Solar energy:

1.0 Introduction:

Solar energy is one of the known renewable forms of energy with its source being the sun. However, reports have risen in the past over the status of the solar energy utilization in Australia for industrial, commercial and domestic purposes. The International energy Agency solar Heating and Cooling Programme (IEA-SHC) has seen potential for solar thermal collectors to contribute to the commercial and industrial sectors. Consequently, there have been objectives on gearing this project forward. Firstly, solar heat is needed for industrial processes that is, to help improve on the conditions for the market Introduction of solar heating system for industrial application in order to promote a reduction in fossil energy consumption  and thereby develop an environmentally friendly way of industrial production.

The IEA recognises that the current use of solar thermal collectors in the industrial and commercial sectors are insignificant compared to residential and swimming pool heating. According to statistics, Australia as a continent has the highest average amount of solar energy per square metre per year compared to the other continents, with the range of 1500 to 1900 kWh/m2/yr. Despite the abundance of the resource and the presence of a mature collector industry, Australia’s solar thermal activity compared to many other countries is very low with an approximation of about seven precent of the homes having solar water heating forms of energy. On the contrary, greenhouse gas emissions per capita in Australia are amongst the highest in the world, and the federal government is committed to reduce these emissions in line with other OECD countries. This commitment means that all opportunities must be taken to implement solar technologies.
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2.0 Status Of Solar Energy:

Solar energy is one of the renewable energies which will continue to be available when the non-renewable energies such as oil, coal, and gas run out. Its energy is from the radiation of the sun light which is unlimited and this show that solar energy is unlimited at the same time.  This energy has been studied for hundreds of years. There is renewed focus as more and more people see the advantages of solar energy and as it become more and more affordable. 

Because of the need of alternative energy and the interests of people in going green, solar energy usage has risen rapidly these few years. People started to equip their home with the solar equipment which able to turn sun light into energy. This save them lots of money and save the environment indirectly due to the reduction in reliability on other energy which may more harmful to the environment. According to TreeHugger.com solar equipment sales went from $20 billion in 2009 to $90 billion in 2010.


The solar industry will grow stronger as the amount of people desire for a cleaner environment. The solar cell will also be cost-effective as the manufacturer willing to manufacture and new technologies due to the high demand. The solar cell will be improve relatively in order to make more new technologies continue to make offer more choice and new products.

2.1 Global Solar Energy:

According to Zahedi (2010), worldwide solar photovoltaic (PV) market has experienced enormous growth since 1994. In fact, since 1994 the PV global market has increased by factor of 20. (Photovoltaic Power Systems Programme 2008) By end of 2007 the cumulative installed capacity of solar PV system reached 9200 MW, worldwide. This was about 500 MW at the end of 1994. The global development of PV capacity has been shown in Fig. A. According to this figure, installation of solar PV system has been growing at an annual average of more than 25% since 1994. Experts believe that through increased production volume and improved PV technology we will observe a much faster increase in solar PV market.
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Figure A: Global cumulative PV capacity, MW.
(Australian renewable energy progress 2010)

2.2 Electricity generation in Australia:

According to Zahedi (2010) fossil fuel is the main source for generating electricity in Australia. The pollution from coal-fired power stations is the main contributor to the problem of global warming. In 2004, for example, 91% of the amount of electricity generated in Australia came from 24 fossil fuel power stations around Australia. This is equivalent to about 200 million tonnes of carbon pollution. Renewable energies and clean-energy technologies such as solar have the potential to play a significant role in the Australia's energy supply. As shown in Fig. B. the level of sun radiations in Australia is highest compared with other regions. This indicates that Australia has potential to cover high percentage of its energy demand by solar energy. Comparing population of Australia with population of the other regions suggests that solar radiation per capita in Australia by far is the highest in the world.
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Figure B: World’s highest sun radiation 
(Australian renewable energy progress 2010)

3.0 Issues regarding Solar Energy:

3.1: Background

Unlike other sources of energy (mainly non-renewable types such as coal) solar energy presents no environmental issues, as the earth’s thermal equilibrium is unchanged and unaffected by the processes used to obtain and convert solar radiation into electrical energy. Over-all heat balances in areas where solar plants are installed similarly experience no negative impacts.  (Palz 1978, 69-71)

As Foster, Ghasemmi and Cota (2010, 231) suggest “Solar Energy is free, but it’s not cheap” best describes the most prominent obstacle for the development and popularisation of the solar industry. The large initial investment that is needed to establish solar systems at the industrial level is argued to be the main hurdle for advancement. In addition Palz (1978, 68-224) claimed that even with sufficient technology and energy conversion processes, a major concern would be the land area recquired by solar cells while considering efficiency and transportation losses. 

Palz (1978, 68) argues that while some countries and regions theoretically are in possession of enough land with sufficient yearly sunlight for sustainable and continuos solar power generation, there are those that do not. Some of the largest consumers of the world’s energy such as the European countries do not have the suitable land for solar energy production and thus would have to transport energy from other regions. This is the major concern claimed. However as Mills (2004, 30) states the resource base for solar is limitlessly unrestricted. Future projects hold the potential to produce enough for the whole world.

At present the initial investment costs for solar energy is high causing it to be uncompetitive. However in the future, as fossil fuels deplete and rise in costs, solar power will rise in usage. (Foster, Ghasemmi and Cota. 2010, 231-232) although there are no signs for a major change in the next 20 years (Ripple, 2011). 

3.2 Technological Changes and Future

In Previous years, the technological aspect was an issue for solar energy. However recent advances (post-1980) as those mentioned by Mills (2004, 20) such as single axis tracking technologies for example: SEGS Plants (in Fig. 1) have rectified this problem.
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                        (Image from Mills, D. 2004. Solar Energy 76)

Mills (2004, 20) claims that out of all renewable energy sources, Solar power areas have the “greatest potential.” However large-scale plant prospects are often met with resistance by the market (large initial investment) and receive little or no government support and thus development for solar power is delayed. Foster, Ghasemmi and Cota (2010, 232) define that in order for solar energy to be widely used, it must be able to economically compete with other competitors (ie coal).  Expendable resources still have a long lifetime as asserted by Ripple (2011) and along with the points mentioned above, lead to solar power only holding a very small share (<1%) of the current energy market.

4.0: Applications of Solar Energy:

4.1 Solar water heating systems

Solar water heating (SWH) is probably one of the most common and familiar solar energy applications to us. It was introduced and has been popularized to a number of countries such as China, European Union, Turkey, Brazil, India, Australia, Japan etc.  

Working principle

Radiation energy collected from the solar collector of the SWH system is transferred to heat energy via working fluid. The working fluid can either heat up water (or water may be the working fluid itself in many cases) and supply to household immediately; or the fluid can be stored in a storage tank and withdrawn later. Since solar water heating system is an operator depending on the solar energy, the work performance varies from place to place. There are 3 determinants of a SWH system; they are collector area, speed of the compressor, and solar irradiation. (Hawlader, Chou and Ullah 2001, 1049)

Advantages: SWH is beneficial in energy- saving wise, economical wise and environmental wise. 

Energy-saving wise: solar energy has higher initial net energy consumption in comparison to the other kinds. However, both Solar Electric and Solar Gas hot water system achieve a better performance during the 3rd and the 6th year respectively. “The solar hot water systems provide a net energy saving compared to the conventional systems after 0.5-2 years, for electric- and gas- boosted system respectively.”(Crawford and Treloar 2004, 159)
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Fig. 2. Net primary energy of various hot water systems in
Melboume. NB ‘EE’ indicates the embodied energy of each
system, in primary energy terms. E =electric, G = gas, I =in-
stantaneous, S lar.





The gradient of the solar energy’s tangent is visually lower than other sorts of energy, indicating a better energy saving ability in long term.

Economical wise: The payback period of SWH depends on its geological location, the amount of solar radiation received per year, the cost of auxiliary energy per unit and some other factors. Since the embodied energy of SWH system is considered as negligible (Turanjanin et al. 2009, 7075) under the coterie of stable energy price, the payback period of solar energy ranges from 5 to 15 years while the life time of a SWH system is general 20- 25 years. According to Hawlader, Chou and Ullah (2001, 1049) the payback period of solar energy can be minimised to 2 years in some extreme cases with good conditions. 

Environmental wise: the use of solar energy, especially a large scale and globally popular application like SWH is regarded as being capable of improving the environmental issues in a great extent. Let’s take a look at an example of a heating plant in Belgrade named Cerak. Cerak mainly supplies heat energy for water heating, additionally for space heating. A study of the Cerak done by Turanjanin et al. (2009) reveals the significant contributions of the application of SWH did to the local community. In Cerak’s case, approximately 43,000 m2 of natural gas was saved and around 900 tonnes of CO2 were spared from emitting to the environment in only a summer period. It is not hard to image how much we can improve the environment by developing SWH.

4.2 Industrial process heat:

Industrial process heat is an important application of solar energy in medium to high temperature. The range of industrial process heat is wide and potent in a number of fields; it can be applied to sterilising, pasteurising, drying, hydrolysing, distillation and evaporation, washing and cleaning, and polymerisation. (Dincer and Rosen 1998, 1308) 

Working Principle: each and every application of industrial process heat has its unique way to operate but mainly utilising the heat energy obtained from solar collectors to complete the heating process. Depending on different situations with their required operating temperatures, solar heating systems are designed to produce various types of energy and temperatures by using concentrating solar energy collectors for high temperature; and stationary solar energy collectors for medium temperature. (Kalogirou 2004, 231)

Advantages: there is an on-going high consumption on medium to high temperature in most of the industries. This application of solar energy is made to cover and replace the old styled fossil fuel energy since it is cheaper in a large economic scale and it is also cleaner. (Schweiger et al. 2000)

Disadvantages: the required capital for installation and launch is huge, especially the fixed costs. Therefore the size of the investment must be relatively large to suit the economic scale.  In order to reduce the capital investment when it comes to industrial process, the manufacturers can choose to discard the heat storage. The problem is, the heat system will not reach its best capacity with the lack of storage tank, peculiarly when it’s during night time or cloudy and rainy day.

 (Kalogirou 2004, 231)

4.3 Solar desalination systems:

Solar desalination system is a rather innovative, creative and perspective way to solve the shortage in fresh water. We all know that water is a fatal resource for mankind even for all living organism on earth. However, the usable fresh water is scarce and limited in comparison to the demand nowadays. There is an urge to recycle or explore new method to obtain fresh water. 

Working principle: fresh water can be distillate by thermal energy converted by solar radiation. A remarkable amount of energy will be used during the process therefore concentrating solar collectors are used in general cases. Two main approaches are demonstrated in a report written by Zheng et al. (2006, 1189).Solar energy can either produce heat directly to accomplish the phase- change processes or solar energy is converted to electricity to fulfil the membrane process.

Advantage: In environment wise, this is probably the cleanest and the must sustainable method to get fresh water. As the technology for solar desalination systems has become mature these days, it has been introduced to some arid areas such as Middle East. Practice in reality has shown that solar desalination doesn’t require running energy cost as well as batteries, gas or electricity may be installed as auxiliary energy though. (Abdelrassoul 1998, 345)
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