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Abstract

There are many advantages to using  biomass as an alternative energy source.  Primarily, it can be renewable and have minimal impact on the environment.  The negative effects of using fossil fuels as an energy source at current rates are well established.  They stem from the fact that they are a non-renewable resource and are the major cause of greenhouse gas emissions causing global warming.  Fossil fuels, such as crude oil, are geolocially geographic dependent creating energy dependencies for countries that do not contain substantial fossil fuel resources.  For these reasons several governments and individuals have researched the plausibility of alternative energy sources including some very familiar ideas: solar, wind, and hydro-power.  The focus of this paper is an unfamiliar source of energy,  the use of biomass to produce fuels and electricity.


Biomass energy can come from numerous sources and produce several types of fuels.  The most common of these biomass sources are, food crops (especially waste biomass), natural oils and woods.  Ethanol is typically produced from biomass high in carbohydrates (sugar, starch and cellulose) during a fermentation process.  Recent developments in fermentation processes now allow almost any other plant can be used to produce ethanol.  The most promising natural oils, such rapeseed oil, have been used to produce bio-diesel, which performs much like petroleum derived diesel fuel.  The bioenergy process with the potential to produce the most energy and impact the environment the least may be the production of electricity and methanol from biomass.


Like current agriculture, current practices for the production of bioenergy are dependent upon the use of fossil fuels for the production of crops and biomass conversion energy.  Although this approach presently makes biofuels a non-renewable resource,  recent studies indicate that it is possible for bioenergy to be produced almost entirely from energy derived from previously attained biofuels (OECD/IEA, 1994).  This enables energy production from biofuels to be a renewable resource, drastically reducing both the energy required to produce bioenergy and the input of greenhouse gasses introduced into the atmosphere (OECD/IEA, 1994).  

Production of Biomass Fuels

Ethanol




Ethanol is commonly produced from the fermentation of biomass high in carbohydrates.  This includes almost any food crop such as sugarcane, corn and sugarbeet.  The fermentation process involves common yeasts (Sacchatomyces cerevisiae, and carlsbergensis) and distillation to concentrate the fuel alcohol (Ross, 1981).  Plant material with low starch and sugar content, such as food crop wastes and straw, can still be converted to ethanol.  It has to be treated to separate the lignin and cellulose from the hemicellulose (components of plant biomass), freeing the cellulose and lignin for conversion.  This separation process involves the use of acids, steam or enzymes for separation (Ross, 1981).  The by-product of ethanol production is the remaining fermentation mash.  These products are not waste, and can be used as animal feed, converted to fertilizer or stored in anaerobic conditions to produce biogas fuel, such and methane (Curlee, et al, 1990).


Recent studies involving bacteria in the metabolism of cellulose indicate a faster rate of biofuel production (Wald, 1998).  This and the recent studies of fermention using thermotoleratn yeast (Candida acidothermophilum) allows almost any plant biomass to be used efficiently in the production of ethanol (Kadam, et al, 1997).  The first large scale ethanol production plant using bacteria for cellulose conversion is scheduled to open this year in Jennings, Louisiana.  The production of the plant is expected to be about 20 millions gallons a year (Wald, 1998).

Bio-Diesel




The most successful experiment in the replacement of conventional diesel fuel has been the use of rapeseed oil for the production of bio-diesel fuel.  Oil is removed from the rapeseed by pressing or solvent extraction.  The oil is then transesterfied, which involves the addition of an acid and the production of water as by product, producing bio-diesel fuel (Bain,1993).  The remaining rapeseed mass can be used as biomass for the production of ethanol or sold as animal feed.  

Woody Biomass



Wood products including trees, scrap wood (from lumber, paper production or the construction industry), agricultural wastes, and straw or grasses can all be used in the production of electricity and methanol.  Electricity is generated from woody biomass by gasification of the biomass and the use of process heat captured in steam turbines.  The gasification process is similar to coal or oil shale gasification where the solid is converted by heat and pressure to a gas.  This gas can be used to produce electricity, or can be condensed in the presence of a catalyst, to form methanol.  The gassification of wood is relatively inefficient, but is approximately 30% more efficient than the gassification of coal or oil shales (OECD/IEA,1994).  The ash by-product doesn’t contain high levels of contaminants such as boron, sulfate, arsenic or other various components unlike fossil fuel gassification ash.  This allows the ash to be used as fertilizer (DeBlaay, et. al., 1995).  

Biomass and Biofuel Information


Currently the medium and large scale production of biofuels is dependent upon fossil fuel energy.  A biofuel life-cycle consists of planting, growing, harvesting and converting of the biomass to biofuel.  A fossil fuel life-cycle refers to the energy required to mine, drill, extract, transport,  and process the material to produce energy.  When the fossil fuels coal or oil are used to power biofuel production the average percentage of energy used is approximately 95% (Figure - 1).  When compared to a fossil fuel life cycle, there is only a 5% benefit in the net energy used.  When biofuel and fossil fuel generated electricity to produce biofuels (cogeneration) is used to produce biofuels there is a 50% reduction in the energy used.  Figure - 2 represents the projected results if available agriculture and energy production technologies were applied to biofuel production.  If you examine the fossil fuel inputs to the biomass life-cycle using current technologies, you will find that they are equal to approximately half the energy is used to produce similar fossil fuel life-cycles.  When biomass produced biofuels are used as the energy source in production of biofuels the reduction in energies required are above 80%.


Some of the advancements assumed in Figure - 2 include the use of dedicated biomass supply sources.  Using biomass grown specifically for energy production increases energy output capacities of bioenergy systems by providing a steady high volume source of biomass (Gopalakrishnan, 1993).


The advantages of using biomass for fuels and electricity instead of fossil fuels correlates to the disadvantages of using petroleum fuels.  Bioenergies net input of greenhouse gasses into the atmosphere is significantly lower than that of fossil fuel.  Figure - 3 presents the percentage of carbon dioxide emitted during the biofuel life-cycle of various sources.  The biofuel life cycle values are linked to the amount of product (CO2) produced during the planting, harvesting, conversion and subsequent use of the biofuel.  This takes into account everything from the emissions from farm equipment used in production to the exhaust from engines run with biofuel.


The table illustrates that the use of fossil fuels to grow, harvest and process biofuels results in no significant decrease in CO2 emissions when compared to the use of fossil fuels as an energy source.  However, when biofuels are produced using biofuels, and some electricity from a fossil fuel source, the emissions for the production of biofuels is on average 60% less than typical fossil fuel life-cycle.  


Figure - 4 represents the projected CO2 emissions from biofuel life-cycles after applying available technology.  Cogeneration refers to the use of biomass fuels, the heat produced from fermentation and various other energy sources in the production of bioenergy.  As seen, even the worst case scenario of the production of ethanol from maize using fossil fuel cogeneration still emits 50% less CO2  per unit of energy than using fossil fuels alone.  


Similar results are found when fossil fuel life cycles and biofuel life cycles are compared with total greenhouse gas (non CO2) emissions (Figures - 5, 6).


The most obvious decreases in greenhouse gas emissions when compared with total fossil fuel energy production is seen in the production of electricity and methanol from woody biomass.  This is due to the amount of electricity produced from heat associated with the gasification of biomass.  The main drawback to the use of wood for bioenergy is the amount of wood used in large scale energy production.  The large amount of biomass needed means the use of large areas to farm trees.   

Application of Biofuels


Ideally the use of biomass to produce biofuels creates a renewable resource.  The technology to create such a system does exist, however the high cost of biofuels when compared to fossil fuel energy has stopped the large scale production of biomass conversion facilities.  The Energy Policy Act of 1992 promotes the development of bioenergy by including a provision for tax credits on electricity produced from biomass systems using dedicated crop production (Bain, 1993).  The Clean Air Act Amendments of 1990 have placed strict standards on industrial emissions.  These standards will increase the cost of traditionally generated electricity.  This will make the lower emissions of biofuel production a immediate asset and theoretically lead to an increase in use of biomass as an energy source and increase the technological ingenuity within the field.  

Environmental Benefits

Establishing dedicated biomass to biofuel facilities requires the use of more than just “left overs” such as scrap woods and paper products, municipal wastes, and crop wastes.  These facilities will need to grow biomass for the purpose of conversion  into bioenergy.  This will of course come at some expense to the environment, such as the need for crop land.  This expense, however, is well out weighted by the benefits that are possible in such a system.  


Unlike current monospecies agriculture these systems will use several species of plants.  This will create an artificial forest system, including rapidly productive species from many families.  Some of the best candidates for biomass production at this point are: poplar, cottonwood and eucalyptus trees,  several types of grasses, almost any crop currently grown for consumption and even “weeds”.  The artificial forest system will create habitat for a great deal more species than current monoculture.  The rotation of harvest in these artificial forests will allow for high volume biomass input to the biofuel facilities while leaving habitat for established species.  


Perhaps the greatest benefit of the establishment of renewable biomass fuel systems is the resulting decrease in greenhouse gas emissions.  The use of biomass to create biofuel and support the biomass crop eliminates fossil fuel use in the production of these bioenergies.  Not only is a net decrease in emissions seen in the conversion of fossil fuels to biomass, but the biomass crops themselves act a carbon sink (Bain, 1993).  This action creates a system which theoretically will have a net balance between emissions and removal of carbon from the atmosphere (Walker, 1993).  As seen in Figures - 5 and 6 the emission of other gases is also decreased with increased independence of biofuel systems from fossil fuels.  It has also been observed that biodiesel fuels have virtually no sulfur content (Walker, 1993).  The conversion of even half of the diesel engines in use could alleviate the severity of acid rain deposition.  


The mixed artificial forest system of biomass production will result in a low usage of fertilizers, herbicides and pesticides.  Current agriculture practices rely on large doses of fertilizers, pesticides and herbicides to support genetically altered species grown in monoculture.  The use of mixed species in the artificial forest system will increase the systems resistance to pests by establishing a natural system balance.  The addition of legumes has been studied as a source of nitrogen to decrease the amount of fertilizer needed to produce biomass (Parish, 1990).  The decrease in fertilizer and pesticide usage will result in less soil and groundwater contamination.

Socio-economic Benefits

Outside of the United States and other developed nations many countries still rely heavily on direct wood combustion for energy to heat homes, cook food and perform other needed tasks.  Biomass to biofuel technology will allow these countries to use there resources (trees) more efficiently.  If a monetary benefit can be derived from energy production and positive agriculture techniques, the loss of forest lands in some third world countries can be slowed.  The artificial forest system will also allow crop production without having to till fields, decreasing the amount of erosion.


Biomass to biofuel technology allows undeveloped countries to produce energy from their own resources.  This frees the countries from dependency of foreign fossil fuels.

Conclusion


Unfortunately the cost to produce biomass fuels is currently a great deal higher than the cost of current fossil fuel energy.  The availability of crude oil, coal and natural gas at a low cost has also placed a low priority on the advancement of biofuel technology.  The increasingly stringent environmental legislation being passed, increased energy use and limited supply of fossil fuels indicate that an alternative energy solution will be needed in the near future.   


Large areas are needed to grow biomass for the purpose of large scale energy production.  For this reason, it is unlikely that technology will catch up in time to allow biofuels to ever satisfy the majority of energy requirements in developed nations.  However with the application of existing technology and future advancements, biomass to biofuel energy can be a significant positive alternative in the energy field.  Recently the Ford and Chrysler corporation announced that they will be producing hundreds of thousands of vehicles able to run on ethanol or gasoline (Wald, 1998).  If corporate and industrial organizations embrace the notion of biomass fuels as an emerging source of energy the increase in usage of biomass fuels will continue.


The increase of energy derived from self sufficient bioenergy systems will have a positive effect on greenhouse gas emissions and soil and groundwater contamination.  This effect may be greatest in developing nations by offering a viable alternative to conventional fossil fuel consumption.

PAGE  
5
ene-mtown1-a:\611tp.doc-95\bmelanco:1


