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About Astronergy

ASTRONERGY

Astronergy is an intelligent manufacturing enterprise founded in 2006 focusing on photovoltaic modules. With business footprints in
over 140 countries, Astronergy has established intelligent manufacturing bases at Haining, Yiwu, Fuyang, Jiuquan, Yanchi,
Yancheng, Dafeng, Songyuan, Fengyang, Turkey, Thailand. Astronergy has continuously launched bifacial and monofacial
ASTRO modules based on big-size wafer, applied in utility-scale power stations, commercial & industrial (C&l) and residential PV
systems.
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Shipment & Capacity °

ASTRONERGY

 Total Global Shipments (as of December, 2024): 130 GW+. A high record of 40.2GW with 43.6%+ growth rate in 2024.
« By 2025, the cells capacity and modules capacity is expected to reach 45GW and 58GW respectively.
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ASTRONERGY

Product lteration

ASTRO

ASTRO 1

p

m=m= . 4BB
5BB +  Ploy PERC
Mono PERC . Black Silicon

G1158.75
. PERC
M6 166 . SEfC
0 . Half Cut
w0182 L
23%+ PERC+
Multi-busbar

G12 210 Non-destructive Cutting
23.2%+ PERC
Multi-busbar
26.4% TOPCon 4.0 Cell . hon-destructive Cutting
. High-density

Multi-busbar
Optimized Frame

TOPCon 4.0 Mass Production Efficiency 26.4%
16BB Rectangular Silicon Wafer

Light Redirecting Film

Non-destructive Cuttiing

TOPCon 4.0 Mass Production Efficiency 26.4%
18BB Silicon Wafer

Light Redirecting Film

Non-destructive Cuttiing

TOPCon 5.0 Mass Production Efficiency 26.6%
ZBB Rectangular Silicon Wafer ®
Light Redirecting Film AST Ro N Energ 1ZeS
Non-destructive Cuttiing
A Green World
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Promoted Product J

ASTRONERGY

Lt ASTRO N7
ASTRO N8 1.0/20
'210N-66 | = 1 ASTRO N7s 2.0

Black module

Application Utility-scale power, large C&l, residential rooftop PV systems



Features & Advantages — ASTRO N8

2384mm*1303mm*33mm

02

03

04

05

High Max Power
Up to 720W +

High Eff.
23.2% + / TOPCon 4.0

High Reliability
SMBB/ double glass

High kWh/w
Low temperature coefficient
Light redirecting film

LOW BOS&LCOE
Reduced System Cost

ASTRONERGY
LIF Electrode

AR Coating
p+ Emitter

s Tunneling oxide layer

—— n+ poly
’ SiNx
Electrode

n-TOPCon 4.0

16BBcell
38185mm?

TOPCon cell eff. : 26.4%

Reflective coated
microstructure

PET
EVA

I EERREEH

Light redirecting film Non-destructive Cutting



Features & Advantages — ASTRO N7 1.0

2382mm*1134mm*30mm

01

02

03

04

05

High Max Power
Up to 630W+

High Eff. 23.3% +

TOPCon4.0+ Light
redirecting film

High Reliability
SMBB Transparent back glass

High kWh/w
Low temperature coefficient
Light redirecting film

LOW BOS&LCOE
Reduced System Cost

D

ASTRONERGY
SE+electrode
Passivation layer stack
p-+Emitter Rectangular
Silicon Wafer
210R

Tunnel Oxide

n+ poly
Passivation layer
Electrode

n-TOPCon 4.0

Reflective coated
microstructure

EERIRLS

Light redirecting film

Non-destructive
Cutting
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Features & Advantages — ASTRO N7 2.0
ASTRONERGY
01 High Max Power Rectangular
Up to 645W+ Silicon Wafer
210R
High Eff. 23.9% + e
02 TOPCon5.0+ Light - T T T .. poly e
redirecting film
n-TOPCon 5.0
03 High Reliability
ZBB Transparent back glass
Reflective coated
microstructure
oa | High kWh/w
Low temperature coefficient
Light redirecting film
EERIRLS
LOW BOS&LCOE : =
05 Light redirecting film

Reduced System Cost

Non-destructive
Cutting

2382mm*1134mm*30mm



ASTRO N7 Pro Introduction 0
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02
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04

05

ASTRONERGY
High Power Output Rectangular
Up to 670W+ Silicon Wafer
210R

High Efficiency
24.8% +, Multi-Cut Cell Technology
and TOPCon 5.0 Technology

| ,
- - I {
High Reliability l &
. : . ik
Dual-Diode junction box and . | g
Quad-Cut cell layout design, C ik y
reduces hotspot risk
_ Quad-Cut Cell Layout Multi-cut cell technology
High kWh/w Design
Higher Temperature Coefficieng
Higher bifaciality
— Reflective coated
microstructure
Reduced System Cost : el
EVA
SR

Light redirecting film



Features & Advantages — ASTRO N7s 2.0

mew  26.6%+

TOPCon 5.0

\\%\M

ZBB
, Zero busbar

I

VENRRRRTNENERMANNANY

\NENRTRRNNERRANA!

TENRTNRRRANIANNANE

[l

Rectangular
Wafer
182*210mm

Large spacing
design

CHSM48RN(DG)(BLH)/F-BH
CHSM48RN(DG)/F-BH

D

ASTRONERGY

01 High power
Up to 470W +

02 High efficiency
23.5% +

03 Easy Installation

<2m , 21.6kg

04 High Reliability

Lower Attenuation

05

Clean and uniform
appearance



Features & Advantages — ASTRO N5

| 26.4%+
=¥ Topcon Cell

Reflective coated L i h t
microstructure g
N
,m,:g)(. - ,.'3, < ;:’m’ - f;)\« r‘;" =

High-density
> Encapsulation

-\¢ Non-destructive

Cutting
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03

04

05

D

ASTRONERGY

High Max.Power
Up to 600W+

High Module Eff.
23.2%+

High Energy Yield
80% Bifaciality

High Quality

Lower Attenuation

More Aesthetic



ASTRO N8 & N7 — Large Silicon Wafer ‘

ASTRONERGY
S=33471mm? o~ S=38185mm?2 S$S=44096mm?
8.84W/pcs l 10.08W/pcs 11.64W/pcs
baseline The area is increased by more The area is increased by more
than 14.1% than 31.8%

»

TOPCon TOPCon 4.0 TOPCon 4.0
182mmx183.75mm 182mmx210mm 210mmx210mm
TOPCon cell eff. : 26.4% TOPCon cell eff. : 26.4%

ASTRO N5 use n-G10 silicon wafers, with longer minority carrier lifetime and increased power to 8.84W+/pcs per cell.

ASTRO N7&NT7s use rectangular silicon wafers, which increase the area of silicon wafers by more than 14.1% compared with G10 183.X silicon and
increased power to 10.08W/pcs.

ASTRO N8 with independent-developed n-type TOPCon 4.0 high-efficiency cell, which increase the area of silicon wafers by more than 31.8%
compared with G10 183.X silicon and increased power to 11.64W/pcs, improving module power and efficiency, and reducing the cost per W.
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ASTRO N Core Technology — TOPCon4.0 celi a

n-TOPCon 4.0

LIF Electrode

AR Coating
L p+ Emitter

Tunneling oxide layer
[ Tenneling oxide lay
——— n+ poly
SiNx

‘ Electrode

ASTRONERGY

» LIF (Laser induced firing): During LIF process, bias voltage +

strong light injection produces high current density and
localized high temperature, which allows silver and silicon to
diffuses into each other to form ohmic contact. LIF reduces
damage to the passivation layer while improving conductivity,
thus increasing open circuit voltage and reducing contact
resistance, improving cell efficiency by 0.3%-0.5%.

POML (Poly-Si multi layers): POML technology is the upgrade
of the rear poly-Si layer. It improves the passivation
performance and reduces parasitic absorption losses, hence

increasing the cell efficiency.

» The TOPCon 4.0 cell, with industry-leading low corrosion paste + LIF technology and multi-layer Poly-Si/POML

technology, is fully upgraded on TOPCon 3.0 cell, resulting in a 0.3 - 0.5% increase in cell efficiency, with a top

efficiency of 26.9%.



TOPCon 5.0 Technology Introduction a

ASTRONERGY

® Introduction: TOPCon 5.0 is an industry-leading technological upgrade based on the TOPCon 4.0 Cell, and it achieves

power enhancement of the module by introducing the Astronergy Side Passivation (ASP) and the backside passivation (PF)
technology.

PF Technology

Pon parasitic E
absorpt|on :

10* niem®) { o

\A

400 600 800 1000 1200 1406'
wavelength [nm]

1070 5

absorption coefficient o [cm"]

o
°©

Astronergy Side » Depositing an oxide film on the cross-sectional surface for passivation repair can reduce surface recombination
AEEEIEHET A that result in enhancing the fill factor (FF) and achieving a cell efficiency improvement of approximately 0.25-

0.3%.

» Reducing the parasitic absorption of the rear-side doped Poly and improving the passivation of the non-Poly
(PF) areas can increase the short-circuit current (Isc), thereby improving the cell efficiency by 0.1-0.15%, with a

(*in technical reserve) corresponding increase in the bifaciality rate of approximately 5%. 15




ASTRO N7&N7s 2.0 Core Technology — ZBB 0

ASTRONERGY
Ghe ZBB technique )

v" The cell gate line is no main gate, the number of ribbon further

increases, and the ribbon replaces the main wire.

v The ribbon is pre-fixed by film covering (modified film) So that

7!

: oL _ € 20 ribbons designed to
completed in the lamination machine. e e cal leetian [

FF

the electrical connection between the cell and the ribbon is

€ Low-temperature laminated

interconnection-no flux
v The interconnection temperature drops below 150°C to reduce

the thermal stress and reduce the hidden crack of the module

manufacturing process.

(Cell Interconnection Mode) o 0.18mm ribbon+

1.0mm-~1.5mm large
spacing

v Using ultra-dense grid low diameter ribbon, flexible

1

interconnection, better compatible with large rectangle and

i
!

large spacing, zero hidden crack is higher.

LU



ASTRO N7s Core Technology — ZBB

ASTRONERGY

-

N

TOPCon 5.0 Technology

» Passivation of the cut oxide film increases the cell efficiency

by 0.25-0.3%
» The partial passivation of the back side increases
the efficiency by 0.1-0.15%, and the bifaciality

increases by 5%

Rectangular silicon wafer

» Rectangular silicon wafer 182.3*210mm;
» The areais 15.6% higher than 182*182mm;
* Increase the power of the same type of the product,

improve efficiency;

Technical

Direction

ZBB Cell Technology

N

Number of welding wires were increased, current
transmission path was reduced, series resistance was
reduced

20 ribbons , more contact points can increase current
collection and enhance the FF, improving power

ZBB has a stronger current collection capability,
making the module power more stable

Cell shading area is reduced;

-

High Power

48-cell bifacial, double glass, black grid glass :465Wp+;
48-cell bifacial, double glass, white grid glass :470Wp+;
54-cell bifacial, double glass, white grid glass:525Wp+;

/

To create a sustainable and net-zero carbon world with solar power



ASTRO N Core Technology — SMBB 0

ASTRONERGY

Take full advantage of the strength of SMBB techonology

Cost Reduction

More and thinner grid lines
reduce silver paste loss

° ege ° EI . I -
Reliability Gain Gaeic:rlca . .

Better tolerance for hidden cracks
and broken grids

NN e * More uniform stress distribution — o
due to the increased number of
weld joints in the main grid line

Shorten current transmission path,
reduce series resistance, reduce

cell power loss and improve
module efficiency



ASTRO N Core Technology — Light redirecting film 0

ASTRONERGY

High power

The front side of the light redirecting film is a wavy
structure reflective layer, which can make full use
of the sunlight between the cells and reflect the
light to the front side of the module, increasing the
module power by 2W+(182mm 72-cell module).

Reflective coated
microstructure

m\-q_@

High power generation

Modules with light redirecting film have a
smaller backside shading area, which
improves the bifacial rate and increases
backside power generation.

Backsheet/Glass &R/ SRR

® Light redirecting film structure:
v" Reflective coated: Alloy plating with high reflectivity and good

weather resistance and adhesion

High reliability

non-glazed glass has good stress uniformity,
higher strength, better mechanical load
performance, and better impact resistance

v Support layer: PET structure, low shrinkage material

v Bonding layer: EVA film

Light redirecting film Iocati

diagram (red area of cell gap)



ASTRO N Core Technology — Light redirecting film O

ASTRONERGY

IAM Comparison

O Light redirecting film modules outperform glazed ' ,
glass modules in all angles of IAM. —/ 06

0.2

ooooooooooooooooooooooooo

Power generation gain o
s [ FEMEFE e SRR KA
Light redirecting  Glazed Glass

=
o
o

7.00 1.20% flm
6.00 1.00%
'5 5.00 0.80% g .é
e g O Compared to glazed glass
S 4.00 0.60% T & . ) ) )
S £¢ modules, light redirecting film
g 3.00 0.40% g )
o .
S 200 020% & £ modules can generate 0.48%
X~ - a8
: “ “ “ || “ “ 200% more power per watt (IAM +
0.00 -0.20%

1.4 1.6 1.8 1.101.16 1.19 1.21 1.25 1.27 1.29 1.31 2.2 2.4 2.14 2.16 2.18 2.20 2.22 2.25 2.27 3.2 3.6 bifacial galn)

mmGlazed Glass mmm EI[gE14fE —e—Gain

Light redirecting
film



ASTRO N — Non-destructive Cutting O

ASTRONERGY
_ . .
Non-destructive Cutting Principle ‘ laser cooling jet

Normal Cutting Non-destructive Cutting

Based on laser thermal stress control fracture
technology, the battery is cooled through laser heated crack

and following split naturally by thermal stress, realizing

compress tensile i
the non-damage cutting. 1 ive stress stress !
| Rough cutting surface with micro-cracks Smooth  cutting  surface
i without any micro-cracks
Bending Strength of Cutting Cell (Mpa) i |
170 R A0 BT RO W T B
160 | ’ }
130 | it -
120 i Heat affected zone: 80-150um No heat affected zone
110
100 i Cutting surfaces are smooth without cracks, improving the
= Normal Cutting = Non-destructive Cutting ; bending strength of cells and mechanical properties of

modules.



ASTRO N Core Advantage — Better Temp.C & Bifacility

ASTRONERGY
(0) (o]
-0.29%/°C
PERC (-0.34%/°C) —e—ASTRO N7 (-0.29%/°C) B ASTRON PERC —— Gain (ASTRO N- PERC)
60% 6%
%0 600 5g; s 5.00% )
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600 565 557 ¢ e 110 _
530
— 550 52 513 o4 100 5|8 0% 3.50% o £
=3 550 9 x g
500 941 531 I =
= 522 513 g4 90 o = -
2 450 49 485 47s 9 £ 2.00% g
a 466 457 80 = o 9 o
447 be} —  20% 1.35% 2%
2 400 = 5 1.00% &
S 70 [a)
T 350 z o
> o0 & ] I
300 0% 0%

al

5o 51 51 sz 53 5% 549
250 0 Grass Dry land Sand Concrete Snow

I I I I 15~20% 20~33% - 20~40% 30~50% 55~85%
s 40 e = TN T

25 30 35 40 45 50 55 60 65 70 75 80 -.._"" fas e [ —

Operating temperature (°C)

Ground and reflectivity

Relationship between the output power of ASTRO N and the temperature temperature Comparison of bifacial gain between ASTRO N and PERC module under
coefficient of ASTRO N is only -0.29%/°C tested by DEKRA different ground
«  Certified by DEKRA, the Pmax temperature coefficient of ASTRO  High Bifacility. Compared wit PERC, the bifacial gain
N7&N5 is only -0.29%/°C, better than that of the p-type PERC is increased by 1-5% in different ground reflectance

module of -0.35%/°C. application field.



ASTRO N — Lower Attenuation & High Reliability

ASTRO N -LID

o0 | ©°.99%

s0 |  100.2%

Irradiance (KWh/nt)

20 | 100.21%

0 —wom

99.0% 99.5% 100.0% 100.5%

Relative eficiency

LID of ASTRO N is only 0.01% after light exposure of 90 kWh/m®

2.00%

1.50%

1.00%

0.50%

ASTRONERGY
1.44%
1.10%
0.71%
0.54%
0,
0.48% 0.42%
0.24%
012% . 007 I I 0.10% I
H _— = [ ]
& o M S & oV N £ S > o
O P & N N > 9 %5 9 <
& AR > U A & & @X%\
é(}
\Y
\/XQ®
>

ASTRO N shows excellent performance in various |IEC standard and multiple

aging tests

» Due to the intrinsic features of N-type silicon wafer, the power attenuation of ASTRON are only 0.03%~0.71% in IEC standard aging

tests.

» Multiple strict tests of TC,PID and DH have been passed to fully verify the high reliability.



ASTRO N — Low-light Performance a

ASTRONERGY
Power generation performance

102% 1.4
U . 1000%  1002%  100.0% o 12
B 100% 99.6% =
< o = |
3 997%  1001%  100.0% <
° 97.8% = 0.8
L 98% 5
3 5 0.6
S >
S 96% —e—ASTRO N 2 0.4
tl.:. C
$ 96.3% —e—PERC * 0.2 \
=
©  94% 0O — —/ ~
& 200 400 600 800 1000 0:00 4:48 2:36 Time14:24 19: 7w 0:00

Irradiance (W/nv) Haining, Fixed Installation, Height 1.2m, Angle 20° :;(gggon

 After being tested by the UL, the low-irradiation performance of ASTRO N is 97.8% at 200W/m’, 1% higher than that of PERC. Moreover,
ASTRO N also shows better power generation performance in the low-light conditions.



ASTRO N — Higher Energy Yield per Watt o

ASTRONERGY
mmm PERC mm ASTRO N —e—ASTRO N Gain
180 1o 10% 2
4.4% 4.5% 4.7% °
o 19 3% 28% 0% 26% C20%  21% N 3:2% 5% &
= 140 o —— M ;
$ 120 0% ;‘5
= 100 o .S
T 80 AT
(]
> 60 10% <
> =
S 40 2
o -15% o
S 20 - o
C
0 20% U0
Au Se Oct
2022 2023

Comparison of the energy yield per watt between ASTRO N and PERC modules at the outdoor demonstration base of

Astronergy located in Haining

« Combined with the advantages of higher bifaciality, better temperature coefficient, better low-light performance, and lower LID and
LETID than PERC module, the energy yield pre watt of ASTRO N is 3.8% than that of PREC.



ASTRO N — Product Warranty 0

ASTRONERGY

99%TOPCon
{

ASTRO N's excellent product quality ensures that
100.0%

after 30 years of steady output, the power will not
be less than 87.4%, Pro will not be less than

Pro: 0.35% 88.85%.

0.4%

95.0%

S -0,4%

o o
1 /Q Annual degradation

| | .

1st degradation - Qg 3 5 O/Q

Annual degradation

90.0%

85.0%

IA

80.0%
012345678 9101112131415161718 192021 22 23 24 252627 28 29 30

« Compared with PERC modules, ASTRO N exhibits 1% lower first year degradation and 2.5%+ power
attenuation throughout the lifetime of the power station. Due to better 0.35% annual degradation,
ASTRO N7 Pro lifetime degradation will be 1.45% lower than this.



Power Roadmap- ASTRO N8 (G12) 0

ASTRONERGY

CHSM66N(DG)/F-BH

715W 720W 725W m /30W m /35W
{20W 730W

8% 30%

2026 Q4

2026 Q3 B% 14% 46%

2026 Q2 B% 23% 53%

715W 720W 725W
32% 64% 4%'

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

2026 Q1

T™ NN

27



Power Roadmap- ASTRO N7 (G12R) Q

ASTRONERGY
CHSM66RN(DG)/F-BH

625W 630W 635W  m640W

25W 630W
2026 Q4 5% 44% 46%

2026 Q3 [1 1% 53% 34% ,
2026 Q2 [ 14% 59% 25% 1

625W 630W
2026 Q1 29% 58% 12% '

0% 20% 40% 60% 80% 100%

28



Power Roadmap- ASTRO N7 2.0 (G12R)-ZBB+TOPCon5.0 0

ASTRONERGY

ZBB-CHSM66RN(DG)/F-BH (TOPCon5.0)

630W © 635W m640W m645W m650W

40W 645W 650W

6%

2026 Q4

2026 Q2 l 60% _ |
25 caow mm A

0% 20% 40% 60% 80% 100%

29



Power Roadmap- ASTRO N7s 2.0(G12R)-High-efficiency Plan a

ASTRONERGY

CHSM48RN(DG)(BLH)/F-BH

455W 1 460W m465W m470W

465W 470W

2026 Q3 ‘ 67% _
2026 Q2 EA 85% -

460W 465W 470W
2026 Q1 E/o 32% 61% '

0% 20% 40% 60% 80% 100%

30



Power Roadmap- ASTRO N7 Pro (G12R)-ZBB + Multi-cut 0

ASTRONERGY

ZBB-CHSM66RN(DG)/F-BQ (TOPCon5.0)

640W © 645W m650W m655W m660W

55W 660W
%

645W W W
2026 Q1 E/o 24% 58%

0% 20% 40% 60% 80% 100%

31



Power Roadmap - ASTRO N7s 2.0(G12R)-High-efficiency Plan 0

ASTRONERGY
CHSM48RN(DG)/F-BH

460W m465W m470W m475W

465W

470W 475W

2026 Q4

2026 Q3 | 6%

2026 Q2 30%

60W 465W 470W
2026 Q1 | 8% 56% _

0% 20% 40% 60% 80% 100%

32



Business Value

Top 6 Module Shipments

* 2024 Modules Shipments among All Suppliers Worldwide

2025 PVEL "Top Performer" Award
« The ASTRO N Series has demonstrated outstanding
performance in rigorous reliability testing, having been honored

with this recognition nine times

TOV Rheinland “All Quality Matters” Award
* Outdoor Energy Yield Award (Bifacial Group)

First Product Carbon Label Evaluation Certificate

* Firm green and low-carbon philosophy, strive to be the vanguard

green production

ASTRONERGY

kiwa

Kiwa PVEL “HRfERI" BHHMEHIZNN

Kiwa PVEL ‘TOP Pe_rfugflﬁer Awarding Ceremony

i A Hﬁﬂi‘#‘[ﬂ M\ Astroneroy
= REESEITMES

UERFTRERHRARAE
i Co., Ltd.

IChint New Ene

EERAFFARBREER
M Award 2022 - Bifacial Group




Cell Efficiency Forecast 0

ASTRONERGY

28.5%
28.0%

27.5%

(o)
27.0% 26.78% 26.89%

26.59% 26.63% 26.69%

26.5% 26.34%

Cell Efficiency

26.0%

25.5%

25.0%

24.5%
2026 Q1 2026 Q2 2026 Q3 2026 Q4 2027 H1 2027 H2 34



Average power (W)

N-type Power Forecast 0

710

660

610

560

510

460

410

ASTRONERGY
721 727 729 731 735 7 2 ASTRO N8
652 658 660 661 663 665 667 ASTRO N7-Pro
T T0eBls e ASTRONT20

642 = .- -

632 633 634 635 637 639 641

ASTRO N5-72
597 598
524 527 528 529 531 533 535
466 467 469 470 472 474 476

.__—.———.—_.——'—.——__._—_.

ASTRO N7s (£22)

2026 Q1 2026 Q2 2026 Q3 2026 Q4 2027 H1 2027 H2 2028 H1



Product Plan Q

ASTRONERGY
Product roadmap includes TOPCon+, XBC, HJT and Perovskite/HJT in 2024~2027.

. Research *

Reserve | |

,+ Cell: HBC, perovskite . tandem|

Mass - Cell: TOPCon6.0. TBC, HJT ' solar cells :

« Technology: double-side poly. B : i

Cell: TOPCon5.0 .gy : . poly | Techl.wlctgy perovsk!te t.a.ndem |
Technol . LIF3.0. ASP. ZBB double-side pc-Si passivated, '+ Application: perovskite/silicon :

¢ lechnofogy. HIFS-H. ASE * copper electro-coating, low ' tandem solar module, long i
Poly finger, POML. SMBB temperature low composite . lifetime module '

- Application: Offshore PV ,Anti- paste ¢ :
dust module, Agrophotovoltaic, “. Application: long warra P

GRPU frame module, PV til module, flexible modu

PV module

36



ASTRONERGY

High Quality, High Performance, High Efficiency

www.astronergy.com

IN Follow us on LinkedIn @ Astronergy Solar
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