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02 About us

B Business Profile

Advanced Solar Power (Hangzhou) Inc. (here in after referred to as "ASP") was founded by

international PV scientist Professor Wu Xuanzhi and his team in May 2008. Since the very
beginning, ASP has never been off-track from its strategy: Independent Innovation and
Technology Driven. ASP is committed to take Cadmium-Telluride thin film solar cell technology
from laboratory to the mass production in China with higher conversion efficiency and lower
cost. In 2015, ASP became the first chinese company that can massively produce CdTe thin
film PV module product. As of today, ASP's proprietary technology is in the top-tier group both

at home and abroad.

Today, with relatively high efficiency and stability, ASP is capable of providing standard CdTe
thin fim modules and "turn-key" PV solutions to its clients in both domestic and foreign markets.
The landscape of ASP's operation includes: R&D for CdTe thin film solar cell technology,
production equipment manufacturing, production line and technology transfering, production
and sales, and EPC for PV power stations. With a joint-venture company founded in 2016, ASP

also extended its business operations in investing and operating PV power stations in China.

ASP's R&D team is well-founded and led by a group of talented and well experienced chinese
scientists in PV field. In past 10 years, ASP has set up a three-tier structure for R&D that
consists of R&D on fundamental and core technology, R&D on production technology and
international research cooperations. With this structure, ASP can not only provide its propri-
etary CdTe technology to partners, but also take the technology further by incorporating the
latest development of the CdTe PV technology in the world.

In 2016, ASP started its quest in BIPV application. During the past 8 years, In alliance with
hundres of well-known architecture design teams across the global, ASP is being accepted as
a trustworthy partner and as well an innovative solution/sevice provider in the construction
industry. ASP was honored to participate over one hundred landmark projects such as China
Hall of World Garden Expo 2019 and Datong Future Energy Tech Hall. The efforts helped ASP

build its brandname in the construction industry as a Pioneer fo BIPV application.

ASP is willing to further strengthen cooperations with partners who are interested in providing
the most afiordable PV power solutions to the world by using CdTe thin film solar cell technol-
ogy. ASP believes that by working side by side, ASP and its partners can write a new chapter in
PV production and application markets, and strive to build resource-saving and environmen-

tal-friendly societies worldwide.
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Business Overview

uondNpoId dSy

Production Lines

ASP has a self-developed cadmium
telluride thin film solar technology with
completely independent intellectual
property rights, and fully has the ability
to industrialize cadmium telluride thin film

solar energy.

About us | Business Overview - Production Line
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I Business Overview

Chuanzhi Liu, founder of Lenovo Group
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About us

ASRE-ASP's joint venture for solar plants investment.

Minister of Science and Technology Sri Lanka

| Business Overview- Visitors from All Circles
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I Business Overview

About us | Business Overview - Honors and Rewards -Certification

Certification

ASP's solar module products have received the most of major cefication organizations across the world, including UL for

Honors and Rewards
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In June 2014 ,Awarded by the United
Nations as "2014 Global Top Investment
Scenarios to  Apply New Technologies for
Renewable  Energy Utilization”Blue Sky
Award
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In December 2016, ASP won the 2016
national distributed photovoltaic application
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In 2017,ASP won high-tech enterprise certificate
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In October 2016,In the 16th China Photovolk
taic Conference (CPVC16), Mr. Wu xuanzhi
was awarded "China solar photovoltaic
achievement award".

ﬁfﬁiwli

o B P
A FLMNE (N WREW:

:. TrfadslRtAAAATFEEYRRIC IR

F 0 R T N S

il e T

In December 2017, ASP won Xhat
domestic annual photovoltaic industry
award "2017 Best Public Building Distributed
Photovoltaic Project Gold Award"

In August 2017, ASP was awarded
"China Green Energy Contribution
Enterprise "

Formulated by the
Ministry of Science and
Technology, ASP was
the main executing unit
of the "Research on
Large-scale Produc
tion Technology and
High performance of
Cadmium  Telluride
Solar Cells" .

The 2nd National Distrib-
uted PV Applica- tion
Innovation Gold Award in
2017, Gold Award for Best
Public Building Distributed
Photovoltaic Project

United States, TUV for Europe,CQC for China,China Compulsory Certification , ISO9001 , ISO14001...
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About us | Business Layout

B Business Layout

UK D

herland
Ireland

-
Lebano
Morocco ‘

Thailand

Sri Lanka .

Singapore

) New Zealand

ASP's business landscape extends to all five continents. Clients from

45 countries and regions have received services from ASP in past 15

years.



I Global Market Exposure
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On October 29, 2021, Advanced Soltech, a joint venture of ASP's PV Tiles at SNEC show

Longyan, was officially listed on the NASDAQ (Nordic) Exchange.

InterSolar Eu in Munich The former Prime Minister of Egypt visited ASP's booth in Cairo.

B Company History
2008

The first experimental line was built

2010

Built China's first fully automatic cadmium telluride
module production line with completely independent
intellectual property rights.

2012

Start marketing

2014

In the global market, ASP has gradually established the
industry pioneer position of integrated photovoltaic
application.

Undertook the 863 projects

2016

Shenzhen SEG Advanced Solar Power was established.

The efficiency of the small size cell reached 17.33%
tested by NREL
2018

The tenth anniversary of ASP

Complete the China Pavilion BIPV project at Beijing Expo.
Finished the 863 projects. ASP(SEG) production line was put

into production
2020

2022

The 1200mmx600mm module achieves 17.19% conversion

efficiency.

About us | Company History

ASP was established on May 4th

2009

Complete pilot production line; ASP built its own factory of 21,000

2011

The efficiency of 3"x3" module reached 12.5% which was tested
by NREL. It was the first time that a Chinese PV manufacturer had
been listed in the PIP table.(Version 37, 2011).

Passed the ISO9001 system certification and the TUV certification.

2013

The efficiency of 1200x600mm module achieved
12.05%. Got UL and CQC certification

ASP was awarded the "2014 Global Top Investment
Scenarios to Apply New Technologies for Renewable Energy
Utilization”Blue Sky Award

2015

ASRE was established

Won the BIPV Building Component Gold Award;Chair- man Wux -
uanzhi won the China Solar Photovoltaic Achievement Award.

2017

Yangtai Advanced Solar Power was established and Zhejiang
Energy Group became one of the strategic investor of ASP.

2019

Shenzhen Capital Holdings became one of the strategic investor of
ASP and the second generation production

Obtained the first green building materials certification in China's
photovoltaic industry

2021

Obtained component carbon footprint certification with data of
366g CO eq/W

13



About us | Founding Team Business Solutions -Joint Ventures

B rounding Team B Joint Ventures

eREE LR LR LR Chairman:Xuanzhi Wu

Founder of ASP

Former senior scientist of the NREL (National Renewable Energy
Laboratory)One of the "206 heroes in the Seventh Five-Year Plan"

and the First group of experts to enjoy special allowances from

the State Council of China.American NREL Dean Award, Outstanding
Contribution Award of the YearCreated and maintained a world record

of 16.7% for the photo- electric conversion efficiency of cadmium telluride

thin film solar cells in 2001

gl CEO:Ben Wu (D Advanced SolTech Renewable Energy Hangzhou Co., Ltd.

Co-funder and CEO of ASP Jointly invested and established by SolSoltech and Longyan Energy in Sweden, it is committed to investing in
distributed photovoltaic power stations across China. Its parent company, Advanced Soltech, has been listed
MBA of Columbia University Business School, Management Specialist and traded on the NASDAQ (Nordic) Exchange
. He had worked for McKinsey, a well-known global strategy consulting company,
CTO: Jie Zhou v nsey, a welknown g gy consuling company;
and several venture capital companies. He has led many international corporate
mergers and acquisi- tions, and has extensive experience in strategic consultin
CTO of ASP 9 A P 9 9 @ Shenzhen SEG Advanced Solar Power Co., Ltd.
. . . . . and management.
PhD in Chemical Engineering, Colorado School of Mines,
Ajoint venture and production base established by Shenzhen SEG group & ASP
USA
Worked in Beijing Institute of Chemistry,Chinese Academy of Sciences,
and NREL.
Leader of 863 project of high efficiency CdTe thin film  technology (® Guangdong Deheng Advanced Solar Power Co., Ltd.
A%SP Ajoint venture and production base established by Shanxi Yangtai group & ASP
Tk BEiE#HX
H H ® Guangdong Deheng Advanced Solar Power Co., Ltd.
B Business Solutions
Ajoint venture and BIPV production base established by Guangdong Desheng Jiaheng Group & ASP
=) CdTe thin film technology Integration & operation of PV
R & D, production and sales of CdTe thin film applications
solar modules Rich experience in distributed power stations, ® Yantang Energy Technology (Hangzhou) Co., Ltd
BIPVandagricuIturaI phOtOVOItaiCS The company's newly planned 300MW capacity of large size cadmium telluride module is currently being
promoted
New BIPV products and applications
s . . Distributed photovoltaic power station
oyl hin film module production line and
F'1 \b Agricultural photovoltaic

technical output service

Technology for market with powerful local partners

14 15
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Product Description

I Safety and Environment - Friendly

Scientists in Brookhaven national laboratory US systematically studied the heavy metal emissions from renewable energy, such as crystalline
silicon solar cell, CdTe thin film solar cell, and traditional energy, such as coal, oil, natural gas and nuclear energy. In the analysis of solar cell, the
full life-cycle process was considered including the original processing of ores required for the solar cell materials, the production and use of solar
cells, etc.. The study results show that the highest cadmium emission is oil which achieves 44.3g/GWHh, the second highest is coal about 3.79g/GWh.

The cadmium emission of CdTe thin film solar module is only 0.3g/GWh as same as natural gas.
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Fig.1 Cadmium emissions of salar modues and other energy comparison

Based on extensive experimental data proving that CdTe solar product is environment-friendly, the EU exempted CdTe modules for RoHs

requirements in 2011. By developing a recycling technology, ASP is able to recycle used CdTe modules.
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Fig 2. Comparison of Heavy metals in Silicon solar cells and cadmium telluride sglar cell emissiongs

In the summary, with the lowest cost of power generation, the ASP CdTe thin film solar module can help the world to achieve the revolution

16 of clean energy and harvests of both economic and environmental benefits.

Product Description

EXCELLENT POWER GENERATION
PERFORMANCE

ASP series CdTe thin film modules have a
high efficiency and a proven excellent
record on power generation performance.

Comparing to crystalline silicon solar
module,CdTe thin film modulegenerates

5.4% more in average ofelectricity every
year in Europe.(PHOTON'S 2nd Thin Film
Conference)
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HIGH CONVERSION EFFICIENCY

Cadmium Telluride is a semiconductor
compound with a high absorption
coefficient-100  times  higher  than
silicon.The band gap width of cadmium
telluride is more suitable for photovoltaic
energy conversion than silicon. To absorb
the same amount of light, the thickness
of cadmium telluride film is only one
hundredth that of silicon wafer. Today,
the world record of cadmium telluride thin
film conversion efficiency has reached
22.1% in the laboratory. And the CdTe
thin film solar module produced by
Advanced Solar Power (Hangzhou) Inc
reaches to 14% and above onconversion
efficiency. The ASP series  products have
obtained TUV, ULand CQC certifications.

Technology Advantages

LOW TEMPERATURE COEFFICIENT

The temperature coefficient of ASP
CdTe thin film solar moduleis only about
-0.21%/°C, as the traditional silicon solar
module temperature coefficient reaches
to -0.48%/°C.Formost of high solar
irradiance regionson earth,the
temperature of solar module at working
can reach to 50°C or above. Thus this
fact have greater

— BEP produciy
= Crydtallee  wkgon

IR Juan 1

(B pEpuRE of mj)

35 45 55 L] 5
Temperature T

Ganerating Capacity comparion it dSesen! lemperaiune

EXCELLENT LOW-IRRADIANCE
EFFECT

Cadmium telluride is a direct-band gap
material with high absorption for the full
spectrum.Under low lightcondition, in
dawn, dusk of a day or in a diffuse
lighting, the power  generation
performance of CdTe thin film solar
module has been proven to be higher
than that of crystalline silicon solar
module which is made by an indirect band
gap material.

GOOD STABILITY

No intrinsic light-induced degrada-
tion effects.

| Safety and Environment - Friendly-CdTe Thin Film Solar Modules

LOW HOT SPOT EFFECT

The elongated cells of CdTe thin film
module help to reduce the hot spot
effiect of module, which leads to a
greatadvantage of improving the power
generation capacity, ensuring the safety
in usage and product life.

MINIMAL BREAKAGE RATE

Contributed by a proprietary technolo-
gy adapted in ASP's CdTe modules
manufacturing process, ASP's CdTe
module has a minimal breakage rate.

EXCELLENT APPEARANCE

CdTe modules have uniformity color -
pure black which provides an excellent
appearance,fit best in buildings that have
higher standards on appearance, unity
and energy-independance.

Low carbon footprint

The carbon footprint of ASP's cadmium
telluride thin-film photovoltaic modules is
only 366g CO:- eq/W. This is currently the
lowest carbon footprint data certified by
third-party organizations for photovoltaic
modules in China.

17



Product Introduction | CdTe Thin Film Solar Technology

I CdTe Thin Film Solar Technology
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Green Building Materials Certification No. 001 Product Carbon Footprint Certificate
The first green building material certification Product carbon footprint: 0.366kg/W

in the photovoltaic industry

You can customize COlOI'S  You can customize pattern  You can customize size
You can customize SNAPE  You can customize Structure

You can customize fransparency
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B CdTe Thin Film Solar Technology

20

ASP has fully acquired the ability to scale up the
industrialization of its proprietary cadmium tellur-
ide thin-film solar technology, which has comple-

te independent intellectual property rights.

ASP's building-integrated photovoltaic glass can
be widely applied to building walls, curtain walls,
roofs, and even to roads and water surfaces.
While satisfying the safety, reliability, and aesth-
etic requirements of buildings, it can also provide
green and clean photovoltaic power, enabling
buildings to transform from pure energy consu-

mers into energy producers.

Product Features

1-Strong power generation capacity
2-Small hot spot effect

3High conversion efficiency

4 -Minimal damage rate

5Low temperature coefficient
6-Good weak light effect

7 Good safety performance

8 Low carbon footprint

9-Uniform color and elegant appearance

STANDARD THIN FILM MODULE

PV Tile ASP - PV-TILE

Imitation Red Brick and
Imitation Wood Grain Module

BIPV MODULE

Imitation Aluminum Module

Colored Semi -Transparent Module

Product Introduction | CdTe Thin Film Solar Modules

The versatility of the product

Photovoltaic hollow adhesive
Transparent, insulated, and insulated

Color photovoltaic building materials
Can be customized with personalized colors

Pattern photovoltaic building materials
Rich and colorful patterns and logos

Photovoltaic photothermal integration
Having both power generation and hot water

Photovoltaic insulation building materials
Integration of photovoltaic and insulation materials

Multifunctional photovoltaic power
Replacing traditional tiles, beautiful and elegant

Photovoltaic floor tile Module

Customizable patterns and colors Module

21
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Fate THNL 4
h Specifications

Standard Thin Film Module ASP -S1/S4
Model ASP-S1-100

Nominal (Pm)
Open Circuit Voltage (Voc )
Short Circuit (Isc)
Voltage at Max. Power (Vm)
Current at Max. Power (Im)
Module Dimension
Weight
Power Temperature coefficient
Voltage Temperature coefficient
Current Temperature coefficient
Material and Workmanship

Test Conditions

22

ASP-S1-105

ASP-S1-110 ASP-$1-115 ASP-S1- 7D
105W 110W 115W 120W
124.0V 176.84V 180.49V 181.00V

1.28A 0.90A 0.918A 0.98A
92.9vV 138.0V 138.18V 138.62V
1.13A 0.80A 0.834A 0.87A
L1200*W600*D6.8mm
12kg

-0.214%/°C

-0.321%/°C

0.060%/°C

10 years of product craftsmanship and material warranty; 25 year output power warranty

STC:1000W/m 2 ,AM1.5, 25°C

The product has obtained 1500V system certification

ASP-S4-85
85W
29.2v
4.19A
23V

3.71A

“Applicatio

Product features:

ASP's standard CdTe PV modules have a strong power
generation capacity. Based on China's average lighting
conditions, the annual power generation of one square
meter of CdTe thin-film PV module is about 200kwh.

Standard CdTe PV products are uniformly black in color.

Through clever design by architects, they not only match

the appearance of the building harmoniously, but also have

excellent power generation capabilities. It's a double benefit.

e

al scene of standard thin film component project
/ .

F

ASP's standard CdTe PV products are mainly applied to
rooftop BIPV power stations, commercial and industrial

rooftop PV power stations, household PV power stations,
and photovoltaic sunrooms.

Compared with customized CdTe PV building materials,

the standard series products have obvious price advan-

tages, strong power generation capacity, and high cost
performance.

23



Specifications

(2) Semi-transparent Thin Film Solar Module

Ordinary glass

24

Semi-transparent Thin Film Solar Module

Product size

L1200*W600mm - L1200*W1200mm -
L1200*W1800mm-L1200*W2400mm -
L1200*W3000mm-L1200*W3600mm -

Adjustable transparency

10% transparency -20% transparency

30% transparency -40% transparency

50% transparency -60% transparency

70% transparency -‘80% transparency ...

Adjustable
transparency

Product Composition

TP5+3.2CdTe+TP5

TP5+3.2CdTe+TP5+12A+TP5
TP5+3.2CdTe+TP5+12A+TP5+TPS

Power generation

72W-164W
248W -288W
360W -432W

Al b e
-

Adjustable
structure

TP6+3.2CdTe+TP6  TP8+3.2CdTe+TP8 ...

TP8+3.2CdTe+TP8+12A+TPS ...
TP8+3.2CdTe+TP8+12A+TP8+TP8 .

Product weight

33.3kg/n}
40.3kg/nt
60.3kg/n}

i









According to industry data analysis, non-transparent exterior walls account for up to 70%

in the building envelope, while transparent glass doors and windows account for about 20%.
Imitation BU|Id|ng Materials Product Series ASP's CdTe PV building materials can replace traditional building materials and have tre-

mendous market application prospects in non-translucent areas of buildings.

Product size : L1200*W600*D16mm ...

Product structure::  TP5+3.2CdTe+TP5-TP6+3.2CdTe+TP6
TP8+3.2CdTe+TPS8 ...

Power generation:  43W47\W-66W ...

Product weight:  25.5kg 50 kg ...

Product pattern:  Customize color patterns according to project requirements

30
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B Specifications
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(7) Colored Semi -Transparent Module
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Colored Semi -Transparent Module

Product size: L1200*W600*D7mm L1200*W1200*D16mm ...

Product mix: TP5+3.2CdTe+TP5-TP6+3.2CdTe+TP6

TP5+3.2CdTe+TP5+12A+TP5+TP5 ...

Power generation:  57W 76W - 85W ...

Product weight: 12.0kg-50.5kg ...

Product pattern:  Customize color patterns according to project requirements

Transmittance: 10% 20% 30% 40% "50% ...
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Product Introduction

I Speccifications
Photovoltaic floor tiles

Photovoltaic floor tile series products

Product size .

Product mix :

Power generation:
Product weight .

Other Description :

34
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Example of Standard System for Vertical

Typical structural categories of thin film photovoltaic curtain wall glass i) [erZeriEl Afele AnctoeliEts Gl bl

= 1 el T
|§ ﬁ A TRk
tempearing glass — L?.I'B ggam
TCO glass (Or float glass) [ PVB TCO glass o
PVB o ] {eve —————
floot glass (Or TCO gl P tempering glass
loa E { E '-'155} temparing glass thlﬂ'ﬁr LLE AR
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The photovoltaic glass curtain wall components adopt double glass laminated adhesive, three glass HE =
laminated adhesive, etc. according to the requirements of usage function, installation height, etc
Single hollow sandwich (low e) and double hollow sandwich (low e) structures, with glass thickness meeting Photovoltaic curtain walls are classified by structure, mainly including open

the requirements of building curtain walls. frame, point supported, hidden frame, semi hidden frame, etc
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BIPV Solution | Photovoltaic Curtain Wall

I BIPV Solution - Photovoltaic Curtain V&

Example of Standard System for
Hidden Frame Photovoltaic Curtain Wall
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| Photovoltaic dayhghting

Installation using curtain wall concealed frame method

The photovoltaic module is fixed by structural adhesive

with the attached frame
Install the components onto the original skeleton and fix

them with pressure blocks and self tapping screws
Adjacent photovoltaic modules are sealed with silicone adhesive

Photovoltaic cables can be hidden inside the enclosure 43
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Additional photovoltaic roof installation nodes
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The installation of point support structure perfectly solves the

installation restriction of hyperboloid roof to flat glass, and can

meet the slope requirements of various positions.
44 45



Additional photovoltaic roof installation nodes

— B L= =
oyt RETHE EEERENEN RUTHRAEE

im _ Ti”"ﬁ

——e——
||||||||||

AN A
-||||||||||||||--||||||||||||||||||||||||||||"|||||||| FULPI L L S g e |

46 47



BIPV Solution | Photovoltaic tiles

Node diagram of photovoltaic tile roof installation
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