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REAL 
VALUE
 QUALITY FROM SILICON TO SYSTEM



Real Value you can count on.
This is our promise to our customers.

The use of solar power is noticeably increasing, and it has become the leader in renewable energies worldwide.

Fortunately, a development that cannot be stopped – in favor of cleaner, safer and fairer energy production.

But solar is not always solar! Where others stand still, SolarWorld takes the decisive step further, developing quality 
standards beyond the norm and driving the development of new technologies. We are now putting 40 years of 
production and technology know-how to use in all our processes worldwide. 

Our products must deliver what they promise. And under the real-world conditions that the modules are exposed 
to for at least 25 years. Our standards for the reliability of our products are defined and implemented globally at all 
production sites in equal measure. For our customers worldwide this means: “Quality made by SolarWorld.“ 

Real Value that pays off over the long term – this is our special commitment to our customers.“

Sunny regards, 

Dr.-Ing. E. h. Frank Asbeck
CEO SolarWorld AG
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4  I  Company history

1975 1977 1980 1982 1990 1994 1996 1997 1998 2000 2001 2002 2003 2004 2006 2007 2008 2010 2011 2012 2013 2014 2015 2016

Bill Yerkes founds Solar Technology 
International with the vision of  
manufacturing solar cells for use on Earth

Solar Technology 
International 
becomes ARCO 
Solar upon its 
debut in Camarillo, 
California

ARCO Solar installs 
the world’s first 
1-megawatt solar 
power system and 
becomes market  
leader

Siemens Solar celebrates 
100 megawatts of 
installed modules  
made in Camarillo

Siemens Solar 
is the first 
manufacturer  
to offer a 25-year 
guarantee

SolarWorld acquires  
the wafer production of  
Bayer Solar GmbH in Freiberg

ASi Industries GmbH  
is founded in Arnstadt

Production launches 
at world’s first fully 
automated solar module 
production in Freiberg

Logistics  
center opens  
in Freiberg

Production begins at  
Cell Fab 2 in Arnstadt 

SolarWorld opens 
production facility  
in Hillsboro, Oregon,  
in the United States

SolarWorld’s wafer production in 
Freiberg becomes the first solar-
industry company honored with 
the Silver Award for Operational 
Excellence by the CETPM institute 

Third solar module factory  
in Freiberg starts production

SolarWorld acquires Bosch Solar Energy in Arnstadt 
(700 MW solar cell production capacity and 200 MW 
module capacity, along with solar cell development) 

Expansion of module production  
in Hillsboro (170 MW)

Expansion of PERC- 
production capacities  
in Arnstadt, Freiberg  
and Hillsboro

Restart of mono-
crystallization in 
Hillsboro

Start mass production  
of the bifacial 
Sunmodule Bisun

Start of mono-crystallization  
in Arnstadt

SolarWorld acquires 
Shell Solar (formerly 
Siemens Solar)

Production ramps up at Cell Fab 3  
and module production in Arnstadt

Ersol Solar Energy AG 
acquires ASi Industries

Robert Bosch GmbH acquires  
and expands ersol Solar Energy  
in Arnstadt

ARCO Solar is  
the first company 
to produce more 
than 1 megawatt 
of solar modules 
in a single year

Siemens  
acquires ARCO 
Solar, creating 
Siemens Solar

Bayer Solar GmbH 
is founded in 
Freiberg

Frank Asbeck starts up 
SolarWorld AG

Solar cell manufacturing 
starts in Freiberg

Production launches at second 
module factory in Freiberg, 
doubling module production

Entire building complex – featuring cell, wafer  
and module production, research and development  
center, vocational training center and new  
headquarters – is completed in Arnstadt 

Start of PERC 
production in Arnstadt 
and Hillsboro



6  I  Crystallization

SolarWorld AG is the largest and oldest manufacturer 
of silicon wafers in Europe. The company’s operation in 
Freiberg, Germany, has manufactured multi-crystalline 
wafers for the photovoltaic industry since 1994. In fact, 
many manufacturing processes and tools commonly 
used today were first developed at that facility. The pro-
cess begins with highly pure silicon, which is melted in 
furnaces, crystallized under controlled cooling conditions 
and doped with the element boron. This boron-doped  
silicon constitutes the positive pole of a finished solar cell. 
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CRYSTALLIZATION

B) MONO-CRYSTALLINE PRODUCTION

LEGEND

1   FILLING OF CRUCIBLE: Technicians fill a crucible with 
highly pure silicon, using boron to dope the silicon.

2   MELT: The silicon is melted at a temperature over 
1,410 degrees Celsius. 

3   SEED: A small, highly pure silicon mono-crystal is 
dipped into the melt and partially melted. 

4   ROTATING CRUCIBLE: Via controlled cooling and 
counter-rotation of the crystal and crucible, the 
crystal grows continuously from the melt.

5   FINISHED MONO-CRYSTAL: A more than 5-foot-long 
mono-crystal with a regular crystalline structure  
is created over three days.
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  PROVEN QUALITY:  Crystallization is a process step that is critical in the efficiency of a finished solar cell.  
The cleaner, more even and more controlled the crystallization process is, the more charge carriers can be  
generated from incidental light and, in turn, used at the cell contacts to transmit electricity. 

A) MULTI-CRYSTALLINE PRODUCTION 

LEGEND

1   FILLING THE MOLDS: Semiconductor-pure silicon  
is poured into a coated mold made of highly pure 
quartz. The material is positively doped with 
boron. In all crystallization processes, cleanliness 
is crucial. 

2   A LOOK INSIDE A FURNACE: The silicon is melted at a 
temperature over 1,410 degrees Celsius.  

3   FINISHED BLOCK: The silicon melt is allowed to  
solidify in a controlled manner. A square block  
of multi-crystalline silicon is formed over a  
period of three days.

At the Arnstadt and Hillsboro facilities, our monocrys-
talline silicon crystals are produced via the Czochralski 
process, which uses a seed crystal to crystallize molten 
silicon in the form of a round mono-crystal. Arnstadt 
is the largest SolarWorld production site for mono- 
crystals.



8  I  Wafer manufacturing

After cooling, the silicon block or mono-crystal is cut  
into columns, then further cut into wafers for use 
in solar cells. These wafers have the dimensions of 
the later solar cell, but they are not yet electrically  
conductive.  SolarWorld has concentrated its global  
wafer production activities in Freiberg, Germany, 

where employees have gathered many years of exper-
ience. Some leading wafer-sawing technologies have 
been developed here. Modern technologies, such as 
sawing with a diamond wire, are driven forward by  
SolarWorld’s engineers.

WAFER MANUFACTURING

  PROVEN QUALITY:  Every single wafer is measured automatically and sorted by thickness, surface quality 
and possible damage. A technician also checks each wafer box and typically gives each a quality stamp.

  AUTHENTIC FOCUS ON SUSTAINABILITY:  The SolarWorld wafer production facility in Freiberg, which won 
the German Sustainability Award, is highly efficient in terms of the consumption of water, energy and operating 
materials. Production byproducts are recycled and then reintroduced into the production process. Naturally, all 
waste water and emissions are professionally filtered.  Excess heat from the furnaces is used to heat the building 
while a photovoltaic system on the roof provides clean electricity. 

1 2

LEGEND

1    WIRE SAWING: Ultra-thin wires, which carry an abrasive  
consisting of polyethylene glycol and silicon carbide,  
cut the silicon block or mono-crystal into (quasi) square 
columns. In the next step, those columns are cut into  
wafers by another type of wire saw.

 

2     FINISHING: Residue from the sawing process is carefully 
removed in cleaning baths. The wafers are then checked, 
packed and labeled according to quality group and sent  
to solar cell production. 



10  I  Cell production

1 2

LEGEND

1    CLEANING: In multiple cleaning baths, damage caused by the sawing process 
is removed, and the surface of the wafer is textured. 

2    DIFFUSION: A positive-negative (p-n) junction, responsible for separating 
electron-hole pairs, is formed via phosphorus diffusion. The wafer is now 
a solar cell. Acid oxide is then applied to remove a phosphorus glass layer 
created during diffusion.

3    LASER: A laser is used to heat the cell surface in the specific areas where a 
contact is to be subsequently made using silver paste. This step creates a 
selective emitter with high sheet resistance between the contact fingers 
and low sheet resistance below them, reducing electrical losses.

The cleanliness of production rooms and equipment 
is a decisive factor in the quality and performance of 
solar cells. This is why wafers are processed into solar 
cells in clean rooms at all SolarWorld sites in Germa-
ny and the United States.  

The front and the rear side of the silicon wafer are  
covered with electrical and optical layers, which make 
the wafer electrically active. Subsequently, the solar 
cell is measured and classified with precise measuring  
methods according to SolarWorlds’ strict specifications. 

CELL PRODUCTION

  PROVEN QUALITY:  Fully automated facilities, end-to-end process and material monitoring, and continuous 
quality control throughout all production stages help ensure the incomparable standard of quality for which 
SolarWorld is known. Solar cells are produced according to the highest standards and measured according to 
strict specifications and precise measurement methods.
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  AUTHENTIC FOCUS ON SUSTAINABILITY:  All auxiliary materials used in production are regularly evaluated 
both quantitatively and qualitatively. Every year, SolarWorld establishes environmental goals and measures to 
reduce the use of chemicals in cell production. The legal requirements for hazardous materials are scrupulously 
followed at all SolarWorld production sites. Despite an increase in production volumes and therefore in material 
use, the consumption of hazardous materials was sharply reduced in 2015.



 LEADING SOLUTIONS:  This technology combines low manufacturing costs with high efficiency, which trans-
lates into a higher annual energy yield. Average cell efficiency rates of more than 20 percent are achieved in produc-
tion, which result in module capacities of 300 watts (60-cell modules) and 350 watts (72-cell modules). SolarWorld 
began using PERC technology in mass production back in 2012 and has established it as the standard method of 
production in its facilities around the world. 
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LEGEND

4    SURFACE TREATMENT: A blue anti-reflective coating is applied 
using a chemical vapor-deposition process. This coating  
minimizes optical losses and achieves an electrical  
passivation of the surface.

5    METALLIZATION: Front and back contacts are formed in a 
screen printing process. The position of the cells is accu-
rately measured before each printing to ensure that print 
screens are properly aligned. Finally, the pastes are cured  
in a kiln.

6    EDGE ISOLATION: To electrically isolate the front from the back, 
either a groove is made on the front along the edge of the 
solar cell using a laser, or the back is etched.  

7    CLASSIFICATION: One hundred percent of our solar cells are 
electrically and optically measured according to more than 
150 parameters, then sorted according to performance and 
appearance. Our quality experts subsequently control every 
single solar cell before packaging.  

With both dielectric and me-
tallic layers as well as local 
contacts on the back, advanced 
PERC solar cells are able to con-
vert more light into electricity.

INTELLIGENT CELL TECHNOLOGY  
FOR HIGH-PERFORMANCE MODULES 

12  I  Cell production
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14  I  Module production

In fully automated production, mono- or multi-crystal-
line solar cells are wired into a matrix, then sandwiched 
in a weather-proof laminate made of solar glass and 
films. The junction box and frame are mounted in fully 
automated stations. Modern production systems, con-

tinuous material monitoring and quality controls after 
each production step ensure a consistently high level of 
quality for SolarWorld modules.

MODULE PRODUCTION

  PROVEN QUALITY:   During the production process, all intermediate steps are electrically and  
optically measured and checked. The finished solar module is tested for performance and checked for 
optical quality before being packaged for shipment. Here, too, SolarWorld sets the standard: In the 
“Power Controlled” program of the TÜV (Technischer Überwachungsverein), SolarWorld’s measuring 
equipment is checked regularly to ensure proper calibration. 
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LEGEND

1    CONNECTING SOLAR CELLS TO FORM STRINGS: Solar cells are  
soldered together in series to form strings; the front side  
of one cell is connected to the rear side of another cell.

2   CONNECTING THE STRINGS TO FORM A MATRIX: The strings are 
wired together at the ends to form a matrix. Next, a  
“sandwich” is created consisting of solar glass, embedding 
film layers and solar cells.

3   LAMINATING: A laminator is a large vacuum furnace that 
laminates solar glass, film and solar cells at roughly 150 
degrees Celsius, creating a weather-resistant, water-proof 
unit. Every lay-up is subject to strict controls before and 
after lamination.  

4   MOUNTING THE JUNCTION BOX: Robots install the junction box 
on the rear side of the laminate. The junction box is a single 

cast with welded joints, rather than soldered joints, to  
ensure maximum hold even under the highest loads.

5   FRAME: A fully automated framing station presses the 
laminate together with an aluminum frame and matching 
corner keys. The frame is filled with two-component silicone 
to make the solar module even more weather-resistant and 
prevent water from seeping inside.  

6   DETERMINING PERFORMANCE AND QUALITY CONTROL: At the end, 
the performance of every single solar module is measured 
in a calibrated flasher under standard test conditions. In 
addition to performance and electrical insulation, the opti-
cal quality of every module is checked. The rear label gives 
information on type, performance and production site for 
each module. 



16  I  Research and Development Sustainability  I  17

Research activities in Freiberg focus on the practical de-
velopment and optimization of production processes 
with the aim of lowering production costs, increasing 
efficiency, and improving quality and process reliability. 
Using an in-house pilot production line at a state-of-
the-art research and development center, new techno-
logies and production processes are developed, tested 
and promptly transferred to mass production facilities.

Laboratories for development, reliability testing and 
quality assurance continuously monitor materials, 
semi-finished products, prototypes and finished pro-
ducts. Research achievements can be seen at all levels 

of the value chain. For example, SolarWorld was the 
first manufacturer to bring PERC technology to mass 
production and set several world efficiency records. 

In 2015, the amount of raw materials used in wafer  
production has been reduced while solar cell efficiency  
has increased and the performance and durability of 
solar modules continuously has improved. In the same 
year, SolarWorld employees submitted 77 inventions, 
and 273 patent applications were active. The research 
work is supplemented by more than 500 improvement 
proposals from employees as part of our company  
suggestion plan. 

Sustainability has been one of the central principles 
of SolarWorld AG from the very beginning. Despite 
tough competition and high cost pressure in the solar  
market, SolarWorld AG remains committed to sustain-
ability as a core element of its brand. 

As a manufacturing company, SolarWorld addresses  
four key environmental themes: energy, emissions,  
water and waste. In these areas, SolarWorld has set spe-
cific and ambitious reduction targets to be achieved  
by 2020. SolarWorld provides an annual report on the 
progress. Energy consumption per watt-peak has been 
reduced by 17 percent in 2015, compared with the  

 
 
 
 
 
base year 2012. The goal is a reduction by 25 percent by 
2020. Thanks to improved internal, waste-water treat-
ment, the specific water consumption has been re- 
duced by 27 percent in 2015, compared with 2012. Every 
year, the environmental performances of SolarWorld’s 
products are calculated by means of a life-cycle  
analysis and published in detail in a report to the  
Carbon Disclosure Project (CDP). 

RESEARCH AND DEVELOPMENT SUSTAINABILITY

LEGEND

1    WASTE WATER TREATMENT: The waste water from 
production is collected and treated, depending 
on its origin and contents, before it is discharged 
into bodies of water or the communal sewer  
system. The specific amount of waste water per 
watt peak was further reduced in 2015. 

2   INTERNAL RECYCLING LOOP: In this process, silicon 
from our own production is added to an internal 
recycling loop and processed for reuse in wafer 
production.

3   SOLAR POWER USE: SolarWorld has installed solar 
power systems at all production facilities (19 MW 
in total) and uses some of the electricity they 
generate on-site. 

2

1

3

  AUTHENTIC FOCUS ON SUSTAINABILITY:  SolarWorld products generate far more energy 
over their life cycle than it takes to make them and thus sharply reduce greenhouse gas emissions. 
For example, throughout their 30-year lifetime, the modules sold in 2015 will achieve an energy 
surplus of 43,548 gigawatt-hours and save 20.18 million tons of CO₂ equivalents. As a result, the 
avoided CO₂ emissions exceed the CO₂ emissions incurred along the entire production chain by a 
factor of 24.   (These calculations are based on a standard PV installation in Germany.)



18  I  Photovoltaics

The abundant energy the sun provides us with day after 
day can be converted to electricity using the photoelec-
tric effect. Silicon solar cells absorb light (photons) and 
generate excited charge carriers. This means that dur-
ing absorption, negatively charged electrons are separa-
ted from their atoms by the energy of the light and can 
now move freely throughout the silicon. At the same 
time, positively charged “holes” are created that can 
also move freely. At the contacts, these charge carriers 
can now selectively move into the external circuit – the 
electrons flow to the front contacts and the holes move 
to the rear contacts of the solar cell. 

This process works because during the production of  
solar cells, small amounts of foreign substances are  
added to the semiconductor material silicon to form  
positively and negatively charged layers. The commonly 
used substances are phosphorus (negative layer) and 

boron (positive layer). In the solar cell, the free electrons  
and the positive electron holes are separated at the 
junction between the positive and negative layers. The 
lifetime of the charge carriers must be long enough 
to prevent the electrons and holes from recombining  
during transport, neutralizing each other. This is the 
time in which electrons can move freely, a sensitive 
measure of the quality and purity of the wafer – almost 
one millisecond. The flow of charge carriers – electri-
city – is conducted as direct current from the contacts 
through the junction box on the back of the module. An 
inverter converts the direct current into grid-compati-
ble alternating current as electricity that can either be 
fed into the utility grid or stored and used directly in a 
home or business.

HOW IS ELECTRICITY PRODUCED FROM SUNLIGHT?

  BY THE WAY:  The Frenchman Alexandre Edmond Becquerel (1820–1891) encountered the photoelectric effect  
during experiments in 1839. However, Albert Einstein was the first to provide a theoretical explanation for the 
effect in 1907. He received the Nobel Prize for Physics in 1921 for this achievement. 

Why consume energy when you can generate energy? 
With a SolarWorld solar system, you can:

   Save money now on your electric bill and lock in  
energy costs for years to come.

   Depending on the size of the solar system you 
choose to install, you can save an average of 50 per-
cent of your electric bill or even eliminate it all to-
gether. Here’s an example: The average American  
household uses 920 kilowatt-hours a month. 
SolarWorld’s average installation accounts for an 
impressive 840 kWh a month.

   Increase your home’s value: Studies have shown 
that adding a solar system increases a home’s resale 
value and that homes featuring solar sell 15 percent 
faster than homes without solar.

 Decrease your carbon footprint. Carbon dioxide  
 has been proven to cause global warming, which is  

wreaking havoc on our Earth — melting glaciers,  
eroding shorelines and endangering animals. Solar on 
your home reduces reliance on nonrenewable energy  
sources, and it can help conserve water. 

SolarWorld’s customers benefit from our progressive 
system innovations. Around the world, we meet our cu-
stomers’ desire for the greatest possible reliability, long-
term performance and aesthetic integration. No matter 
which kind of roof – we always have the right solution.  
At SolarWorld AG, we guarantee maximum quality 
from raw material to complete solar systems. In our 
panel-testing laboratories, products and materials un-
dergo meticulous and detailed inspections that exceed 
international standards. Our proven quality guarantees 
our customers get decades of high performance and the 
security that comes with investing in a reliable product. 
SolarWorld quality is the best buy in the long run.

SOLAR POWER – GOOD FOR YOU, GOOD FOR THE ENVIRONMENT 

 YOUR WAY TO YOUR OWN SOLAR POWER SYSTEM:   
 
  WWW.SOLARWORLD.COM

Reflection

Front contact

Rear contact

Negatively charged layer

Positively charged layer Charge 
separationCharge 
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PRODUCTION/RESEARCH

SOLARWORLD INDUSTRIES  
SACHSEN GMBH
Berthelsdorfer Str. 111 A
09599 Freiberg/Sachsen
Germany
Phone: +49 3731 301-4310 
Fax: +49 3731 301-4322
info.swis@solarworld.com 
www.solarworld.com

SOLARWORLD INNOVATIONS GMBH
Berthelsdorfer Str. 111 A
09599 Freiberg/Sachsen
Germany
Phone: +49 3731 301-1600
Fax: +49 3731 301-1690
info.swin@solarworld.com
www.sw-innovations.de

SOLARWORLD INDUSTRIES  
THÜRINGEN GMBH
Robert-Bosch-Straße 1 
99310 Arnstadt
Germany
Phone: +49 3628 6644-0 
Fax: +49 3628 6644-1133
info.swit@solarworld.com 
www.solarworld.com

SOLARWORLD AMERICAS INC.
25300 NW Evergreen Road
OR 97124 Hillsboro
USA
Phone: +1 503 844-3400
Fax: +1 503 844-3403
customersupport@solarworld.com
www.solarworld-usa.com

SALES

SOLARWORLD AG
Karl-Legien-Str. 188
53117 Bonn
Germany
Phone: +49 228 559 20-0
Fax: +49 228 559 20-99
service@solarworld-global.com
www.solarworld.com

SOLARWORLD ASIA PACIFIC PTE. LTD.
107 Amoy Street
#03-01 & 04-01
Singapore 069927
Singapore 
Phone: +65 6842-3886
Fax: +65 6842-3887
service-singapore@solarworld.com
www.solarworld.sg

 

SOLARWORLD UK
Unit 9 Berwick Courtyard
Berwick St Leonard
Salisbury, SP3 5UA
Great Britain
Phone: +44 1747 440871
customer-services-uk@solarworld.com
www.solarworld-uk.co.uk

SOLARWORLD AFRICA (PTY) LTD.
24th Floor
1 Thibault Square 
Lower Longer Street
Cape Town, 8001
South Africa
Phone: +27 21 421-8001
Fax: +27 21 421-8002
service-africa@solarworld.com
www.solarworld.co.za

 

SOLARWORLD FRANCE S.A.S.
ZI Bouchayer-Viallet
31, rue Gustave Eiffel
38000 Grenoble
France
service-france@solarworld.com
www.solarworld.fr 
 

SOLARWORLD JAPAN K.K.     
6-10-1 Roppongi,
Minato-ku, Tokyo
Japan
Phone: +81 3 6205-3261
Fax: +81 3 6205-3100
service-singapore@solarworld.com
www.solarworld.jp

HEADQUARTERS

SOLARWORLD AG
Martin-Luther-King-Str. 24
53175 Bonn
Germany
Phone: +49 228 559 20-0
Fax: +49 228 559 20-99
service@solarworld-global.com
www.solarworld.com


