AN EXPLORATION OF PHOTOVOLTAICS.

The direct conversion of (sun) light into electrical current goes by the name of photovoltaic power generation. (the word ‘photo’ is derived from the old Greek word for Light. The word ‘voltaic’ derives from the name of the Italian physician Alessandro Volta – as has Volt – a unit of electromotive force that drives current)
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A FEW STATISTICS:

· The average Australian household in 1991 used 6,525kWh of electricity. (Wilkenfeld, 1993 p. 1) 
· One least energy efficient of medium sized fridges: Westinghouse RJ442K uses 1,130kWh a year. (1994 Choice magazine)
· Victorian peak electricity demand in 1992-93 was 6,150MW. Loy Yang A (Victoria’s biggest power station in 1994 – 4 x 500MW boiler-turbine-generators)
· Burning coal to generate electricity releases on average 1KG of CO2 into the atmosphere for every kWh generated. (to be more precise: black coal as used in NSW, Qld., SA and WA releases at least 0.9KG per kWh. while burning brown coal as in Vic. releases 1.1KG of CO2. These are the best figures achieved. (Gavin Gilcrist: The New Energy Crisis – 1994) 
· Loy Yang A is the most polluting power station in Australia. (pumps 17.3 Million tonnes of CO2 into the air each year – The Age 22/8/03)
· Every 1000 kWh releases approx. 1,000 kg – one tonne – of CO2 into the air. 
· One tonne of CO2 is also the amount every one of us exhales from our lungs over a period of 3 years or…
· the amount a plantation of 10 year old eucalypts covering an area ¼ the size of an Olympic swimming pool would breathe in over one year. (Commonwealth of Aust. And Aust. Consumers Association, 1991, p. 7)  
Sources of good reading:

1.  The Politics of Power Generation

‘The Big Switch’ by Gavin Gilchrist, Allen and Unwin, Sydney 1994

· Wasteful use of power due to poor insulation of our homes and often unnecessary waste in office environments. (such as AH lighting and computers not being turned off)

· Consumer focus on price of electricity rather than the total cost. (consisting of price x qty used).

· Technological limits to power generation from coal fired stations. (During 1992 the NSW Electricity Commission was able to increase thermal efficiency to an average of 35.3% (which was up 7%!! in almost 30 years)

· Achievement of thermal efficiencies of approx. 1/3rd implies that 2/3rds is wasted.

· There may not be as much coal left to mine in a number of places where coal fired power stations have been built. (Weber, 1994 p. 2)

· Privatization and Profitability. In a relatively fixed cost and competitive price environment profitability can only enhance by means of increasing sales units.

Sources of good reading (Continued):

2.  History and Development of Photovoltaics.

‘Power to the People: Sun light to Electricity using Solar Cells’ by Martin Green, UNSW Press, Sydney, 2000. (Mr. Green is an Australian author, University of NSW)

· Isaac Newton (1642-1727) Saw light as a ‘stream of tiny particles’
· 18th / 19th century experiments: Saw light as a wave – ‘like ripples on a pond’

· Max Planck (1858-1947) Introduced the notion of small steps (‘Quanta’) to explain nature’s actual behaviour. This clue triggered a revolution in 20th century physics.

· Albert Einstein (1879-1955) Made outstanding contributions to the physics of quanta or ‘quantum physics’ 

· Russell Ohl, 1940: First silicon solar cell.

Book paints a picture of progress in photovoltaics since the making – entirely by accident – of the first silicon solar cell. 

3.  A Refresher………
· Electricity represents a flow of electrons. 

· Needs a conductor to work, to enable the electrons to flow.

· Silicon is a poor conductor of electricity when all electrons are bonded or constrained: i.e. is capable of acting as an insulator.

· However these bonds can be broken if sufficiently jolted – for example by an energetic photon from the sun –

· Once released from its bond, an electron can move through the silicon and contribute to the flow of electrical current.

· Photo electric effects involve the interaction of light with metal conductors.

· Photovoltaic effects (which form the basis for solar cells) are closely related to photo electrics:  these effects involve the interaction of light with materials known as ‘semiconductors’

· Semiconductor materials have properties in between those of the metals, which are good conductors of electricity and poor or very poor conductors, which are known as insulators.

· Silicon is the most common semiconductor: 10 of its 14 electrons are very tightly bound to the positively charged core of each Si atom and are of no real interest from the viewpoint of a solar cell. The remaining 4 electrons however are important because they are capable of moving through the semiconductor.

· Silicon thus sometimes acts like an insulator and other times as a conductor. This explains why silicon is known as a semiconductor. It has additional properties, which make it very versatile and useful.  

4.   Major areas that currently dominate R&D work on 
      Solar cells and modules.

a) Crystalline Silicon Solar Cells: 


Development of low-cost and high efficiency solar cells for mass production.

This involves introduction of new cell and module designs, new processing and improvements to current processing techniques.

b) Inorganic thin-film cells:


Development of inexpensive and fast methods to grow

          silicon films on ceramic substrates.

c) Organic thin-film solar cells: 


Development of reproducible production processes on
pilot line scale for dye-sensitized solar cells, research on device aspects of organic solar cells based on conductive polymers.

PHOTOSYNTHESIS

Sunlight absorbed by chlorophyll converts carbon dioxide gas and water into carbohydrates and oxygen thus providing for the energy requirements of the plant.

ARTIFICIAL PHOTOSYNTHESIS

This form of photosynthesis is based on the concept of a dye – analogous to chlorophyll – absorbing light and generating electrons, which enter the production band of a semiconductor film.

This is a 2 step photovoltaic process unlike the single step process of conventional PV.

Applications and Efficiencies.

Crystalline Silicon Solar Cells:

Application of modules based on crystalline silicon technology will (continue) to take place on a large scale and well into the foreseeable future.

Metallisation-wrap-around technology: efficiencies of 16 to 17%

Thin Film PV Technology:

Cells using sensitized oxides (incl. dye sensitized cells and organic 

(polymer) solar cells) are relatively new:

Dye solar cells should reach regular efficiencies (electrical output over radiated illuminated power) of 10% within the next several years while in the longer term efficiencies of at least 15% should be attainable.

The highest efficiency reached with a dye sensitized solar cell of 2.5 sq. cm was 8.2% (2002). The standard for current collecting devices up to 100 cm square however is 5.5% to 6%. (For more information refer  Martin Green, et al: Solar Cell Efficiency Tables (version 20), Progress in Photovoltaics: Research and Applications 2002;10;335-360)

Increased insight into degradation mechanisms have enabled major improvements to the life span of dye sensitized solar cells . (Current life expectancy is 5 years – the objective is a life span of at least 10 years). 

Polymer solar cells are not nearly as far developed.

Combination Technology:

Inorganic thin-film solar cells with silicon films: 

Development of microcrystalline silicon that in combination with the already widely applied amorphous silicon should make it possible to reach stable module efficiencies over 10% 

Final Point  

The TOTAL system for conversion of light into usable electric power ultimately determines the relevant price and performance.

Benefits of Dye Solar Cells:

· Technology less dependent upon dictates of market forces.

· Dye solar cells appear to be relatively more efficient under irradiation levels lower than full sun.

· Utilization of the solar spectrum is subject to further exploitation.

· Significant cost advantage over silicon cells. This aspect is particularly important for second and third world countries.

WHY ARE EFFICIENCIES OF 100% NOT ACHIEVABLE?

· The amount of solar energy that can be converted into electricity is called efficiency and expressed in % terms.

· Sun light consists of different colours.

· A solar cell is normally constructed from a single semi conductor material.

· Such material does not absorb all colours. Some colours are not absorbed at all. To put this differently: A solar cell functions optimally for one single colour of light.

· Light that is “too red” is not absorbed and therefore not used. Light that is “too blue” is only partially used.

· Photons are “packets of energy”. The energy contained in a packet determines the colour of light.

· A photon need a certain amount of energy to be able to jolt electrons from their defined bonds:

· Insufficient energy – no change. 

· More than sufficient energy will cause the     surplus to be converted to heat.

· In this manner approx. 55% of photon energies get lost.

· When electrons become detached, they display a tendency to revert to their previous state. (recombine)

· Even in the best semi conductor material this recombination can not be prevented and ensures that the efficiency of an ideal single cell is no more than 30%. (for semiconductor material with optimal colour sensitivity)

· The very best – and very expensive – small solar cells achieve efficiencies of 25% under lab. conditions. Commercial production achieves 6 to 16% as result of cheaper materials and sub-optimal sensitivity to colour.

· “Tandem” solutions restrict photon losses from 55% to 40-45%. Bundling of light (by means of lenses and mirrors) could save a further 7 to 12%.
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