNNEEAR

BTALEE RREE—RTE
"

UEGHRY WES . WARREEIONR

e&———e DC projectin transit ¥
o—— AC projectin transit* , ]
* - - —e Approved DC projects under construction
» - - -e Approved AC projects under.construction

RN RRGH, SPALNOEMLNIN

Shanxi Province Promotes the Integration of Power Source, Load
and Storage and Multi-Energy Complementary Demonstration

V2 HUAWEI



Success Case: Huawei Smart PV stable operation in weak grid

ﬁ Changde, Heilongjiang, China

Substation 220kV Busbar
1x180MVA

Main Transformer

Short Circuit Capacity

Substation 35kV Busbar =253MVA

2.5MVA x 40 @ @
. | | |
Central Central = ‘ - - =
Inverter Inverter o [ - S PR

Huawei Sun2000 series

— Stage | Project 100MW

(with central inverters) (with Huawei)

— Stage Il Project, 20MW —

—

Apr 4th 2020, 09:32:26, Massive shutdown.

Stage | 100MW project contingency event recording...

35 out of 140 inverters shutde
Whole plant shuts down for 2
Replacement of controf

@ Meanwhile..

Sunnary hnalysis re

Row: 0 Content:

R\

Phase shift and reduced voltage magntitude

—

normal

__Inverter failing LVRT and shut downs

——t’

ine-line 2phasefaults

n.and damaged.
Weeks (3% Yield loss) ..
lHnverters ..>-does not guarant

recurring.

i

"

Huawer'i rter Iog

i curately and ro@et

=ult DSF Loz Emin Log Wave Log

LVRT Event Detection Negtive sequency voltage

3
N

0

Fil Fri Time i
A 0. 2020/4/49:38:54

LVET HYRT Grid_aB Grid BC Grid CA Grid PosSeq Grid NegSeq Id Eef Ig Ref

INV_VRT_INFO_LOG_VRT 1 [} 5062 5042 5047 3343 627 1128 65352

ou h the fault.



Success Case: Huawel Smart PV Fully Compliance with World's
Strictest Grid Code

Huawei Smart PV: Unique string solution fully compliance with Australian new strict grid code

New Grid Code . : R1 Simulation & R2 Testing &
- : GPS Simulation . P
_Launched in Australia | o ) _____Construction | ___Commissioning |
2019.02 2019.08 2020 2021.04~08
New Australian grid code Fully compliance with new code  Successfully pass strict model audits 300+ onsite tests, 100% fully grid-connected
» Strictest grid code for HVRT/LVRT » First approval letters compliance > Fully compliance with new » Onsite results fully overlay with simulation
with new code within half year Australian dynamic models

» Superior power quality: THD, < 0.37%

> SCRlowto 1.5 » Better communication: 40 ms instruction

cycles and < 10 ms time delay

10 V2 HUAWEI



ESS functions as a reservoir/regulator in the power system, supporting
high-proportion development of renewable energy

ERERNERXT ERERENES BREERERXTFINHIERD Planed ESS capacity by 2
ﬂ H— SR E KBRS R ﬂ HERRERRATRSER giant grid companies
L= EHIME (2021) 6332 = MR (2021) 10515 >90GW
»  Establish mechanism for recovery of capacity tariffs into »  Establish a capacity price mechanism for 50GW

independent energy storage power stations on the
grid side, and explore how to incorporate the cost
and benefit of alternative ESS facilities into
transmission and distribution price recovery.

transmission and distribution tariffs. The capacity electricity fee
corresponding to ESS capacity electricity price approved by gov.
shall be paid by grid enterprises, and shall be included in the
provincial transmission and distribution price for recovery.

<1GW

2020 = 2025 m2030

Sending side Receiving side
UHVDC 500 kV 220 kV 110 kV 10 kV 0.38 kV

X B b (T——

ESS o o o ] o # WM
Grid forming, peak load & Peak load & Emergency backup, voltage Emergency standby, Relieve network congestion, Relieve network congestion,
frequency regulation, frequency regulation & frequency support, voltage frequency grid Investment substitution power quality improvement, C&l
electricity balance regional peak regulation support cutting peaks and filling valleys

V2 HUAWEI
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From simple series and parallel connection of batteries to smart string
architecture, building safe & reliable ESS architecture

Traditional energy storage solution: low available capacity and high safety risks

Battery mismatch in Battery system defect

series and parallel

connection Lack of insulation

detection protection

Low available

capacity S
Insufficient production from
renewable energy

High safety risks
Unstable operation of
Cross current between power p|antS

racks

External short circuit

Inappropriate fire
control

High degradation of a Fire in an energy storage
plant in Anhui plantin Beiing e
B attery Integrated system supported by electrochemical, heat

dissipation, power electronics, and digital technologies

1000+ battery cells " S
- 2 (IR,
connecltletlj in series : E &8 | Cloud
orfis ‘ (IR management
+ 1000+ battery cells connected in series and + Centralized PCS » Multi-level charge and discharge optimization *  Modular PCS
parallel, centralized charging and discharging
» Centralized cooling * Proactive warning, zero fire or explosion risk » Distributed cooling

* Reactive protection

12 V2 HUAWEI



Grid Forming: Enabling PV voltage source attributes and align grid-
tied features with synchronous generators

PV Smart PV Generator Synchronous Generator
].\ —
TTTT [T 1T —
~om HH = B L y 2 £ 4 Py | la| |
22+ 1D A7+ 2+ Ul
« Current source, weak power Grid Forming Control Algorithm
grid support capability e Frequenc
Energy cannot be stored and is N . Suppgrting q Y« Energy storage and ¢ Equivalent moment __ Voltage/Frequency , Enetrg)lll sl';c_JI_rtage and  Moment
e controllability of inertia —  Supporting el fetltteliiy of inertia
difficult to control. — Ind dent R
. Simply adapting to grid . nnet\?vr())?li]inen * Bidirectional interaction I =pendent o Unidirectional
connection requirements g eRicrang Interaction

13
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igital Power: Your Best Partner for a Better,

By Nov. 2021, Digital Power has helped customers

=

generate green power save power reduce carbon emissions equivalent to planting —

470.2 billion kWh 14.4 billion kwh 230 million tons 310 million trees

Conversion note:

jon coefficient of electricity carbon emissions — 1 kWh electricity is equivalent to 475 g CO, (global average).
) S Source: IEA Global Energy & CO, Status Report 2018

numberof planted trees) — A tree absorbs 18.3 kg of CO, a year, and each tree has a 40-year lifespan.
y Source: Open data of the North Carolina State University website
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