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BIOMASS
Biomass has become an important renewable energy source in Australia and throughout the world. Biomass is any material derived from plants or from animal sources. It is a form of chemical energy, which is energy stored in the bonds of atoms and molecules. This chemical energy in biomass is converted into other forms of energy to be used by mankind.
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Above - How the sun's energy is converted by photosynthesis into chemical energy in the form of glucose or plant sugars.

Traditional biomass energy sources, including wood, provided about 14 per cent of the world’s primary energy supplies in 2005. Biomass sources supply about nine per cent of Australia’s stationery (non-transport) energy needs. In the United States, biomass was the second-most common form of renewable energy in 2005, providing enough electricity to power more than two million homes.
Bioenergy comes from biomass. Bioenergy is the conversion of chemical energy – which is stored in the biomass - into an industrially useful form, such as heat or electricity. Through bioenergy, we can produce electricity from biomass materials such as trees, grass cuttings, sugars and vegetables. However, the practical development of bioenergy is still relatively costly. 
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Above -Types of biomass that can be changed into energy sources.
The use of biofuel
For decades, scientists have searched for inexpensive alternatives to diesel fuel for the generation of electricity as well as for transport purposes. One option is to use alcohol from plants (known as ethanol) rather than petroleum. Ethanol is a biofuel that can be obtained by fermenting the sugar components of biomass (such as sugar cane). Today, ethanol is made mostly from sugar and starch. With advanced technology, cellulosic biomass – like trees and grasses – are also used to produce ethanol.
Other materials which have been tried for making ethanol are wheat, straw and packaging material. Another biofuel is methanol, which can be used to power up vehicles. Methanol can be made by distilling or gassifying plant material which contains a lot of cellulose. Some plants contain oil which can be converted into a fuel that is as good as, if not better than, that obtained from petroleum. Soy beans, sunflower seeds, jojoba plants and milkweed plants contain oil which can be processed to become high grade fuels. 
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Above - Ethanol production process.
The production of these biofuels has the potential to replace significant quantities of fossil fuels in many transport applications worldwide. Ethanol is widely used in Brazil and biofuel production is increasing in the USA and Europe. Experimental projects are being carried out in Australia although biofuels have not proved to be economical here. In the USA, corn (maize) is used to make ethanol and then it is blended with gasoline to produce “gasohol” to run cars. Some engine modifications are required to use this petrol substitute.

During the 1970s and 1980s, the State Electricity Commission of WA (SEC of WA) experimented with the use of biomass-derived fuels. In 1983, a power station opened in Yalgoo and operated on both rapeseed (canola) oil and sunflower oil for a trial period. The SEC of WA also had some of its cars running on alcohol fuels obtained from plants. But this was abandoned because it was much cheaper to run the car fleets on conventional fuels, especially because Western Australia has considerable supplies of fossil fuels - coal, natural gas and light petroleum.

The use of biogas
Another clean, renewable source of energy is biogas, which is mainly composed of methane. In Western Australia, biogas is produced from the decomposition of sewerage at the Woodman Point waste water treatment plant. Located in Kwinana’s industrial area, the treatment plant is owned and operated by the Water Corporation. It is the biggest wastewater recycling project of its kind yet undertaken in Australia. 

Most of the wastewater arriving at Woodman Point is just water, from household kitchens, bathrooms and laundries, as well as toilets. Treatment of the water is a computer-controlled process that is strictly monitored by a small team of expert managers and technicians to avoid atmospheric and ground contamination. Then, the treated wastewater travels through underground pipelines and every day, up to 100 million litres of treated wastewater is pumped into the ocean four kilometres offshore into the Sepia Depression, west of Point Perron.

This water treatment process results in the valuable by-product, biogas (mainly methane) which is produced from the decomposition of sewerage. This biogas is used in the plant to generate around six gigawatt hours of electricity per year. Two 600 kilowatt reciprocating engine generator sets, fuelled by the biogas, provide electricity for use on the site. This means that the Woodman Point plant is energy self-sufficient most of the day. Spare electricity is available to the state’s main electricity grid, the South West Interconnected System (SWIS). Another by-product is a residue that is an excellent soil-conditioner for landscaping and agricultural use.


Turning biomass into electricity
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Above - How the sun's energy is converted by photosynthesis into chemical energy in the form of glucose - or plant sugars.

Electricity can be generated from a number of biomass sources, including forestry crops. Wood is a major energy source in many parts of the world including Asia, Africa and South America, and the potential exists for it to become a significant renewable source all over the world. The wood can be burnt to generate steam for electricity, or heat for cooking, water and space heating, or used in charcoal manufacture.

In America, biomass has been the leading source of renewable energy since 2000. In other words, biomass is more widely used for electricity generation than other renewable sources such as solar, wind and tidal energy. Agriculture and forestry residues, and in particular residues from paper mills, are the most common biomass resources used for generating electricity in America.

We can also generate electricity from landfill gas (LFG), which is a mixture of methane, carb​on dioxide, nitrogen and small quantities of other gases. LFG is produced from rotting vegetation and other materials, usually at council rubbish tips and old, filled-in quarries. Anaerobic bacteria thrive in such landfill conditions and this results in a high gas production as the biomass is broken down. LFG can be used to power electricity generators or to provide heat for industry. It has been used in many countries and a number of landfill gas sites are located around Perth.
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Above - Two primary methods of power generation from landfill gas and solid waste. Source: Verve Energy.
By the middle of 2006, landfill generators were providing 24MW of electricity to the Perth metropolitan area. This was enough power to supply 33,000 households with electricity. Ten landfill generators are operating in Henderson, Redhill, Mt Claremont, Canning Vale, Kalamunda, Rockingham, Gosnells, Tamala Park, Noranda and South Cardup. Some of the generators are owned and operated by The Australian Gas Light Company. 
Landfill Gas
What happens to our household rubbish?              While landfill gas can seriously contribute to air pollution, it can be turned into a reliable and renewable fuel to benefit mankind. This gas is emitted from decomposing rubbish in a landfill site. A landfill is an area designated to receive solid wastes, such as municipal solid waste (household trash), construction debris, and sludges from sewage treatment and other processes. 
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Above - Landfill, a common practice for rubbish management all over the world.
These landfill sites contain anaerobic bacteria that thrive in this oxygen-free environment. The anaerobic bacteria work to decompose the landfill waste, which contains a significant amount of organic compounds. During this decomposition process, landfill gas is being produced. 

Landfill gas consists of about 50 per cent methane (CH4), a very potent greenhouse gas that is a key contributor to global climate change (and methane is more than 21 times stronger than carbon dioxide). However, methane is the primary component of natural gas, a valuable fossil fuel. About 80 per cent to 99 per cent of natural gas is made up of methane. 

Landfill gas also consists of about 50 per cent carbon dioxide (CO2), a much less potent greenhouse gas. There is also a small amount of non-methane organic compounds in landfill gas and they can contribute to the formation of smog. Some of these compounds pose health hazards due to their toxicity. The carbon dioxide is less likely to leach out of the landfill because it is soluble in water. But methane is less soluble than water and it is lighter than air. Methane is likely to migrate out of the landfill into the atmosphere. 

Turning rubbish into ‘green energy’                   Landfill gas can be captured and converted into a useful energy source in many ways. This gas can be extracted by inserting perforated pipes into the landfill site. In this way, the gas will travel through the pipes under natural pressure and the gas is then piped into an on-site power station. Inside the power station, the landfill gas is burned to generate electricity and during this process, the methane is converted into water and CO2. The landfill gas is scrubbed and cleaned before feeding it into internal combustion engines or gas turbines to generate heat and power. 
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Above - 30,000MWh ReOrganic Energy Facility.
Source - Landfill Management Services Pty Ltd

In essence, there are five main ways to use energy from landfill gas: For direct heating, electricity generation, chemical feedstock, purification to pipeline-quality gas and heat recovery. The electricity generation applications involve:
· The processing and use of landfill gas in internal combustion engines. Internal combustion engines are the most effective and economical option when the gas supply is enough to produce one to three megawatthours (MWh) of power.
· The processing and use of landfill gas in gas and steam turbines. Turbines are the most effective and economical option when the gas supply is enough to produce more than 3MWh of power. 

· The processing and use of landfill gas in fuel cells. In the future, fuel cells may become more attractive because of their high energy efficiency, their negligible emissions impact, and their suitability for all landfill sites. However, some studies suggest that fuel cells would be more competitive in small to medium projects (less than 1MW to less than 3MW). At present, however, there are economical and technical disadvantages which make fuel cells clearly uncompetitive with more conventional applications. 
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Above - Clean burn enclosed flares.
Source - Landfill Management Services Pty Ltd
Given that all landfills generate methane, it makes sense to use the gas for the beneficial purpose of energy generation rather than emitting it into the atmosphere. It is estimated that a landfill gas energy project will capture between 60 per cent and 90 per cent of the methane emitted from the landfill, depending on the system design and effectiveness. Generating energy from landfill gas creates a number of environmental benefits. Landfill gas projects help to significantly reduce potentially harmful methane emissions, as well as lessening our reliance on depleting fossil fuels – coal, natural gas and oil. These projects also create jobs, revenues, and cost savings for Australians.

A typical 4MW landfill gas plant will reduce a significant amount of greenhouse gases – it’s about equivalent to the annual greenhouse gas emissions which can be saved by removing 45,000 cars from the road. The amount of energy generated by this same 4MW power plant is equivalent to that produced by 1,000 railcars of coal or almost 500,000 barrels of oil. 

It should be noted that landfill gas power plants can generate some emissions of nitrogen oxides (NOx), which are air pollutants. However, these power facilities are far less polluting to the community than allowing the methane gas produced from landfill sites to escape into the atmosphere.

Also, there have been environmental concerns that the combustion of landfill gas can release dioxins, a group of toxic chemical compounds. However, the United States Environmental Protection Authority believes that the potential for dioxin emissions from the combustion of landfill gas is small.

Landfill Gas in Western Australia
Western Australia has a successful history of developing landfill gas generators which convert methane into electricity. Ten landfill gas generators were operating in Perth in June 2006 and they were contributing 24MW of power to the main grid, enough to supply 33,000 households with electricity. 
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Above - 3.3MW Landfill gas power generation facility.
Landfill gas site locations in Western Australia:

One of the latest landfill gas generator, known as the Henderson Renewable Energy Facility and located in Henderson, was opened on 7 June 2006. It is expected that the 2.1MW landfill gas generator will reduce greenhouse gas emissions by more than one million tonnes over the next 16 years. 

What is Bagasse energy?
The term “bagasse” is defined as the crushed, juiceless remains of sugar cane after the sugar making process and it is used commercially for the production of wallboard and other materials. Australia has more than 50 years’ experience in the use of sugar cane fibre to generate electricity. The sugar cane plant is the world’s most efficient plant at converting solar energy, soil nutrients and water into chemical rich biomass. 

Sugar accounts for about 10 per cent of Australian exports. Queensland produces more than 90 per cent of Australia’s raw sugar output. In 2008/2009, the total cane production in Australia was slightly more than 31 million tonnes. The Australian sugar industry income exceeded $1.3 billion.

The Australian sugar industry has a very large potential for the cogeneration of electricity from the huge quantity of bagasse by-product. Typically, the sugar industry produces more than 10 million tonnes of bagasse during every crushing season. On average, one tonne of sugar cane yields 250 kilograms of bagasse. A cogeneration system uses steam turbine generators to convert the bagasse into heat and electricity, which help to run the sugar mill factory. The mills may send the excess electricity to the grid. 

It has been estimated that more than 4,000 gigawatts per hour of electricity could be cogenerated if the sugar factories were modified to become more energy efficient than they currently are and so make better use of the bagasse resource. However, the capital cost of modifying sugar mills can be prohibitive. A potential solution is to develop new technologies so that the boilers are cheaper to install, operate and maintain and that they give increased output. 
Advantages of biomass
· The conversion of plant and animal materials (biomass) into electricity does not contribute to global warming, or the greenhouse effect. This is because the amount of carbon dioxide released by the biomass (when it is converted into energy) is the same as the amount of carbon dioxide absorbed by the biomass material during its growth.

· Biomass fuels have negligible sulphur content and therefore do not contribute to sulphur dioxide emissions which cause acid rain.

· The combustion of biomass generally produces less ash than coal combustion. Unlike coal ash, the “biomass ash” can be used as a soil additive on farm land to recycle material such as phosphorous and potassium.

· The use of agricultural and forestry residues and other waste materials for energy production is helping to reduce the significant problem of waste disposal.

· Biomass is a domestic resource which is not subject to world price fluctuations. In developing countries, the use of liquid biofuel, such as ethanol, reduces the economic pressures of importing petroleum products.

· The growth of perennial “energy crops” (such as grasses and trees that are processed for energy use) has a lower environmental impact than conventional agricultural crops. 

Disadvantages of biomass
· After the biomass conversion process, transportation and handling can be very difficult and costly. The solution has been to move the “process” closer to the biomass source and this has resulted in sawmills, sugar mills and pulp mills being built near plantations.

· On a large scale, biomass can lead to the widespread use of natural forests in developing countries. In many Asian countries, much of the wood fuel used for energy purposes comes from indigenous forest areas. This has ecological and social ramifications.

· On a smaller scale, some biomass applications are not fully competitive at this stage. In electricity production for example, there is strong competition from new, highly efficient natural gas-fired combined-cycle plants. However, the economics of biomass energy production are improving, and the growing concern about greenhouse gas emissions is making biomass energy more attractive.

· There are often political constraints to biomass use. For example, government energy policies, taxes and subsidies may encourage the use of coal to support local employment in coal mining towns. 

What is the future for biomass?
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Above - Biomass power plant.
Twenty one countries plus the European Commission have signed a formal agreement to continue to develop bioenergy. They have established an international collaborative agreement known as the International Energy Agency Bioenergy, or IEA Bioenergy. Their aim is to improve international cooperation and information in national bioenergy research, development and deployment organisations. The participants include the European Commission, Japan, the United States, the United Kingdom and New Zealand.

Bioenergy resources have the potential to meet 50 per cent of the world’s energy demands during the next century. It is critical therefore that the biomass processes used in these countries are sustainable. The modernisation of biomass technologies, leading to more efficient biomass production and conversion, is one possible direction for biomass use in developing countries.

In industrialised nations, the leading biomass processes in the future are expected to be the direct combustion of residues and wastes for electricity generation, bio-ethanol and biodiesel as liquid fuels, and combined heat and power production from energy crops. In the short to medium term, biomass waste and residues are expected to dominate biomass supply, to be substituted by energy crops in the longer term.


Useful references
Verve Energy
http://www.verveenergy.com.au 

Research Institute for Sustainable Energy
http://www.rise.org.au/info/Tech/biomass/index.html  

The Sustainable Energy Development Office
http://www.energy.wa.gov.au/cproot/1275/11132/Energy%20Resources%20Map%20A4%20August%202008.pdf

Alliant Energy Kids website
http://www.powerhousekids.com/stellent2/groups/public/documents/pub/phk_001537.hcsp 

International Energy Agency Bioenergy
http://www.ieabioenergy.com/ 

National Renewable Energy Laboratory (biomass photo library)
http://www.nrel.gov/biomass/photos.html 

The Stanwell Corporation Limited http://www.stanwell.com/Files/Fact_Sheets/Biomass.pdf  

For more information about internal combustion engines
http://en.wikipedia.org/wiki/Internal_combustion_engine
Watercorporation
http://www.watercorporation.com.au/W/wwtp_woodmanpoint. 
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