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2 Abstract

In the thesis, we have roughly introduced the Chinese local solar companies
and their main products. A review on development course of Chinese local
solar companies from both economic and technical perspectives, Chinese com-
panies used to focus on productivity. Nowadays, they noticed that science and
technology are primary productive forces which is the basic enterprise develop-
ment.Then we have mainly introduced the working principles of solar cells. We
have learned how solar cells work and different types of solar cells. Through
the comparison between different solar panels, we have obtained the connection
between the components and the panels. After that, we have discussed about
the calculation methods of solar panels’ daily generation. With the method of
calculation, we have been able to configure a simple solar power system when we
require electricity for some small household lighting equipment. We have offered
some insight into how a PV (short of ”photovoltaic”) generation system works,
the conversion efficiency and the feature test. Based o principle of PV genera-
tion system, the conversion efficiency and the feature test, we have pointed out
the DC-DC conversion, MPPT(short of ” Maximum power point tracking“),
The grid-connected Photovoltaic system and the other application. Afterwards,
we have talked about anti-dumping proceedings. We have been aware of the
influence on Chinese solar energy market. It is the biggest challenge to Chinese
PV industry ever. Besides, we have known that the reason of Chinese solar
industry’s success is not cheap labor but advanced equipments. The market
is young, potential, and it is facing a challenge. What the Chinese enterprises
should do is to develop entrepreneurial spirit, promoting Chinese brands in the
solar energy industry.
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3 Introduction

According to the data from China photovoltaic Industry Alliance in 2015, China
has surpassed Germany to become the world’s biggest solar photovoltaic coun-
try.

China Photovoltaic Industry Association reported that in 2015 China in-
creased by 15 GW of solar PV capacity which is a 40% increase compared as
in 2014, and the national total capacity of solar PV is 43 GW. Meanwhile,
on the basis of the cover from the German Federal Network agency and the
Fraunhofer-Gesellschaft Solar Energy Institute, Germany deployed only 1.3GW
solar photovoltaic capacity in 2015 and the total capacity was about 40 GW.

China aims to increase the capacity of non-fossil fuel energy consumption ac-
counted for 15% to total share. And the National Energy Regulatory Authority
predicts that by 2020, China’s solar PV capacity will reach 150 GW.

In early January, the PV Market Alliance reported that in 2015 the global
solar PV would be deployed at least 51 GW, and pinpointed that the Chinese
deployment can reach 15 GW. In the meantime, Tim Buckley from the US
Institute of Energy Economic and Financial Analysis said that in 2014 China’s
power demand growth fell to 0.5% , coal consumption had a reduction of 5
percent and coal imports fell 35%.[1]

All of the above shows that China will develop an impressive solar photo-
voltaic industry in the coming years, especially when national policies can be
implemented to further support the industry in the future.
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4 Overview of the most popular brands of solar
energy in China and their main solar prod-
ucts(2015)

4.1: Sunshore

Logo
Brand name SUNSHORE
Subsidiary enterprises Sunshore Solar Power Co.Ltd
Address of the enterprise No.1 Tongzhou industrial estate, Tongzhou District, Jiangsu
Website http://www.sunshore.cn/

Sunshore Solar Power Co.Ltd (hereinafter referred to as ”Sunshore”), was
established in 1998. It is a high-tech enterprise that specializes in the use of
solar thermal technology research and development, production and marketing.
The company carries forward the enterprise spirit as”Persistence,Passion and
Beyond”, keeping pace with the times, becoming one of the leader enterprises
in Chinese solar energy heat utilization industry eventually.[2]

Sunshore has always been focusing on science and technology and brand
building. Sunshore has a solar thermal components and control engineering
technology center in Jiangsu Province and its laboratory has gained the Labo-
ratory Accreditation Certificate issued by China National Accreditation Board
for Conformity Assessment (CNAS). Sunshore has more than 30 patents, un-
dertaking a number of national and provincial science and technology projects.
“Sunshore” , the trademark has registered not only in China but also in more
than 50 countries and regions.

Sunshore has production bases in East China and Central China. Its market-
ing network spreads all over China, and the company exports products to Asia,
Europe, Africa, America, Oceania, and so on five continents over 50 countries
and regions as well.

Sunshore passed management system certification like the ISO9001,ISO14001and
OHSAS18001, being qualified for the first ”AAAA” as the highest level stan-
dard of good conduct business in this industry and was successfully elected to
government green procurement list.

Sunshore products include solar water heaters, solar collectors, air to water
heaters, water purifiers, bathroom cabinets and so on have won wide attention
and praise of society with its superior product quality and brand assurance.

The great secret of Sunshore’s success is its using the most advanced tech-
nology and equipment in the industry and adopting the modern management
methods to guarantee the product quality and operational quality of the com-
pany. All of the above has formed a unique Sunshore management ideas and
corporate culture.

Sunshore leads the new trend of development of this industry. By strength-
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ening cooperation with scientific research units and following by cutting-edge
technology, Sunshore developed technological achievements on behalf of the in-
dustry’s best level and made a positive contribution to the development of the
industry.

Main products of Sunshore Solar Energy company
4.1.1.non-pressure solar water heater

[3]
The detail of material:

Outer tank Al-Zn coated steel sheet/color steel
Inner tank SUS 304-2B stainless steel sheet
Insulation polyurethane foam
Vacuum tube borosilicate glass 3.3
Absorption coating Al-N-Al
Stand aluminum alloy/galvanized sheet
Option auto-feeding tank and controllers are available for charging water

Product parameters:
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4.1.2. Pressurized solar water heater

[3]

Features:
1) pressurized solar water heaters with copper coil heat exchangers
2) heat exchanging takes place instantly whenever hot water is being used
3) advantage: simple system structure
4) output pressurized hot water
5) max work pressure:0.6MPa

[3]

The detail of material:
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Outer tank Al-Zn coated steel sheet/color steel
Inner tank SUS 304-2B stainless steel sheet
Insulation polyurethane foam
Vacuum tube borosilicate glass 3.3
Absorption coating Al-N-Al
Stand aluminum alloy/galvanized sheet

Product parameters:

4.1.3.Non-pressure solar collector

[3]

The detail of material:

Outer tank Al-Zn coated steel sheet/color steel
Inner tank SUS 304-2B stainless steel sheet
Insulation polyurethane foam
Vacuum tube borosilicate glass 3.3
Absorption coating Al-N-Al
Stand aluminum alloy/galvanized sheet

Product parameters:

All the above series got solar keymark from TUV Rheinland.
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4.1.4. Split system for villa

[3]

The technical data:

Max working temp collectors and tank: 99; work station and the pumps:110
Max lift of the circulation pump 11m
Max vertical height from collector to tank 8m
Rated power of circulation pump AC220V, 50Hz
Power of assistance heater 2kW 220V, 50Hz
Max work pressure 0.6MPa

This split system is designed for villa and domestic house, including solar
collectors, storage tank, auto feeding tank, work station, pipes and accessories.
This split system mainly suits for 2-3 floors villa, it looks beautiful. You can
put the storage tank in any place you want. Water comes out with pressure
automatically, you can enjoy a comfortable shower.

Product parameters:
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4.2 Haier

Logo
Brand name Haier
Subsidiary enterprises Haier Electronics Group Co., Ltd
Address of the enterprise Room 3513, Building No.35,Central, Hong Kong
Website www.haier-elec.com.hk

Haier Electronics Group Co., Ltd. (Stock code: 01169) (hereinafter referred
to as ”Haier”or ”The company”), a subsidiary of Qingdao Haier Co., Ltd., is
listed on the Main Board of The Stock Exchange of Hong Kong Limited. The
Company and its subsidiaries principally engage in the research, development,
production and sale of washing machines and water heaters under the brand
name of “Haier”. The Company developed integrated channel service business
from the second quarter of 2010. Through Goodaymart, the Company estab-
lished channel distribution points in the third and fourth-tier nationwide mar-
kets and became the leading integrated channel services provider in these mar-
kets in the PRC. Haier Electronics was included in MSCI Global Standard Index
(MSCI China Index) on 30 November, 2011, which is an important recognition
of Haier Electronics as a leading company in the white goods manufacturing
and integrated channel service industry by the investment community.[4]

Founded in 1984, Haier Group is headquartered in Qingdao, Shandong Province,
the PRC and is today one of the world’s leading white goods home appliance
manufacturers. The products of Haier Group are now sold in over 100 countries.
In October 2009, Haier was ranked first in Fortune Magazine’s “China’s Most
Admired Companies”.

Internet era’s coming subverts the traditional economic development model,
which brings new challenges and opportunities to the business.It seems to me
that Haier is creating world- class brand in the Internet age with its net-
worked development strategy, innovation, building users’ demand-driven en-
trepreneurial platform and open industry organisms system.

Main products of Haier company
4.2.1 200L verti-solor water heater TK32/200-TDA2
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[5]

Category Flat plate solar water heater
Volume (liters) 200L
Dimension of heat-collection plates(length*width*height mm) 1950*800*25mm
Weight of heat-collection plates (kg) 7.5kg
Color of heat-collection plates Black
Shell diameter 600mm
Type Energy conservation
Dimension of water tank(length*width*height mm) 600*629*1720mm
Weight of water tank (kg) 88kg
Color of water tank Picture color
Shell Material 0.6mm galvanized sheet with dusting

The technical data:

MPa 0.85MPa
Rated power(KW) 2000W
Water heating capacity(L/h) 32L/h
Noise level(dB) 45
Waterproof rate IPX4
Maximum input power(KW) 11.8A
Rated voltage/frequency 220V/50HZ
Refrigerant /

4.2.2 Vacuum tube solar water heater B-R-J-1-160/2.22/0.85-G
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[5]

Water Tank Parameter:

Appearance and Color Gery
Total Water Capacity(L) 160
The Depth of the Insulationmm 55
Outline dimension A*H*D*B(mm) 1596*1740*1304*1460

Glass Tube Parameter:

SpecificationDia Length mm 58*1800 Glass Tube Number 17

Heat-collecting Standard:

Superconducting heat transfer technology Yes
Metal Heat Tube heat-collecting Yes
Zijin efficient heat-collecting No
Electrical Heating Yes

Safety Standard:

Safe Carey Yes
Patent Diamond three Liner Yes
Delta Force Bracket galvanized sheet Yes
Galvanized sheet widening thickening bracket No
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4.3 Huayang

Logo
Brand name Huayang
Subsidiary enterprises Yangzhou Huayang Solar Energy Co.,Ltd
Address of the enterprise Muyang Road Hanjiang District Yangzhou City Jiangsu province
Website http://http://www.hy1991.com/

Jiangsu Huayang Solar Co., Ltd. was founded in 1991. It’s one of the earliest
Chinese enterprises investing large-scale specialization production of all-glass
evacuated solar collector tubes and solar water heaters. Huayang Solar company
is a national key high-tech enterprise, honored as the first batch of the contract
and trustworthy enterprises.

The company has more than 170 patented technologies, nearly 20 years of
professional experience in manufacturing and nearly three million users’ trust.
Huayang Solar company is a professional supplier on development and utilization
of new energy resources at the core of solar energy and hot water solution. Series
of solar products has been formed suiting for various kinds of consumer level,
wining warm praise from customers. Main products include ordinary solar water
heaters, all-weather intelligent solar water heaters, balcony wall-hanging solar
water heaters, villa-type solar water heaters and photovoltaic products. The
company has a nationwide marketing network and service system, and products
sell well in the United States, Russia, Germany, Italy, Singapore, South Korea,
Taiwan and dozens of countries and regions.

July 8, 2009, approved by the Administration for Industry and Commerce,
Jiang Su Huayang New Energy Group (Jiangsu Huayang Group) was officially
established.

The reason why so many consumers choose Huayang products is because
Huayang always focus on innovative research and development and boutique
manufacture.[6]

Main products of Huayang company

4.3.1 Compact solar water heater
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[7]

Specification:

Solar system HY-HF2 HY-HF2.54 HYHF4
System type Thermosphone-ClosedloopCircuit same same
Hot water storage capacity 150L 200L 300L
Hot water storage tank type 2m2 2.54m2 4m2

Termal liquid Antifreezen same same
Collector number 1 1 2
Storage tank insulation Polyurethane 50mm same same
Electric boosting 1500W 1500W 2500W
Supporter Galvanized stee same same
System’s inclination 45 degree same same
Operating pressure 0.6MPA same same
Total system weight 230kg 350kg 550kg
Dimension(L/W/H mm) 1050x1540x2190 1325x1540x2190 1875x1540x2190

4.3.2 Solar collector for heating water
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[7]

Specification:

Model HY-FCBK-2000/1000/80 HY-FCBE-2000/1000/80
Coating Black chroma Blue coating
Material of Absorber Copper Copper
Absorption rate 0.93±0.03 0.94±0.02
Reflection rate 0.10±0.05 0.05±0.02
Weight 37kg 38kg
Size and Quality of header pipe 22*08mm 2PCS same
Size and Quality of branch pipe 10*06mm 7PCS same
Collector size 2000mm x1000mm x80mm same
Frame color silver/black same
Gross area 2m2 same
Absorber area 1.852 same
Sealing EPDM same
Cover mateial low iron fabirc surface tempered glass same
Max working pressure 0.6MPA same

4.4 Reviews and my thinking

Now let us analyze why Huayang, Haier and Sunshore products won a lot
recognition. First of all, let us see the disadvantages of traditional solar water
heaters as below:

1.Water pressure is controlled by drop height. Hence, outlet pressure may
not be enough.

2.The water temperature is not stable. Users have to regulate the tempera-
ture very often.
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3.The temperature sensor is built in the water tank. It is easy to have scale
buildup and corrosion which may result in temperature control failure.

Huayang prducts have made some technical improvements to counter these
problems. For example:

1. Huayang’s solar water heaters have extra-bearing design. The pressure
of hot water comes from the pressure of tap water, which makes shower very
comfortable.

2. Huayang’s solar water heaters have photoelectrical complementary hot
water supply system which makes sure that users can enjoy the hot water all
the time.

3. Huayang’s solar water heaters have external temperature sensors which
makes sure that temperature control will always work.

If we say that Huayang’s products won a lot recognition by making im-
provements in details, then Haier’s success should give the credit to technology
refresh. For example:

1. Haier’s solar water heaters use food grade stainless steel chamber.
2. Haier’s solar water heaters use horizontal type foaming technology. Foam-

ing density stabilizes at 40kg/m3.
It prevents partly heat dissipation, increasing heat insulation effect by 25%.
3. Haier’ sensors have temperature detection range of ±2◦C
. The sensors are more sensitive and accurate.
As for Sunshore’s products, they are always cheaper than similar products

and their after-sale services are one of the best.
In conclusion, providing users the most extraordinary using experience is the

key to success.
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5 Working Principles of solar cells

Photovoltaic (PV) cells are made of semiconductor materials. For example,
silicon is the most common of all semiconductor materials. When irradiated
with light, some light will be absorbed by the semiconductor material. Light
energy will cause electron detachment, allowing electrons to flow freely. There
is one or a plurality of electric fields in a PV cell which will force electrons to
flow in a certain direction. And a flow of electrons carries an electric current.
Hence, we can bring out the current for use by installing metal contacts on the
top and bottom of photovoltaic cells.[8]

This is the basic process of the electricity generation, but the reality is much
more complex. Let us research a example of photovoltaic cells: monocrystalline
silicon cell.

Silicon has some special chemical properties, especially its crystal structure.
A silicon atom contains 14 electrons, being arranged in three different extranu-
clear electron shells. The first two electron shells are full. The outermost layer
is half full and there are only four electrons exist. A silicon atom will always find
its way to fill the outermost layer. To this end, it shares its own four electrons
with adjacent silicon atoms. In this case, each atom works with four adjacent
silicon atoms which forms the crystal structure. This structure means a lot to
this type of PV cells.

Now that we have learned of pure crystalline silicon. Pure silicon is a con-
ductor of poor performance, because its electrons can not move as freely as
electrons in copper conductors. Silicon electrons are all locked in the crystal
structure. The structure of the silicon in solar cells has been slightly adjusted
so that it can work as a solar cell.

The silicon used in solar cells always mixes with impurities. Other atoms mix
with silicon atoms so that the way how silicon works can be slightly changed.
The cells will not work without these impurities. In fact, these impurities are
intentionally added to the silicon. There are five electrons in the outermost
layer of the phosphorus atom instead of four. The phosphorus atom still has
to be combined with silicon atoms around, but in a sense, one electron of a
phosphorus atom is not associated with any atoms. It does not become part of
the bonds, but the protons in phosphorus nucleus will keep it in place.

When the energy is added to pure silicon in the form of heating for example,
several electrons will break away from its covalent bond and leave the atom.
Each electron leaves, it will leave a hole. Then, these electrons wander around
the crystal lattice, looking for another hole to settle down. These electrons are
called free carriers, and they can carry current. However, only a little electrons
left in pure silicon, hence, it does not make any difference. And the situation is
completely different when mixing the pure silicon with phosphorous atoms. At
this point, some ”extra” electron of phosphorous atoms will be able to escape
with little energy, because these electrons are not bound to the covalent bond
and their neighbors will not pull them back. Thus, most of these electrons
become free electrons, so that we get more free carriers than in pure silicon. A
process of intentionally adding impurities is called doping. It is known as N-
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type silicon ( ”n” represents negative electricity) when doping with phosphorus
atoms. Comparing with pure silicon, N-type doped silicon is a conductor of
better performance.

In fact, only a portion of solar cells are N-type. Another part is boron doped
silicon which is called P-type silicon( ”p” represents positive electricity). There
are only three electrons instead of four in the outermost layer of boron. There
is no free electron but holes in P- type silicon. Holes are created by electrons
departure. Hence, they carry opposite charge. And holes move around freely
just like electrons.[9]

An interesting situation occurs when putting N-type silicon and P-type sil-
icon together. Remember, each PV cell has at least one electric field. The
battery will not be able to work without a electric field, and this field is formed
when the N-type silicon gets in touch with P-type silicon. let us back to the
topic, the free carriers from N-type rush for the holes from P-type as they see
them and fill them up.
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6 Simple Calculation Methods of solar panels’
daily generation

AC solar power systems consist of solar panels, charge controllers, inverters and
batteries. On the other hand, DC solar power systems do not include inverters.
To make sure that the solar power system can provide enough power for the
load, it is necessary to select reasonable components according to the power
of electrical appliances. The following factors need to be considered when to
design a solar power system:

Q1, where to use the solar power systems? How is situation of the local solar
radiation?

Q2, How is the load power of the system?
Q3, What is the output voltage of the system? DC or AC?
Q4, How many hours does the system need to work a day?
Q5, How many days does the system need to continuously supply power

when there is no sunlight in rainy weather ?
Example1: Assuming that use the solar panel for six hours a day with 100w

output power(load), hence, the calculation is like this: 1. First, calculate the
watts/hour consumed per day (including the inverter loss): If the conversion
efficiency of the inverter is 90%, when the output power is 100W, then the
actual power output should be 100W / 90% = 111W; if using the panel 6 hours
per day, the power consumption is 111W×6 = 666Wh, namely, 0.666kWh.

2. Assuming that the available time of sunlight is 5 hours, taking charging
efficiency and the loss during the charging time into account, the output power
of the solar panel should be 666Wh ÷5h÷ 70% = 190W.

(70 percent is the actual service power during the charging time.)
3.Daily generation of the 180 watt module is 180 ×0.7 × 5 = 567Wh =

0.567kWh

Example 2: 10w lamps light 6 hours a day, then how to calculate the watt
power of solar panels and Ah of 12V batteries when it’s been raining for three
days? Daily power consumption: 10W ×6 = 60Wh

Assuming that the average peak sunshine hours is 4 hours where the solar
panels are installed. Then we get 60Wh / 4h= 15WP

Taking charge and discharge loss and the daily solar panels supplement into
account: 15WP / 0.6 = 25WP, which means a 25W solar panel is enough .
Calculate the batteries: 60Wh / 12V =5Ah.

Daily power consumption:12V5Ah Three days’ power consumption:12V15Ah
Batteries need to be designed as a daily capacity of no more than 20%, or no
more than 50% in continuous rainy days in order to achieve maximum battery
life. Thus 26Ah-30Ah batteries are enough for the system.

Example 3: How many watts does the solar panel require to fill up a 12V45A
battery? Theoretically, it needs only 108 watts of the solar panel to a fill up
a 12V45A battery in six hours. However, a 108 watt solar panel can not fill
up a 12V45A battery in six hours because of the intensity of sunlight, tem-
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perature, efficiency of the photovoltaic controller, overall efficiency and other
factors. Assuming that the overall efficiency equals to 0.8, then you need to
choose 135-watt solar modules. BTW the best charging current is 1/10 of the
battery capacity current, which is 4.5A. The simplest calculation method: Bat-
tery: 12V ×45A = 540Wh

solar panel power : 540÷6÷ 0.8(loss) = 112.5W

Example 4: How long does it need to fill up a 12V17Ah battery with two
20W solar panels? How long does it need to fill up an ordinary 12v4Ah battery
with those two solar panels? 1.Normally, the working voltage of the 20W solar
panel is 17.2V and the current is 1.15A. If the board is of good quality, the
measured current is generally 1.1A (personally tested). 2. Assuming that six
hours of sunshine is during the time between 12:00 to 18:00, it can be counted
as four hours’ full power electricity generation, so to say that two 20W panels
can generate 2 ×1.1× 4 = 8.8Aaday.

3. Hence, it takes eight hours to fill up a 17Ah battery; it takes only 2 hours
for a 4AH battery. Other calculation method: Total watts of solar panels: 20
+ 5 = 25W.

Total watts of 17Ah batteries: 12V ×17A = 204W.
Total watts of 4Ah batteries: 12V ×4A = 48W.
Time to charge fully: 204/25 = 8 hours;

Example 5: What kind of solar panels and batteries does it need to achieve
8 hours’ lighting with 40W load power during two consecutive rainy days? Cal-
culation method: solar panel:40×4 = 160W

load power: 40W
40W ×8h/ceiling = 320Wh/12V (batteryvoltage) = 27Ah.
Daily power consumption: 12V27Ah
And to keep within 30% of discharge capacity every day, It requires 90Ah12V

battery. In this case, the 100AH battery is the only choice, because the 90Ah
one is difficult to buy. Solar cell: 40W ×8h = 320Wh.

Removing 20% of the loss in the circuit and the storage process, therefore,
actual daily demand is 400Wh. If standard sunshine duration is 4 hours a day,
calculation will be as follows: 400Wh / 4 = 100W.

Example 6: What kind of solar panels and batteries does it need to work 8
hours each day during three consecutive rainy days with loading 50w power and
24V load input voltage? 1. solar panels: 2 ×50W × 8H/0.6/4H = 340W

(total power consumption / system utilization factor / effective duration of
sunshine)

2. batteries: 2 ×50/24× 8× (3 + 1)/0.7 = 200Ah
(total current * self-sustaining time / spare coefficient)
(solar panel power = load power * working time / loss 0.6 / mean effective

illumination)
(battery capacity = load power * working hours * continuous rainy weather

/ battery voltage / charge-discharge coefficient)
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Calculate based on insolation: annual energy output(EP) = PAS * HA * K
* 365 (days)

PAS: solar-cell-arrays capacity
HA: accumulative insolation of installation site and set conditions (kWh /

m2 * day)
K: total design factor (0.65 ∼0.8 ⇀↽ 0.7)
Calculate based on system availability: the annual power generation = power

generation of solar cells array model* system availability * 8760 (h) system
availability = 0.1 ∼0.15 ⇀↽ 0.12

Total hours for a year= 24 (h) * 365 (days) = 8760 hours.[10]
Although the solar power system is safe, environmental protection, no pol-

lution, etc, its cost is very high, hence, it is generally recommended only for
lighting. About probable costing, there is a simple method to calculate as be-
low, which decides the scale of solar power system.

1. Calculate the total daily power consumption, and average household
electricity should be among 5 to 10 kWh every day. Or just do the calculation:
monthly electricity bills/rate of the electricity cost/days.

2. 5000W (assume 5 kWh per day) / 5 hours (the average effective illumi-
nation time of day, it’s different in different regions) /0.7 (actual efficiency of
solar panels) /0.9 (losses) = 1600W, then plus a 5% , then get about 1700W.

3. The above figure is the power of the system, at present, average unit price
of the system is 60yuan / W (including all materials and installation), then the
total investment is 1700×60 = 102000.

Nowadays rate of the electricity cost in most regions is 0.6 yuan, 102000 /
0.6 = 170000 kWh. With 5 kWh of daily use, you can use 90 years.

4. From the data above, it is basically unrealistic that the household elec-
tricity is totally provided from the solar generator. The development abroad is
very good because of state subsidies.
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7 Theoretical overview of solar photovoltaic power
generation system

7.1.1 The principle of photovoltaic power generation
The basic principle of photovoltaic power generation is “photovoltaic effect”.

When silicon solar cell wafers(p n junction) are irradiated by light, the photon
will go deep inside of the semiconductor, producing electrons on both sides of
the p n junction (electron-hole pairs) and resulting in an electric current by
connecting solar cells with external circuit.

Figure1. Principle of the solar cells
Figure1 shows how solar cells work.

7.1.2 Conversion efficiency of solar cells
The energy conversion efficiency of solar cels is the ratio of the capacity of

power export to solar radiation. The conversion efficiency can be defined as :

Low conversion efficiency of solar cells is restricting the solar photovoltaic
industry as a bottleneck. Typical commercial solar cells today have conver-
sion efficiencies of less than 20%; Laboratory silicon solar cells have conversion
efficiencies of close to 25%; It’s reported that non-silicon solar cells have con-
version efficiencies of 40%. The energy band of solar cells is shown as figure 2.
Energy gap Eg=Ec-Ev. Photovoltaic cells absorb photon, the energy coming
from photon absorption produces electrons, on the premise that photons have
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enough energy to stimulate valence electrons to pass through forbidden band to
conduction band. The energy carried by a photon at a particular wavelength is:

(“h” is Planck constant, ”v” is the frequency of
radiation, “c” is the speed of light and ”” is wave length)

After having the material of photovoltaic cells selected, the certain energy
gap makes sure of the absorption characteristics of the spectrum. Therefore,
the impact of conversion efficiencies of photovoltaic cells is known as below:

1. loss caused by spectral response: when solar cells are irradiated by light,
energy of the photon must be equal to or greater than the energy gap of the
semiconductor material to make the conversion;

2. optical and temperature loss: loss caused by the silicon surface reflection
and temperature rise;

3. compound loss: loss caused by electron-hole pairs non-utilized because of
the crystal impurity and structural defects.[11]

Figure 2. Energy band diagram

7.1.3 The development and classification of solar cells
Solar cells are classified into different types according to the materials and

manufacturing methods. The first generation of photovoltaic cells: mono-
crystalline silicon, poly-crystalline silicon cells; The second generation of pho-
tovoltaic cells: amorphous silicon, cadmium telluride, copper indium gallium
selenide (CIGS); The third generation of photovoltaic cells: dye-sensitized so-
lar cells (DSSC), multi-stack cells, organic photovoltaic cells, condenser cells
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and other new concept cells. The silicon solar cell came into widespread use
because of its mature technology, stable power generation performance, non-
toxic, rich raw material resources and high photoelectric conversion efficiency.
Thin-film solar cells are just starting out. A new type of solar cells is in the
initial stage of the laboratory. The application of solar cell technology has a
certain foundation. Solar photochemical conversion, photobiology research is
still in exploration stage. Solar energy has great potential and broad prospects
of application.

In the whole cost of solar photovoltaic systems, cell components account
for about 50%, current converters, installation costs, other ancillary compo-
nents and other costs account for another 50%. In the cost of crystalline silicon
solar cells, raw materials account for 70%, therefore, developing physical and
chemical low-cost technologies of preparation of mono-crystalline silicon and
poly-crystalline silicon is the key. Crystalline silicon cells still account for the
main part of photovoltaic cells, and developing low-cost and high-efficiency tech-
nologies of preparation and purification of silicon materials is urgent.[12]

7.1.4 PV array and Performance testing
Solar cells are rarely used singly but connect up and encapsulate them with

similar properties and which forms a solar array. Each mono-crystalline cell
can get the maximum voltage is only 600mV, in general, calculated as 0.45v.
According to the size and demands of photovoltaic power generation systems,
photovoltaic components can be arrayed in series and parallel composition, out-
putting required voltage and current. Photovoltaic modules are often configured
with bypass diodes for providing energy releasing route to prevent power mis-
matching losses. The commonly used photovoltaic cells in series and parallel
circuit are shown in Figure 3.

Figure 3. Solar panels in series and parallel

The setup of solar photovoltaic arrays has a big impact on efficiency of solar
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energy generation system(SEGS). The best way to install solar photovoltaic
arrays is that they are exposed directly against the sun, letting the light be
perpendicular to the photovoltaic panels. If the incident angle is not zero (ie,
the light is not perpendicular to the photovoltaic panels), it will cause the loss
on solar energy.

The basic circuit of the output characteristic test of the photovoltaic array is
shown as in Figure 4. The left part is the equivalent circuit of the photovoltaic
cells, and the right part is the measuring circuit. In order to eliminate the effect
of wire resistance and contact resistance, the four-point method is usually used
showing in the figure. It’s best to use tunable source as light source, then you
can draw the PV array volt - ampere characteristic curve by changing the load
resistor and recording the voltage and current values.

Figure 4. Model of the solar cell
In the equivalent circuit shown as figure4, Iph is the current generated by

photovoltaic cells when in light conditions. It is proportional to light radiation
and cell temperature.

ID :
the diffusion current of the p-n junction and its value is:

= −

(”q” is quantity of electric charge, ”E” is electric-field strength, ”A” is molec-
ular number, ”K” is Boltzmann constant, and ”T” is temperature.)

I0 :
the reverse saturation current of the photovoltaic cells when in dark envi-

ronment. Rsh is the bleeder resistance caused by leakage current. Rs is bulk
resistor, and its load current is:
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= −
+

−
+

In an ideal world, Rs is infinitesimally small and Rsh is quite big, then the
relation between output voltage U and output current I is shown as below:

= − −

In the certain light circumstances, changing the load resistance to get the
U-I curve shown as figure5. When in circuit short condition, the maximum
output current of photovoltaic cells is the short-circuit current Imax. With the
increase of RL resistance, and when it reaches the maximum as open circuit,
the voltage U of RL gets to the maximum. Shaded area of the figure shows
the output power, obviously, with the growth of U value from small to large,
the output power increases and then decreases. The output power reaches the
maximum value at Upm, and the current value at this time is Ipm.[13][14]

Figure 5. Volt-ampere characteristic curve of the solar panel

7.2. Independent photovoltaic power generation system
Photovoltaic power generation systems can be divided into independent

power generation systems and grid-connected power generation systems in ac-
cordance with connection to the power systems. Independent power generation
system generates energy during the day and all weather. Therefore, energy
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storage elements are indispensable in this system. Energy storage components
consist of storage batteries, supercapacitors, superconducting energy storage
devices, and so on. Design of this system must take many factors into consider-
ation, such as electricity load condition, load characteristic, local mean annual
sunshine amount, and so on.[15]

7.2.1 Component of the system
An independent photovoltaic power generation system shown as Figure 6,

consists of solar panels, controllers, batteries, accumulators, and so on. The DC
power generated by the PV panels can provide the required power for the load
through the cables, controllers, batteries and accumulators. In an independent
power supply system, the power generated by the photovoltaic arrays is only
used by DC load and AC load, not connecting to the external power supply
network.

Battery charging as the energy storage unit of the photovoltaic power gener-
ation system, is in a energy circle everyday, regulating the loads, and at the same
time, also regulating the charging current to reach the maximum power of the
photovoltaic cells. The controller is the critical component of the photovoltaic
power generation system. The controller of the photovoltaic power generation
system mainly has two types. The first type is the solar maximum power point
controller. It makes the output voltage of the photovoltaic array get to the point
where the photovoltaic array has the maximum power by regulating the load
power so that the photovoltaic array can achieve the maximum power output.
The second type is the battery charging and discharging controller. It achieves
the different strategies of charging control by regulating the DC voltage and
current output of the controller.[16]

Figure 6. Off-grid solar power system

7.2.2 DC-DC converter circuit
The maximum power point of photovoltaic cells is influenced by light, tem-

perature, and load. And the maximum power point voltage is changing so that
it can keep charging the batteries stably and track the power point which needs
to go through the DC-DC conversion.

In general, the boost inverter is chosen to do the boosting in a photovoltaic
inverter system shown as figure7.
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Figure 7. Principle of Boost converter

When the power switch tube V1 is closed, a large current flows in the induc-
tance L, turning the electric energy into the magnetic energy, and storing the
magnetic energy in the inductance L. When V1 is closed, the voltage is zero, so
that the diode V2 is not conducting and the load RL current is zero. When the
power switch tube is off, the polarities of the voltage generated by both sides of
inductance L are negative on the right and positive on the left. The voltage is
superimposed on the output voltage Ui to make the diode V2 conductive. And
when the current flows through the load, it can charge the capacitor. When V1
is off, the voltage U0

of the load is the algebraic sum of the output Ui and the voltage of the
inductance L, hence, U0 ≥ UI

which makes this DC-DC conversion become a boost circuit.
Assuming that the conducting time of V1

is ton
and the turn-off time is toff ,
then:

=
+

⋅

Since the duty cycle:

=
+

=

then:

=
−

⋅

From the formulas above, it is obvious that the value of the duty circle can
be controlled by controlling the on-off time, thus controlling the value of the
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output voltage U0. But if the duty circle D is very small, then the output
voltage U0 of the boost chopper will be also very small, which can not meet
the demands for the DC side voltage of converter. Therefore, the duty circle D
must have a minimum value:

= −

Uoc here is the open-circuit voltage of the photovoltaic array, that is also
the input voltage of the boost chopper. Therefore, the variation range of
D: Dmin∼1; the variation range of the output voltage of photovoltaic array:
0∼Uoc.[17][18]

7.2.3 Maximum power point tracking
The relationship between the voltage and current of the photovoltaic cells is

nonlinear and the output characteristic curves are different with different tem-
perature and illumination intensity. In different external conditions, the photo-
voltaic cells can run in different and unique maximum power point. Therefore,
for the photovoltaic power generation systems, it is best to seek the best work
situation for photovoltaic cells, getting the most out of turning the luminous
energy into electric energy. Then the technique of control method of achieving
the maximum power point of photovoltaic cells is called Maximum Power Point
Tracking technology.

Incremental conductance starts from logic discrimination algorithm:

=

Instantaneous effect output of solar photovoltaic cells is:

= ×
and if take the derivative of both sides of the equation with respect to the

voltage U, then we get:

= + × =

= −

which dI is the current variation, dU is the voltage variety, I/U is the con-
ductivity value of photovoltaic cells. Therefore, the basis of judgment of the
incremental conductance is:

If

> −

then increase the voltage at this moment;
If
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= −

then it is the maximum power point;
If

< −

then decrease the voltage at this moment.
Traditional incremental conductance mostly tracks the maximum power point

with the Fixed-step method. Assuming that u is the step factor, then the value
of the u is essential to achieving the maximum power point tracking. If the
value of u is too big, resulting in low tracking precision, then it will not be
able to pinpoint the maximum power point, exacerbating system oscillation;
On the contrary, if the value of u is too small, although enhancing tracking
precision, then it will result in low tracking speed, leading to more loss of the
system. Therefore, to increase the accuracy and rapidity of maximum power
point tracking with incremental conductance, an improved algorithm of the
incremental conductance based on the traditional incremental conductance is
proposed which is called Adaptive Variable Step Size Incremental Conductance.

For

= −

it can be transformed into dU/dI=-u/I, where letting dU/dI= rs, U/I=r
and M=1+r/rs, therefore, the step factor is u=M=1+r/rs as a variation. So
to speak, adaptive variable step size incremental conductance can be expressed
as[19] :

+ = +

7.3 The grid-connected Photovoltaic system
Grid-connected photovoltaic power generation systems can be divided into

two types according to the installation modes: centralized modes and decentral-
ized modes. Centralized modes usually have a larger capacity of over hundreds
of kilowatts. Decentralized modes usually have a smaller capacity of thousands
watts, and the decentralized grid-connected power generation systems are the
common type we use. The direct current generated by photovoltaic cells from
the grid-connected systems go through inverters and get converted into the al-
ternating current energy, merging into the power systems. This system does not
require the batteries which makes it the most reasonable and economical way
of photovoltaic power generation.[19]

7.3.1 The grid-connected Photovoltaic system constitution
The grid-connected photovoltaic power generation system block diagram is

shown as figure9, when solar photovoltaic cell array is in light condition, it will
occur the photovoltaic effect, generating unstable and low amplitude direct cur-
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rent. The controller is used for stabilizing the pre-stage voltage and tracking
the maximum power point in DC-DC circuit, thus increasing the generating effi-
ciency of the system and providing the required direct bus voltage to conversion
for DC-AC circuit.

Figure 8. On-grid solar panel system

The grid-connected inverter is the most critical part of the grid-connected
photovoltaic system. It makes sure that the direct current from boosting through
the DC-DC circuit gets transformed into 220V, 50Hz direct current. It also
makes sure that the output current is synchronization with the power grid volt-
age, preventing grid pollution. In addition, when the power grid trips because of
the fault or power failure, the grid-connected photovoltaic system must detect
the power failure situation in time and then disconnect itself from the power
grid, otherwise it will result in the islanding effect which will cause the damage
to the equipment and personnel. Therefore, the grid-connected inverter has the
effect of preventing the islanding effect.[13]

7.3.2 Main circuit and control strategy of the grid-connected inverter
The function of the grid-connected inverter is to transform the direct cur-

rent generated by photovoltaic cells into alternating current and then connect
the alternating current to the power gird. At present, the grid-connected in-
verter in grid-connected photovoltaic system mostly operates on the full bridge
inversion circuit in SPWM condition, requiring the high inversion efficiency and
reliability and meeting requirements of power quality. Figure10 shows topology
structure of main circuit of the grid-connected inverter, consisting of IGBT,
power switching devices and so on. The control circuit makes two sets of di-
agonal gang switches T1 and T4, T2 and T3 turn on or turn off alternately,
transforming direct input into alternating output. The inductance between the
power grid and inversion output is used for filtering out high harmonic current,
balancing voltage difference between the inverters and power grid.

The control signal of the main circuit of the inverter in the grid-connected
photovoltaic system is usually implemented by single chips or digital signal pro-
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cessing chips, adopting optimized SPWM(Sinusoidal Pulse Width Modulation)
control strategies. Traditional SPWM method is to compare the reference cur-
rent with practical output current real- timely, getting the difference. After
going through the proportional plus integral controller, the difference makes a
comparison with suitable triangular carrier, thus outputting PWM signal.

Figure 9. Circuit topology of grid-connected inverter

Principle of control mode is shown as figure10.

Figure 10. Schematic of traditional SPWM control method

As seen in figure11, the premise of traditional SPWM method is that there is
a difference between reference current and practical output current, otherwise,
the required SPWM wave form will not be generated. Because of the flaw, an
improved SPWM control method comes up shown as figure12.

Figure 11. Schematic of improved SPWM control method

As seen in figure12, the difference I gotten from the comparison between ref-
erence current and practical output current goes through the proportional plus
integral controller, then multiplies by corresponding proportionality coefficient,
thus getting the voltage on filter inductance LN. After that, the voltage on filter
inductance LN is superimposed on voltage of the power grid UN, thus getting
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the output voltage signal of the inverter. Compare the output voltage signal
with proper frequency triangular carrier, thus getting the SPWM signal.

Improved SPWM method not only retains the advantages of the traditional
method, but also improves performance of the system by introducing the feed-
forward control of power grid voltage, so that it can reduce impacts of power
grid voltage to maximum power point tracking when the difference is small.[16]

7.3.3 Prevention of islanding effect
In a grid-connected photovoltaic system, the so-called ”islanding effect”

refers to the situation that the photovoltaic system still will transmit the elec-
trical energy to the power grid when the power grid trips because of the fault or
power failure, thus resulting in islanding effect. When there is islanding effect,
it will cause damage to equipment and personnel. Therefore, the prevention of
islanding effect is essential to the grid-connected photovoltaic system.

At present, the detection of islanding effect usually uses passive detection
method and active detection method. Passive detection method generally detect
whether there is a fault or interrupts with the value of voltage and frequency.
Passive detection method is suitable for the situation that load frequency has
little change and does not match the power of inverters. When the output
power of photovoltaic system and load power reach equilibrium states, then
passive detection method will not work. Active detection method detect whether
there is a fault or interrupts with the influence on power grid when giving
periodic disturbance to the system voltage or frequency. Through the above
analysis, passive detection method and active detection method have their own
advantages and disadvantages. Therefore, it is best to combine active detection
method with passive detection method to prevent islanding effect.[18]
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8 Reflection on Western jointly suppression of
Chinese solar panels industry

Events Overview
In July 2012, some EU companies formally submitted the application for

the investigation of Chinese PV products anti-dumping case to the European
Commission. According to regulations, the EU must decide whether to file
a case before September the sixth. On September the sixth, the European
Union formally announced the investigation of Chinese PV modules and key
components such as silicon wafers anti-dumping case. Product Scope involved
was more than that in previous US double reverse case, and the amount involved
was more than 20 billion US dollars. This was the largest trade commerce
launched by EU against to China so far which dealt a deadly blow to Chinese
PV enterprises.[20]

The Chinese solar panel Manufacturer which controls two-thirds of shares of
the global market, is facing growing problems: declining profits, falling exports,
lack of funds, trade protectionism and the deteriorating external environment.
In addition to its own problems, China is facing fierce competition and sup-
pression of serious foreign policies right after becoming the world’s largest pho-
tovoltaic industrial manufacturing country. The question now is how to break
through.

Over the past five years, exports of Chinese solar panels increased rapidly,
becoming one of the largest single category of exports among Chinese extremely
diverse export structure, which accounted for a little more than 1% of total ex-
ports. For Europe, the solar panel industry is a very sensitive industry. Europe
expects to become the world’s leading green energy technologies origin, which is
one of the main factors that drives Europe to make the transfer to environmental
technology. For example, in recent years, the German government supported for
renewable energy development tremendously, of which nearly 50% of renewable
energy subsidy was put into the photovoltaic industry, at the same time, the
contribution of solar photovoltaic energy to Germany energy was only 3%.[21]

”It was the best of times, it was the worst of times.” PV companies in
China have launched into Europe one after another, during this process, the EU
countries in deep European debt crisis also quietly modified their solar power
subsidy policies. Starting from 2011, phase-out of the EU subsidy polities,
coupled with market saturation forced Chinese PV companies in Europe to
compete fiercely with each other which caused consequences of the price of
photovoltaic panels dropping from 2 euro / watt to 0.5 euro / watt.

In 2012 the federal government decided to slash subsidies for solar industry.
German products no longer had the advantage in the competition in the world
market because of its high price. Insiders also believed that the German solar
companies paid excessive attention to their own scale-up phase and ignored
the development and innovation of products when they enjoyed government
subsidies, which also contributed to the reasons to losing competitiveness. This
year, more than a dozen German solar companies declared bankruptcy.
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But these European companies shifted their target to the Chinese counter-
parts. In July, the European solar industry appealed against Chinese dumping
to the European Commission, thus, 25 companies from Germany, Italy, Spain
and other EU member states jointly became “plaintiff”. Appellants sought EU
to impose punitive tariffs on Chinese products strictly, hoping to curb the wave
of bankruptcies of European solar industry. As one of ”the plaintiffs”, Germany
SolarWorld company’s stock price was as high as 50 euros, now reduced to one
euro.

These companies of appeal accused Chinese companies of receiving substan-
tial government subsidies and below cost dumping and hoped that EU could
emulate the United States of imposing up to a 250 percent punitive tariffs on
Chinese products . This approach was also supported by the German govern-
ment. The European Commission decided to accept the case on September the
sixth, and carried out anti-dumping investigations on the PV productionsilicon
modules, etc made by Chinese enterprises.

Then in September, a group named EUProSun composed of more than 20
European PV companies filed a complaint to EU alleging that Chinese PV
companies received government subsidies, and asked EU to impose punitive
import tariffs on those Chinese companies. According to regulations, the EU
would decide whether to register within 45 days, which meant in the next couple
of weeks, ”countervailing duty investigations” would also be launched.

A few days later, October 10, the US Department of Commerce also made
a final decision to Chinese solar anti-dumping and countervailing investigations
that anti-dumping tax rate of Chinese enterprises was from 18.32% to 249.96%
range, and the countervailing duty rate ranged was from 14.78% to 15.97%. The
Chinese side expressed its strong dissatisfaction with the verdict, and reminded
the United States that in fact, the Sino-US cooperation in the field of clean
energy was close and imposing anti-dumping and countervailing tax would also
hurt US exporters of raw materials and equipment as well as the interests of US
consumers.

Informed sources pointed out that Britain, Denmark, Ireland, the Nether-
lands, Sweden and other northern countries did not agree with the anti-dumping
unlike Germany, Spain, Greece and other Photovoltaic Powers.[22]

Not only that, but more than 30 European PV companies which purchased
solar panels from China formed a lobbying group to oppose the trade litigation.
Someone just did a calculation for the Europe : In order to keep 10,000 jobs
in the manufacturing sector, the EU may lose the entire PV industry chain
from upstream to downstream of 300,000 jobs. In addition, trade restrictions in
Europe will lead to increased costs of the use of solar energy which will slow the
process in Europe from fossil fuels to new energy conversion. The EU’s goal is
to achieve 20% of total energy from renewable energy sources by 2020.

Even so, being imposed anti-dumping and countervailing tax would not be
a ”devastating blow” because the EU photovoltaic enterprises punitive anti-
dumping tax rate will be lower than that in the United States. After all, it is
a new energy industry and no country would like to destroy or fight such an
industry. In addition, when the United States imposed punitive tariffs, it was
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based on the dumping range rather than injury range. However, the EU’s ruling
is based on the magnitude of the damage, so to speak, the punishment would
play a big discount.

What can not be ignored is that the appeal proposed to EU may be more
significant because the EU is the world’s largest solar market. With the in-
creasing of market share of Chinese solar panels and wind tower manufacturer,
renewable energy is becoming a major source of trade disputes between China
and the Western countries. The EU and the United States suspected that Chi-
nese government helped Chinese manufacturers to enter the European market
with subsidies.

But more grim reality is that the photovoltaic industry is overall bearish.
The trade war against China from overseas enterprises is about ”the whole indus-
try chain”. Unfortunately, Chinese enterprises exported to overseas currently,
therefore, the environment was bad. In 2011, China sold up to 21 billion euros
worth of solar modules and components to the European market, accounting for
60 percent of the industry’s total exports. Europe is the most important export
market of Chinese solar industry.

For the behavior of Appeal of the European solar companies, German Chan-
cellor Angela Merkel called on both sides to resolve the conflict of the solar
energy field through negotiations instead of anti-dumping investigation during
a previous visit to China. She also said that the European Commission would
make relevant recommendations. For the EU survey, Chinese PV companies
should not stand idly by. The Chinese government had initiated the business
survey against importation of solar grade polysilicon (one of the components of
solar panels) from the EU, which designed to put pressure on the EU. Earlier,
China also launched the business survey against the polysilicon produced by the
United States and Korean in July. Speak of which, that two countries are the
world’s two largest polysilicon producer.

Germany is now the EU’s largest polysilicon producer and production ac-
counts for 16% of global production last year. China is not only the world’s
largest solar-grade polysilicon consumer, but also a major importing country
of special-purpose machinery manufactured by solar panels. The hit back from
China assumes that there might be a trade war between China and the Western
countries.

With the global solar panel manufacturer’s entering the painful integration
period, the prospect of solar panel manufacturing industry in China and abroad
will be largely depend on the Chinese government’s initiatives. Firstly, figure
out how to promote domestic demand for solar panels; secondly, introduce sup-
portive policies to help local solar panel manufacturers from bankruptcy.

And in the long run, Chinese companies need to increase technology content
and added value of the brand and make it bigger and stronger with strategic
planning instead of the vast amount or impulse enter or impulse exit. For ex-
ample, German high-precision machine tools and the United States well-known
brand are not easy to be anti-dumping because these products has a unique
position in the market, and secondly, technology and brand itself gives high
intangible value to these products, hence, anti-dumping procedures can not find
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a breakthrough in such products. It reminds China again that anti-dumping
proceedings will not trouble Chinese enterprises anymore only when the ”Made
in China” achieves the same market reputation as the ”Made in Germany”!

At last, there is a photovoltaic industry research report from the Green
energy market research firm GTM in US Boston. The report predicted that
180 solar panel companies would have exit the market by 2015. Half of those
companies would come from Europe and North America, and 54 companies
would come from China. However, Chinese enterprises would account for seven
seats of the world’s top nine leading solar module manufacturers in 2015.
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9 Chinese solar industry’s success lies not in
cheap labor but advanced equipment

Five years ago, among ten biggest solar cell manufacturers in the world, only
one came from China. Last year, China accounted for 80% of the world’s biggest
five solar cell manufacturers in the solar industry. Those four companies kept
growing, and all of them got double production last year. Behind this, it was
generally believed that their success was based on cheap labor costs. However,
Stuart Wenham, the Suntech’s chief technology officer of which is one of the
China’s largest solar energy producer told us that the real reason of their success
was the progress of manufacturing technology which improved the performance
of solar cells and reduced the manufacturing cost.

Actually, labor accounts for only 3% to 4% of the cost of production of
solar cells. Other factors, such as material and equipment costs, are more im-
portant. Over the past few years, because of the increasing of the level of
automation,labor costs decreased continuously. Wenham claimed that, in 2008,
to produce one megawatt of electricity, Suntech required four workers; last year,
it only took 1.49 workers. ”If Suntech do rely on labor to win, how to explain
this change?” Wenham asked. Last year Steven Chu, the Secretary-General of
the United States Department of Energy expressed the same view: ”This is a
high-tech, automated factories and its success do not just rely on cheap labor.”
after a visit to the Suntech’s workshop.[23]

Wenham said “ China’s top companies are very insightful for the promising
technologies and can always find their way into mass production.” Over the past
two decades, the solar cells that breaked the record of solar power generation
efficiency was invented by UNSW in Australia . All along, they were seeking
ways to commercialize the technology but Suntech put this technology from the
laboratory to the workshop eventually.

The manufacturing knowledge and experience is essential to the development
of these technologies. The UNSW researchers used complex approaches includ-
ing photolithography, vacuum degradation and various chemical processes, to
deposit narrow metal contacts for improving the conversion efficiency. However,
Suntech researchers were more familiar with production requirement, and they
obtained the same effect with a simple, low-cost method instead of all those
complex procedures.

Other Chinese giant solar manufacturers continued to find out potential tech-
nologies, and upgraded them to industry. Recently, several solar manufacturers
including Suntech had applicated a wafer fabrication patent from a few decades
ago. For all these years, this patent have never made it into mass production.
Nowadays,at least four Chinese companies worked together to figure out a way
of production of wafers since this patent was expired. These wafers will become
the core of the solar cell. And all of those innovative production processes can
reduce solar cell production costs by 10% to 20%.

Similarly, Chinese solar companies also use these success to develop a new
generation of technology. In 2012, Suntech introduced a new high-efficiency
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solar cell production equipment. The whole capacity of these devices equalled
to 2.5 million solar panels’ capacity. Suntech researchers further studied the
delicate relationship between the mixing-degree of silicon and surface thin-film
materials technologies while they commissioned these devices.[24]

”Experimenting on a half-GW device is a very interesting thing,” Wenham
said, ”Once you have something in production, you will be able to know how
to control things. When you are dealing with things of a large sum, you will be
very powerful in statistics. you can see a huge impact of change, it is impossible
to complete by the lab. ”Because of these experiments, Suntech can make an
efficient design more efficient.

Not all Chinese companies’ changes in production could increase their pro-
duction. Solar industry analyst Travis Bradford says that sometimes reduction
of cost will result in inferior product life and performance comparing with other
companies. However, Chinese companies also have some other non-technical su-
periority making them successful. Chinese government ensures of their capacity
expansion with low-cost financing, reducing the red tape to obtain permission.
China’s policy is relatively more stable than some European countries, helping
companies to plan ahead. Although labor costs is only a small part of the cost
of production, cheap labor is very important for the construction of new plants.

What Chinese solar companies need to concern is that the advantages, such
as foreign exchange rates, will be gone soon. Chinese companies will have a
intense competition not only with each other, but also with European companies
if they survive. But, luckily, Chinese companies have already forecasted this
situation. For instance, although Suntech has already expanded its new solar
cell growth, they still enhance their productivity by 10%.

Finally, removing impurities in the silicon crystal technology is a a simple but
efficient technology. Simplicity means low production cost and high efficiency
means more productivity. Put it together we will be able to reduce the produc-
tion cost per watt. If Chinese companies can succeed , advanced manufacturing
technology will once again reduce the price of solar energy.

Although China solar energy market is facing unprecedented difficulties and
pressure, it can also be regard as a challenge. This market is young and po-
tential, and the ability to overcome the unexpected problems, no matter how
demanding or imposing they may at first appear, will inspire those companies
to achieve the success eventually.
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10 Conclusion

With all statements above, we know that the Chinese solar panel Manufacturers
control two-thirds of the shares of the global market. Speaking of which, we also
acquire the simple calculation methods of solar panels’ daily generation which
can people be able to configure a small solar power system when they are located
in somewhere lacking in electricity, for instance, forested areas, mountainous
regions or fieldwork. It’s low-cost, portable, can be adjusted to meet different
requirements and can fully satisfy people’s daily needs.

To be honest, Chinese solar industry has achieve a great success. On the
other hand, we are facing a really big challenge. First of all, Solar Industry
is quite young for China, and the reason for lack of talents is because there is
a lag in speciality setup in many universities and even in universities of tech-
nology. Many universities don’t even have PV majors. Secondly, China is
lack of core technologies. Since 2001, research and development in this field
has become increasingly active. The relevant patent applications has increased
steadily. China’s PV patent applications had accounted for 1/4 of the global
market by 2010. However, in fields of crystalline silicon,solar cells and other
mainstream technologies, the core technologies are still largely in the hands of
foreign applicants. The gaps still exist. Another problem is anti-dumping poli-
cies. It reminds China that anti-dumping proceedings will not trouble Chinese
enterprises anymore only when the ”Made in China” achieves the same market
reputation as the ”Made in Germany”.

The future of Chinese solar industry is worth looking forward to, but we still
have a lot of work to do.
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