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Send them in via the Q&A tab. We aim to
answer as many as we can today!

You can also let us know of any tech problems
there.

[
We'll let you know by email where to find it

and the slide deck, so you can re-watch it at
your convenience. §§
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Jinko Solar Global Layout
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Covered Countries -
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Zero Carbon Factories J'n’(o

Yunnan Chuxiong ~ Leshan Sichuan

'7 Total electricity consumption and —|
proportion of green electricity (unit: mwh)
100%
81,084 100% %
Lesha Chuxion Malaysi
n g a

*Domestic grid green power share from China Energy Statistical Yearbook 2021; Malay, US, Vietnam

grid green power share from local energy statistics agencies
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N type tandem cell

25 times break the world record

The conversion efficiency of the perovskite tandem solar cell

based on N-type TOPCon reaches 32.33%

N-Type Mono Cell

32.33%
N-Type Mono Module
2476% O
N-Type Mono Cell O
26.4% O
N-Type Mono Cell N-Type Mono Cell
25.7% O 26.89%
N-Type Mono Cell Rt i
N-Type Mono Cell 25'4% O 26. 1 %
25.25% O N-Type Mono Module
N-Type Mono Cell O 23-86%
N-Type Mono Cell 24.79% O R More N
24.58% Nrype vono cal 23-53%
P-Type Mono Cell O 24.9%
N-Type Mono Module
2438% O 23.01%
O N-Type Mono Bifacial Module
P-Type Mono Cell 22.49%

21.82%

24.2%
Mono PERC Cell  Pr1yPe Mono Cell @)
23.45%  23.95% O

Mono PERC Cell 158 Size Mono

O Module-72 Cell

ATy Pl el 22'7%" O v 469.3W
22.12% . o W
e 373.8W

O N-Type MonoModule-60 Cell
378.6W

330+

Core TOPCon
Patents

2606+

Granted
Patents

3506+

Patent
application

409

Number of
Patents

2278

Team

6.98illion RMB +

R&D Investment in
2023

R&D

e Core Technology

Low Oxygen and Low Concentric Circles Rate
N-type Monocrystalline Technology

N-type Silicon Wafer Thinning Technology
N-type HOT 2.0 Cell Technology

N-type IBC Cell Technology

Tiger Neo Module Technology

BIPV technology, etc.

o R&D Concepts

Exploration of a new generation
R&WD of a new generation

Mass Production of a new generation



N-Type Leading the Way Jinl(O

Leading in Leading in Global sales
technical production leadership

r indicators —‘ r capa!cit: scale —‘ r - —‘

@ -0 il

Highest efficiency in cell R&D The world's largest N-type TOPCon cell 2022 N-Type global shipments
32.33% capacity 10.7GW
55GW in production

Average efficiency for mass production

by the end of 2023 2023 N-Type capacity share 2023 I\IIE—T%/pe shlzrré:r;s share
(o)
26.1% 75% stimate 6
Module power higher than P-Type The world's largest N-type integrated 2023 N-Type shipments
manufacturing base
Around 30W A5GW +

56GW pulling crystal + slicing+ cells +
modules

- B L |




Solar
N-Type Leading the Way Jinl(O

Tiger Neo

182 182 & 182R 182M
~595W (182)
- ~640W (Module Eff. 23.03%) | ~450W (182R) 620W
” 0 Module Eff. 22.52% %
(Module Eff. 21.68%) (Module Eff. 22.90%) ~490W ( : (Module Eff. 22.95%)

(Module Eff. 22.67%)

-iinn-B

P-type PERC N-type TOPCon
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Mono-facial DH Test Faillure Mechanism Analysis J,n'(o

Ag/AL
250
Front metal > | - yT : | =
» ‘ - a
< (S
SiNx - 2004 A 2
E- - T ES é
Al203 2 S 150 - - -
5102 =2 N M
Boron emitter o ]
Selective emitter S =100—5 a &
s : o B A
£ S0 , B
<
0 |
- 2020 202} 2023 2025 2028 2031
n-type POS"YNS‘X :‘ﬁ (a) + HJT m-type « TOPCON n-type o bifacial p-type ® monofacial p-type
Rear metal

> In TOPCon cells, the silver paste is applied on both sides of the cell unlike the PERC where the
silver paste is applied on the rear side.

> The AL is added to the silver paste to reduce the contact resistivity to the boron-doped emitter.

> Aluminum has Poor Resistance to Water Vapor/Acid Corrosion.



Mono-facial DH Test Failure Mechanism Analysis Jin'(o

> fapt . i
Mono-facial failure path Mono-facial
> Water vapor can enter the interior of the PV modules
through the backsheet
> From the edge of the cell to the center of the cell K 'at'" o
- Encapsulating film P

> Then from center of the cell to the interface between the

encapsulation film and the cell
> Bifacial failure path Bifacial

> The glass will prevent the water vapor from entering

from the rear side

N Encapsulating film d
> Only small portion of water vapor will enter from the
i Encapsulating film -

edges of the module to the cell



Jinko Solution For TOPCon Backsheet Modules Jin’(o

On the Cell Level On the Module Level

O SMBB technology, reduce contact between the ribbon and O Professional SMBB welding equipment reduces the influence of
busbar (ribbon contains Pb, flux is acid) fine diameter ribbon offset on busbar

O Unique temperature design for the front sintering, increase the O Special POE film (TF4N) is applied on the front side. No acid is

fluidity and the non-uniformity pulp of glass material released under the condition of high temperature and
humidity.
Q The front busbar and finger material comes from the same
manufacturer, reduce the mismatch caused by the void area O Low water permeability back plate, with respiratory function to
release small acetic acid molecules decomposed by EVA on the
O ALD prepares dense alumina to prevent water vapor from back, to avoid the accumulation of acid

entering the PN junction on the front side of the cell

0 High-performance silicone edge sealing is applied in modules

POE 1

mm PCT48h m PCT144h E to reduce the water vapor transmission at the edge
K: -

TF4N POE » |

Steven Tang, Hangzhou First: Packaging Solutions
for Bifacial n-type Module, Taiyang News Webinar




Jinko Solution For TOPCon Backsheet Modules

Asier UKkar, the director of PI Berlin Spain, discusses the
importance of addressing the risks associated with tunnel oxide
passivated contact (TOPCon) tech early on, even though it
outperforms (passivated emitter rear contact (PERC) when
considering standard and tangible indicators.

JUNE 20, 2023 PV MAGAZINE

JinkO

the encapsulant is a key component. An inadequate or
low-quality encapsulant can nullify the benefits of
TOPCon compared to PERC.

Weekend Read: Getting to the
bottom of TOPCon
degradation

Should the industry be alarmed at the potential degradation
susceptibility of tunnel oxide passivated contact (TOPCon) solar
cells? Or are the problems easily addressed and more a
reflection of rushed-to-market products? pv magazine
contributor and consultant Gotz Fischbeck reports.

SEPTEMBER 16, 2023 PV MAGAZINE

( Within the bill of materials (BOM) for TOPCon modules, h

L—

(As a takeaway, one can conclude that the chemicaI\
reaction that ultimately leads to corrosion, and thus
degradation, is already well known. So one would
therefore assume that manufacturers have taken this
aspect into account from the onset and have dealt with

it through the proper choice of encapsulant.

/




N-Type Technology Roadmap

g I
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TOPCon+ Selective Emitter Technology

TOPCon Laminated

Solar
JinkKO

2023
25.5~23.8

TOPCon N-Type/Passivated Contact Cells

Cell Technology Forecast Maturity Time

- —
e
desbodlisdidadad _
2026 forecast Maximum
efficiency =32.0%
2025 Forecast

2024 Forecast  —oo 21 0%

26.2-26.5%

p ‘

Pl rand

TOPCan Padiivited
Contact Battary
Expacted maxis s
afficiamey =26%

JinkoSolar Sets ‘New Record’ For TOPCon Module Efficiency

Chinese Manufacturer Reports Record 24.76%
Efficiency For N-Type TOPCon Panels; Achieves
32.33% Tandem Cell Efficiency

Nov 09, 2023

JinkoSolar claims 26.89%
efficiency rating for new
N-type solar cell

OCTOBER 30, 2023 ANGELA SKUJINS

Maturity fima: 3 paars later Maturity time: § yaars lites

Tokal Pasdivated Cantic Double jusctios laminated
IBL Calks calls

Expectiad maximemm
afficlancy = 36.5%

Expactad maxlmam
afficiancy = 34

TELERE

Eattd L S

New Solar Cell World Record from JinkoSolar

Chinese Manufacturer JinkoSolar Achieves
26.89% Maximum Solar Conversion Efficiency For
TOPCon Cell

Oct 31, 2023




Jinko Solar Mono-Facial Products

v' Weight: Around 4kg lighter than dual glass which
makes it more suitable for rooftop installations.

v" Higher Power: Power enhancement procedures can
be implemented (special grid, white EVE ...), usually
mono-facial module is one power bin higher than
bifacial module.

v' Lower Operation Temperature: The backsheet allows
for more heat dissipation, in some sites the temp of
the mono-facial modules is around 1C lower than
dual glass modules.

v" Cheaper: Around 0.5-1 US cent lower than dual glass
modules.

72 cells N-Type Module k Jin'(o

- Power 595W
- Efficiency 23.
-Temperature ¢
- Power Warrar

- First Year Deg

- Power 620W

66 cells N-Type Module k

54 cells N-Type Module

- Efficiency 22.95'

-Temperature coe - Power 450W
- Power Warranty - Efficiency 22.52%
- First Year Degrat -Temperature coefficients -0.29%/°C

- Power Warranty 30 Years

- First Year Degradation =1% / 20.4%
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3xIEC Reliability Tests Results - TUV NORD

, . Solan
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4.55%

4.5%

4.0%

3.5%

3.0%

2.62%

2.5%

2.0% 1.83% 1.70% 1.75%

1.68%

1.36%

1.5%

0.98% 0.98%

1.0% 0.78%

0.5%

0.0%
DH3000 TC50+HF10 MLT+DML+TC50+HF10 LETID192 TC600 uvao PID288

B Mono facial ™ Bifacial
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Saudi Arabia Outdoor Performance Test Project J,n’(o

SOLAR RESOURCE MAP
WORLD BAN P
PHOTOVOLTAIC POWER POTENTIAL @ worwosankrou

SAUDI ARABIA ESMAP XD

Fl ~

S0°E

Location: King Abdullah University of Science and Technology
(KAUST)

Testing Partners: TUV Rhineland, SGS

s

Testing During: 3 months (July — Sep)

{\‘ : e E : ;;
Long term average of PVOUT, :)eriod 1999-2018
. . Daily totals: 46 4.8 5.0 5.2 5.4 5.6 58
Testing Samples: TOPCon mono-facial backsheet JKM555N-72HL4-V S Wh/kWp

Yearly totals: 1680 1753 1826 1899 1972 2045 2118

TOPCon bifacial dual glass JKM550N-72HL4-BDV
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Saudi Arabia Outdoor Performance Test Project J,n’(o

Month : : Average

Mono- Mono- Mono-

Module Type et Bifacial . Bifacial Bifacial e Bifacial

Performance Ratio
(PR)

Bifacial PR
Improvement

83.2% 93.6% 81.9% 90.4% 81.9% 91.1%

BL 12.5% BL 10.38% 10.92% 11.26%

Bifacial Yield Baseline 12.54% BL 10.44% 11.06% 11.34%
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CEA Mtergek

Total Quality. Assured.

EEEEEEEEEEEEEEEEEEEEE

Advances in TOPCon
technology and application in
hot climate

PV Magazine Webinar
Jorg Althaus

Director Quality Assurance and
Engineering Services

March 26, 2024



Company Snapshot

Clean Energy Associates is a technical advisory company that provides unrivaled insight into the solar PV, energy storage
and hydrogen manufacturing industries to ensure the success of solar PV, storage and electrolyzer projects worldwide.

1 ,000+ Client engagements in 75+ countries
Years of industry = 4 T C e i
experience Supply Chain Management

Q m
225+ S :
5 Q
Professionals 83 t‘=D
1 50 + o 250+ GW x
- —
=
_ = 30+ GWh Q@
Engineers "q'; of Experience 7)) | | |
f 92) Engagements in 350+ solar and storage factories worldwide
15 S 2
= o Proud member of:
Year track record ] g
Quality Assurance
G AMERICAN /
1 5 SEIA:::" |CLEAN SolarPower @WRISE
Countries with a Member PQWER P Women of Renewable Industries

physical presence

Copyright © 2024 Clean Energy Associates



Technologies

PV Solar
System

* PV Modules
* Mounting Structures
& Racking

Battery Energy
Storage System

Cell

Module

Rack

Integrated Container

Electrolyzer
System

» Electrolyzer stack

» Gas-liquid separator

* Gas purification system
* Auxiliary Units

Balance of
System

Inverter/PCS
Transformer

Copyright © 2024 Clean Energy Associates



Module Technology Has Drastically Changed In The Last 5 Years —
New Challenges For Performance And Quality

Module Power and Cell Type Evolution
Cell number BSF @ PERC @®TOPCon Max of Wafer Size 1;6. e 0 2%)
2017 2018 2019 2020 2021 2022 2023

800 110-156 half-cut
cell
multi-BB
g/g bifacial

700

144 half-cut cell
5 BB

g/g bifacial

600

e M
ELLEE:

T S e

- 1
TR

Module Power (W)
S
(=]

400

—_I=
300
nak

Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2z Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2z Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4

T=7T

Source | CEA Quality Assurance Project Data Statistics

Copyright © 2024 Clean Energy Associates



~75% of overall cell capacity likely to be TOPCon as PERC transitions

HJT and other technologies will be a viable minority of overall capacity shares
Outlook for global likely cell production capacity by technology (GW)

PERC [ TOPCon HJT B Others

1 549

1,320 102
114

852

40
210

é

490

341 =43 4EH
250 - el
—7 7 544
T 42 1 400 o203

198 288

2020 2021 2022 2023 2024 2025 2026 2027

Notes | Data aggregated by CEA based on company announcements and disclosures. Data does not account for utilization, but factors in ramp times and potential production delays. Overall timelines are based
on supplier statements or industry best practices if no timeline data was reported. Capacity totals are discounted by CEA based on supplier track records to remove unlikely expansion plans

Copyright © 2024 Clean Energy Associates 5



The Main Upstream Quality Assurance Activities

CEA performs quality assurance work before, during and after the production of PV modules, conducting 6 main activities, that are

necessary to ensure pre-installation quality.

Technical Requirements & QAP
(Golden Standard)

A

Factory Audit
(FA)

Pre-production

Inline Production Monitoring
(IPM)

Pre-Shipment Inspection
(PSI)

Container Loading Monitoring
(CLM)

Production QA

Batch Testing

(PID, LID, LETID, etc.)

All technical, quality and inspection requirements are agreed with suppliers pre-contractually:
standards, reliability tests, characterization, supplier’'s QAP, inspection process and criteria,
pass/fail parameters etc.

A team of engineers audits a factory location using a 1,000+ point checklist
Every finding is recorded and classified according to its risk potential

A team of engineers continuously monitors all stations of a factory location during the
production of an order, using a 280+ point checklist
Every finding is recorded and classified according to its risk potential

A team of engineers performs visual, EL and IV inspections to a sample lot of modules,
according to a list of vetted quality criteria
Every finding is recorded and classified according to its risk potential

Conformance with packaging and loading specifications
Confirmation that the boxes/pallets of products being loaded into the shipping container come
exclusively from inspected and approved lots

Randomly selected samples from a production batch are tested at inhouse or external labs
The production batch shipment is approved according to agreed test result pass/fail criteria

Copyright © 2024 Clean Energy Associates



The Rapid And Sometimes Simultaneous Introduction Of New

Technologies Increased Overall Quality Risk

Supplier Benchmarking Program: Pre-Shipment Inspection (PSI)

Supplier Manufacturer ~ Country Location v Grade v Latest ~ In-House b
Multiple sele...~  All v All v Al ~ Al v Al v In-House v
1000 —
. 825
Top 5 Suppliers 790
o 588 600 599
o
& 500 46/
0 354
o . .
185
0 rigignn S
2018 2019 2020 2021 2022 2023
Supplier PSI| Score PS| Grade Distribution
. = — A+ 8% —
303 A 9% —.
318
394
236 B 24% C
o — (N
541 28%

asri

Source | CEA Quality Assurance PSI Risk Score Data

Severity ¥

All N
PSI Finding Categories

o &

L

PSI Finding Severity

Critical 2%
Major 42%

Minor 57%

CcEA

sofeit

Copyright © 2024 Clean Energy Associates



TOPCon Shows Some Advantage to PERC, More Data Needed

Supplier Benchmarking Program: Pre-Shipment Inspection (PSI)

Supplier Manufacturer Country v Location v Grade v Latest Vv In-House v
Multiple sele...~ All v Al v Al v Al v Al v  In-House v
1000
2022-2023, 4 Suppliers, PERC and TOPCon
637 619
o
c(r)(3 500 >0 o
) 371 414
o 344
. 273 .
0
PERC TOPCon PERC TOPCon PERC TOPCon PERC TOPCon
Supplier PSI Score PSI Grade Distribution
-~ S 0
s 624 A BMO/A4/oﬁ
456 e .y
287
593

Source | CEA Quality Assurance PSI Risk Score Data

Severity

All

Q

2
Z

o
i

v QcEA
cellStructure v

v Multiple sele... v/

PSI Finding Categories
2,

Wl

AL

JouN

Uy

PSI Finding Severity

Critical 2% —

o)
L
ép
&
oot

,— Major 43%

Minor 55% —

Copyright © 2024 Clean Energy Associates



PID Trends: Outliers Persist, TOPCon on a Learning Curve

2020 2021 2022 2023
5.0%

4.0%

3.0%

Average of Degradation
o
o
N
. ‘ \

1.0%

[ ]
o
H

0.0%

-1.0%
BSF PERC BSF PERC PERC PERC TOPCon

Source | CEA batch testing data, multiple labs. PID at 85°C/85%RH/96h
TOPCon data from 4 suppliers.

Copyright © 2024 Clean Energy Associates



LID Trends: TOPCon Better Than PERC

2020 2021 2022 2023
5.0%

4.0%

3.0%

=
.0
=
e
E
(o))
()
5 S A —
o e
& o 1
g L) g
= —0O0— :

1.0% T ¥

0.0% z

-1.0%

BSF PERC BSF PERC PERC PERC TOPCon

Source | CEA batch testing data, multiple labs. LID at 60 — 80 kWh/m2
TOPCon data from 3 suppliers.

Copyright © 2024 Clean Energy Associates



LeTID Trends: TOPCon Showing Slight Advantage Over PERC

2020 2021 2022 2023
5.0%

4.0%

3.0%

Average of Degradation
N
o
R

1.0%

-1.0%
PERC PERC PERC PERC TOPCon

Source | CEA batch testing data, multiple labs.
Test conditions: (Isc-Imp) or 2*(Isc-Imp), 75 C, 162h-324h, with stabilization.
TOPCon data from 3 suppliers.

Copyright © 2024 Clean Energy Associates



CEA - PV Magazine Test Program: How does TOPCon and Other
Technologies Perform Compared to PERC?

Average of Pmax temperature coefficient by Cell and Average of Low irradiance efficiency Loss by Celland  Average of Bifacial Ratio by Cell and Product

CEA has been testing PV modules in Product Product
collaboration with PV Magazine at Gsola’s
Xi'an facilities since 2017. Products are
characterized and tested before being
installed in the field.

90%

y Loss

o
N
o

-0 5 6% I

o

5 —o— —— > .

—— .
T . 1 ==
g

o
w
=]
°

ce effic

ge of Bifacial Ratio

o
w

A

TOPCon products have better Pmax
temperature coefficient, reduced low

o
'S
=]
2

Average of Pmax temperature coefficient

irradiance losses, lower PID and LID and ousn | ,

h|gher blfaC|a||ty ratIO Average of PID loss.by Cell and Product 7 Average of LID Lo"ss by Cell and Prolduct 7 Average of Nameplate (W) by Cell and Product

All these factors can contribute to higher e —

specific energy yield for TOPCon. —o— o 7 —o—

Newly tested HJT and back modules show - - E 7T -
even better characteristics, which mustbe | = i, L | 5w !
validated in the field, when they are ‘| —- ! —o- T f o

InSta”ed 0% 1 —O— 00 !
Suppllers typlca”y Select these products Back contact T.. HIT PERC TOPCon Back contact T... HIT PERC TOPCon Back contact T... HIT PERC TOPCon

from small production runs, not necessarily

representative Of mass production. Source | CEA - PV Magazine Xi'an, China, indoor data since 2017.

Indoor test results published at pv magazine’s website (https://www.pv-magazine.com/pv-magazine-test-results)

Copyright © 2024 Clean Energy Associates 12


https://www.pv-magazine.com/pv-magazine-test-results

CEA - PV Magazine Test Program: Does TOPCon Have Higher Energy

Yield than PERC?

Recent additions of bifacial TOPCon
products to the outdoor test field will
allow us to have more insights in
TOPCon’s advantages.

6 out of a total of 13 bifacial products are
TOPCon, with the rest being PERC.

A fist insight is that TOPCon has higher
energy yield advantage in September’s
warmer and sunnier weather of Xi’an, as
it has a better Pmax temperature
coefficient, helping it perform better in
warmer months.

We need more data over a full year to
perform a detailed analysis of TOPCon’s
advantages due to its temperature and
bifaciality characteristics.

Specific Energy Yield September of Bifacial Products, October 2023
Cell @ PERC ®TOPCon

107

101

o
e}
o
n
o

60 80 100
Wh/Wp

Source | CEA - PV Magazine Xi'an, China test field data from October 2023. Bifacial modules only shown.

September

October

Detailed monthly results get published in CEA’s blog (https://www.cea3.com/cea-blog/pv-magazine-test-september-2023) and pv

magazine’s website (https://www.pv-magazine.com/features/pv-magazine-test).

Copyright © 2024 Clean Energy Associates
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https://www.cea3.com/cea-blog/pv-magazine-test-september-2023
https://www.pv-magazine.com/features/pv-magazine-test/
https://www.pv-magazine.com/features/pv-magazine-test/
https://www.pv-magazine.com/features/pv-magazine-test

.
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Thank You

Jorg Althaus

Website: www.cea3.com

Email; jalthaus@cea3.com

The information herein has been prepared by Clean Energy Associates, LLC (“CEA”) solely on a confidential basis and for the exclusive use of recipient, and should not be
copied or otherwise distributed, in whole or in part, to any other person without the prior written consent of CEA. No representation, warranty or undertaking, express or implied,
is made as to, and no reliance should be placed on, the fairness, accuracy, completeness or correctness of the information or the opinions contained herein. The information
herein is under no circumstances intended to be construed as legal, business, investment or tax advice. Neither CEA or any of its affiliates, advisors or representatives will be
liable (in negligence or otherwise), directly or indirectly, for any loss howsoever arising from or caused by the understanding and/or any use of this document.

Copyright © 2024 Clean Energy Associates
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pv magazine

The latest news

12000 1y

pv magaz"]e U.S. Boiler unveils hydronic heat pump for

residential applications

by Emiliano Bellini

Sodium-ion batteries — a viable alternative
to lithium?

by Marija Maisch




pv magazine

Coming up

Wednesday, 27 March 2024
2:30 pm —3:30 pm CET, Berlin, Paris, Madrid

Wednesday, 3 April 2024 Many more to come!
5:00 pm —6:00 pm CEST, Berlin, Paris, Madrid

° ° In the next weeks, we will continuously
H a l I rISk add further webinars with innovative

Weather alert partners and the latest topics.

-— measuring mitigation g:\;gl(a?‘:JgsurpvmagazineWebinar
mOdUIe Ioad Strategies for WWW.pv-magazine.com/webinars
in Snowy SOIar aSSEtS Registration, downloads

& recordings arealso be
regions

found there.
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Thank you for
joining today!
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