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Solar cells – At a glance 
 
The solar cell (or photovoltaic cell) is a device that converts light energy into electrical energy. 

How does it work? 

Fundamentally, the device needs to fulfil only two functions: 
 

1. photo-generation of charge carriers (electrons and holes) in a 
light-absorbing material, and 

2. separation of the charge carriers to a conductive contact that 
will transmit the electricity (simply put, carrying electrons off 
through a metal contact into a wire or other circuit). 

 
This conversion is called the photovoltaic effect. 

The solar module 

The solar module consists of the silicon semiconductor surrounded by protective material in a 
metal frame. The protective material consists of an encapsulant of transparent silicon rubber or plastic 
bonded around the cells, which are then embedded in ethylene vinyl acetate. A polyester film makes 
up the backing. A glass cover is found on terrestrial arrays, a lightweight plastic cover on satellite 
arrays.  
 
The electronic parts are standard and consist mostly of copper. The frame is either steel or aluminium. 
Silicon is used as the cement to put it all together. 

Technological progress 

First generation: silicon wafer-based solar cells 

The first generation photovoltaic, consists of a large-area, single 
layer diode, which is capable of generating usable electrical energy 
from light sources with the wavelengths of sunlight. These cells are 
typically made using a silicon wafer. First generation photovoltaic cells 
(also known as silicon wafer-based solar cells) are the dominant 
technology in the commercial production of solar cells, accounting for 
more than 86% of the solar cell market. 

Second generation: thin-film deposits of semiconductors 

The second generation of photovoltaic materials is based on the use of thin-film deposits of 
semiconductors. As of 2007, there are a number of technologies/semiconductor materials under 
investigation or in mass production. Typically, the efficiencies of thin-film solar cells are lower 
compared with silicon (wafer-based) solar cells, but manufacturing costs are also lower, so that a 
lower cost per watt can be achieved. 

Third generation: photo-electrochemical cells 

The third generation photovoltaics are very different from semiconductor devices. These new devices 
include photo-electrochemical cells, polymer solar cells, and nano-crystal solar cells. 

Fourth generation: composite photovoltaic technology 

In the fourth generation composite photovoltaic technology with the use of polymers with nano 
particles can be mixed together to make a single multi-spectrum layer. Then the thin multi-
spectrum layers can be stacked to make multi-spectrum solar cells more efficient and cheaper 
based on polymer solar cell and multi-junction technology. The layer that converts different types of 
light is first then another layer for the light that passes and last is an infra-red spectrum layer for the 
cell thus converting some of the heat for an overall solar cell composite. 

http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Electron_hole
http://en.wikipedia.org/wiki/Absorption_%28electromagnetic_radiation%29
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Solar cells and energy payback 

 
10 years ago, when silicon cells were twice as thick, efficiencies 30% lower than today and lifetimes 
shorter, it may well have cost more energy to make a cell than it could generate in a lifetime. This 
thesis is still at large today, even though the energy payback time of a modern photovoltaic 
module, assuming a working lifetime of around 40 years, is anywhere from 1 to 20 years. This 
does obviously depend on the type of PV panel used, the grid connection availability as well as the 
feed-in tariffs for electricity into the grid. 
 
This means solar cells can be net energy producers meaning they generate more energy over 
their lifetime than the energy expended in producing them. According to some experts studying 
the question, solar cells do generate positive net energy when the energy consumption of 
manufacturing and distribution are taken into account. 
 
Solar cell efficiencies usually vary between 5% and 25% with some experimental technologies 
achieving even higher efficiencies (for instance, Spectrolab solar cells hold the world record of 40.7% 
conversion efficiency). 
 

  
 
Figure 1 ï Reported timeline of solar cell energy conversion efficiencies, from the National Renewable 
Energy Laboratory (U.S. Department of Energy) 

Photovoltaic economics 

Cost of a photovoltaic system 

The cost of a photovoltaic (PV) system is measured in price per peak watt (expressed in ú/Wp for 
example). Photovoltaic peak watt is defined as the maximum rated output of a photovoltaic 
device, such as a solar cell or array, under standardized test conditions, usually 1,000 watts per 
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square meter (0.645 watts per square inch) of sunlight with other conditions, such as temperature 
specified. Typical rating conditions are 20°C (68°F), ambient air temperature, and 1 m/s (6.2 x 10-3 
miles/sec.) wind speed. 
 
The module costs typically represent only 40-60% of total PV system costs. Typically the cost of 
installing a photovoltaic system having a power of 1 kW ranges from 4500 ú to 6500 ú/kWp (2003). 
Approximately about half of this investment would be for the PV modules, and the inverter, PV array 
support structures, electrical cabling, equipment and installation would account for the rest. 

Life cycle cost of a PV system 

The life cycle cost of a PV system may also include costs for site preparation, system design and 
engineering, installation labour, permits and operation and maintenance costs. Photovoltaic systems 
typically have an anticipated lifetime of 35-years. 
 
Operation and maintenance costs can vary significantly, ranging between as low as 0.01 ú/kWh to 
0.10 ú/kWh. Nowadays most solar panels require almost zero maintenance. But keeping the surface 
optically clean enhances light transmission and allows the panels to perform at their designed 
capacity. 

Recent price developments of solar electricity 

The following is an excerpt of an article published in The Economist in May 2007: ñAs the likes of 
General Electric and BP put money into cleaner technologies, costs will fall. The price of a watt of 
solar photovoltaic capacity dropped from around $20 in the 1970s to $2.70 in 2004 (though a 
silicon shortage has pushed it up since).ò 

[3]
 

 

Outlook for the Chinese market 
The domestic Chinese solar market is interesting because of its enormous growth-potential. 
The total cumulative amount of installed solar power in 2005 was 70 MW, of which only 5 MW was 
installed in 2005. The total electricity capacity in China is 6,000 times bigger. More than half of the 
current PV installations are meant for the rural and remote areas, where almost 30 million people do 
not have access to a conventional electrical network. These areas are mainly located in the western 
part of China with a lot of solar resources. 

[9]
 

 
Another usage of solar energy is to provide process, space or water heating. At present there are two 
main solar heating designs: 
 

 Active solar heating uses pumps which move air or a liquid from the solar collector into the 
building or storage area. 

 Passive solar heating does not require electrical or mechanical equipment, and may rely on 
the design and structure of the house to collect, store and distribute heat throughout the 
building. 

Market players in the solar industry 

 

Traditionally there are four main players along the value chain of the solar panel production: 

 

1. Silicon producers (see also: List of major silicon producers) refining the raw material and 

delivering refined silicon to solar cell producers. 

2. Solar cell producers (see also: List of major photovoltaics companies) building and 

assembling solar panels and selling them to wholesalers. 

3. Wholesalers selling the finished solar panels to smaller regional retailers 

4. Retailers selling solar panels to consumers. 
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Trends along the value chain 

Raw material: Silicon 

What is Silicon? 

Silicon (Latin: silicium) is the chemical element that has the symbol Si and atomic number 14. As the 
eighth most common element in the universe by mass, silicon occasionally occurs as the pure free 
element in nature, but is more widely distributed in dusts, planetoids and planets as various forms of 
silicon dioxide or silicate (SiO2). 
 
The basic component of a solar cell is pure silicon, which is not pure in its natural state. Pure silicon 
(99.99% purity) is used to produce ultrapure silicon (99.9999% purity) for electronic and photovoltaic 
applications: 
 

 Semiconductor: Ultrapure silicon can be doped with other elements to adjust its electrical 

response by controlling the number and charge (positive or negative) of current carriers. Such 

control is necessary for transistors, solar cells, microprocessors, semiconductor detectors and 

other semiconductor devices which are used in electronics and other high-tech applications. 

 LCDs and solar cells: Hydrogenated amorphous silicon is widely used in the production of 

low-cost, large-area electronics in applications such as LCDs. It has also shown promise for 

large-area, low-cost thin-film solar cells. 

Overview of silicon market 

At present Germany is the biggest market for raw silicon, because a number of big German 
solar panel producers have increased their production capacities massively in recent years. 
This resulted in a silicon shortage. According to an analyst at Lehman Brothers, Ted Parmigiani, the 
price of silicon jumped from $32 to $60 during December 2004 until April 2005. The following is an 
excerpt from an article 

[7]
 published by Reuters on June 20

th
, 2007: 

 
ñA lack of high-grade silicon used to make solar power cells is crimping growth in the 
renewable energy sector, but prices for the material will ease in the coming years. After 
bottlenecks had limited shipments, many companies expected a supply shortage of the ultrapure 
poly-silicon used in 90 percent of solar cells to ease this year. But strong demand driven by the 
rapid growth of photovoltaic manufacturing capacity has kept the market tight. 
 
The silicon shortage "shrank margins and slowed growth" for solar companies, John 
Cavalier, head of renewable energy for Credit Suisse, told the Renewable Energy Finance Forum, 
although the industry is working through those issues. Solar cell producers have been signing long-
term contracts to ensure they receive adequate supplies of silicon, yet some companies are 
reluctant to lock in prices for the material.  
 
Yuan-Huai Tsuo, chief executive of Taiwan's Motech Solar, said prices for poly-silicon would 
eventually stabilize at about $40 per kilogram (2.2 lb), compared to a current price of about $250 
and the 10-year contract price of about $70. Alf Bjorseth, chairman of Norway's Scatec AS, agreed 
current price levels were unsustainable.ò 

 
Patrick Hummel, an analyst at LBBW (Landesbank Baden-Württemberg), predicted in June 2006 that 
the current silicon shortage would come to an end by 2008. 

Silicon purification 

At issue as the industry grows is the availability and purity of the solar-grade silicon feedstock. Today 
there are two different methods to purify raw silicon. 

http://en.wikipedia.org/wiki/Electron_hole
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Large-area_electronics
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Physical method 

To make solar cells, the raw materials – silicon dioxide of either quartzite gravel or 
crushed quartz – are first placed into an electric arc furnace, where a carbon arc is 
applied to release the oxygen. The products are carbon dioxide and molten silicon. At 
this point, the silicon is still not pure enough to be used for solar cells and requires further 
purification. 
 
Pure silicon is derived from such silicon dioxides as quartzite gravel (the purest silica) or 
crushed quartz. The resulting pure silicon is then doped (treated with) with phosphorous and boron to 
produce an excess of electrons and a deficiency of electrons respectively to make a semiconductor 
capable of conducting electricity. The silicon disks are shiny and require an anti-reflective coating, 
usually titanium dioxide. 

Chemical method 

Silicon is purified by converting it to a silicon compound that can be more easily purified than 
silicon itself, and then converting that silicon element back into pure silicon. Trichlorosilane is 
the silicon compound most commonly used as the intermediate, although silicon tetrachloride 
and silane are also used. When these gases are blown over silicon at high temperature, they 
decompose to high-purity silicon. 
 
In the Siemens process, high-purity silicon rods are exposed to trichlorosilane at 1,150°C. The 
trichlorosilane gas decomposes and deposits additional silicon onto the rods, enlarging them 
according to chemical reactions like 2 HSiCl3 Ÿ Si + 2 HCl + SiCl4. 
 
Silicon produced from this (and similar processes) is called polycrystalline silicon. Polycrystalline 
silicon typically has impurity levels of less than 10

ī9
. 

Recent developments in the solar industry 

 

 March 22
nd

, 2007 
BP Solar announced the construction of two mega cell plants (one in Spain and one in India) 
which would increase its current annual cell capacity from 55 MW to 300 MW. 

[8]
 

 

 June 26
th

, 2007 
Green Energy Technology Inc. has announced a plan to become the first company in Taiwan 
to manufacture thin film solar modules using ultra-large glass panels. GET is Taiwan's largest 
producer of solar wafers. 

[12]
 

 

 June 27
th

, 2007 
United States, California-based Applied Materials Inc. announced the opening of its new wafer 
reclaim center in Taiwan. Applied Materials is a leader in nano-manufacturing technology for 
the fabrication of semiconductor chips, flat panels, solar photovoltaic cells, flexible electronics 
and energy efficient glass. The company can extend the life cycle of test wafers by more than 
45 percent to 11 uses per wafer ïreducing customers' costs for high-quality, particle-free 
wafers ï while conserving the world's limited supply of silicon. 

 List of major photovoltaics companies 

 
In 2007 the biggest solar cell manufacturers include the following companies: 

China 

 Baoding Tianwei Yingli New Energy Resources Co., Ltd., 
www.yinglisolar.com/en/newsindex.asp 

 Motech Industries Inc., www.motech.com.tw 

 Solarfun Power Holdings Co., Ltd., www.solarfun.com.cn 

http://www.yinglisolar.com/en/newsindex.asp
http://www.motech.com.tw/
http://www.solarfun.com.cn/
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 Suntech Power Holdings Co., Ltd.,  www.suntech-power.com 

 Trina Solar Energy Co., Ltd., www.trinasolar.com 

Germany 

 Deutsche Cell, www.deutschecell.de 

 ErSol Solar Energy AG, www.ersol.de 

 Q-Cells AG, www.qcells.de 

 Schott Solar AG, www.schott.com/solar/english/index.html 

 Solarfabrik AG, www.solar-fabrik.com 

 SolarWorld AG, www.solarworld.de 

 Solex GmbH, www.solexgmbh.de 

 Sunways AG, www.sunways.de 

Japan 

 Kyocera, www.kyocerasolar.com 

 Mitsubishi, global.mitsubishielectric.com/bu/solar/index.html 

 Sanyo, us.sanyo.com/industrial/solar/ 

 Sharp, www.sharp.com ï currently has a 30% market share 

United Kingdom 

 BP Solar, www.bp.com/modularhome.do?categoryId=4260 ï announced the construction of 
two mega cell plants in March 2007

[8]
 

 Shell Solar, www.shell.com/solar/ 

United States 

 DayStar Technologies Inc., www.daystartech.com 

 Emcore PhotoVoltaics, www.emcore.com 

 Evergreen Solar Inc., www.evergreensolar.com 

 GE Energy - Solar Power (formerly Astropower), www.gepower.com 

 Spectrolab Inc., www.spectrolab.com ï world record of solar panel efficiency at 40,7% (as of 
2007) 

 Sun Power Corporation, www.sunpowercorp.com 

 United Solar Ovonic LLC, www.uni-solar.com 

List of major silicon producers 

 
The major silicon producers include the following companies: 
 

 Germany, Wacker-Chemie, www.wacker.com/internet/noc/Products/P_Polysilicon/ 

 Japan, Mitsubishi Materials, www.mmc.co.jp/english/ 

 Japan, Shin-Etsu Handotai Co. Ltd., www.sehe.com 

 Japan, Tokuyama, www.tokuyama.co.jp/eng/ 

 Latin America, ASIMI, www.asimin.com 

 Norway, Renewable Energy Corp. / REC Group, www.recgroup.no 

 United States, Hemlock Semiconductor Corp., www.hscpoly.com/Default.htm 

 United States, MEMC Electronic Materials Inc., www.memc.com 
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