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} Introduction of Jolywood Sunwatt

Headquarter established in March, 2008

Located in Changshu City,\]i'a,ngsu

Listed company in Changshu (Stock Code:5Z300393)

Market value: RMB 10.4 Billion 4

Top 1 PV back sheet manufacturer, Z\(S%market share worldwide and 16GW back sheet revenue in 2016

Owns “N-bifacial” technology and initiates the industrialized mass production of bifacial cell and module in 2016
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} Introduction of Jolywood (Taizhou) Solar Technology

o

- Established in February 2016

* A wholly-owned subsidiary of Jolywood Sunwatt
* Located in Taizhou, Jiangsu

* Main product: N-bifacial mono cell and module

* Current cell capacity: 2.4GW

* Top 1 “N” Bifacial cell manufacturers in the world

* Sales Revenue 17’ is'estimated RMB3 Billion

14

Production
Lines

N-type mono bifacial solar 2.4GW production
cell production lines capacity
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} Current Status of nPERT cells in jolywood

Process flow

Texturing

BBr3 diffusion

Emitter removal

IMP

Annealing

Passivation & AR Coating

Printing

Ag grid
SiNx Coating
Al,O, passivation layer

N type

ﬁ SiNx Coating
Ag grid

N-type 6 inch monocrystalline Cz wafer

Thermally diffused p* emitter and implanted n* BSF
Screen-printed electrical contacts with floating busbars

Bifacial structure
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} nPERT cell performance

IV curve
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« Cell efficiency distribution of production, data from one * Typical IV curve with illumination from front or rear.

production line for one day, nearly 90,000 cells;

. . . . . . . o ra L4
Fit with a mixture of three normal distributions. 7 |'.|:| ;E < EE
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Bifacial module performance @STC

200 O e Sample 1# (Exposure on the front side)
0| S0 * Confirmed by TUV
o e *  Report No. TRSHV08026/17/01

Sample # Voc [V] Vmpp [V] Isc [A] Impp [A] Pmpp [W] FF [%]

1 39.645 32.336 10.054 9.523 307.95 77.26
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Reliability test

World first TUV NORD 3 times IEC tests on N bifacial

TC600 1.55%
DH3000 3.63%
Uv4as = 3.05%

HF30  0.72%

\

~

TUV NORD CERT GmbH
herewith declares that

Jolywood (Taizhou) Solar Technology Co., Ltd.
Kaiyang Rd. Jiangyan Economic Development Zone
Taizhou City, Jiangsu Province, 225500

P.R. China

s authorized to provide the product mentioned below with the mark as illustrated

Description of product (details see Annex 2):

Double Glass PV Modules with 6 Mono N-type Bifacial Solar Celis

Photovoltaic Modules

Valid until: 2022-05-24
Tested according to.  IEC / EN 61215:2005,
IEC 61730-1:2004+A1:2011+A2:2013 / EN 61730-1:2007+A1:2012+A2:2013;
IEC 61730-2:2004+A1:2011 / EN 61730-2:2007+A12012

Remark The test duration is triple
Registered No 44 780 17 408748 - 075
Manufacturer see Annex 1
Test Report No 492010792 001
File No. SHV05063/16-03
/Q w ?[ \
L
TUV NORD CERT GmbH Essen, 2017.05.25
Centification Body
Consumer Products

Please also pay attention 10 the information stated overleafl

TOV NORD CERT GmbH Langemarckstr. 20 45141 Esson www Sot-nord-cent g8
Fon +43 (0}201 425 5120 Fax +40 (D201 £25 3200 prdcen@tuev-nor. ce

P
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) Reliability tests

TUV SUD most stringent low temp dynamic mechanical loading test

DML -40°C , +1000Pa , 1000;%
Front side 0.42%

Back side 0.35%
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ZERTIFIKAT @ CERTIFICATE & =E:LGE

CERTIFICATE

No. Z217 0598081 005

Holder of Certificate: Jolywood (Taizhou) Solar
Technology Co., Ltd.
Katyang R
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) Reliability tests
6 times PID tests

CERTIFICADO # CERTIFICAT

+1500V , 576h

Highest power degradation 0.94%

¥ ¢ CEPTUOMKAT ¢

Average power degradation 0.52%
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} Bifacial module performance in field

* The first “Panda” Solar Plant consists of 29.21MW of Jolywood bifacial modules.
Each panel with label power 310Wp ( Front Side Power 285W+ 10%* Rear side

Power)

* Compared to P Perc 295wp, after we take 10% from rear side, the N-PERT bifacial

modules still achieved 7.1% extra gain in average.

Comparison of Performance P-PERC vs. N-PERT Bifacial

[ 13.6% 14.0%

6 10 8% 10.8%
\74%/ oo

i I I I Is%
2 -
0 -
7-10

== N-PERT Bifacial 310\ PERC 295W apue Extra Gain |-_|:| ;E e EE
/7~ o\

i ’
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N
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TUV-NORD LAB PROJECT

‘,/-z‘
« TUV NORD Outdoor Tests Field in NingXia, Northeast China
« To monitor and evaluate actual generation by bifacial modules under different albedos.
Generating Capacity under Different Albedos Generating Capacity under Different Albedos in
130 125.84 30% - percentage 273%
120 - 11580 i 19.6%
113.04 11423  114.07 20% - o
14.3% 15.5% 15.4%
110 - 15% -
103.77
10% -
o | 9886 E
5% -
0%
90 1 0%
Soil Soil Soil I Sand Grass Concrete White Paint Soil Soil Soil Sand Grass Concrete White Paint

Resources ;. TUV NORD Outdoor Tests Field in NingXia

y—— TUV NORD g
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} ECOLOGICAL PARK

* Guzhen, Anhui, China
« 100-mu sized ecological park generated by 3.9MW Jolywood N-bifacial Products

« The combination of Eco-agriculture, Solar Industry, agricultural machining and e-commerce.
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} THE PIONEER PROJECT, PHACE I

Comparison of Different Types of Mono Products
Under 37° Temperature

Generation Duration

340 33457

330

320 316.23
315.32 313.56

310.86  309.82 30926

310 305.88  305.38 304.81

302.6 302.47 300.43

300
290

280

285W+N-Pect 290W+P-perc 280W+P-perc 290W+P-perc 285W+Monofacial 280W+P-perc 280W+Mono 280W+Mono 280W+Mono 330W+Mono 285W+Mono 330W+Mono 335W+Mono

(Double Glass) - \\ (Double Glass)

~

 N-bifacial products show much m.ore higher performance than any other types of mono

modules. ,\EIHE% EE
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} CHANGSHU, JIANGSU (VERTICAL INSTALLATION)

120%

100%

80%

60%

& 40%

20%

0%

Comparison of Capacity per watt-hour

(vertical installation)

N-type Module: Front Side Power Output 290W, Rear Side Power Output 250W
P-type Module: Front Side Power Output 290W, Rear Side Power Output None
4

100%
90%

- 76% 76% 75% J75%
(]
58% 56% 58% 58% 58% 58%
48%
~

Due South Due'East-west Southeast 45° Southwest 22.5° Southeast 22.5° Southwest 45°

70%

Due South

P-type Module Capacity per watt (Optimal Incidence) = N-type Module Capacity per watt (Vertically Installed) P-type Module Capacity per Watt (Vertically Installed)
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} Performance improvement - nPERT

Ag grid

SiNx Coating
Al, O, passivation layer
SE p+ emitter

N type Target22%

SE n+ BSF

ﬁ SiNx Coating
Ag grid

* Light doping and front-side AI203&SiNx passivation to reduce the surface recombination:
°  p+emitter: Jo,,,,=20 fA/cm?
* n+ BSF: ) =20 fA/cm?

On+pass™—
*  Bulk recombination: Jy, = 15 fA/cm?

e SE structure and point ohmic contact to reduce Ag-Si recombination
* Selective p++ emitter: Jy ., oo = 24 fA/cm? (area weighted)
*  Selective n++ BSF: Jo, , iinerar = 36 fA/cm? (area weighted)

- Total J,= 20+20+15+24+36=115 fA/cm?2 => Voc~680mV
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} Performance improvement — Passivated metal contact

Ag grid

'\/w\/\/v\/wv A eiontor
p+ emitter
N type Target 225%

Tunnel oxide (SiOx)
n+ doped poly-Si

ﬁ SiNx Coating
Ag grid

* Light doping and front-side AI203&SiNx passivation to reduce the surface recombination

©  ptemitter: J,, 0= 20 fA/cm?

*  Bulk recombination: J,, = 15 fA/cm?

* Well passivated rear surface and low Ag-Si recombination with TOPCon structure
°* n+ BSF:)J =10 fA/cm?

On+pass™—

* n+BSF:J =15 fA/cm? (area weighted)

On+metal —
* Front side SE structure and-point ohm contact to reduce Ag-Si recombination
e Selective p++ emitter: J0p+:r-netal = 24 fA/cm? (area weighted)

* Total J;= 20+15+10+15+24=84 fA/cm? => Voc~695mV
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} Performance improvement — IBC Cell

AAAAAAAAAANA -5
arget 23%

N type

p+ emitter and n++ BSF

W Al O passivation layer
SiNx Coating

Ag grid

* Shadow FSF doping and rear side Al,O,&SiNx passivation to reduce surface recombination

* N+ FSF: Jgn,0as= 25 FA/cm? ) s10 L
©  p+emitter: Jo,, .= 15 fA/cm? (area weighted) N §3§§§§'&e§§i§)§fﬂfjg
* N4+ BSF: Jg 0= 20 fA/cm? (area weighted) ot Q€ §O] e 2
*  Bulk recombination: J,, = 15 fA/cm? : 2 C“_\“eseN' Efr; igfggf

* Point ohm contact to reduce the Ag-Si recombination ;‘ [ (\““ed\ﬂ fm 09.'5?
©  ptemitter: Jo, era = 20.fA/cm? (area weighted) K A DIt tormnt
*  n++ BSF: )y imeta = 20 fA/cm? (area weighted) S e

Best Cell 23.1% achieved

_ kK

* Total J;= 25+15+20+15+20+20=115 fA/cm? => Voc~680mV
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Summary

Average efficiency above 21.5% was achieved in math production on M2 Cz wafers with good

efficiency distribution.
* Module power higher than 305Wp @STC is achievable in mass production.
* 10%-30% extra energy gain in average was achieved in field.

* Clear technology roadmap and improvement scheme were established, which is feasible for mass

production.

* |BC cell with efficiency of 23.1% was achieved in standard M2 Cz wafers using R&D production

equipment.
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