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TOPCon: The Game-Changer in Distributed Solar Markets
Johanna Bonilla

1 Solar
JINKO Technical Product Manager Europe
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Global Leader in Technological Innovation

Applied for

-
253 Patents The 22t Time World Record

Achieved by JinkoSolar

Avuthorized
1265 Patents

The highest conversion efficiency of

182N-type TOPCon Cell reaches

26.4%

R&D Team
1395

N-Type Mono Cell

24.58%

P-Type Mono Cell

P-Type Mono Cell
24.38%
R&D Investments

N-Type Mono Cell

° P-Type Mono Cell 24.2%
2°637 BI"Ion Mono PERC Cell ép395% e @ 21.82%
N-Typs Poly Call Mono PERC cel 2345% 158 Size Mono
(C N Y) 22.12% 22.78% e Module-72 Cell
° e P-Type Mono 4693w
N-Type Mono Module-60 Cell
Module-60 Cell 373.8W
378.6W

Solan
JinkKO

N-Type Mono Cell
26.4%

N-Type Mono Cell
26.1% N-Type Mono Module

23.86%
N-Type Mono Cell @

25.7%

N-Type Mono Cell °
25.4% Q

N-Type Mono Cell

25.25%

N-Type Mono Cell

24.9%
N-Type Mono Cell ° °
24.79%
Q N-Type Mono Module
° 23.01%

N-Type Mono
Bifacial Module

22.49%

N-Type Mono Module

23.53%
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TOPCon n-type — State of the art Jinl(ém

—————————————————————————————————————————————————————————————

1stgeneration 2nd generation ... The future development

TBC

Technology JINKO

IBC

HBC
PERT: Passivated Emitter Rear Totally Diffused * : : : TBC: Transparent Back Contact
/ gg;gg? » Tunnel Oxide Passivated HBC: Heterojunction back contact

HJT : Heterojunction
IBC : Interdigitated Back Contact



Solar

TOPCon n-type — Cell Efficiency breakthrough JinkKO

Jinko’s cell efficiency records over the years
27
e==PERC ===TOPCon 26.40
26.5
26
25.5
25

24.5

24

CELL EFFICIENCY [%]

23.5

23

22.5

( Data source: Jinko’s public data )

*LID: Light Induced Degradation / LETID: Light-elevated temperature-induced degradation

~>23%

28.10%

upto 3%

Breakthrough:
mass production
efficiency

Higher efficiency limits

Topcon (28.2%~28.7%) vs. PERC cells
(24.5%).

Better power
generation
Lower temperature coefficients,

better operating temperatures, and
negligible LID/LETID* degradation
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TOPCon n-type — JKS Strong IP TOPCon Portfolio Jinl(oaem

Intellectual Property TOPCon
(Patent Comparison)

JinkoSolar's R&D Investment from 200
2019 to 2021 180 172
B Total China + overseas (granted + pending)
(Hundred Million RMB) 160
28 26.37 140 B Granted patents (China + overseas)
26 120 B International (pending + granted excl. China)
100 24
24
80 69
22 60
20.4 i 3 3
40 4 4
20 2
20 10 12 13
18 17.15 7 I 5 4 3 7
0 = | | - =0 m°
—l (qp] <t N
o = - 5 5 5 5
” JIiNnKO *aé; *aé; *aé; *aé; *aé;
2019 2020 2021 S S S S S

From: Jan 2023- based on PATSnap Database



TOPCon n-type — JKS Technology innovation

SiNx AR Coating

Passivation

P+ emmitter
n-Silicon substrate
Tunneling layer

n+ Poly

SiNx AR Coating

Minority
carrier restrain

Majority

carrier pass

TOPCon

HOT 2.0+ Technology

Better activation rate
Less impurities
Better thickness uniformity

Better carrier conductivity

Solan
JinkKO



Tiger Neo Series ,
n-type TOPCon

T2 Neo

N-Type TOPCon- A Notch Above
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Tiger Neo Series — Application Scenarios JinkKO

Utility

Tiger Neo 72P/78P

Highest Power 590W/630W
Lowest LCOE

- » Highest Power 450W

Tiger Neo 54P

[ Residential

Smaller size

Tiger Neo 60P
* Highest.Power485W

« Lower Voltage, Better String

* Flexible and Versatile Installation




Tiger Neo Series

Tiger Neo

* N-type M10/182mm wafer
« TOPCon technology

* Higher efficiency

» Lower degradation

* Higher bifaciality

JinkKO

JKMxxXN- JKMxXXN- JKMxXXN- JKMxXxXN- JKMxxXN-

78HL4-(V)* 78HL4-BDV 72HL4-(V) 72HL4-BDV 60HL4-(V)

615-630 W 615-630 W 575-590 W 570-585 W 475-485W
2465*1134 mm 2465*1134 mm 2278*1134 mm 2278*1134 mm 1903*1134mm

22.00~22.54%

78P

Mono-facial

22.00~22.54%

78P

Bifacial

22.26%~22.84%  22.07%~22.65%  22.01%~22.47%

72P 72P 60P

Mono-facial Bifacial Mono-facial

Minimum power is based on mass production starts from 2023 Q2. Maximum power is based on the highest efficiency BOM of 2023 Q4 Forecast

*Non-mainstream product

11



2023 New Products JinikoO

Tiger Neo

TOPCon technology

. Higher power JKMxxxN-54HL4R-(V) JKMxxxN-54HL4R-B JKMxxxN-54HL4R-BDV*
* Higher efficiency 435-450W 430-445W 425-440W
« Lower degradation 21.77-22.52% 21.52-22.27% 21.27-22.02%
. Higher bifaciality 1762*1134mm 1762*1134mm 1762*1134mm
54P 54P 54P
Mono-facial Mono-facial All Black Elilell
Dual-glass

Minimum power is based on mass production starts from 2023 Q2.Maximum power is based on the highest efficiency BOM of 2023 Q4 Forecast
*Non-mainstream product 12
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/ Tiger Neo Series

______ Advantages

= | _Higher Energy Generation
""" 4+ | ' & Enhanced Reliability
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Advantage 1

30 years Power Warranty

Optimized Performance < ‘I A 0.4%

LQQding First year degradation Linear degradation
Warranty 100

v

99%

N-type module: 30 years s 95
VS. 3
5 90
P-type module: 25 years. o
2 g5
With 1styear degradation < 1%, the
power after 30 year will remind over 0 —(—————
87 4% 1 ]O 15 20 25 30

m N-type P-type

14
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Advantage I Bifaciality
85%
Bifaciality Factor 75% * 80%
* 70% 75%
~80% 65%
P-type N-type
I |
N-type's higher bifaciality will P integrated power =Piront” ( 1+BSI*Bifi) i Power gain contrast i
9 o 1 *D:E . |
confribute to obtain a Bifi: Module bifacial factor | PERC BSI*Bifi(70%)~9.45% :
. . . . *BSI: Bifacial stress iradiance coefficient 1 - - 1
ngher BIfCICIGl gdln (depend on real iradiance & ground : TOPCon  Bs| Bifi(80%)=~ 10.80% :
reflectivity) | :
I 1

BSI*Bifi(85%)= 11.48%

Simulation results for location Haining

15



Advantage I

Optimized Temperature
Coefficients

-0.29%/ °C
8

P-type -0.35%
N-type -0.29%

» Tiger Neo's power output will

Solar

JinkKO

Power temp. Coefficient (%/°C)

Mono Mono
Poly Mono PERC PERC HC PERT TOPCon
The power temperature

coefficient has improved
with every generation of
-0.32 PV technology, but the

switch from PERC to
TOPCon will further
improve it by +15%.

-0.38

Real-time operating temperature

increase with the better

temperature coefficient (0.9%
compared to p-type)

S
o

w
v

w
o

Under the same environment, § .
Tiger Neo's operating £ .
temperature will be lower ( 1 °C :
lower compared to p- type ) @

10
Under higher temperature 5
condifions, the advantage will 0 /

= = = = = = = = = =
[S) [ N w ' 7] =) ~N © )
time

== N-type == P-type

further expand (~2% higher)

Location: Haining, Date: 4/12/2020 16
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Advantage IV Enhance Realiability testing

50 | =—————— e e — e ——— —

Enhanced Reliability s TOPCon mocdles

4.0% Avg p-type

The N-type modules have better

e == o |EC Max Degradation

w
N
X

N~
R
N

Power Degradation
APmpp [%]

indicators than normal [EC standard 1.0%

and performs excellent during test

0.0%

process. 9 9 s < < < T
P T o o o A S x
[a)] = = [a% = - R
3 'S & &=
— S D
~N t
T (N
(a)
Results for TOPCon : Avg. values of Tiger Neo 78 Dual glass JKMxxxN- q
78HL4-BDV, TUV Nord TUVINORD

17



Advantage V

Betiter low light

performance
.:6)

N-type cell: higher internal
resistance, restrain minority
carriers recombination,
naturally better low light

response

Solar

JinkKO

® Compared with traditional PERC
modules, n-type TOPCon modules

have a better response at low light
(below 600W/m?)

® This reflects on extended power
generation period by about Th in the
morning and evening.

102.00%
i/° ) TOPCon Product
100.00% 2 S

98.00%

96.00%

94.00%

92.00%

90.00%

1000W/m2

800W/m2 600W/m2 400W/m2 200W/m2 100W/m2

18



Improved Energy

Generation

over 3%

Solar

JinkKO

Optimized Temperature Coefficients

The advanced n-type TOPCon technology brings better
temperature coefficients from -0.35% (p-type) to -0.29% (n-type)

Higher Bifacial Gain
n-type modules have higher bifacial factor: 70% (n-type) vs. 80%

(n-type), significantly optimizing power generation capacity.

Lower LID / LETID

Low B content in N-type c-Si doped with P (significantly lower
LETID from 0.9~1.2% (p-type) to 0.4% (n-type) and negligible LID <
0.5%)

19
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Improved Long-term Advance Power Warranty

n-type TOPCon offers 30 yrs. power warranty compared to 25 yrs.
p-type. Besides of a 15t year degradation of only 1% and annual

Performance & 0.4% only.
Reliability

Enhanced Reliability
n-type modules have better reliability indicators than the
requirement of the IEC standards and show improved results

than p-type.

Improved light efficiency & appearance

Tiger Neo series uses circular ribbon to optimize light absorption
and advance wiring technology, improving the overall electrical

performance and module appearance

20
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Tiger Neo Residential — 2023 New Products JinikO

BT

il (Il T s il e -
e STANDARD o ALL BLACK | BIFACIAL

MONOFACIAL MONOFACIAL i DUAL GLAS

Highest Power 450w 25 Year Highest Power 445w 15 Year Highest Power 440w

Product Product Product
warranty Efficiency  22.52% NI ciiciency  22.27% WCUCSULAN Efficiency 22.027

22



Tiger Neo Residential — Monofacial Products

Tiger NEO 54R

Product
warranty

Max Power: 450Wp

Highest Efficiency: 22.52%

Tiger NEO 54R ALL Black

25 Year

Product
warranty

Max Power: 445Wp

Highest Efficiency: 22.27%

JinkKO

Smart size,
higher power

1762*1134*30mm

22.0 kg

Perfect to handle

23
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More power, more energy, same roof size JIniKO
Tiger PRO 54 —p-type Tiger NEO 54R- TOPCon

Tiger Pro 420W* Tiger Neo 445W**
26pcs, 51m? 26pcs-52m?
Total 10.92kW Total 12kW
Produced Energy: Produced Energy:
11.70 MWh/year 12.23 MWh/year

Location: Wangersen (Stade), Germany With a change of technology from perc to TOPCon:

(53.37°N, 9.42°) .
2.67% more installed capacity with less modules & 4.5%

Tilt angle: 30°, no near shadings, 54m? .
more energy production.

available area

*Max power available. **Max power available until 23Q4 24
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Tiger Neo Residential — Bifacial Dual Glass 54R JiniKO

Tailored for innovative Application Scenarios

Smart size,
higher power

Max Power: 440Wp

15 vear 1762*1134*30mm | -
Product Highest Efficiency: 22.02%
warranty 22.0 kg Bifacial Factor: 80+ 5%
Perfeci' to handle *Max power available by 23Q4

Carport Sunroom -



. Solar
More power, more energy, same roof size JIniKO

Tiger PRO 54 p-type mono  Tiger 54R TOPCon bifacial DG

Tiger Pro 420W* Tiger Neo 440W**

140 pcs 140pcs

Total 58.8 kW Total 61.6kW (front)
Location: Wangersen (Stade), Germany Produced Energy: Produced Eﬂ@ng:
(53.37°N, 9.42°F) 60.07 MWh/year 65.27 MWh/year

Tilt angle: 30°, no near shadings

280 m? available roof area

With a change of technology from perc to TOPCon:

Albedo: 0.25
Height: 0.80m 4.8% more installed capacity (only front Pmax) & 8.7% more energy
Pitch: 3.0 production for the same number of modules.

*Max power available. *Max power available until 23Q4 26
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Solar

Easy installation- Tiger Neo 54R JinkKO
Installation with bolts (four inner mounting holes) Clamps on Long Sides of the Frames

A/5250mm A/5x50mm

_.Mounting rail

I ! . .
Lo Mounting rail
| I

A

1
A
arg mc:>ur'|‘tin:g holes x 8 u holes x 4

4000 Pa (negative) 4000 Pa (negative)

Refer to Installation Manual for details and more installation methods 28

o | h | o | A
| | | I
()@= BT [ [5I 4000 Pa (positve) ()@ T[RRI [. [ 4000 Pa (positve)
2666 Pa (negative) 2666 Pa (negative)
Max. Test Loads: 6000 Pa (positve) Max. Test Loads: 6000 Pa (positve)



https://jinkosolar.eu/downloads/installation-manuals/

Solar

Easy installation- Tiger Neo 54R JinkKO

Clamps on Short Sides + Rail behind short side Clamps on Short Sides + Rail Perpendicular to short side
S=100-250 A/5£50mm ; S=100-240mm
Mounting rail
N I / ;

e

1200 Pa (positve)
1200 Pa (negative)

1800 Pa (positve)
1800 Pa (negative)

Max. Test Loads: 1600 Pa (positve) Max. Test Loads:

1600 Pa (negative)

B B
I
A
Max. Design Loads: 1067 Pa (positve) Max. Design Loads:
1067 Pa (negative)

Refer to Installation Manual for details and more installation methods 29



https://jinkosolar.eu/downloads/installation-manuals/
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PV market outlook 2023
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351-403
GW
Infolink

‘ Infolink

Yoy 9%+ Yoy 247+
: . . . . . LINK THE VALUE FOR YOU h
k *InfoLink assesses demand based on module demand on DC generation side, factoring in DC/AC ratio of each market. Infolink Consulting Co.. Ltd. II




Global PV supply and demand

Supply and demand forecast 2022-2023, Unit: GW

152

You may not copy, reproduce, re-report, or republish the content and information provided by InfoLink.
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TOPCon development
2023F TOPCon capacity and efficiency, Unit: GW ; %

5 25.4%
285% 253% 9599,

57 25.0% 25.0% 25.0% 25.0%25.0%

-

.

ﬁ "

ﬁ

;{" "

f % 2 nm 4 10 10

n B’ S
L] % || H 1l P
97.5% 97% na 96% 97% 93% 96% 94% na 96% 95% na na na

Jinko  JA Runergy Chint  Jietai CSI  Longi Trina Tongwei DAS Shangjdolywoo8untech Yingfa Mubon Eging

Source: InfoLink Technology Market Report_Apr-23

Capacity plan (GW) Module shipment (GW)
202' 202301
7 10 120

2023F

Infolink

2022 I 16

2023F Capacity Eff.

[ Existing Capacity installing capacity 12023 New adding
Deviation of actual effiency datais larger as manufacturers'testing standards vary

25%
24.7%
24%
- Infolink
°o8 8 6 6 6 5 5 5 5 5
77
A I A1 B B
10 10 g g a 2.5 e P
AR BAEnERmBAO ONOMA .,
na na na na na na na na na na na na na na
BAJ = GCLSolarspaceTaifu Xinhao TZE DMEGCLinyang Risen Hoshine GRET @ Yingli ROYAL Xuhe Others
Efficiency Yield rate
o 98% 99%
Limit Eff. 28.7% -
champion Eff. [N 26.7% 96%
Infolink ink
MP Eff. T24.5% 25.5% 92% I n r() I’I n I\
TOPCon PERC

24%-24.5%
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TOPCon production expansion and technology roadmap

TOPCon production expansion forecast, Share of rear side poly layers deposition capacity,

500 Unit : GW Unit: GW/ %
130 55] Xinhao, 5
isen, 6
Jolywood, 1%' Jinko, 55
500
PE-others, 64 PVD
215 5%
400 Jietai, 31
EGing, 10 LP
ing, o
42% Longi, 20
300
w Astronergy, 16
103 : \ PE § .
200 530, O LInk
Astronergy,
16
23
100 olar, 16
— frina 20 JA Solar, 27
0
2022 202301 202302 202303 202304 2023F

Source: InfoLink Technology Market Report_Apr-23
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TOPCon has better profitability

TOPCon vs PERC costs, Unit: cents/W

mmm \Vafer cost == Cell non-silicon cost ™™ Module non-silicon cost ===Total cost
25.0

+0.2
20.0
15.0

10.0

5.0

1k

M10-TOPCon_130um M10-PERC_150pm M10-TOPCon_130uym M10-PERC_150pm

In

0.0

Wafer_Purchasing Wafer_Self making

Profits of all sectors, Unit: cents/W

mmm \Vafer cost w2 Wafer profit mmm Cell non-silicon cost
wzzzz Cell profit mmm Module non-silicon cost #z Module profit
=—C(ell price @——Module price

Collprofit 12
P r

(
z»»ﬁ.ﬁ};w

.

___ _

M10-TOPCon_130um M10-PERC_150pum

Updated: 2023/04/10
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Module power by technology

Module power by Technology, Unit: W

750

700

650

600

550

500

550 (21.29%)
]

545 (21.1%)

M10-144pcs
PERC-Bifacial

660 (21.2%)
]
655 (21.1%)

G12-132pcs
PERC-Bifacial

You may not copy, reproduce, re-report, or republish the content and information provided by InfoLink.

Jinko main power:
575-580W

575 (22.26%)

570 (22.07%)

M10-144pcs
TOPCon-Bifacial

580 (22.5%)

575 (22.3%)

M10-144pcs
HPBC-Monofacial

695 (22.37%)

I
685 (22.05%)

G12-132pcs
HJT-Bifacial

705 (22.69%)

695 (22.37%)

G12-132pcs
HJT-Bifacial+UV

Updated: 2023/04/20

Infalink Consultina Co.. Ltd. IL
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Market share forecast for TOPCon

* TOPConmodules accounted for 6% of total module shipmentsin 2022. The market share is expected to increase to 30% in 2023 and 60% in 2024.

* Intheshortterm, HJT and XBC have limited market share growth due to cost and yield issues.

»  With a better-than-expected growth, high-efficiency cells will overtake PERC faster. In 2024, M/S of PERC modules is expected to drop to around 30%, and

less than 15% in 2025.

Shipment forecast for high-efficiency cells, Unit: GW
TOPCon ®WHJT  mxBC
1,100

1,000
900 Y
800 . -
700

600 e

500

222 o 770 835

200

100 , =g i ol ink
-0

2021Capacity 2022 Capacity 2023F 2024F 2025F 2026F
Capacity Capacity Capacity Capacity

551

Source: InfoLink Technology Market Report_Apr-23

1
31
2021Shipment

s

2022
Shipment

10
10

118

2023F
Shipment

E's

284

2024F
Shipment

B
470
381
Inf nk
2025F 2026F

Shipment Shipment

Infalink Consultina Co.. Ltd. IL



About INTOLINK consutTine

InfoLink Consulting is a global authoritative research and advisory firm focusing on
renewable energy and technology. Since our establishment in 2017, we've been dedicated to
helping clients navigate a rapidly changing industry by providing in-depth research data,
market analysis, and tailored-made advisory service. Today, we have helped more than 130
clients across the globe plot strategies and make pivotal decisions. After deepening our
presence in the renewables, we expanded into the technology field to provide

comprehensive services, helping more businesses gain competitive edges.

For any inquiry, feel free to write to us at: service@infolink-group.com

www.infolink-group.com

Services

Offshore Wind
Solar PV

REC & Carbon Footprint

Energy Storage

Consulting Services

Technology

LINK THE VALUE FOR YOU lI h
Infalink Consultina Co.. Ltd.
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pv magazine

The latest news

US manufacturer releases cold climate heat
pump
by Beatriz Santos

Bosch unveils propane heat pump for
residential applications
by Sandra Enkhardt




Coming up

Tuesday, 2 May 2023
5:00 pm —6:00 pm CEST, Berlin, Paris, Madrid
11:00 am —12:00 pm EDT, New York City

Thursday, 4 May 2023
5:00 pm —6:00 pm CEST, Berlin, Paris, Madrid
11:00 am —12:00 pm EDT, New York City

Repowering
old central
inverters with
new string
inverters

Greening
hydrogen, the
promise
beyond the

hype

pv magazine

Many more to come!

In the next weeks, we will continuously
add further webinars with innovative
partners and the latest topics.

Check out our pv magazine Webinar
program at:

WWW.pv-magazine.com/webinars

Registration, downloads
& recordings are also be
found there.



this

We b I nar ilsowered by

JinkoSolar

Thank you for
joining today!
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