


> LONGi Utility Business

WE COMMIT OURSELVES TO GLOBAL CLEAN ENERGY
DEVELOPMENT AND CONTINUE TO LEAD
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OUR INNOVATION WILL BE RAPIDLY TRANSFORMED
TO THE ACCELERATOR OF THE INDUSTRY EVOLUTION
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LONGi’s Mono Technology Led the PV industry into monocrystalline era —  Market share of monocrystalline products
M6 Wafer Standard Led the industry into the high power era —  Global utility-scale solar PV project LCOE(USD/KWH)'

M10 Wafer Standard Led the industry into the era of the large module and standards IRENA
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Modules are Subjected To Various Environmental Impacts During Lifetime

Environmental Factors

Effects on PV Module

Solar Exposure

light-induced degradation of cell efficiency

Temperature Variation

the failure of welded circuit connections, exacerbate cracks in
solar cells, junction box and module connection failures

Hot Spot

localized overheating in modules, causing hot spot failure

Electrical Potential

failure of solar cells due to the system voltage

Shading

overheat of diodes, resulting in excessive voltage drop and high
leakage current

UV Aging

encapsulation failure by yellowing of EVA, embrittlement of
sealing compound, and aging of back sheets

Hot& Humid/
Damp & Freezing

glass fogging, encapsulation failure, corrosion, and the failure
of junction boxes and module connections

Dynamic Mechanical Load

cracks in solar cells
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Here is An Example for TOPCon Technology:
Many Potential Risks of TOPCon Have Been Exposed In the Past Year

11.2022 06.2023 09.2023
! BloombergNEF !

PV Module and Inverter Bankabil Ity 2022: A Asier Ukar, the director of PI Berlin Spain, discusses the importance of addressing the §h<').uld Fi)‘_el_mdll"s”'y b“-’l f‘l‘v“'l';“f?f‘l it ‘{\9 ];Ot_en“‘a! df‘Sl'?qﬂ“‘m -
; risks associated with tunnel oxide passivated contact (TOPCon) tech early on, even 5““{?)}’“‘ 1 {W of tunne axide ‘L_MSSINI.G A contact (10.1 Con) solar
Seller’s Market though it outperforms (passivated emitter rear contact (PERC) when considering cells? Or are the problems easily addressed and more a

standard and tangible indicators. reflection of rushed-to-market products? pv magazine
contributor and consultant G6tz Fischbeck reports.

JUNE 20, 2023 PV MAGAZINE

- i I SEPTEMBER 18, 2023 PV MAGAZINI
Damp Heat Deg radatlon. One particular risk identified by PI Berlin is related to the presence TUV Rheinland: TOPCon technologies exhibit an

of Aluminium atthe cell-to-cell contacts increased SENSItIVItY to UV radiation.
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Stlldy shows n—type hifacial TOPCon cells | caution! Risk of Overrating Power in ‘Massive increase’ in solar module
more prone to degradation than p-type Photovoltaic Modules defects poses ‘significant risk’ to PV
industry - CEA

Dutch scientists have reported higher degradation risk for n-type TOPCon cells with

EVA encapsulant due to potential moisture degradation. Front-side metallisation By Will Norman

November 1, 2023

makes n-type cells more vulnerable than p-type cells, according to damp heat tests. PVTIME - In the photovoltaic industry, PERC cells currently dominate the market. Mainstream - - -
- power testing organizations often benchmark against each other, resulting in minimal [ i1 Li [] | = 5§
MAY 1, 2023 EMILIANO BELLINI numerical differences. Therefore, the space for power overrating is relatively small. However, T 1 j 1 : [ { T
N - - - - as TOPCon cells are ramping up production capacity, there is no standardized benchmarking Lt ] 1 =5 LB
DutCh SCIen“StS have reported hlgher degradatlon rISk among different testing organizations. As a result, some tested products exhibit significantly ERE : ™ | | | “
H higher power than the actual production units, leading to a gradual emergence of power TTITT T = |
for n-type TOPCon cells with EVA encapsulant due to per & e e T DR TR T
overrating in module outputs { il t ~ ! L |
- - . | it kB I
- . | BRSNS ST
4 potential Moisture Degradation. ! tere isnO standardized ! i T
- 4

05.2023 07.2023 benchmarking among different testing 11.2023

organizations, ..., leading to a gradual emergence

of POWEr overrating in module outputs.



LONGI LIFECYCLE QUALITY ensures high reliability throughout the entire life cycle, covering design, materials,
manufacturing, demonstration, and value-added services. It includes Threther tests and comprehensive aging tests for

materials and products to ensure their reliability in extreme weather conditions. Longi products have demonstrated clear
performance advantages compared to others in third-party testing and power generation demonstrations.

LIFECYCLE QUALITY

B E T & % o A MM

Non-uniform snow load (IML) test
m A v\

Award-Winning Reputation

2023
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LONGI LIFECYCLE QUALITY Guarantees Long Term Reliability of Products

2019 -2023

"Highest Achiever" award
for five consecutive years.

HIGHEST ACHIEVER Inogy,
2023 A“"D“- ‘\ 2023
f‘t‘% RELIABILITY pEE QUALITY
rerd U rea ] rer
Standards 61215 63209-1 PVEL RETC
Test TC200 TC200+3 TC200+3 TC200+4
DH1000 DH2000 DH2000 DH2000
Protocol UV15 DH200 DH1000 UV45
+TC50 +(UVB0+TC50+HF10)*3 | +(UV65+TC50+HF10)*3 +UV45
+HF10 +UV6.5 +UV6.5
SML SML SML SML
+TC50 +DML +DML +DML
+HF10 +TC50 +TC50 +TC50
+HF10 +HF10 +HF30
PID96 PID96*2 PID96*2 PID96*3
/ / LeTID LeTID
162*3 (75°C) 162%2+500+162+2 (75°C)
Comments Standard Guarantees Long Term Reliability
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Cases Study of Enhance Reliability Performance of Hi-MO7 as an Example

— Wafer

v Grade A* silicon wafer quality

v' 140um wafer thickness

)
-

Critical force [N]

0.1

0.05
3000 ym
crack length

80 100 120 140 160 180
Wafer thickness [pm]

reduces oxygen content
resulting in no ‘Striation Ring’
and low LID performance

Avoiding Crack Propagation
Risk from Aggressive Thin
Wafer
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Cases Study of Enhance Reliability Performance of Hi-MO7 as an Example

— Cell

v" SMBB technology

v" Nondestructive cutting technology

cracked
L sensitivity
1 ML/TC200
E )
& micro
% cracks
1 3%
g
4 %
Nondestructive Convéntior_nal
cutting section cutting section
: " [ Printing performance
Ratio of different paste performance/% Obemic contact performance DH 1000

v" Improve printing and contact
performance of paste
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Cases Study of Enhance Reliability Performance of Hi-MO7 as an Example

— Encapsulation

v Optimization of

encapsulation system

B Front side
Back side

HI-MO7 encapsulation PID36h
experiment (degradation rate)

111.

Module withA  Module withB  Module with C Hi-MO 7
encapsulation  encapsulation encapsulation

The gram weight of adhesive film
increased by 5%

the UV aging resistance increased by 5%
the PID resistance increased by 8%
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Cases Study of Enhance Reliability Performance of Hi-MO7 as an Example

v' automatic welding

Resistance welding Electron welding Laser welding

Welding
tension

— Junction Box -
. . . High reliable
Resistance welding Electron welding automatic welding
v Safe Margin for Diode odule Type fer Size e MW s-fety margin

Z LONGi LR5-72HGD 182*183.75 1430 2217 25 12.8%
o e LONGi LR7-72HGD 182*191.6 14.70 22.79 25 9.7%
I, A Company 182%210 15.90 24,65 25 1.4%
* B Company 210%210 18.18 28.18 30 6.5%

P Diode
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Cases Study of Enhance Reliability Performance of Hi-MO7 as an Example

v’ Strict Golden Modules LONGi chooses the
strictest 3rd-party C
1 | LR5-72N-type Bifacial-555M LRRIO4#wtrsser+20028 5559 562.76 5537 ss7.586 | dolden module for
— 2 | LR5-72N-type Bifacial-565M LRRID&rrtrrrrrnr0012 568 57096 5633 se4116 | Avoiding the Risk of
3| LR5-72N-type Bifacial-565M LRRID&xrrrrrrrrer0039 569 57306 567 566547 | ‘yerrate’
4| [R5-72N-type Bifacial-565M LRRID4rswrmrrrsr(037 5657 57285 565 566.021
AVE Difference]l 245 |G 025 109
The power results given by 4 3'9-parties
of the same one module
>’ 573.06
. 572.85 572.29
570.96
570 569
>68 567.5
567 566.547 565.56
565. 021 65
565 ' .
564.116
565 563.3
— Test
560
555
550
Module 2 Module 3 Module 4 AVE

W 3rd-party A M 3rd-party B ®3rd-party C = 3rd-party D
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Cases Study of Enhance Reliability Performance of Hi-MO7 as an Example

] Power Degradation of HIMO7 after IEC x2 Tests

— Wafer

Base Line o
— Cell 3%
— Encapsulation
— Junction Box e

14% |
30% !
9% |
__ Test | - 31% |
jZOOO_ _TCAOO_ _PID192 ML LID

Type products

Conventional N LONGi Hi-MO7 |
from industry
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LONGI Lifecycle Quality Improve the Resistance of Product from
Environmental Attack

Nearly 200 pieces of high-quality data are automatically analyzed and evaluated intelligently, the detection efficiency has increased by 25%.
The implementation of this measure effectively reduces the industry's NG missed detection rate by approximately 4%, thereby ensuring lower
failure rates for Hi-MQO7 at PV power plants.

COST
AI ol

:D:

/"“\:\ o
* “TOPCon
‘ Lifecycle failure rates |

lower than industry

Whole-process Al precision _Multi-dimensional design
inspection optimization and stricter standards
\\\ \\\HPDC | Broken glass | | PID failure | Frame fracture
| Hot spot | | Junction box failure | | Installation hole failure |
Performance Reliability
Lay-up Visual/EL inspection Visual inspection  EL inspection Visual inspection of Final inspection

Pre-Lamination after Lamination after Lamination J-box soldering Visual/EL
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Longi Offshore PV Modules Solution

Hi-MO 7

Composite frames

~

| " Specialized Coated Glass

D @ Waterproof Film materials

-‘ -g IP68 Junction box
h\ +Dust Cap
+Water-Proof Jacket

Update

High performance
waterproof sealant







